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CARBONATE CLEAVAGE IN THE HYDROLYSIS OF DIETHYL a-NAPHTHYLMALONATE °

by
Arthur Fry> and Melvin Calvin

Radiation Laboratory and Department of Chemistry,
University of California, Berkeley,Calif,

November 26, 1951

ABSTRACT

A kinetic product study of the carbonate cleavage of malonic ester has been
- made, and it is showm that the formation of carborate from malonic ester in alkaline

solution involves the direct fission of the hali acid ester,

(1) The work described in this paper was sponsored by the U.S. Atomic
Energy Commission.

(2) This paper was abstracted from the thesis submitted by Arthur Fry to the
Graduate Division of the University of California in partial fulfillment
of the requirements for the Ph.D., degree, June, 1951,

(3) Present address: Department of Chemistry, University of Arkansas,
Fayetteville, Arkansas.
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CARBONATE GLEAVAGE IN THE HEDROLYSIS OF DIETHYL ¢-NAPHTHYLMALOWATE ~

by
Arthur Fry° and Melvin Calvin

Radiation Lahboratory and Department of Chemistry,
University of California, Berkeley,Calif.

In conjunction with a study of the isotope effect in the desarboxylation of

acmphthylmél@ni@ -acid&,) a carbenate cleavage reaction was observed in the basic hy=-

drolysis of the substituted malonic ester,

Such basic carbonate cleavage reactions of substituted malonic esters have

been observed by a mmber of workersﬁg but no eritical work has been done on the actual

point during the hydrolysis at which this cleavage occurs, Wallingford, Homeyer and

Jones® were able to prepars subsbtituted malonic esters by an alkoxide catalyzed Claisen

—

=)

(1)

R)

(3)

(4)
(5)

(6)

The work described in this paper was sponsored by the U.S. Atomic Energy
Commission.

This paper was absiracted from the thesis submitted by Arthur Fry to the
Graduate Division of the University of California in partial fulfillment
of the requirements for the Ph.D. degree, June, 1951,

Present address: Départment of Chemistry, University of Arkansas,
Fayettevills, Arkansas.
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Chem, Soc., 59, 132 {1937); F. Krollpfeiffer and A, Rosenberg, Ber., 69B, 465
{1936); T. Ando, J. Chem. Soc. Japan, 57, 1351 {1936).

V.Ho Wallingford, {.H. Homeyer and D.M. Jones, J, Am, Chem. Soc., 63,
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type condensation betw®een diethyl earbcnats and the ester of the substituted acetic
acid. They showsed that ithe reaction was reversible im many cases and that good yields
of the malonic easters could be obbained by using excsss diethyl carbonate,

In the present work kimeiiec studiss have been c;arried out in agqueous alcohol
on the hydrolysis of diethyl a-naphthylmalonate by sodium hydroxide, An individual

sample was prepared for each point since the formation of a precipitate of sodium salts
precluded representative sampling during the later stages of the hydrolysis. The experi-
ments were carried out im a constant temperature baith maintaiped at 25,00 & 0,05 or
36,95 £ 0,05, Weighed asmples of the ester were dissclved in 95% alecohol, and a known
excess of sodium bydrexide was added. The alcohol and base solutions were preheated to
bath temperaturs bvefore mixing, After standing for appropriate lemgths of time in the
constant temperature bath, the samples were washed into excess water, and the excess
base immediately titrated with standard acid using a pH meter to determine the end
point. When the samples weres poured into the water, the hydrolysis of the diester was
stopped for all practical purposes by its precipitation, The time required for titra=
tion was short comparsd to the rate of hydrolysis of the balf acid sster. The shape
of the titration curves varied @onsiderably as the hydrolysis progressed, due to the
changing buffer system, but the end point was always taken at the midpoint of the

first break of the titration curve as shown in Figure 1. At this point the exésss
hydroxide ion is neutralized, and any carbonate present is in the form of bicarbomats.
The kinetic data obtained are presented in Table I,

The hydrolysis of the ester might be represented by the following equationss

COOC,H

RCH(COOG2Hs)2 ¢ OF° b mr{ "7 o EE (1)
~goo°
COOCoH c00"

< " S - (11)
\coo= goo=
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T4ABLE I

