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Introduction

Active methylene and methine compounds having the
electron-withdrawing groups at the R positions are easily
converted to carbanions with a weak base and have been
widely used for many kinds of carbon-carbon bond
forming reactions. However, there are few examples of
the effect of the electron-withdrawing groups at the â
positions on the reaction of active methylene and methine
compounds having the electron-withdrawing groups at
the R and â positions, although the effect of substituents
at any position on the acidity of organic compounds is
well-documented.1 We have studied the ring-opening
polymerization of the cyclobutane adducts of a variety
of tetrasubstituted-acceptor olefins and vinyl ethers.2 The
cyclobutanes easily undergo the ring-opening reaction
with alcohols to give dicyanomethine compounds 1 having
the cyano and/or methoxycarbonyl groups adjacent to the
dicyanomethine group (Scheme 1).3 We have recently
reported the tandem dimerization and double annulation
of 3,3,4,4-tetracyanobutanal acetal (1a).4 This unusual
reaction is caused by the strong acidity of the dicyano-
methine group enhanced by the dicyano groups at the â
positions. In this paper, we study the reaction of 1, having
the dicyano groups at the R positions and the different
electron-withdrawing groups at the â positions, with
donor olefins and acceptor olefins, respectively, in which
1 containing the strong electron-withdrawing groups at
the â positions add to enol ethers and R,â-unsaturated
ketones without any catalysts in N,N-dimethylformamide
(DMF), and it reveals that the electron-withdrawing
groups at the â positions of the active methine group
affect these reactions (Scheme 2). From our survey of the
existing literature, no study has been reported on the
addition of active methylene and methine compounds to
enol ethers to form carbon-carbon bonds. The chemistry

of 1,1,2,2-tetracyanoethane has been extensively studied
by Nasakin and his colleague,5 and the Michael reactions
of 1,1,2,2-tetracyanoethane without catalysts have been
reported.6 The reaction of other highly acidic ethanes,
however, has yet to be studied and even their synthesis
has not been reported either.

Results and Discussions

The reaction of 1 with a variety of enol ethers was
carried out in DMF at ambient temperature (Table 1).
â,â-Dicyano-substituted 1a and â-cyano-â-methoxycar-
bonyl-substituted 1b resulted in Markownikoff adducts
2, whereas â,â-bis(methoxycarbonyl)-substituted 1c did
not react with ethyl vinyl ether. To the best of our
knowledge, this is the first example of the addition of
carbon acids to enol ethers. In the reaction of 1a with
enol ethers, bicyclic 2-aminopyridine derivative 4, which
has been reported in our previous paper,4 was produced
as a byproduct. On the other hand, the reaction of 1b
with enol ethers did not afford byproducts such as 4,
although it took longer time than the reaction of 1a. The
reactivity of 1 would be attributed to the different acidity
of 1 caused by the electron-withdrawing groups at the â
positions of the methine group. Regarding enol ethers,
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acyclic and cyclic ones reacted with 1a and 1b. The yields
of 2 were affected by the alkyl groups of enol ethers and
decreased in the order of n-Bu > Et > CH2CH2Cl, which
agreed with the order of electron-donating ability of the
alkyl groups.

The reaction of 1a with other donor olefins was also
attempted. N-Vinylcarbazole (NVCZ), which is a stronger
donor olefin than enol ethers, reacted with 1a to afford
not 2 but homopolymer of NVCZ. It implied that NVCZ
reacted faster than the carbanion of 1a with the carbo-
cation of NVCZ generated by the transfer of proton of
1a to NVCZ. In addition, the production of NVCZ polymer
also implied that the reaction intermediate of 1 in the
addition of 1 to enol ethers may be close to free ions. If
an ion pair was the reaction intermediate, 1 should
undergo similar addition to NVCZ to yield 2. Weaker
donor olefins such as p-methoxystyrene, ethyl vinyl
sulfide, and phenyl vinyl sulfide did not react with 1a in
DMF at room temperature.

