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Reaction of a-ethoxyacrolein with diethyl malonate
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The reaction of a-ethoxyacrolein with diethyl malonate in the presence of EtONa,
lithium diisopropylamide, or the Na,CO;—benzene—Et;{(PhCH;)NCI catlytic system pro-
ceeds as the Michael addition. In the presence of an equimolar amount of triethylamine,
selective 1,2-addition followed by dehydration of the 1,2-adduct occurs. Owing to the strong
+M effect of the EtO group, a-ethoxyacrolein is a substantially less active Michael acceptor

than acrolein.
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The electron-donor effect of the alkoxy group in
a-alkoxyacroleins governs the direction of the Markov-
nikoff addition of electrophiles at the C=C bond.! Ac-
cording to the 13C NMR spectra, a substantial negative
charge is located on the B-carbon atom of a-ethoxy-
acrolein (1). Apparently, for this reason 1,4-addition of
nucleophiles, which is typical of acrolein, is very rarely
observed for a-alkoxyacroleins.3

The aim of this work is to reveal the reagents and the
reaction conditions that can cause dynamic polarization
of the multiple bond in «-alkoxyacroleins, which is
favorable for regioselective nucleophilic 1,4-addition.

Previously,? it has been demonstrated that attempts
to perform conjugate addition of sodium enolates of
cyclohexanone, methylcyclohexanone, dimedone, or
ethyl 2-oxocyclohexanecarboxylate to a-alkoxy-a,f-un-
saturated ketones and acids were unsuccessful. How-

ever, sodium dimethy! malonate appeared to be an
efficient nucleophile with respect to these ketones and
acids. 1,4-Adducts were formed in 60% vyield under
substantially more drastic conditions than those used in
the case of nonsubstituted acrylic systems.4

Results and Discussion

The reaction of a-ethoxyacrolein 1 with diethyl ma-
lonate (2) in the presence of EtONa at 20 °C occurs as
the 1,4-addition (Scheme 1). The yield of the adduct,
namely, of diethyl (3-oxo0-2-ethoxypropyl)malonate (3),
was only 15% after 8 h and reached 30% after | day,
while the conversion of acrolein in the reaction with
diethyl malonate under analogous conditions was 40—
60% .56
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In the presence of a milder base, namely, of triethyl-
amine (an equimolar amount), addition of diethyl mal-
onate 2 to a-ethoxyacrolein 1 proceeded exclusively as
the Knoevenagel addition to form diethyl (2-ethoxy-
| -hydroxyprop-2-enyl)malonate (4). This compound
could be identified only by GLC-mass spectrometry.
When a mixture of the initial reagents in benzene was
heated to 55—76 °C for 7 h, the content of 4 was ~4%.
The product of dehydration of 4, viz., diethyl (2-ethoxy-
prop-2-enylidene)malonate (5) (5% in the mixture) and
the Michael adduct (3) (1% in the mixture) were also
detected. In addition, the initial compounds were de-
tected in substantial amounts. Further heating (75 °C,
12 h) led to an increase in the content of ester 5 to 36%
(52% yield) and to the almost complete disappearance
of intermediate 4. It is known that analogous 1,2-addi-
tion of maleic acid” or its monoalkyl esters® to 2-alkenals
followed by dehydration occurs in the presence of ter-
tiary amines. However, the alternative Michael addition
of CH-acids to acrolein and methacrolein in the pres-
ence of an equimolar amount of Et;N was also re-
ported.®!® [n the case of a-ethoxyacrolein, the by-
product of the Knoevenagel reaction is its cycledimer,
namely, 2,5-diethoxy-2,3-dihydro-4 H-pyran-2-carb-
aldehyde.

The most efficient 1,4-addition of CH-acids to ac-
rolein could be performed under conditions of phase
transfer catalysis.112 The reaction of a-ethoxyacrolein
with diethyl malonate in the presence of the Na,CO;—
benzenc—Et;(PhCH,;INCI catalytic system (54 h at
20 °C or 9 h at 70—80 °C), which is the most cflicient
system in the case of acrolein, afforded predominantly
1,4-adduct 3 in 20—22% yield. The content of product §
in the mixture was [%. The mixture contained also
substantial amounts of the unconsumed reagents and
higher-molecular-weight compounds, whose structures
were not studied.