Kinetic Data on the Hydrolysis of Diethyl a-Naphthylmalonate

Temp. 25,00°C Temp. 36095°C
Time | mmoles % of ester muoles | % of ester
bhr, | excess hydrolyzed™® excess | hydrolyzed™
L base base
0] 1,500 0 2,981 0
0,12 1,308 19.1 1,976 50,1
0.27 1,187 31.2 1,954 51.2
0052 | 1.060 438 1,766 60.6
1,02 02949 5409 1.634 67,2
2,00 0834 . 66,3 1474 7502
3050 0,740 15.7 1,262 85,7
5038 0,662 83,5 1,126 92,6
767 0,613 88,3 1,049 96 o4,
24040 | 00524 9702 (0.977) (200,0)
(L) [(04s6) (100,0)
#This column is determined by the ratio of the squivalents of
bass used up to the equivalents of sster initially present.

If these reactions follow the usual second order ester hydrolysis kinetics,
the values of the spscific rate constants, ky and kp, calculated from the integrated
rate law remain constant. By inspection of the data in Table I and Figure 2, it can
be seen that k3 >> k,, =0 at short %imes squation (II) will not enter into the cal-
culations as a first approximeation, and a% long times reaction (I) will have gone %o

completion. In making the caleculations for ks by this method, a zero time value must
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be assumed for reaction (II), at which time remction (I} is assumed to be complate. These
values have been chosen somewhat arbitrarily ag 0,5 hr, and 0,25 hr, after mixing at 25.00°C
and 36,9590, respectively. The actual value is of small consequence for most of the points,
since it is small compared to the total time. The values of ky and ky calculated in this

manner are given in Table 11,

TABLE I1I
Second Order Rate Constants Calculated from the. Integrated Rate Equation
at Various Points

k1, 25.00°C ko, 25.00°C kyy 36.95%C
‘1 ;%ﬁ; mcle hro‘ ) ‘2 ::i%nﬁo
0.12 33.2 1,02 2,23 | 0.48 12,1
0427 31.7 2,00 3427 0.70 11,7
0.52 383 3,50 3,21 | 1.00 12,5
5038 3.28 | 1.90 11,3
7467 3010 3403 11,2
15,75 2.40 | 4ed2 11.2
i - 124,20 2.1 | 8,50 10,3

The values of kj and kp at both temperatures remain quite constant, thus confirm-
ing our assumption of second order kinetics. The values of kl at the longer times and
k2 at shorter times are probably somewhat inaccurate due to neglecting equations {II) and
4(1) respectively. The values of ko at longer times are probably somewhat inaccurate since
the reactién is very near completion and we are dealing with small differences between
large numbers. This method of obtaining data was not deemed sufficiently sensitive to cal-

culate kj at the higher temperature.
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When the completely hydrolyzed samples wsive mzde sirongly acid, carbon dioxide was
rapidly evolved. This carbon dioxide did not come fron the decarboxylation of the malonic acid
as is shown by the data in Table III. 4 sample which had been completely hydrolyzed was acidi-
fied and the ecarbon dioxide svolved was collected as a function of time. After carbon dioxide
evolution wés complete at one temperature, the temperature was increased and the experiment
continued.,

TABLE III
Carbon Dioxide Evolution from the Hydrolysis Product of Diethyl a-Naphthyl-

malonate

Time | Temp. BaCO Accumlated Time | Temp. BaCO3 Adccumulated
hr. | °C obtained| yield, % nr. | °C obtained | yield, %

ngo ng.

5605
66.2
72.5
83.0
90,2
96.6
971
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 undoubtedly from the decarboxylation of the malonic acid, while the initial rapid

carbon dioxide evolution arises from carbonate as such.

in order to determine the amount of carbonate obtained as a function of the amount

of hydrolysis, the samples in the above 36,95°C kinetic run and in an earlier kinetic
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run at room temperature were acidified in a sweep sys tem and the carbon dioxide evolved in

two and one-half hours at room temperature was collected. This mas sufficient time te¢ insure

complete collection of the carbon dioxide, as shown by the data in Table III, The results

of these measurements are shown in Table IV, The percentages are calculated on the basis

of the hydrolysis of the diester to the diacid, and the decarboxylation of the diacid to

