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CARBONATE CLEAVAG~ IN THE HYDROLYSIS OF DIE!rBYL et=NAPHTHYLMALONATE 8 

b7 

Arthur F.ey.3 and Melvin .Calvin 

Radiation Laboratory and Department of Chemist178 
University of Calitornia8 Berkeley8 Califo 

November 268 1951 

ABSTRACT 

A ldnetie product study of the carbonate cleavage of malonic ester bas been 

. made8 and it is shown that the formation of carbonate from malonic ester in alkaline 

solution involves the direct fission of the half acid estero 

(l) The work described in this paper was aponsored by the UoSo Atomic 
Energy · Clommissiono 

(2) This paper was abstracted from the thesis submitted b.1 Arthur Fr,r to the 
Graduate Division of the University of California in partial fUlfillment 
of the requirements for the PhoDo degree3 June» 195lo 

(J) Present adjiress& Department of Cheridstry» Universit7 of Arkansas, 
FB7etteville8 Arkansaso 
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CARBONATE CLEAVAGE IN THE HYDROLYSIS OF DIETHIL accNAPHTHYLMAWNATE 

9 

b.f 

Arthur F:ey-3 and Melvin Calvin 

Radiation Laboratory and Department of Chemistr,y9 
University of California9 Berkeley9 Califo 

In conj~~~~ mith a .s~ of th® isotope ~ff~©t in th® decarbo~lation @f 

aomphthylmal®ni@ --acid"•» -:a cJeu•lxmate Gleavage reaction wa~ observed in the basiell by= 

drol;yeie ot the substituted mal@ni© ~ster .. 

Sueh basi@ oorbonate Cllleavage reactions of substituted malonic esters have 

been observed by a number ·or :workers'$ but no critical work has been done on the actual 

point during t~ hydrolysis at whiellh this ©leavage occurso Wallingf®ld9 Homey•r and 

Jones6 were abl• to pr-epare --substituted mal10nic esters by' an alk©Jxide ©atalyaed Claisen 

==========-·-") 

(l) 

'2) \,. 

(3) 

(4) 

(5) 

(6) 

c::=:::.::e. 

The work deS@llt'ibed in this paper was sponsored by the U oSG Atomic:l Energy 
Commissione 

This paper as .abstra~ted f:rom the thesis submitted by Arthur Fry to the 
Graduate Divisio~ @f the Um1versity of California in partial fulfillment 
of the r.equireents for the PhoDo d*greea Jue.!> 195lo 

Present sddress& Department of Chemistry.!> University of Arkansa~a 
Fayetteville8 Arkansas" 

A., Fry and Mo Calvin8 't@. be pubU.sh6do 
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type ~ondsnsation betw~en diet~l @arbonatG and the ester of the substituted aceti© 

a~ido They showed that the X"a&©tion was reveTI!Jible in maey ~ases and that good yieldlil 

of the malcoDic esters oould be .obtaiMd by using ex~CJess dietb.;yl ~rbonateo 

In the present work .kmeti© studies have been carried out in aqueous alcohol 

on the lzy'drolysis of. _dietby:l.a~naphtbylmaloMte by sodium bydroxideo An individual 

sample was prepared for eacll point since the formation of a precipitate of sodium salts 

pre~luded repr.esentative. sampling dul"ing the later stages of the eydrol;yaiso The experio 

mants were ©Srri.ed out iln a ©Ol!lBJtant temperature bath mait'ltained at 25o00 ! Oo05 or 

