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2. Dimeric ester mixture A apparent ly has the 
normal non-conjugated structure expected as a 
result of dimerization by way of a Diels-Alder re­
action, with a-/3 double bond acting as dieneophile, 
resulting in structures I I I and IV. 

A crystalline dimeric methyl ester has been iso­
lated from A by refractionation and crystalliza­
tion. I t is nonconjugated, bu t gives the conju­
gated acid, m. p . 216°, of Farmer upon alkaline 

In a previous publication,2 the 1,4-addition of 
ethyl acetamidomalonate and other closely re­
lated compounds to acrolein was reported. This 
is the first instance of a successful 1,4-addition 
between a malonate system and an a, ^-unsat­
urated aldehyde. The present report is con­
cerned with the extension of this reaction to other 
mono-substi tuted malonic esters. However, this 
type of reaction is not limited to mono-substituted 
malonates possessing only one a-hydrogen atom. 
Either ethyl malonate or ethyl cyanoacetate read­
ily yields a 1,4-addition product with acrolein. 

The 1,4-addition involving ethyl malonate and 
acrolein proceeded smoothly in the presence of an 
alkaline catalyst. The product, 7,7-dicarbethoxy-
butyraldehyde I, was obtained in 5 0 % yield. 
When I was separated from the crude reaction 
product by distillation under reduced pressure, a 
considerable quant i ty of a nearly colorless, vis­
cous residue remained. This residue, probably 
the di-substitution product, is now being investi­
gated further. 

The structure of compound I was proved by an 
unequivocal synthesis involving the alkylation of 
ethyl malonate with /3-chloropropionaldehyde di-
ethylacetal. 

Reduction of the aldehydo compound I in the 
presence of Raney nickel catalyst yielded ethyl a-
carbethoxy-5-hydroxyvalerate which was char­
acterized as the 3,5-dinitrobenzoate. The ethyl 
a-carbethoxy-S-hydroxyvalerate was converted 
by the action of ammonia into a-carbamyl-5-hy-
droxyvaleramide which in turn yielded a 3,5-dini­
trobenzoate. 

Addition of ethyl cyanoacetate to acrolein 
yielded the aldehydo compound I I which was 
characterized as the 2,4-dinitrophenylhydrazone. 

The 1,4-addition reactions of ethyl alkylmalo-
nates gave the aldehydo compounds I I I , IV and 
V, where the alkyl groups were ethyl, hexyl and 
decyl, respectively. The aldehydo compound V 
was not purified by distillation under reduced pres-

(1) Paper No. 92, Journal Series, Research Laboratories, General 
Mills, Inc. 

12) Mae and Warner, THI8 JOURNAL, 70, 2763 (1948). 

saponification. T h e probable structure of this e s . 
ter is discussed and is believed to be I I I . 

3. Dimer ester B apparently has a double bond 
a-/3 or conjugated to a carbomethoxy group. To a 
large extent this is apparently due to the y-8 
double bond in the sorbic ester acting as the diene­
ophile, resulting in structures V and VI, with 
various cis-trans isomers possible. 
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sure and the crude product yielded an oily 2,4-
dinitrophenylhydrazone. However, this crude 
product V, when subjected to catalytic reduction 
in the presence of Raney nickel, yielded a carbinol 
which formed a crystalline 3,5-dinitrobenzoate. 
The aldehydo compounds I I I and IV yielded crys­
talline 2,4-dinitrophenylhydrazones. 

7-Acetoxy-y,7-dicarbethoxybutyraldehyde, VI, 
was prepared by the 1,4-addition of ethyl acetoxy-
malonate to acrolein. I t was characterized as the 
2,4-dinitrophenylhydrazone. 