the mono=acid and carbon dioxides

TABLE IV

Amount of Carbonate Cleavage as a Function of the Amount of Hydrolysis of

Disthyl c=Naphthylmalonate

_Room Temperature, 25°C _36.95%C - _
ol Bl [ W L ool Rt - P SRS
o* 0 0 - 0" 0 °o .
0.5 | 29.0 0.0 - 0627 | 50.1 0.0 e
1.0 5060 0.0 - 0032 | 51.2 0.0 o=
2,0 6046 7.8 074 0.48 | 60,6 { 11.3 1,07
1740 88,0 33,9 1.03 0,70 | 6702 | ll.6 0,67
45,0  |102.4 Shols 1.04 1,00 | 75.2 | 30.2 1 1.20
88,5  |108,3%* | 52.1 0490 1,90 | 85,7 J48.1 1,35
3,03 | 92.6 | 55.8 1.31
442 96.4 58,2 1.25
8,50 | 99.5 | 65.1 1,32
22467 99.9 61,8 i 1.2
*  Blank run
e This bhigh value may be dus to an error in titration.,
£ This column is the ratio of co;' formed to moles of ester initially present.
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From the data prssented im Tabls IV, three definite conclusions can be drawn. First,
the carbonate jg not coming from the decarboxylation of the di-ion of the aeid, since at
both temperatures the amount of carbonate does mot ineréase upon long standing in base after
the hydrolysis is complete, even though in each casze 40-50% of the original ester is present
as the di-fon of the malonic aciéo Second, the carbonate ig not being formed during the hy-
drolysis of the diester to the ion of the half-ester acid. 4t 50% hydrolysis at the end of
ene hour at room tempemtpure {eorresponding approximately to complete hydrolysis to the ion
of the half-ester acid) mo carbomate has been formed, while at the end of the second hour
7.8% of the carbomate cleavage has occurred while an additional 10.6% hydrolysis has occurred.
The higher temperature sass is equally clear cut. Third, the rate of production of ecarbeon-
ate is roughly propertional to the rate of hydrolysis of the iom of the half-asster acid to
the di-ion of the diacid, as is shown by the constancy of the ratio in the final colummns at
the two temperatures in Table IV, These three o‘bservations. lead to the conclusion that the
carbonate is being produced from the ion of the half-ester acid, either during the hydrolysis
or by a path parallel with the hydrolysis with a nearly equal activation energy.

Although the abowe data on the carbonate cleavage are not very quantitative, we may
choose reasonable average values for the ratios of carbonate cleavage to hydrolysis cf.the
ion of the half-sster acid, and by combining these values with the values of ky from Table III
¥e can calculate ths emergy and entrepy of activation for each reaction from the theory of
absolute rates?o

The values of k3 given in Table II are actually the sums of the seecond order rate
constants for the hydrolysis reaction (kj) and the carbomate cleavage reaction (k). The

values given im the fourth columm of Table IV at each temperature are the ratios of ky; %o ky.

(7) S. Qasstens, K.J. Laidler ard H, Erying, "The Theory of Rate Processes,” lst, Bd., Mc-
Graw-Hill Book Company, Inc., New York, New York (1941).
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1,0 and 1.25 were chosen as the best values for this §aﬁim at 25,009C and 36095%9 respective=
ly, while 3.2 and 11.5 were chogen as the best values of ky at these temperaturss,

Using these values for ks and for the ratio of ‘k@ to khg the values for the entropy
and energy of activation for the twe reaciions wers calculated, The results are shown in
Table ¥, The values sre probably not toc accurate since the original data scattered some-

what, but they are sertainly of the correct order of magnitude,

TABLE ¥
Energy and Entropy of Activation for the Hydrolysis and Basic Carbonate Cleavage
of Moncethyl aaﬂaphthylﬁaloth

# ¥ # A
£9 ) ke kp LS 854 AHy 85y
‘ 1 1 1 Ecal .U Ecal T
mele br,| mole hrjmole hr,| Dole nole
25.00 32 1.6 | 1.6 _
36 095 ll o 5 ‘ 60& 5 ol . ’

It is interesting to speculate on the mechanism of the reaction of the ion half of the
half-ester acid with base. The hydrolysis may be represented by the commonly acceptad
mechanisn® of the attack of the hydroxide ion on the carbonyl darbon of the ester, followed
by elimination of the ethoxide ion.