,36o95 ~ o.o~Co Weighed samples of the ester were dissolved in 95% al©ohol9 and a known 

excess of sodium J:v'd,mxide was addedo The ale:ohol and base solutions were preheated to 

bath temperature before mixingo After standing for appropriate lengths ot time in the 

constant temperature 100~ the samples were washed into ex©ess water.9 and, the e:x©ess 

base immediatelY titrated with standard aCJid using a pH meter to determine the snd 

pointo When the samples were poured into the water9 the :qydrolysis of the diester was 

stopped for all praGt1cal pu.rpoaee by 1 ts preeipi tationo The time required for ti tra= 

tion was short ®©..'J)Elrsd to the rate of ~rolysis of the half &©id estero The sbap• 

of the titration. GU:rvee--.varied oonsiderably as the lzy'drolysis progresseda due to the 

cllanging buffer systema but the- end point was always taken at the midpoint of the 

first break of the titration wrve as shown in Figure lo At this point the ex©~ss 

hydroxide ion is neutralized.!) and any CISrbonate present is in the form of bicaroomteo 

The kinetic data obtained are presented in Table I o 

The ~rol1s~s of the ester might be represented b7 the follewing equations& 

/G0002H5 RCH' + ~HsOH 
----...COO'=' 

(I) 

coo= 
RCH/ 

'coo= 
(II) 
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TABLE I 

@ 
Tempo 25o00 :C Tempe 36o95@C 

Tim~ ~leKS % or ester Time mm®les % of eater* 
b:f>o exeiees J:zy"drolyzed* hro ®X@~S8 hydrolyzed 

J' bas® base 

0 lo500 0 0 2o981 0 

O,ol2 loJ08 19~1 Oe21 lo90'6 50ol 

Oc27 1 .. 187 3lo2 Oo32 lo954 5lo2 

Oo52 lo060 43-oS Oo48 lo766 60o6 

lo02 Oe949 54'99 Oe10 lo634 , 6lo2 

2e00 0~834 66e3 loOO lo414 75o2 

3o50 Oo740 75o7 le90 lo262 85o7 

5o.38 Oo662 8Jo5 3o03 lol26 92o6 

1o67 Oo613 8So3 4o42 lo049 96o4 

24~ 0.,524, 97o2 {oO) Oo911) (lOOoO} 

c cP) (0~6.} (lOOoO) 

*This column is determined by the ratio of the equivalents of 
base used up to the equivalents of ester initially presento 

If these reactions follow the usual se©ond order ester hydrolysis kineti©s8 

the values of the spe©ifi© rate constants,!) k1 aDd k2.9 oolculated from the integrated 

:i!"&t~ law remain constanto By iMpe©tion of the data in Table I and Figure 29 it ~n · 

~e seen that k1 > > k2~ S@ at ~b@X't times equation (II) will not enter into the cal= 

• wlations af! a first approximation,\) and at lo:ng time!!! reaction (I) will have gone to 

completiono In making the calculations for k2 by this method~> a zero time value must 



,• 

be assumed for reaction (II}» at- whiGb time- r:ea-et.ion- (11::) .its- -as·sumed· tO. be- cernplete.eo . These 

values have been chosen--somewhat arbitrarily as Oo5 hro and 0.,25 hr., after mixing at 25~00°G 

and 36o950C» respe@tively o The actual value is of small ~nsequence for most or the points9 

since it is small compared to the total timeo The values of k1 and k2 calculated in this 

manner are given in Table II~ 

TABLE II 

Second Order Bate Constants Clalcru.lated from the. Integrated Bate Equation 

at Various Points 

kl» 25.,00°0 ~» 25oOOC)C ~a 36o9S0C 

t kl =-al t 
\ 

~.- "" t ~ •• k2 = ~ em 

-mol-e hro mol• hro mole hro, 
.. 

