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Raaction of Benzylidenemalonaldehyde with Water 
and Hydroxide Ion' 

Summary: A stopped-flow kinetic study of the title re- 
action is reported from which rate and equilibrium con- 
stants of various elementary processes are deduced. 

Sir: Alkylidene and arylidenemalonaldehydes are not only 
of interest to the theoretician because of their cross-con- 
jugated mystem but also to the synthetic chemist because 
of their high bifunctional reactivity. Benzylidenemalon- 
aldehyde (l), a prototype compound and hence of partic- 
ular interest, has only recently been synthesized,2 and its 
chemistry is just beginning to be e~plored .~  We report 
here ita kinetic and thermodynamic behavior in aqueous 
solution which indicates very high reactivity. 
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Arnold et al.3a have already shown that in water, even 
in the absence of added base, 1 is essentially completely 
converted to ita hydroxide ion adduct 2. In strongly acidic 
solution UV data suggested that 1 is present in equilibrium 
with 3, which is the oxygen protonated (enol) form of 2; 
this suggestion was based on the fact that in acidic aqueous 
solution the absorbance at 302 nm (Amm of 1) is substan- 
tially lower than in a~etonitrile.~' 

Our kinetic results which were obtained in a stopped- 
flow spectrophotometer c o n f i i  these preliminary obser- 
vations% and put them on a more quantitative basis. In 
a first set of experiments (pH 4.0 to 13.5) we approached 
the equilibrium from the reactant side, by adding a dilute 
buffer or a KOH solution to an acidic solution (0.002 M 
HC1) of 1 (in equilibrium with 3). The buffers used were 
acetate, cacodylate and borate, at total buffer concentra- 
tions of about 0.05 M or less. In a second set of experi- 
ments (pH 1.3 to 4.5),2 was first generated in a 0.005 M 
KOH solution which subsequently was mixed with an 
acidic buffer (acetate and 3-chloropropionate, total buffer 
concentration 10.05 M) or an HC1 solution in the s top  
ped-flow apparatus. In both types of experiments we 
measured the rates a t  302 nm (A,- of 1) as well as at 270 
nm (A- of 2), with equal results. Since the data obtained 
at 302 nm had less scatter we used those to construct the 
pH-rate profile shown in Figure 1. Tests for buffer de- 
pendence showed that, at the buffer concentrations used, 
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Figure 1. pH-rate profile for the reaction of benzylidene- 
malonaldehyde with water and OH- at 25 OC, f i  = 0.5 M (KCl). 

Table I. Rate and Equilibrium Constants for the Reactions 
of Equation 1 in Water at 25 O c a  

benzylidene- benzylidene 
constant malonaldehyde Meldrum's acidb 

klHfl, s-l 0.068 0.55 

KIHfl, M (pKIHfl) 
t 223 745 

KloH = KlHfl/KWc 

k-lH, M-' 8-l 4.20 x 103 1.47 x 105 
3.75 X 10" (5.43) 

k-lHfl, 2.57 x 10-7 3.73 x 10" 
2.00 x 108 

DK.en0' 4.49 

1.62 X 10" (4.79) 
k,OH M-1 s-l 

8.66 X loB 

0.50 K,B~O/K enol 
KZoH, M'l 22 

"At p = 0.5 M (KCl). bReference 4. 'KW = 1.87 X lo-" M2. 

buffer catalysis is negligible. 

equation: 
The pH-rate profile is consistent with the following 

/CH=O ~ ~ ' a W -  R,'# t A,O"U~,,- 

t y a n +  + R-Y~' 
- PhCH=C\ /O- - 1 \ 
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Phases I11 and IV of the profile correspond 
OH- attack on carbon, respectively, with 

kobsd = klHPo + kloHaoH- 

4 - 3 (0 

to water and 

(2) 

K,'"' 

In phase V rapid equilibrium OH- attack on one of the 
carbonyl carbons (KZoH) starts to become significant, with 
kobsd given by 

(3) 

Phase I1 is associated with acid-catalyzed loss of OH- from 
2 (klHaH+) with rapid oxygen protonation of 2 acting as 
preequilibrium in phase I. Thus for phases I and I1 k o b d  
is given by 

u enol 

(4) 

which becomes 
kobsd = k-lKaenol (5) 

for pH << p K p l .  
The rate and equilibrium constants calculated from our 

results are summarized in Table I, along with corre- 
sponding parameters for benzylidene Meldrum's acid (5): 

(4) Bernasconi, C. F.; Leonarduzzi, G. D. J. Am. Chem. SOC. 1984,104, 
5133; 1980,102, 1361. 
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another very reactive electrophile. The following points 