Certain features of the reaction between ethyl 
bromomalonate and acrolein are noteworthy. 
When the reaction was carried out in the presence 
of sodium ethoxide, difficulty was encountered in 
maintaining the alkalinity of the reaction mixture. 
In order to maintain alkalinity it was necessary to 
add a molar equivalent of the base. The product 

R' R' 
I I 

R—C-COOEt + CH2 = CHCHO —>• R—C-COOEt 
H I 

CH8 
I, R = H, R' = COOEt I 

II, R = H, R' = CN CHs 
III, R = Et, R' = COOEt I 
IV, R = M-C6H13, R' = COOEt CHO 
V, R = W-C10H21, R' = COOEt 
VI, R = CH.COO, R' = COOEt 
VII, R = Br, R' = COOEt 

formed a 2,4-dinitrophenylhydrazone (m. p . 142-
142.5°). However, this 2,4-dinitrophenylhydra­
zone did not contain bromine. Elementary analy­
sis of the 2,4-dinitrophenylhydrazone indicated 
tha t the aldehydo compound was 4,4-dicarbeth-
oxy-3-butenal which could arise from the dehydro-
halogenation of the normal 1,4-addition product, 
VI I . The occurrence of the dehydrobromination 
was not too surprising in view of the fact t ha t a 
molar equivalent of the base had been employed. 
Supporting evidence for this structure was ob­
tained by catalytic reduction of this product in 
the presence of 5 % palladium-on-charcoal. The 
reduction product was 7,7-dicarbethoxybutyral­
dehyde, I, identical with a specimen synthesized 
in another manner. 
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When ethyl bromomalonate was added to acro­
lein in the presence of tributylamine as the cata­
lyst, 7-bromo-7,7-dicarbethoxybutyraldehyde, 
VII, was obtained. The 2,4-dinitrophenylhydra-
zone melted at 82.5-83.5°. 

Experimental 
7,7-Dicarbethoxybutyraldehyde, I.—A. Ethyl malo­

nate (400 g.) was added to a solution of sodium (0.3 g.) in 
absolute ethanol (1000 cc ) . This solution was cooled to 
0° and acrolein (168 g.) was added dropwise. The re­
action temperature was maintained at approximately 5°. 
After the addition was complete the reaction mixture was 
stirred for two hours and neutralized with acetic acid. 
The solvent was removed by distillation under reduced 
pressure and the yellow oil was dissolved in benzene and ex­
tracted with three 500-cc. portions of water. The organic 
solution was dried over anhydrous sodium sulfate and the 
solvent was removed by distillation under reduced pres­
sure. The viscous, nearly water -white residue was sub­
jected to distillation under diminished pressure. The 
first fraction (78 g.) consisted predominantly of ethyl ma­
lonate. A large fraction (316 g.) was collected over the 
range of 80-120° at 0.4-1.5 mm. An appreciable amount 
of decomposition occurred during the collection of the lat­
ter part of this fraction. An appreciable quantity of a 
nearly colorless viscous residue remained. The large sec­
ond fraction (316 g.) was redistilled. The first fraction 
(28 g.) was predominantly ethyl malonate. The second 
fraction (13.7 g.) was collected at 71-75.5° at 0.8 mm. and 
was probably a mixture of ethyl malonate and the alde-
hydo compound. The third fraction (266 g.) collected at 
76-79° at 0.04-0.07 mm., »26D 1.4340, was 7,7-dicarbeth-
oxybutyraldehyde. 

Anal. Calcd. for Ci0Hi6O6: C, 55.52; H, 7.45. 
Found: C, 55.15; H, 7.33. 

The 2,4-dinitrophenylhydrazone prepared in the con­
ventional manner melted at 75-76° after recrystaUization 
from ethanol. 

Anal. Calcd. for C16H20O8N4: C, 48.46; H, 5.09; N, 
14.14. Found: C, 48.83; H, 5.01; N, 14.23. 

B. Ethyl malonate was alkylated with /3-chloropropion-
aldehyde diethylacetal3 as follows: Ethyl malonate 
(16.3 g.) was dissolved in absolute ethanol (50 cc ) . The 
diethylacetal of 0-chloropropionaldehyde (16 g.) was added 
and the solution was refluxed while a solution of sodium 
ethoxide (2.3 g. of sodium and 75 cc. of absolute ethanol) 
was added dropwise. The refluxing was continued for 
twenty-four hours. Sodium chloride was removed by fil­
tration. The filtrate was concentrated under reduced 
pressure and diluted with water. The oily layer was ex­
tracted with ether and the extract was dried over anhy­
drous sodium sulfate. Evaporation under reduced pres­
sure yielded a residual oil which was distilled. The prod­
uct (8.6 g.) was collected at 165-175° at 17 mm. One 
gram of the product was warmed with hydrochloric acid 
(8 cc , 2%) on the steam-bath for five minutes. The alde­
hyde without isolation was then directly converted to the 
2,4-dinitrophenylhydrazone which after recrystaUization 
from ethanol melted at 75-76° alone or when mixed with 
the 2,4-dinitrophenylhydrazone obtained under A. 