Ool2 33-o2 lo02 2o2.3 Oo48 12.1 

0.27 .31o7 2.00 .3o27 0.10 11 .. 7 

0.52 .38-.3 .3o50 3o21 1 .. 00 12o5 

5o38 J.,28 lo90 11~3 

7o67 .3ol0 .3o0) 11~2 

15o15 2a40 4e421 lle2 

24o20 2oJI.4 8.50 l0o3 

The valuu ot k1 aDd k2 at both temperatures remain quite constant8 tlm.s confirm= 

ing our assumption of second ord~r k:ineticso The values or t 1 at the longer times and 

k2 at shorter times are probably somewhat inaccurate due to neglect_ing equations (II) and 

(I) respectively o The values of k2 at longer times are probably somewhat inaccurate since 

the reaction is ver.y near completion and we are dealing with small differences between 

large numberso This method of obtaining data was not deemed sufficiently sensitive to cal~ 

culate kl at. the higher temperatureo 
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When the completely hydrolyzed samples W(n•·a nllide strongly acid8 ©arbon dioxide was 

rapidly evolved~ This carbon dioxide did n1:>t c;::);n$ fl'Ont the decarboxylation of the malonic acid» 

as is shown by the data in Table III., A sample which had been completely b;ydrolyzed was acidi= 

tied and the carbon dioxide evolved was collected as a function of timeo After carbon dioxide 

evolution was complete at one temperature9 the temperature was increased and the experiment 

continuedo 

TABLE III 

Carbon Dioxide Evolution from the Hydrolysis .lFroduct of Dieth;y.l a ... Naphtql~ 

malonate 

~ime Tempo BaGOi Accumulated 'Rime Tempo BaCOJ Accumulated 
hro oc obta ned yield9 % hro oc . obtained yield9 '% 

·mgo mg .. 
-----.... "'"' ' ··-· 

.o.5 22;t2 8lol 4lol 4o5 '3.t2 0.,6 56 .. 9 

loO 17ol 49.8 . 5 .. 0 75;t2 1So4 66o2 

lo5 7o2 5Jo4 5 .. 5 12o4 72o5 

2o0 o(to 5.3b4 6.,0 20.7 83o0 

2o5 005 5.3&7 6o5 14o3 90o2 

.3o0 5.3t2 lo5 ' 54o5 ?eO 12 .. 6 96 .. 6 

.3o5 2o9 56 eO 1.5 loO 97 Gl 

4o0 lo2 56o6 8.,0 2 .. ,3 ; 98 .. .3 

From these data it is obVious that the initial carbOn dioxide evolution has a differ= 

ent source from that -evolved after heating the solution.. The final carbon dioxide evolu~» 

tion is undoubtedl;y from the decarboxylation of the malonic acids while the initial rapid 

carbon dioxide .evolution ari.Hil from carbonate as such .. 

In order to determi~ the amount of carbonate obtained as a fUnction of the amount 

., cf. h;ydrol.ysis.!> the samples in the above J6,o95°C kinetic run and in an earlier kinetic 
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rlln at room temperature were acgidified in a sweep s;ys tem and the ~rbon dioxide evolved in · 

two and one-half hours --at room -temperature was colle©tedo This was sufficient .. timet©> insure 

complete collection -of the -ca-rbon dioxide., as shown by the data in Table III~" Th~ results 

q,.f these measurements are shown in Table IV o The percentages are calculated on the basis 
; . .. 
! . 
of the ~drolysis of -the diester to the diaoid» and the de~rboxylation of the diacid to 

the mono=acid and carbon dioxid~ 

TABLE IV 

Amount of Ca'rbonate Cleavage as a Function of the Amount of ~drolysie fJt 

Dietbfl «=laphthTlmalonate 

/ 

.. ;/ . . (I) 
.36e9~Cl ··Room TemDeratur-e .. "2 Cl 

!iDle % 111do %00!3 % C0-/1 . '!~ I % Itrd~ %00'"' %·co 11!1 

clea~age,i clea~agel J 
hrot hro ~ HJrdo ... 5Q 

I~ -Hifd·a ·=BiO 
' 

o* 0 .o == g* 0 0 """" 

o.; 29.0- .·OuO ...... Oo27 50el OeO """" 
/ 

1-t.O 50o0 ·OeO a>CI Oo32 5lo2 o.o -
2o0 60$6 ~ros Oe74 Ool+S 60.6 llo3 lo01 

17o0 88o0 33o9 l-o03 Oo70 6?e2 llo6 Oo61 

· 45e.O l02e4 54.,4 1,04 loOO 75o2 30o2 lo20 

l88o5 .108.3** 52ol Oe90 lo90 
I 

85e7 48ol lo)5 .. 
I 

~o03 92e6 55o8 le31 

4o42 96e4 58.2 1 .. 25 

8.50 99-.5 65ol lo)2 
,.· 

·• 22.67 99e9 6lo8 le24 , 

* Blank rw1' 
" 

