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Abstraot - The.decarboxylatlon of phthallde-3-carboxyllc acid (j-oxo- 

1,3-dlhydroisobenzofuran-1-carboxyllc acid) has been studied In the 

melt, in dlmsthylsu.Ifoxlde, and in the presence of aromatic aldehydes. 

The latter are efflclently trapped to produce mixtures of I-arylldene- 

phthalldes and I-( aryI.hydroxymthyl)phthaIldes. Kinetic and other 

evidence supports the proposal that this reaction occurs In a tight 

cyclic transition state. 

INTF0DUCTION 

The thermal decarboxylatlon of carboxyllc 

acids has been known and used synthetically 

since the beginning of organic chemistry, but 

in spite of this, considerable interest con- 

tinues to be shown in clarifying the mechanism 

of this reaction.' Reaction pathways involv- 

ing both the ionised and the unionlsed form of 

the carboxyl group have been identlfled,2 but 

in general the reaction proceeds more readily 

through dissociated ions. Thus Hunter et a1.3 -- 
have correlated the pKa of the resulting hydro- 

carbon with the rate of decarboxylatlon of its 

acid, and suggest the practical limit for 

decarboxylatlon Is approximately pKa 32. A 

thorough study of the effect of solvent' and 

of crown etheral has led to a fairly clear 

understanding of this reaction. 

The pKa of phthallde is probably near the 

limit suggested by Hunter etg.,3 and 

phthallde-3-carboxyllc acids have been kncwn 

to decarboxylate readily near their melting 

points since 1855,5'6 and although nothing of 

the mechanism of this reaction is Imoan, we 

were Intrigued by the possibility of capturing 

an Intermediate with suitable electrophlles, 

as shown In Scheme 1. 
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(1) 

There are several reports of the succeas- 

ful capture of decarboxylation intermediates 

with electrophiles, the best known being the 

Ramnick reaction, the reaction of aldebydes 

and ketones with some heterocyclic carboxylic 

acids (eq. 1). ‘1 g More recently, the decarb- 

oxylation of acetoacetic, clonic and cyano- 

acetic acids in the presence of a,B-unsatur- 

ated ketones and nitriles has been studied,lO 

yielding conjugate addition products in good 

yields. It is interesting to note that in 

+ co2 (1) 

R’ R2 
OH 

R.! 

E+ *‘I ; 02 \ 
+ co2 * II+ 

Scheme 1 

many cases the presence of pyridine has been 

synthetically useful, and tertiary bases have 

been shown to lower the activation energy of 

mlonate decarboxylations, 1 1 presumably by 

addition to the carbonyl group, thereby 

changing it from sp2 to sp3 hybridised, and 

making it easier to break the carbon-carbon 

bond in the transition state (eq. 2). 

In this comunication we detail our 

investigation of the decarboxylation of 

phthalide-3-carboxylic acid in the presence 

of aromatic aldehydes. 

_/“\H RaN* 
I 

- - cH3C02H l cop (2) 

REXJL.TS AND DISCDSSION 

By analogy with the conditions of the 

Hamnick reaction, l2 phthalide-3-carboxylic 

acid (1) was heated to 145’ in an excess of 

several aromctic aldehydes, and in all cases 

examined the product in good yield ms a 

mixture of the corresponding diastereoisomeric 

3-( hydroxyarylmethyl )phthalides (2) and their 

dehydration product, the 3-arylidenephthalide 

(3). Even with only two equivalents of the 

aldehyde (Table 1) reaction was efficient, in 

contrast to the Ramick reaction, and with 

one equivalent the reaction retrained synthe- 

tically useful. 