,,,oa@ | >H —

®00C- H ) ® 00C- Hogéﬁ‘ & @ 00¢-CHCOOH
32115 L C2Hs

+
@OGZHI)'

(8} L.P. Hammett, "FPhysisal Organic Chemistry", McGraw=Hill Book Company, Imc., New
York, New York (1940) s Peo 355,
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This =ame intermediate complex may also decompose by the rupture of the carbon-carbon bond

instead of the carbon-ocxygen bond, giving the half-ester of carbonic acid and a di-iom of
a-naphthylacetic acid.

i

— 1 N o HOCOOC,Hs
H - Z oH®
éboca@gﬁ@ @u00.-CH j/
L CHg d[

<4
ano HCO; ¢ CpHsOH

Ho G002

The carbonecarbon bond in the above complex is undoubtedly weakened by the repulsion be-
tween the two negatively charged snds of the molecule, thus facilitating the carbonate
cleavage, This weakening =i7zc%t ig not present in the hydrolysis of. the diester, and is
p‘erhaps the reason why we do not get this cleavage during this first Mmhsis step,
Examination of the above mechanism reveals that it is simply a Claisen ester con-
densation in reverse, where hydrexyl ion is the base. This type of condensation is known
to be reversible%mg and, as mentiomed above, Wallingford, Homeyer and J enesé have de=
mongtrated the specific reversibility using diethyl carbonate as one of the esters. Um-
doubtedly this reverse (laisen condensation takes place in the hydrolysis of all malonic

esters, tut with most, it iam' sc much slower than the normal hydrolysis that it is never
observed.,

{9) E.R. dlexander, "Principles of Ionic Organic Reacticns®, John Wiley and Sons, Ine.,
New York, New York (1950), p. 185. '

(10) C.R, Hauser and B.E, Hudson, Jr., in R. Adams, "Organic Reactions", Vol. I,
John Wiley and Sons, Inc., New York, lew York (1943), p» 267,
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It is well knewn%]'o

sults in the normal Claisen condensation unless a base stronger than ethoxide, such as

that esters with enly one alpha hydrogen give wery poor re=

sodium triphenylmethyl, 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,
the product, a dislkyl malonic ester, should given an improved reverse reaction, or carbonate
cleavage. In view of this, we would expect a-naphthylalkylmalonic esters to underge this
reverse Claisen condensation especially readily, and it may be that "hydrolysis" of these
esters goes almost exclusively by the carbonate cleavage path. Blicke and Feldkanpn prepared
a series of a-naphthylalkylacetic acids by hydrolysis of the corresponding malenic esters
and acidification of the resulting salts. They reported that the "malonic acids" ée obtain-
ed spontanecusly decarboxylated at room temperature. It seems very probable that the
source of the carben dioxide evolved in this case was not the decarboxylation of the malonic
acid, but rather the reverse condensation in basic solution.

The question of why a-naphthylmalonic ester (and other aryl malonic esters) undergoes
this carbonate cleavage .mro readily than aliphatic malonic esters, is undoubtedly connected
with the steric effect of the largy tulky aryl groups as well as with tl}e resonance ctabili-

zation of the intermediate ion.

| ]
Z @ otc,
peod® H6009 HGQE’g

(11) F.F, Blicke and R,F. Peldkamp, Jo 4m. Chem. Soc., 66, 1087 (1944).
A
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In order to get kinetis data on the hydrolysis of the monoethyl a-maphthylmalonats
which would not be complicated by the hydrolysis of the diester, the preparation of the mon
ester was undertaken., 4 sample of the diester was hydrolyzed under the conditions shown in
Table I to J40% hydrolysis. The unreacted ester was extracted into ether, and after acidi-
fication of the aguecus phase, the monoester and any diacid were extracted into ether,
Evaporation of the ether left an oil which has not yet been obtained in crystalline form.
The o0il gave very nearly the theoretical value for the equivalent weight of the monoester,
Further work is in progress on this preparation, and on the reverse Claisen condensation
of a=naphthylalkylmalonic esters,

according to the procedure of Blicke and Feldkanpu, Ethyl a-naphthylacetate was prepared

