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An Improvement in the Preparation of Acids 
via Acetoacetic Ester 
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The preparation of acids RCHzCOzH by the 
acetoacetic ester route is known to result usually 
in only fair or even poor yields because of the 
competing and usually preferred reaction to form 
methyl ketones. Dieckmann' reported the alco- 
holysis of &alkyl acetoacetic esters in presence of 
ethoxide to result in high yields of the products of 
acid cleavage : 
CHICOCRZCO~C~H~ + OCZHs----t 

0- 

CHaLCRzCO2CzHs + CHaCOzCzHs + 
- A c ~ H ~  

: CR~CO~CZH~;  + CzHbOH ---t R~CHCOZCZHS + OCzHs- 

We have now found that the alcoholysis of mono- 
alkyl acetoacetic esters, reported by Dieckmann 
and others to have failed, may be accomplished in 
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excellent yields by heating with catalytic amounts 
of alkoxide in excess of absolute ethanol. The com- 
plete absence of products of ketonic cleavage in 
either case is to be anticipated, as alkoxide attack 
on the ester carbonyl group would result only in 
ester exchange and would lead to no significant 
chemical alteration of this group. 

The success of the method reported here appesn 
to depend upon scrupulous care in the preparation 
of the antecedent materials, which must be dry 
and free of acetoacetic ester. Reaction is accom- 
plished under reflux with continuous removal of 
ethyl acetate as the ethanol-ethyl acetate azeo- 
trope. The reaction time varied in ten cases 
examined (Table I) from ten to twenty-four hours. 
Continuous removal of ethyl acetate was per- 
formed in early experiments under the assumption 
that this would aid in equilibrium shift and also 
possibly minimize obvious side reactions. However, 
a control experiment using a-allylacetoacetic ester 
without removal of ethyl acetate resulted in fair 
(70%) yield of ethyl 4-pentenoate in contrast to 
88% obtained with continuous removal. It would 
appear that the principal value of ethyl acetate 
removal is simply that of avoiding temperature 
drop in the reaction vessel. This procedure was 
used throughout. 

It seems evident that the reaction begins with 
alkoxide attack at  the keto-carbonyl group, 5t9 
shown above. The presence of water or acetoacetic 
ester would be expected to interfere by destruction 
of the alkoxide catalyst. The survival of the cata- 
lyst in the presence of monosubstituted acetoacetic 
esters might be due to the diminution of acidity of 
the alpha-hydrogen atom resulting from alpha- 
alkyl substitution. It may be noted also that alkyli- 
deneacetoacetic esters, CH&OC(=CHR)C0&2Hs, 

TABLE I 
OQHs- 

CH&OCHRCO~C~HI, + C2HsOH __f CHaC02CzHs + RCHzC02CzHs 

Moles 
R Ester0 C2HSOHo Naa Used Ester Yield, '% B.P./P. 

GHS 1 3 .5  0.13 0.50 70b 120-121/atm. 
n-CsHr 1 3 .5  0.13 0.50 82 145-146/atm. 
CaHs 1 2.5 0.10 0.72 88 142-144/atm. 
CdHs (methallyl) 1 3.9 0.15 0.45 83 165-167/atm. 
*C& 1 2 .9  0.15 0.43 81 16&168/atm. 
i-CsHii 1 3 .5  0.15 0.50 88 181-182/atm. 
~-CIOHZI 1 7.0 0.12 0.25 84 106106/1.5 mm. 

C S E ~ C S H ~  (cinnamyl) 1 3 .9  0.13 0.23 92 115-116/1 mm. 
ClH702 (carbethoxymethyl) 1 4 .5  0.16 0.40 84 215-217/atm. 

logs, apparently because of the difficu1t.y of their separation from acetoacetic eater by distillation. 

csHsc& 1 3.9 0.15 0.50 84 93-95/2 mm. 

0 Ester: CaHbOH: Na is on 1 mole ester basis. b Methyl and ethyl acetoacetic ester gave poorer yields than the higher homo- 
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obtained by Knoevenagel condensation of croton- 
aldehyde and benzaldehyde with acetoacetic ester 
yielded only polymeric materials instead of the 
anticipated sorbic and cinnamic esters. It is sug- 
gested that allylic resonance may account for the 
failure of such esters to undergo the cleavage: 