** This high value may be due to an error in titration.., 

rJ 
Sil 

This column is the ratio of co3 formed to moles of ester initially presento 
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From the data p:JNSsented iD Table 13$ three definite conclusions ~n be drawno First» 

the carbonate i§ w.ooming from the deca.rbo:xylation of the di=ion of the acid» since at 

both temperatures the amount of' ~rbonate does not inc:rease upon long standing in base after 

the lzydrolysis is. complete» . even though in each ease 40.,50% of the original ester is present 

as the di.,.ion of the malonic acido Se©ond» the carbonate ,U ~ being f.ormed .during the b;y ... 

droj\ysis ot the- die-ster -to the .ion of the hslf' ... ester acido At 50% ~drolysis at the end of 

@ne hour at room -temp&MtlJU"e (©@rre-sponding approximately to complete h;ydrolysis to the ion 

ot the balf'=est&r ac:id) oo ~rbl!)nate has been formed» while at the end of the se©ond hour 

7 o8% of the ~rbonate cl~wag.e has oll.'leurred while an additional l0o6% b;rdrolysis has ocmn-redo 

The higher temperature- -~-s-e is -equally clear cuto Third» the rate of production of ~roon= 

ate is roughly proportional-to the rate _of hydrolysis of the ion of the half' ... ester acid to 

the di""ion of the di-acidD -a.s ia --sho1m b;y the constan©y of the ratio in the final ~olwms at 

the two temperatures in .Table IV o These three observations lead to the concJ.usion that the 

carbonate is being produ®ed from the ion of the half=ester acid» either during the bydrolysis 

or by a path parallel with the hydrolysis with a nearly equal activation energy-o 

Although the .abowe Qlata on the ~rbonate cleavage are not very quantitative9 we may 

choose reasonable average values for th~S ratios of carbonate cleavage to b;rd.N]Jrsis of the 

i@ID of the halfo$Stel!." acidD and by eombining these values with the values of k2 f'rom Table III9 

we can Galculate the -eJ~Aergy and entropy of activation for each reaction from the theoey of 

absolute ratea1 
o 

The values ot k2 -given in Table XI are actually the 8UilS of the second· order rat8 

constants tor the hydroly-sis rea©tion ~kh) and the carbonate cleavage rea<lltion (k©) o The 

values given in the fourth oolUIG of Table IV at each temperature are the ratios ~t k© to kho 

.· {1) So Classtoo.e9 KoJo Laid-l-er &l!1ld Ho Erying9 llll'fhe Theory of Rate Processes8 " lsto Edo9 ll©e> 
Graw=Hill Book Company» Inco 9 New York9 New York (l94l)o 
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leO and le25 were chosen as the best values for this ratio at 25.,00°0 and ,36o95°C9 respective= 

ly9 while .3o2 and 11 .. '5' were ta:hosen as the best values @f k2 at tb,~se temperatures .. 

Using these values to~ k2 and for the ratio ot k
0 

to kh9 the values tor the entrop7 

and energy of activati-on for the two reaetiollls weN calculated.. The results are shown in 

Table W., The values a-r.e probably not too accurate since the original data scattered some= 

what» but they are certainly of the <!ltOrrect order of magnitudeo 

TABLE V 

Energy and Entropy of A~tivation tor the Hydrolysis and Basic Carbonate Cleav•ge 

of Monoetbyl e=Napht~lmalonate 

f.!l k k kh f!.: AS, aw/ ast 
oc 2 c c .. 