Regioselective 1,4-addition of carbanions to o.f-un-
saturated aldehydes can occur upon deprotonation of
CH-acids with lithium amides or when the reaction is
performed under thermodynamically controlled condi-
tions.12 However, it is also known that kinetically con-
trolled addition of 2-(N-methylanilino)acetonitrile to
a-methoxyacrolein in the presence of lithium diiso-
propylamide (LDA) proceeds regioselectively to form
the 1,2-adduct.!3 The reaction of a-ethoxyacrolein with
the diethyl malonate carbanion generated with the use
of LDA at —78 °C gave predominantly (20—40% yield)
1,4-adduct 3. The content of the product of the alterna-
tive direction of the reaction was ~1%. In addition, the
mixture contained substantial amounts of the initial
compounds.

To summarize, the diethyl malonate carbanion can
attack either the carbonyl group or the C=C bond of
a-ethoxyacrolein depending on the reaction conditions.
In the latter case, the substrate acts as the n,x-conjugated
acrylic system, although this Michael acceptor appeared
to be substantially less active than acrolein.

Experimental

The 'H and ¥C NMR spectra were recorded on JEOL
FX-90Q (89.95 MHz) and Varian VXR-500S (500 MHz) spec-
trometers in CDCly at ~20 °C with HMDS as the internal
standard. The mass spectra were obtained on a Hewleti—
Packard HP$971A GLC-mass chromatograph (EI, 70 eV)
equipped with a mass-selective detector, an HP-5890 chro-
matograph, and an Ultra-2 column (5% phenylmethylsilicone);
the evaporator temperature was 250 °C; the column tempera-
ture was increased from 40 to 180 °C with a rate of
15 deg min~!. The IR spectra were recorded on a Specord
75-1R spectrometer in a thin layer.

The 3C NMR spectrum of a-ethoxyacrolein (8): 13.07
(CH;); 62.90 (OCH,;); 102.02 (=CH,); 157.82 (=CH-O0);
187.24 (CHO).

Reaction of a-ethoxyacrolein with diethyl malonate in the
presence of EtONa. Anhydrous ethanol (12 mL) was placed in
a flame-dried flask filled with argon. Then metailic Na (38 mg,
1.6 mg-at.) and diethyl malonate (0.8 g, 5 mmol) were added.
The reaction mixture was stirred for 10 min. a-Ethoxyacrolein
(1 g, 10 mmol) was added dropwise. The reaction mixture was
stirred at 25 °C for 8.5 h and treated with water. The organic
layer was separated and the aqueous layer was extracted with
ether. The ethereal extract was pooled with the organic layer
and the combined extracts were dried with MgSOy4 and con-
centrated. According to the data of GL.C-mass spectrometry
and 'H NMR spectroscopy, the residue contained the initial
a-ethoxyacrolein, diethyl malonate, and adduct 3. The mass
spectrum and the 'H NMR spectrum of 1,4-adduct 3 are
identical with those of the specimen of compound 3, which
was prepared by the reaction in the presence of LDA (see
below). According to the 'H NMR data, the yield of the
product was {5%. When the duration of the reaction was
increased to 20 h, the yield of 1,4-adduct 3 (according to the
'H NMR data) reached 33%.

Reaction of a-ethoxyacrolein with diethyl malonate in the
presence of Et3N. A mixture of tdethylamine (5.06 g, 0.05 mol)
and diethyl malonate (8.01 g, 0.05 mol) was stirred without
heating for 20 min. Then the temperature was increased to
40 °C. a-Ethoxyacrolein (5 g, 0.05 mol) was added dropwise.
The reaction mixture was heated to 60 °C and kept at this
temperature for 30 h. According to 'H NMR data, the yield
of adduct 5 was 40%. According to the data of GLC-mass
spectrometry, substantial amounts of the initial reagents re-
mained unconsumed and the a-ethoxyacrolein dimer was
formed. After removal of Et3N in vacuo and molecular distilla-
tion (100—120 °C, 1 - 1073 Tom), compound 5 was obtained.
Found (%): C, 59.33; H, 7.77. C|;H,30s. Calculated (%):
C, 59.49; H, 7.49. IR, v/em™!: 1590 (C=C); 1640 (CH,=C);
1710, 1735, 1740 (C=0). 'H NMR, &: 1.10, 1.10, and 1.14
(all t, 9 H, C(H-1); and C(H-6)3, J = 7 Hz); 3.61 (q,
2 H, C(H-5)y, J = 7 Hz); 4.07 and 4.04 (both q, 4 H,
C(H-2),,J =7 Hz); 436 (d, 1 H, C(H-4),,J = 2.4 Hz); 4.4
(d, t H, C(H-4),, /= 23 Hz); 6.78 (s, 1 H, C(H-3)).
MS, m/z (I (%)): 242 [M]* (15), 213 (7), 197 (22), 185
(1), 169 (32), 168 (75), 167 (73), 157 (42), 140 (47), 139
(100), 123 (42).