Anal. Calcd. for Ci6H20O8N4: N, 14.14. Found: N, 
14.13. 

Ethyl tt-Carbethoxy-5-hydroxyvalerate.—Distilled 7,7-
dicarbethoxybutyraldehyde (18.8 g.) was dissolved in ab­
solute ethanol (100 cc.) and subjected to the action of hy­
drogen in the presence of Raney nickel catalyst at 80 ° and 
under an initial pressure of 1500 pounds. The catalyst 
was removed and the water-white nitrate was concentrated 
under reduced pressure. Benzene (100 cc.) was added and 
the reaction mixture was again concentrated under re­
duced pressure. A portion (0.7 g.) of the residual oil was 

(8) BUingcr, Btr., M, 8886 (1905). 

converted into the 3,5-dinitrobenzoate which melted at 
69.5-70.5° after crystallization from absolute ethanol. 

Anal. Calcd. for CI7HMOI0N2: C, 49.49; H, 4.89; 
N, 6.79. Found: C, 49.60; H, 4.78; N, 6.87. 

Another portion (7.5 g.) of the above residual oil was 
added to aqueous ammonia (32 g., saturated at 0°) and 
the mixture allowed to stand at room temperature for sixty 
hours. The solution was filtered and the filtrate was con­
centrated under reduced pressure. The crude diamido 
compound melted at 161-163 °. After crystallization from 
90% ethanol it melted at 164-165°. 

Anal. Calcd. for C6Hi2O3N2: C, 44.97; H, 7.56; N, 
17.49. Found: C, 45.10; H, 7.28; N, 17.76. 

The 3,5-dinitrobenzoate of the diamido compound, crys­
tallized from aqueous ethanol (60%), melted at 221-222° 
with decomposition. 

Anal. Calcd. for Ci3H14O8N4: C, 44.05; H, 3.98; N, 
15.83. Found: C, 44.36; H, 4.02; N, 15.60. 

7-Carbetb.oxy-7-cyanobutyraldeb.yde, EL—A solution of 
sodium (50 mg.) in absolute ethanol (3 cc.) was diluted 
with dry benzene (72 cc ) ; ethyl cyanoacetate (28.4 g.) 
was added and the mixture was cooled to 6°. Acrolein 
(13.5 g.) was added dropwise while the temperature was 
maintained at 12°. The mixture was placed in the re­
frigerator overnight and then acidified with glacial acetic 
acid (0.5 cc.) and extracted with four 30-cc portions of di­
lute aqueous sodium chloride. After drying over anhy­
drous sodium sulfate, the benzene was removed under re­
duced pressure, and the residual oil was subjected to dis­
tillation. The main fraction (8.9 g.) was collected at 106-
115° (0.6 mm.). Redistillation yielded 5 g. of product 
which boiled at 90-93° (0.2 mm.). 

Anal. Calcd. for C8HuO8N: C, 56.78; H, 6.55; N, 
8.26. Found: C, 56.30; H, 6.40; N, 8.65. 

The 2,4-dinitrophenylhydrazone prepared in the usual 
way melted at 111-112° after recrystaUization from etha­
nol. 

Anal. Calcd. for Ci4Hi6O6N6: C, 48.13; H, 4.33; N, 
20.05. Found: C, 48.14; H, 4.21; N, 20.05. 

7,7-Dicarbethoxy-7-ethylbutyraldehyde, III.—A solu­
tion of sodium (40 mg.) in absolute ethanol (200 cc) was 
mixed with ethyl ethylmalonate (75 g.). Acrolein (23.5 
g.) was added to the cooled (0°) solution. The mixture 
was placed in the refrigerator overnight. After acidifica­
tion (acetic acid 1 g.) and concentration, the residual oil 
was dissolved in benzene (200 cc ) , extracted with water 
(200 cc.) and dried over anhydrous'sodium sulfate. The 
solvent was removed by distillation and the residual oil 
(91.5 g.) was distilled. The product (50 g.) was collected 
at 90-108° (0.25 mm.), most of it at 100-102°. A por­
tion of this aldehyde was redistilled to give an analytical 
sample collected at 75-75.5° (0.07 mm.) («25D 1.4386). 