Jl. Jl. l k©&l eeu YCJ&-r 8.eU 
= mole mole 

.. 

ul6 hro JUle hx oJMle hro 

25o00 3~ 1~6 lo6 
21 c.3o4 18 ml)e6 

.36o95 llo5 ; 6o4 5ol 

It ~s interesting to spe©ulate on the mechanism of the reaction of the ion half of the 

half=ester. aeid with baaeo The hydroJl:.rsis may be represented by the commonly accepted 

mechaniea8 ot the atta(l)k of the }Vdrorlde ion on the carbo~l @arbon of the ester a followed 

by el~mination of the etboxide icnG 

-=- "CO;r' 

(8) 
• 

Lo-P"' Hammett9 on~si~Gal Organi© Chemistr,y~» McGraw=Hill Book Company»·IncG 9 New 
Iorka New York (l940)a po .355o 



=11= UCRL=l569 

This eame intermediate complex ma;y also decompose by the rupture of the carbon .. carbon bo!ld 

instead or the carbQn...oxygen bond» giving the balf ... ester of carbonic acid and a di=ion ot 

C&=naphthylaceti@ acid~ 

-

The carbonccarbon bond in the a hove complex is undoubtedly weakened by the repulsion be"" 

tween the two negatively charged ends of the molecules thus facilitating the carbonate 

cleavage. This weakening e.t'fect is not present in the hydrolysis of the diester9 and is 

perhaps the reason why we do not get this cleavage during th~s f'irst DJrdrolysis step o 

Examination or the above me©baJlism reveals that it is simply a Claisen ester con= 

den&ation in reverse8 where ~d!,'!on 1e the baseo This type or condensation is known 

9al0 . 6 
to be reversible 9 ancl» as mentiomd above» Wallingtorda ~eyer and Jones· have de ... 

monstrsteci the ..specific rev-e:rsibilit,- using dietb71 carbonate as one ot the esters ... Ua= 

doubtedl7 this reverse Claisen condensation takes place in the IV'drolysis or all malorai@ 

esters, bu.t with moat9 it is---so wch slower than the normal Wdrolysis that it is never 

(10) 

EoRo Uuander8 "Principles ot Ionic Organic Reactions"9 John Wiley and Sons9 Inc. 9 

lew Yorks New York (l950)a Po l85o 

C.,B., Hauser and-S.oEo .Hudson9 ~ro» in R .. Adams9 "Orpnic Reactions", Vol .. 18 
John Wiley and Sensa Inco 3 New York» Nrer York (194.3} 8 p .. 267 o 
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9al0 It is well ··knotm· · that esters with onl,y one alpha bJ"drogen give very poor re ... 

sults in the normal Clai-sen condensation unless a base stronger than ethoxide» such as 

sodium tripheJV"l.m&t}Wl~ ·is used.. Since this is the case, we would expect a dialkyl acetic 

ester and ethyl carbonate to give a poor forward Claisen condensation, and correspondingly 9 

the product9 a diaJ.k¥1-aalODic ester9 should given an improved reverse reaction9 or carbonate 

cleavage.. In view of this8 we would expe®t cx=naphtbylalkylmalonic esters to wadergo this 

reverse Cl.aisen condens&tion -especially readily 8 and it 187 be that "hydro:cysie" of these 
ll 

esters goes almost ·ex-clusiv-ely by the carbonate cleavage path. Blicke- and Feldkamp prepared 

a series of cx ... naphtbyla-Jlacetic acids by hydrolysis of the corresponding maloznc esters 

and acidifiG&tion ot .the resultiDg saltso They reported that the "malonic acids" so obtain ... 