13- 
CHO 

(1) + ‘I - 
X 

(4) 

X ‘I \ 3 OH 

+ 
’ 1 ,; \ 

(2) 
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Table 1. Decarboxylation of phthaldde-fcarboxyllc acid (1) in the 

presence of aldehydea (4 )* 

X in (4) 

4-N& 

4-CN 

L-Cl 

Ii 

&X3 

3,4-W&0 

I-@X3 

4-h&2 

Ratio (4):(l) Yield Product (2)+(3) 

2 90 

1 88 

2 88 

1 83 

2 75 

1 67 

2 75 

1 57 

2 66 

1 47 

2 80 

1 53 

2 87 

1 64 

2 60 

1 64 

* 145” , neat, 1.5 to 3 h 
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The ratio of products depended on the time 

of reaction and the temperature. Electron- 

donating groups in (4) usually gave only the 

dehydration product (3), suggesting that (3) 

arose from (2) by an acid-catalysed E-l reac- 

tion. The reactions above were carried out 

essentially in the melt, and the effect of 

various solvents was now examined. cantwe 

and EIrowx~‘~ have shown that the Hanmdck reac- 

tion proceeded best in non polar solvents 

such as p-cymene, although in general an 

ionising aprotic solvent such as dimethylsul- 

foxide is considered to be best for decarbory- 

lations,’ and recently Cold has shorn14 that 

trichloroacetic acid decarboqlates at roan 

temperature in dlmethylsul’foxide, and the 

intermediate trichloromethyl anion may be 

trapped with various nitroarenes. We were 

surprised to find that decarboxylation of (1) 

essentially failed to occur in non polar sol- 

vents at 140”, and in dimethylsulfoxide the 

intermediate was generally only poorly trapped 

by the aldehyde. Thus 4-methoxybenzaldehyde 

(6 equivalents) gave on.~y 14% of the corres- 

ponding alcohol (2 ), and 4-nitrobenaaldehyde 

75% of the alcohol (2) when two equivalents 

were wed, and 100% when four ore used. 

Dehydration of (2) to (3) did not occur 

appreciably in dimethylsulfoxide. The reac- 

tion described herein thus appeared to be 

quite different in character from other decarb- 

oxylation reactions in the literature. A 

simple observation gave a clue to the nature 

of this difference. 

At 140. (1) loses carbon dioxide quite 

slowly, but In the presence of an aldehyde, 

decarboxylation occurs about four times faster, 

the rate depending on the nature of the 

aldehyde . This observation clearly implies 

that the aldehyde is assisting the acid to 

decarboxylate In a specific way. Again, this 

is in contrast with the measured rates of 

decarboxylatlon of other acids in the presence 

of electrophiles,15-‘7 where the rate deter- 

mining step is independent of the electrophile, 

and preceeds reaction with it. To put this on 

a quantitative basis, the rate of decarboxyla- 

tion of (1) has been measured at various temp- 

eratures alone,and in the presence of 4-cysno- 

benxaldehyde . The rate constants, and the 

derived enthalpy and entropy of activation for 

the two reactions are shown in Table 2. 
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Table 2. Rate constants, enthalpy and entropy of activation for 

decarboxylation of (1) alone and in the presence of 4- 

cyanobenzaldehyde. 

438 
448 

467 

( set- l 
kl 

x 10') 

0.73 2 .2 

3.42 t .1 

16.0 i 1.5 

(1) Neat 

t 

AH+ As* 
(kJ) 1 (448K) 

Temp 
(1) + 4-cyanobenzalde$yde 

(OK) (2 mol-1 s?1 I x 10’) I (kJ) 

406 2.73 f .l 

410 4.90 f .l 

416 5.40 f 1.7 

175 + 20 +69 f 7 422 8.97 2 .8 

As* 
(406K) 

1 
95.6 f 2.7 -90.7 f 2.7 

i 

It can be seen that the aldebyde consider- 

ably decreases the enthalpy of activation for 

decarboxylation, and has a mrked effect on the 

entropy of activation. The reaction in the 

presence of aldehydes is second order, and 

clearly involves a highly ordered transition 

state. In contrast, the decarboxylation of 

acid (1) alone involvee a similar enthalpy of 

activation to that of malonic acid under simi- 

lar conditions,18 but the entropy change is 

even more positive, implying a relatively 

open transition state. Ws suggest the trans- 

ition state (5) is consistent with the above 

evidences. 