Anal. Calcd. for Ci2H20O6: C, 58.96; H, 8.27. 
Found: C, 59.30; H, 8.53. 

The 2,4-dinitrophenylhydrazone melted at 100-101° 
after recrystaUization from ethanol. 

Anal. Calcd. for Ci8H24O8N4: C, 50.95; H, 5.70; N, 
13.20. Found: C, 50.74; H, 5.80; N, 13.16. 

7,7-Dicarbethoxy-7-hexylbutyraldehyde, IV.—The prep­
aration of this aldehydo compound was carried out essen­
tially as that described in the example above. The crude 
product was distilled under reduced pressure and the alde­
hydo compound IV was collected at 132-137° (0.3 mm.) 
( « " D 1.4478). The 2,4-dinitrophenylhydrazone melted 
at 86-87° after crystallization from ethanol. 

Anal. Calcd. for Cj2H32O8N4: C, 54.96; H, 6.70; N, 
11.66. Found: C, 55.07; H, 6.77; N, 11.73. 

7-Decyl-7,7-dicarbethoxybutyraldehyde, V.—This re­
action was carried out essentially as described previously 
and the product was an oil which did not yield a crystal­
line 2,4-dinitrophenylhydrazone; hence, the crude 7-
decyl-7,7-dicarbethoxybutyraldehyde was reduced in the 
presence of Raney nickel essentially as described above for 
7,7-dicarbethoxybutyraldehyde I. The resulting oil was 

7-Carbetb.oxy-7-cyanobutyraldeb.yde
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converted into the 3,5-dinitrobenzoate which melted a t 
78.5-79.5° after crystallization from ethanol. 

Anal. Calcd. for C27H40O10N2: C, 58.66; H, 7.30; N, 
5.07. Found: C, 58.61; H, 7.27; N, 5.22. 

Y-Acetoxy-Y,Y-dicarbethoxybutyraldehyde, VI.—This 
reaction was carried out essentially as described for com­
pound I I I . The crude product was not distilled. How­
ever, it formed a 2,4-dinitrophenylhydrazone which melted 
a t 114-115° after crystallization from ethanol. 

Anal. Calcd. for CiSH22Oi0N4: C, 47.55; H, 4.89; N, 
12.33. Found: C, 47.69; H, 4.86; N, 12.33. 

The Addition of Ethyl Bromomalonate to Acrolein: A. 
In the Presence of Sodium Ethoxide.—Ethyl bromomalo­
nate (47.6 g.) was added to an alcoholic solution containing 
200 cc. of absolute ethanol and 80 mg. of sodium. The re­
sulting alcoholic solution was cooled to 0° and 11.5 g. of 
acrolein was added drop wise. After the acrolein had been 
added it was observed that the reaction mixture was acidic. 
Hence, an additional 0.5 g. of metallic sodium dissolved in 
ethanol was added. The reaction mixture was still acidic 
and an additional 4 g. of metallic sodium dissolved in ap­
proximately 100 cc. of absolute ethanol was added. The 
reaction mixture was permitted to stand in the refrigerator 
overnight. A considerable quantity of precipitate was 
noted, and it was removed by filtration. The resulting 
light brown filtrate was evaporated in vacuo. The residual 
oil was diluted with benzene and an additional quantity of 
the inorganic precipitate was removed by filtration. The 
benzene solution was extracted with three 70-cc. portions of 
water and then dried over anhydrous sodium, sulfate. 
After filtration the benzene was removed by distillation in 
vacuo yielding a residual light yellow oil. The treatment of 
a portion of this residual oil with 2,4-dinitrophenylhydra-
zine yielded a crystalline derivative which melted at 137-
139°. Recrystallization from absolute ethanol increased 
the melting point to 141.5-142.5°. However, this 2,4-di­
nitrophenylhydrazone did not contain bromine. Elemen­
tary analysis indicated that it was the 2,4-dinitrophenyl­
hydrazone of 4,4-dicarbethoxy-3-butenal. 

Anal. Calcd. for Ci6Hi8O8N4: C, 48.75; H, 4.61; N, 
14.21. Found: C, 48.61; H, 4.60; N, 13.81. 