ed spontaneously deca~la-ted at room temperatureo It seems VerT probable tha~ the 

source of the earbon dioxide evolved in this case was not the decarb~lation of the malonic 

acid8 but rather tllae reve-rse condensation in basic solutiono 

The question of why.cx ... naphtbylmalonic ester (and other aryl malonic esters) undergoes 

this carbonate cleavage more readil7 than ali~ tic malonic esters, is umoub:tedl.Jr connected 

with the steric effect of the largy l:W.ky a17l groups as well as with t~e resonance stabUi ... 
I 

zation of the intermediate 1ono 

m <> 
~~~ 

> 

. 
(11) FoFo Bl:icke and RoFo Feldkamp" J. Am .. Chemo Soc(>, J.JIJ11 1087 (19.44) .. 
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In order to -get kinetic data on the 1:\Ydrolysia ot the monoeth;yl a ... mphthylmalonate 

which would not be compllca ted by the hydrolysis of the diester» the preparation of the mono= 

ee~te~ was uadertakeno A sample of the diester was qdrolyzed under the condi 'tions shown in 

Table I to rJ40% Jvdro]¥sa.. The unreacted ester was extracted into ether a and after acidi= 

ticat:ton ot the aqueou-s .phase$ the monoester and any diacid were extracted ·into ethero 

Evaporation ot the ether left an oU which bas not yet been obtained in c~lllne form .. 

The oil gave very IUIIltr-1¥ the theoretical value tor the equivalent weight ot the aonoestero 

Further work is. ia pn>gress .on this preparation» and on the reverse Claisen .condensation 

. Exoerimental 

ltr•D&raticm ot dief.b:zl. ~napltth.vJ.malopateo Dietbyl ct=Daphtbylmalonate was prepared 

ac~ording to ~he procedure .of ·Bllcke and Feldkamp11 
o Etb;v'l a ... naphtbylacetate wa.s prepared 

by treatbg 4lo03 io ef Cl=DBphtb;yl&cetic acid with 100 CCo Of absolute 'aleohol and 5 @~o 

ot concentrated -sulfUric--acid tor 16 hourso The solution was poured onto ice8 extracted 

into ether8 •shed with-sodium carbonate solutions washed with water and dried, "The 

ether was evaporated and the residue heated ~ X!UalQ to remove. ar:rr traces ot watero From the 

sodium carbonate solution 2o0.3 go of a=napht.baleneacetic acid was re@overedo A solution of 

sodiUllD. ethoxide was prepared b7 dissolving 4o82 go of freshly cut sodium in 100 ceo of 

magnes1Uil dried absolute alcohols and to this was added 30o60 go ot freshly distilled di= 

etbyl oxalate» followed by the .. ethyl a=ilBphtb;ylacetate prepared above.. The. solution was 

heated to renux tor -a t-ew miwtes with stirr1ng8 and upon cooling the entire contents ot 

the flask solidifiedo :The mixture was filtered with the aid ot ether and the precipitate 

suspeDied in water.., The suspension was acidified and ether extractedo The ether ~olution 

8 
0 . 

was dr.led9 the ether evaporated and the glyoD"late heated at 175=1 5 C at 15 mmo for one 

hour 1D the presence or 20 go ot ground glasso lost of the ca1."bon monoxide came ott in 

"' the .t.lrst few mirmteso The residual oil was dissolved in alcohol$ filtered and allowed to 



cool in the refrigerator ov~rnighto The diet~l aonaphthylmalonate weighed 39o49 go~ 

67o4% yield» mopo 59=59cl5°Co Recr,ystallization t~m al©ohol gave material melting at 

62""62o;«>C3 repo:rled mopo 62@(Q)llo Al<:!ohol is a mu©h more satisfactoey solvent for N@l"TI= 

tallization than the petroleum ~ther us~d by Bli©kc and Feldkampo 

Attemnttd PUAArat~l!!\ of .l!MlJDOethvl g<=>naphtb:rlma1onateo From the kineti© data on the 