J$ 
N,’ 

H-H 

I 

d\ 
(5) 

'I O 
1 co/ 

The complex above must have quite a high 

dissociation constant, consistent with the 

marked decrease in yield of (2) and (3) in 

the presence of polar solvents which complex 

more readily with the acid. By competitive 

reactions we have been able to determine the 

relative rates of decarboxylation in the 

presence of substituted benzaldehydes, and 

find there is a correlation with the Uammett 

c value (Fig. l), the p value being 0.60, 

MPERIMENTAL 

Melting points were recorded on a Kofler from TM& Infra-red spectra were measured on 

hot stage apparatus and are uncorrected. a Jasco IRA-1 spectrometer. Mess spectra 

N.m.r. spectra were obtained on a Jeol M-60 were recorded using an AEI 116s 30 mass spect- 

spectrometer in deuterochloroform and chemical rometer. Microanalyses were determined by 

shifts (6) are presented in p.p.m. downfield AMDEL, Melbourne. 

suggesting a small build up of negative 

charge on the aldehyde carbonyl group in the 

transition state, and consistent with an 

essentially concerted electron re-distribu- 

tion. 

Under identical conditions to those used 

with the aldehydes, the ketones acetophenone, 

cyclohexanone and hexachloroacetone failed to 

react with phthalide carboxylic acid, nor was 

there sny reaction other than decarboxylation 

in the presence of excess of ketone at 145". 
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Reaction of 3-0x0-1,3-dihydmieobenxofumn-l- 

carboxytic acid with substituted benaaldehydee. 

3-Oxo-1,3-dihydroisobenzofuran-l-carbox- 

ylic .cid'q*20 and the aldehyde were mixed in 

a test tube under nitrogen, and the mixture 

heated at 145' until no further decarboxylation 

was apparent. Reactions with excess of 

aldehyde were usually complete in an hour, 

while equimolar reactions required up to four 

hours. Yields of products were determined 

directly by lH n.m.r. spectroscopy, and the 

products were then isolated either by crystall- 

isation of the product, or by preparative 

t.1.c. The benzylidene isobenzofuran-1(3H)- 

ones were compared directly with authentic 

samples.21-24 Z-3-(4-dimsthyIaminophenyl)- 

methyleneisobenzofuran-1(3H)-one was obtained 

as fluorescent yellow plates from ethyl 

acetate/light petroleum, m.p. 191-2". (Found: 

C, 76.86; H, 5.90; M' 265.1104. C17H15N02 

requires C, 76.%: H, 5.70%; M+ 265.1107), 

v max 1760, 1630 cm-l; 6 7.32-8.00 (6H, m, 

ArH); 6.72 (2H, d, J 9 Hz, H-3'); 6.35 (lH, 

s, ArCIj); 3.03 (6H, S, N(CH3)2). 

Z-4-[(3-oxoisobenzofuran-l-ylidene)m&hyl]- 

benzonitrile was isolated as a pale yellow 

solid, m.p. 200-201' from ethyl acetate/ether. 

(Found: ld+ 247.0637. C16HqN02 requires !d+ 

247.0633), vmax (CH2C12/IXEO) 2310, 1790 an-l; 

1 

1 1% kx - 

I %i 

6 7.35-8.03 (8H, m, ArH); 6.43 (lH, 8, ArCH). 

The 3-_(arylhydroxyn&hyl)isobenzofuran- 

1(3lI)-ones were generally oa. 1:l mixture 

of diastereoisomers, and were identified by 

comparison with authentic samples.25 

Kinetic detenninatione 

hp1icat-e samples of a mixture of 3-0x0- 

1,3-dihydroisobenzafuran-1-carboxylic acid 

(40 mg; 225 pmol) and 4-cyanobenzaldehyde 

(11 mg; 84 ~1) were heated at the tempera- 

tures recorded in Table 2 under nitrogen. 

Ampoules were examined, periodically by 'H 

n.m.r. spectroscopy, which allowed the deter- 

mination of aldehyde and addition product con- 

centrations. Initial concentrations were 

determined by accurate determination of the 

density of the melts. The reactions obeyed 

pseudo first order kinetics. 

Relative rates for the data in Figure 1 

were obtained by following the decarboxylation 

in the melt in pairs of aldehydes, each present 

in threefold excess, by n.m.r. spectroscopy. 

Triplicate determinations were made for each 

pair, and each aldehyde was compared with at 

least two others. The Hamrnett rho value was 

obtained by linear least squares regression 

analysis. 

-0.6 

-. 5a 
. Fig. 1 Hannmtt plot for decarlxxykztion of 

(11 in the presence of I-K-benxaldehydes. 

0 = 0.597 r = .999 
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