by treating 41.03 g. of a-maphthylacetic acid with 100 cc. of absolute alecohol and 5 e,
of concentrated sulfuric acid for 16 bours. The solution wes poured onte ice, extracted
into ether, washed with sodium carbonate solution, washed with water and dried. The
ether was evaporated and the residue heated in yaguo to remove any itraces of water. From the
sodium carbonate solutiom 2.03 go of a~-naphthaleneacetic acid was resovered. A solution of
sodium ethoxide was prepared by dissolving 4.82 g. of freshly cut sodium in 100 ce. of
magnesium dried absolute alcohol, and to this was added 30,60 g. of freshly distilled di-
ethyl oxalate, followed by the ethyl a-naphthylacetate prepared above. The solution was
heated to reflux for a few mimutes with stirring, and upon ¢ocoling the entire contents of
the flask solidified. The mixture was filtered with the aid of ether and the precipitate
suspended in sua.'l:.or.o The suspensicn was acidified and ether extracted, The ether solution\
was dried, the ether evaporated and the glyoxalate heated at 175@185% at 15 mm, for one
hour in the presence of 20 g. of ground glass. Most of the carbon monoxidc; came off in

the first few minutes. The residual oil was dissolved in alcohcl; filtered and allowed to
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cool in the refrigerator overnight. The diethyl s-naphthylmalonate weighed 39,49 g,
67.4% yield, m.p. 59=59,15°C, Reerystallization from alcohol gave material meltinmg at
62-62,5°C, reported m.p. 62°C11, Aleohol is a much more satisfactory solvent for reerys-
tallization than the petrocleum sther used by Blicke and Feldkamp.

From the kinetiec data on the

basic hydrolysis of a-paphthylmalonic sster, conditicus were chosen so that the ion ef the
half ester acid should be the major specises ini gsolution, and 2,87 g. of a-naphthylmaloamie
ester dissolved in 200 cc. of aleohol was treated in this manner, At the end of the appro-
priate time, 300 cc., of water was added and the solution extracted with ether to repove any
diester, The solution was made acid and extracted with ether, The ether solution was

dried and the ether removed ip vaguo at room temperature, leaving 2.16 g. of a very thick
light yellow oil. All attempts to crystallize this oil have so far failed, After thorough

drying in vacuo 0,0910 g. of the oil required 3,39 cec. of 0,100 N sedium hydrexide for
neutralization, giving an equivalent weight of 268, Theorstical squivalent weight = 258,

The kinetic runs om the hydrolysis of di-

ethyl a=naphthylmalenate were carried out by dissolving weighed samples of 0,502 mmoles

of the sster im 10 cc, of 95% sthanol anrd adding 1.5 ee. of 1,000 N carbonate-frse sodium
hydroxide. The ai@@hol snd base solutions were preheated to the bath temperature before
being used, After standing for appropriate lemgths of time in the censtant temperature
bath the solutions were washed inte excess water and immediately titrated with atandard
acid using a pH meter to determine the end point. After titration to pH = 7.5, the solu-
tions were transferrsd to a swesp system, 10 cc, of 1 N bydrochloric acid was added, and
the solution was swept for 2-1/2 hours with a stream of carbon dioxide-free air, The earbon
diexids was absorbed from the air stream in a spiral bubbler and precipitated and weighed

as barijum carbonate,
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alonie arid. @he solutions remaining from the above kinetis

runs were combined, made alkeline and ether sxtractsd to remove any unreacted ester, The
basic solution was then acidified and ether extracted again, Most of the ether was removed
at roor temperature to avoid decarboxylation of the free maloanic acid, the solution was fil-
tered; and a large excess of benzene was added, Upon standing, the a=naphthylmalonic acid
crystallized as fine white prisms, leaving any hslf-ester acid and.t.he a=naphthylacetic
acid in solution., After purification by repeated solution in ether and precipitation by
b«hzone(9 a-naphthylmalonic acid Mm.p. 162-5%., equivalent weight a 115.5, calculated 115.1,
was obtained, Ivamev and Pshesichmiil® rsported the melting point as "toward 15183 ¢

Symmary

4 kinetic product study of fhe carbonate cleavage of malonic ester has been
made, and it is shown that the formation of carbonate from malonic ester in alkaline
solution invelves the direct fission of the half acid ester,

(12) D. Ivanov and G. Pshemichnii, Aon. Univ. Sofia, II, Faculte phys-math., Livre 2,
33, 177-202 (ia French 203-11) (1937); C.A. 32333567,
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Figure 1 -~ Variation in Titration Curves with Amcunt of Hydrolysis of
Diethyl a~Naphthylmalonate.

Figure 2 ~ Hydrolysis of Diethyl a-Naphthylmalonate as a Function of

Time,.
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