5 &4 
6 

are noteworthy: 
(1) The KIH@ values indicate that 1 is an even stronger 

(4.3-fold) Lewis acid than 5 ,  but the rate constants for 
water and OH- attack on 1 are lower than for attack on 
5. This indicates a higher intrinsic barrier6 toward nu- 
cleophilic addition in l. A likely factor responsible for this 
difference in intrinsic barriers is that 2 derives ita stability 
mainly from the delocalization of the negative charge into 
the carbonyl groups while this resonance factor is less 
important in the corresponding adduct of 5: It is well 
established that intrinsic barriers in carbanion forming 
reactions increase with the degree of resonance stabiliza- 
tion of the carbanion.s 

(2) KlHa0/Kcno1 = 0.50 is the equilibrium constant for 
the conversion of 1 into 3 upon water addition. If one 
assumes that the extinction coefficient of 1 is the same in 
water and in acetonitrile one can calculate a KIH@/K,""O1 
= 0.69 on the basis of the absorbance in aqueous 0.1 M HC1 
and in acetonitrile reported by Arnold et al.,3a in fair 
agreement with our value. There is no stable form derived 
from benzylidene Meldrum's acid which corresponds to 3; 
on the other hand formation of 6 is significant in the 
benzylidene Meldrum's acid, but no corresponding carbon 
protonated adduct is formed in the benzylidenemalon- 
aldehyde system. This parallels the fact that the enol form 
of Meldrum's acid is very unstableg but that malon- 
aldehyde exists virtually exclusively in the enol form.'O 
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(5) Defined as AG' when AGO = 0. 
(6) A major fador reaponeible for the high proton acidity of Meldnun's 

acid and the high Lewis acidity of benzylidene Meldrum's acid is ita 
bislactone structure.' 
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Intramolecular [2 + 21 Cycloaddition Reactions of 
Ketene and Carbonyl Groups. A New Synthesis of 
Benzofurans 

Summary: (0-Carbony1phenoxy)acetyl chlorides are deh- 
ydrochlorinated to the corresponding (o-carbonylphen- 
0xy)ketenes which undergo a [2 + 21 cycloaddition reaction 
to yield tricyclic &lactones which spontaneously decarb- 
oxylate to benzofurans. 

0022-3263/86/1951-2145$01.50/0 

Scheme I 

X-CH-COO -fpo 
0 P c o b  

P h  
I 
Ph 

Scheme I1 

Ph 1 1  L Ph 
0 

Sir: Intramolecular [2 + 21 cycloaddition reactions of the 
ketene function with the carbon-carbon double bond have 
recently been reported as a powerful synthetic tool for the 
synthesis of polycyclic compounds. We now report on the 
intramolecular [2 + 21 cycloaddition reactions of phen- 
oxyketenes to the carbonyl group.' 

The intermolecular cycloaddition of ketenes to carbonyl 
compounds is significantly different from the cycloaddition 
to olefinic compounds. Elevated temperatures, Lewis acid 
catalysts, or activation of the carbonyl group is usually 
required for intermolecular ketene carbonyl compound 
cycloadditions.2 However, in an appropriate intramo- 
lecular cycloaddition of a ketene function with a carbonyl 
group the proximity of the two functional groups provides 
a more favorable condition for cycloaddition. We found 
that the cycloadditions occur readily with both aldehydic 
and ketone carbonyl groups. 

The difunctional compounds used as precursors for the 
intramolecular cycloadditions were (0-carbony1phenoxy)- 
acetic acids. These acids were readily prepared from 
commercially available o-carbonylphenols and a-halo- 
carboxylic acids as illustrated for (0-formy1phenoxy)- 
phenylacetic acid in Scheme I. Equal molar amounts of 
salicylaldehyde and a-bromophenylacetic acid in dry THF 
upon treatment with sodium hydride and refluxing gave 
a 78% yield of the desired difunctional compound. Yields 
of 51-78% of the (0-carbony1phenoxy)acetic acids were 
obtained after recrystallization from a mixture of hexane 
and methylene chloride. 

The (0-carbony1phenoxy)acetic acids were converted to 
the corresponding acid chlorides by reaction with 5-8 equiv 
of oxalyl chloride in benzene at  ambient temperature for 
4-8 h. The excess oxalyl chloride was removed under 
vacuum and the crude acid chloride was diluted with dry 
benzene and very slowly added to a dilute solution of 3 
equiv of triethylamine in benzene at  reflux. The dehy- 
drochlorination of the acid chloride was evident by the 
immediate formation of the amine salt. The reaction 
mixture was refluxed for up to 3-4 h during which time 
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