Under other conditions (75 °C, 12 h), the content of ester
5 in the reaction mixture (according to the 'H NMR data) was
35.5%, which corresponds to a yield of 52%. 1,2-Adduct 4 was
detected along with compound 5 by GLC-mass spectrometry.
MS, m/z (I (%)): 260 [M]* (20), 215 (9), 189 (6), 185 (14),
141 (35), 133 (23), 123 (15), 115 (63), 113 (66), 112 (66), 100
(71), 87 (54), 43 (100).
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This series of the reactions afforded the cyclodimer of
a-ethoxyacrolein as the by-product.'$ MS, m/z (I, (%)): 200
[M]* (10), 171 [M — CH=0]" (61), 155 [M — OEq* (9), 143
(273, 125 (15), 115 (100), 97 (25), 73 (29), 69 (20).

Reaction of a-ethoxyacrolein with diethyl malonate in the
presence of the Na,;CO;—benzene—Et;(PhCH;)NCI system.
A mixture of Nay,CO; (5.3 g, 0.5 mol), a catalytic amount of
Et;(PhCH,)NCI, benzene (20 mL), and diethyl malonate
(8.01 g, 0.5 mol) was heated to 43 °C. a-Ethoxyacrolein (§ g,
0.5 mol) was added very slowly at this temperature. At the end
of addition, the reaction mixture warmed up to 65 °C. The
mixture was kept at 81 °C for 9.5 h and then cooled. The
solution was decanted from the crystalline precipitate and
washed with water to remove traces of Na;CO;. The organic
layer was dried with MgSOy4. After removal of benzene, mo-
lecular distillation (1-1073 Torr, 90 °C) was performed. A
fraction was obtained which contained (according to the
IH NMR data) 85% of aldehydoester 3 (the yield was 22%).
The spectral characteristics of the 1,4-adduct are identical with
those described below. The reaction mixture contained sub-
stantial amounts of the initial compounds along with ester 3.
The contents of the compounds in the mixture, which were
calculated based on the data of GLC-mass spectrometry, agree
with the data obtained from the 'H NMR spectrum.

Reaction of o-ethoxyacrolein with diethyl malonate in the
presence of LDA. Dry THF (20 mL) and diisopropylamine
(1.14 g, 0.011 mol) were placed in a flame-dried flask filled
with argon. The mixture was cooled to —78 °C and a solution
of Buli (16 mL) in hexane {0.008 mol) was added. After
30 min, diethyl malonate (4 g, 0.025 mol) was added at
—78 °C. After 40 min, a-ethoxyacrolein (3 g, 0.05 mol) was
added dropwise and the temperature was increased to +7 °C
(1 h 20 min). Then the temperature was rapidly increased to
~20 °C. The reaction mixture was washed with a saturated
solution of NH,Cl and with water (twice). The organic layer
was separated and the aqueous layer was extracted with ether.
The ethereal extract was pooled with the organic layer and the
combined extracts were dried with MgSO,. Low-boiling com-
pounds were removed and the residue was fractionated in vacuo.
Compound 3 was obtained in a yield of 1.41 g (24%), b.p.
150175 °C (1 Torr), np'® 1.4435. Found (%): C, 55.44;
H, 7.8. C|;H»0¢. Calculated (%): C, 55.40; H, 7.7. IR,
viem™!: 1725, 1735, 1745 (C=0). 'H NMR, &: 1.19, 1.23,
and 1.25 (all t, 9 H, CHy); 2.15 (ddd, { H-3, ’134 = 14 Hz,
3.[23 =9 HZ 3]35 =6 HZ) 228(ddd 1 H- 4 134 =14 HZ

30,4 =4 Hz, 3,5 = 9 Hz); 3.56 (dd, | H-5, 3135 = 6 Hz,
3es = 9 Hz); 3.46 (dq, | H-6, 3J = 7 Hz, 27 = 9 Ha);
364(dq, t H-7,3/ =7 Hz, 2J57 =9 Hz); 3.71 (ddd, 1 H-2,

3 =9 Hz, 3./ 4 =7 Hz, 3 ; =165 Hz); 4.17 (m, 4 H-8,
CHZ) 9.67 (d, 1H 1,37, = 1.5 Hz). MS of 3, m/z (Iyy (%)):
231 [M — CHOJ* (45), 215 [M — OQEt* (5), 187 [M —

1

EtOCO|™ (14), 157 (100}, 141 (16), 129 (59). 1t (25), 10t
[M — EtOC(O)CHC(O)OE* (20), 83 (34), 55 (34).

According to the data of GLC-mass spectrometry and
'H NMR spectroscopy, the reaction mixture contained the
initial reagents and the a-ethoxyacrolein dimer.
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