0- 
I @ 

C=CHR + C H s C b C C H R  

~ O I G H S  J O G H ,  
@ 

EXPERIMENTAL 

General procedure. The same procedure was used for all 
compounds shown in Table I, except for variations in time 
required for completion of the reaction. Preparative details 
are given only for the alcoholysis of ethyl a-allylacetoacetate 
to ethyl 4-pentenoate: To a solution of 1.5 g. (0.065 g.-atom) 
of oxide-free sodium in 81 g. (1.76 moles) of absolute ethanol 
in a 500-ml. round bottomed flask waa added 122 g. (0.72 
mole) of freshly distilled ethyl a-allylacetoacetate. The 
resulting light yellow solution waa refluxed under a 5-ft. 
distilling column packed with glaas helices and fitted with an 
automatic liquid-divider head. When the vapor tempera- 
ture at the column head had dropped from 78' to 72' 
(the boiling point of the ethanol-ethyl acetate azeotrope), 
slow distillation was begun and the takeoff ratio waa 
adjusted to maintain the vapor temperature at 72-73'. 
After the calculated amount of azeotrope had been collected 
(22 hr.), the distillation waa stopped and the excess ethanol 
waa removed on the water bath. The f l ak  contents were 
cooled, transferred to a separatory funnel, and washed with 
-100 ml. of cold 5% sulfuric acid. After separation of the ester 
layer the aqueous portion was washed twice with 25-ml. 
portions of ether, and the ether extracts were combined 
with the main portion of the ester. The resulting ether 
solution waa waahed successively with 50 ml. of water, 50 
ml. of 27& sodium bicarbonate solution, and 50 ml. of water, 
and dried over anhydrous magnesium sulfate. The dry 
ethereal solution waa filtered from the drying agent, the 
ether waa removed and the product, ethyl Cpentenoate, 
waa distilled at ordinary pressure and collected a t  142-144'; 
yield, 81 g. (%yo). The still residue consisted mainly of 
unchanged ethyl a-allylacetoacetate. 
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Currently allylic bromination is most frequently 
accomplished through the use of N-bromosuccini- 
mide.2 We have discovered that N-bromo-t-butyl- 
amine also reacts with olefins to give bromination 

at  the allylic position. The yields in the N-bromo- 
t-butylamine reaction under certain conditions are 
comparable to those of the N-bromosuccinimide 
reaction. * 

In  the study of the allylic brominating ability of 
N-bromo-t-butylamine, cyclohexene was used as the 
olefin, the concentrations of the reagents and the 
type of solvent were varied, and the effect of azo- 
bisisobutyronitrile (AIBN) was studied. Light 
seemed to be inferior to ATBN as an initiator, and 
therefore was not investigated further. Our results 
appear in Table I. 

TABLE I 
THE EFFECTS OF V~RIABLES ON THE REACTION OF N- 
BROMO-&BUTYLAMINE AS AN ALLYLIC BROMINATING AGENT 
-~ ~ 

Ratio of 
Moles 

N-Bromo- 
t-butjd- Yield of 
amine/ 3-Bromo- 
Moles cyclo- 
Olefin/ Catalyst or Time hexene 

Solvent M1. Solvent Initiator (Hr.) %" 
Carbon 

tetra- 
chloride 

Isohexane 
Isohexane 
Isohexme 
Isohexane 
Isohexane 
Isohexane 
Isohexane 
Benzene 
Benzene 
Benzene 

1/1.5/750 
1/1.5/750 
1/1.5/750 
1/2/750 
1/3/750 
1/3/375 
1/3/187.5 
1/1.5/375 
1/3/750 
1/3/375 
3/1/750 

None 
Light" 
0.2 g. AIBN 
1 g.AIBN 
1 g.AIBN 
1 g.AIBN 
1 g.AIBN 
1 g.AIBN 
1 g.AIBN 
1 g.AIBN 
1 g.AIBN 

6 
6 .5  
3 
5 .5  
5 
3 
1 . 5  
5 
5 
5 
5 

noneb 
Md 
23 
38 
37 
59 
31 
40 
30 
42 
17' 

Yield of 3-bromocyclohexene baaed on N-bromot 
butylamine. b There appeared to be a competing reaction in- 
volving the carbon tetrachloride. 0 Light was supplied by 
sun lamp. Light seemed to favor the formation of tbutyl- 
amine hydrobromide. d All yields of 3-bromocyclohexene 
were corrected for the amount of product lost in working 
up the sample, using a technique similar to that of H. J. 
Dauben, Jr., and L. L. McCoy.* t. 22% 3,6-Dibromocyclo- 
hexene was produced; collected 95-100' (10 mm.). 

EXPERIMENTAL 

Preparation of N-brmo-t-lmtylamine.a t-Butylamine, 0.2 
mole, (freshly distilled) was mixed with 20 ml. of 10N 
sodium hydroxide and 100 ml. of water. Bromine, 0.2 mole, 
waa added dropwise over a period of 50-70 min. The reaction 
waa kept at G 5 "  and was stirred constantly. After the bro- 
mine waa added, the sample waa extracted with ether, and 
the ether layer dried over magnesium sulfate. The ether then 
was removed by means of an aspirator. The N-bromd- 
butylamine remained in almost quantitative yield, about 30 
g. It is a deep red-orange liquid with a strong unpleasant 
odor. It should be prepared immediately before use since it 
decomposes on standing with the formation of t-butylamine 
hydrobromide, a white crystalline solid. 
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