basic ~drolyeis of a;omspht~lmaloni© ~ste~» ©~nditione were ©hosen eo that the ion ®f the 

halt ester atJid should be the major spe©ies in solution8 and 2o87 go of Ct=naphthylmalord© 

ester dissolveld in 200 ©©o of allt'lohol as treated in this mannero At the end of the appro= 

priate time» 300 ©©o ot water was added and the solution extracted with ether to rellf)ove any 

diestero !116 solution was mad~ acid and mra©ted with ethero The ether solutioD wae 

dried and the ether remow.ed ~- B®Q at roan tempe:rsture8 leaving 2ol6 go ot a very thi©k 

light ;yellow ll)ilo All attsmpts to ceystallizt~ thie~ oil have so far f'ailedo After thorough 

dleying ~ VB©W? Oo09.JLO .. go at_ the oil required .3o39 ~©o of OolOO ,M "dium bydl"@:xide f@r 

·nemtralizat:iton.!> giv:i!.ng ·8D .eq1llli't'alent weight of 268o Theoretical equivalent weigGrt s 258o 

HydrolYsis or dietlprl a ... Mpht&mlonateo The.kaeti@ .runs @». the hydrolysis OJf di= 

et~l a"'maph~lmal~ta were carried out b.J dissolwing weighed samples of Oo502 mm~l~s · 

@t the ~ster in 10 ©©o ©t 95% ethanol and adding lo5 ©Oo OJt loOOO! @a.roona.teof;r>ee sodiWD 

~droxide~o The· alcohol and ·base solutions were preheated to the bath temperature before 

bei»g usedo Arter standing tor:' approp~iate lengths of time in the ©onstant temperature 

bath the solutions were washed int® ex©ess water and immediately titrated with standard 

S©:l\.d uing a pH me-ter to deteNine the end pointo After titration to pH 13 1 o5.!) the solU= 

ti~u werfi transftJl"l"ed ~ a S!l~rap q.stem9 10 ceo rot 1 J ~ochlori© a©id was add4ed9 and 

. the solutioD. was swept for 2=1/2 ho'llll"s with a stream of ©arbon dioxideofree airo The ©arbon 

dio:xid~ was absorbed f'r©m the air er~ream in a spiral bubbler and pre@ipitated and weighed 
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Preparation .. of' oto:onapb.thvlmalQ__,nic ,ac.,Mo the solut.ions remaining from the above kineti@ 

runs were combined» made albrlin~ and ether extracted to remove any 1mreacted estero The 

basi~ solution was then.acidified and ether extracted againo Most ot the ether was removed 

at room temperature to avoid decarboxylation ot the f'ree malonic aci.d9 the solution was f'il= 

tered» and a large exaess ot benzene was addedo Upon standing, the a"'naphthyl.malord.e acid 

crystallized as .fine white prisms» leaving any balf=ester acid and the a=naphthylacetio 

acid in solutiono Arter purification b.f repeated solution in ether and precipitation b.y 

benzene9 !len.aphthylmalcmic -acid mopo 162=5@do9 equivalent weight a 115o59 calc:nllated 115ol9 

was obtainedo I'ftlm<!W am P@~~~~ :Nlp@rlsd ~e adting pomt 8ti 111~rd 15lido111l 

A kinetic product study of ~. carbonate cleavage of malonic ester bas been 

made» and it is shown that the formation of carbonate from malonic ester in alkali~• 

solution involves the direct fission of the halt acid estero 

(12) Do lvaDOv and Go PsheDi©lmiiD Axm1> Unive Sof'iav IIv FaGUlte p~=mathoJ> Livre 2.~~ 
Jl9 l77Q202 (in French 203=11) (1931)~ CoAo 32&33569o 
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6 T = 36.95°C 

--+-- t = O, 0.0% HYDROLYZED 
-- t = 0.32 HR., 51.2°4 HYDROLYZED 
-+-- t = 14.33 HR., 98.8% HYDROLYZED 4 
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Figure 1 
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