A portion of the above residual light yellow oil (29 g.) 
was distilled in vacuo. The main fraction (13 g.) was col­
lected at 78-85° (0.05-0.06 m m . ) . A portion (4.4 g.) of 
the distilled product was dissolved in 25 cc. of absolute 
ethanol, and 0.4 g. of 5 % palladium-on-charcoal was 
added. The reduction was carried out at an initial pres­
sure of 27 pounds of hydrogen and after twenty minutes 
the reduction was complete. The catalyst was removed 
by filtration and a portion of the alcoholic filtrate was em-

Baptisia minor, Lehm., is blue-flowered like 
B. australis, but smaller-leaved and it has for 
many years been taken as identical with the latter 
although it had originally been considered as spe­
cifically distinct. Recently it has again been 
claimed to be a species (B. vespertina) ,2 still more 
recently a variety of B. australis* and, finally, it 
has been restored to specific rank.4 It was, there-

(1) Published as National Research Council Bull. No. 1732. 
(2) P. A. Rydberg, "Flora of the Prairies and Plains of Central 

North America," The New York Botanical Garden, 1938, p. 456. 
(3) M. L. Fernald, Rhodora, 89, 312 (1937). 
(4) Mary M. Larisey, Ann. of the Missouri Botan. Garden, ST, 119 

(194S). 

ployed in the preparation of the 2,4-dinitrophenylhydra­
zone which melted at 75-76° after crystallization from 
ethanol. There was no depression in the melting point 
when mixed with the 2,4-dinitrophenylhydrazone of 7 ,7-
dicarbethoxybutyraldehyde. 

B. In the Presence of Tributylamine.—Ethyl bromo­
malonate (43.2 g.) was dissolved in 220 cc. of absolute 
ethanol and the solution was cooled to 2° . Tributylamine 
(0.5 g.) was added. Acrolein (10.5 g.) was added over a 
fifteen-minute period. No appreciable increase in the 
temperature of the reaction mixture was observed. After 
ninety minutes an additional quantity (0.15 g.) of tr i­
butylamine was added. The resulting reaction mixture 
was placed in the refrigerator overnight and then acidified 
with 5 cc. of glacial acetic acid. After filtration the fil­
trate was concentrated in vacuo to yield a brown oil. The 
residual oil was dissolved in 200 cc. of benzene and the ben­
zene solution was washed with four 60-cc portions of 
water. After drying over anhydrous sodium sulfate the 
benzene was removed by distillation in vacuo yielding 40.4 
g. of a light yellow oil. The resulting oil was subjected to 
distillation under diminished pressure, and the desired frac­
tion was collected at 97-100° (0.12 mm.) , W26D 1.4665. A 
portion of the distilled product was treated with 2,4-di-
nitrophenylhydrazine and the resulting 2,4-dinitrophenyl­
hydrazone was obtained in the form of light yellow plate­
lets melting at 81-82.5°. After purification by recrystal­
lization from absolute ethanol, the product melted at 
82.5-83.5°. 

Anal. Calcd. for CnHi9O8N4Br: C, 40.42; H, 4.02; 
N, 11.79; Br, 16.82. Found: C, 40.82; H, 4.16; N, 
11.75; Br, 16.82. 

Summary 
1. The 1,4-addition reaction involving malo-

nate systems and acrolein has been extended to 
ethyl malonate and ethyl cyanoacetate which pos­
sess two a-hydrogen atoms and the resulting alde-
hydo compounds have been characterized. 

2. The addition reactions of ethyl hexylmalo-
nate, ethyl decylmalonate, ethyl acetoxymalo-
nate and ethyl bromomalonate to acrolein have 
been described. 

3. The structure of 7,7-dicarbethoxybutyral-
dehyde, resulting from the 1,4-addition of ethyl 
malonate to acrolein, has been proved by an un­
equivocal synthesis. 
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fore, of interest to investigate the alkaloids of this 
plant. The results of the chemical study now re­
ported support the more recent taxonomical evi­
dence that the plant is specifically distinct from B. 
australis. 

In common with B. australis,* B. minor con­
tains rf-sparteine, cytisine and N-methylcytisine, 
but it also contains anagyrine, baptifoline and al­
kaloid P4, all three of which are absent in the 
former. While alkaloid P4 is present in insuffi­
cient amount to permit satisfactory characteriza­
tion, baptifoline, which is also present in B. per-

(5) L. Marion and J. Ouellet, T H I S JOURNAL, 70, 691 (1948). 
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