The reaction of 1 with a variety of R,â-unsaturated
ketones was also carried out in DMF at ambient tem-
perature (Table 2). All 1 yielded Michael adducts 3, and
the reaction became slow in the order of 1a > 1b > 1c in
a similar manner of the reaction of 1 with enol ethers.
In N,N-dimethylacetamide, 3 was similarly obtained, but
in other solvents such as acetonitrile and tetrahydro-
furan, catalytic amounts of tertiary amines were needed
for yielding 3. â-Methyl- or phenyl-substituted R,â-
unsaturated acyclic ketones did not react with 1a, but
1a underwent dimerization and annulation to afford 4.
This implies that the â-substituents on R,â-unsaturated
ketones make the Michael reaction slow by virtue of steric
hindrance. The reaction of 1a with other acceptor olefins
such as acrylonitrile, fumaronitrile, ethylidenemalono-
nitrile, methyl acrylate, and phenyl vinyl sulfoxide af-
forded no adducts 3 under the same conditions.

The above results seem to stem from the differences
of the acidity of the active methine groups of 1a, 1b, and
1c, which may decrease in this order. The values of
chemical shift of the methine groups in 1H NMR spectra
of 1 would be helpful for estimation of the acidity. Figure
1 shows the 1H NMR spectra of 1 in DMF-d7 at the same
concentration. The signal of the methine proton of 1a
appeared broad at 6.40 ppm, and the signals of methine
protons of 1b and 1c were shown sharply at 5.97 and
5.60 ppm, respectively. Consequently, the order of acidity
of 1 was substantiated by the 1H NMR spectra of 1.

In summary, we have found the spontaneous addition
of 1 to enol ethers and R,â-unsaturated ketones in DMF
at room temperature. In addition, we demonstrate that
the electron-withdrawing groups at the â positions of the
active methine group having the ones at the R and â
positions were strongly affected on the acidity of 1 and
on the above reactions.

Experimental Section

General. 1H NMR spectra were recorded at 200, 270, and
500 MHz and 13C NMR spectra at 50 and 125 MHz in CDCl3,
with chemical shifts reported in ppm references to tetrameth-
ylsilane as an internal standard. Infrared spectra were recorded
as thin films on NaCl plates or KBr disks containing a solid
sample. Isolation of 2 and 3 was carried out with a preparative
HPLC (eluent: chloroform) with the use of JA1GEK-1H and 2H
columns. DMF was purified by distillation over CaH2. Dicya-
nomethine compounds 1 were prepared according to our previous
papers.1a,e,f Phenyl vinyl ketone was prepared by the reaction
of benzaldehyde and vinylmagnesium bromide, followed by
oxidation according to the reported method.7

Table 1. Reaction of 1 with Enol Ethersa

a Reaction was run in DMF ([1]0 ) 1 M, [enol ether]0 ) 1.2 M)
at room temperature. b Isolated by preparative HPLC.

Table 2. Reaction of 1 with Enonesa

a Reaction was run in DMF ([1]0 ) 1 M, [enol ether]0 ) 1.2 M)
at room temperature. b Isolated by preparative HPLC.

Figure 1. 1H NMR spectra of 1a-c in DMF-d7 ([1] ) 0.167
M) at 23 °C.
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General Procedure for Reaction of 1 with Enol Ethers.
Into a round-bottomed flask equipped with a three-way stopcock
was placed 1 (1.0 mmol) and purged with argon. A solution of
enol ether (1.2 mmol) in dry DMF (1 mL) was added to the flask
under dry nitrogen flow and the reaction mixture was stirred
at ambient temperature. The reaction mixture was poured into
water, and extracted with diethyl ether. Organic layer was
washed with water several times and dried over MgSO4. The
solution was concentrated in vacuo, and the residue was purified
by a preparative HPLC (eluent: CHCl3) to give adduct 2.

3,3,4,4-Tetracyano-5-ethoxyhexanal diethyl acetal: IR
(neat) 2980, 2932, 2896, 2254, 1119, 1071 cm-1. 1H NMR (200
MHz, CDCl3) δ 4.97 (t, J ) 4.9 Hz, 1H), 4.30 (q, J ) 5.9 Hz,
1H), 3.92-3.55 (m, 6H), 2.70 (dd, J ) 4.9 and 13.7 Hz, 1H), 2.58
(dd, J ) 4.9 and 13.7 Hz, 1H), 1.68 (d, J ) 5.9 Hz, 3H), 1.34 (t,
J ) 7.1 Hz, 3H), 1.30 (t, J ) 7.1 Hz, 3H), 1.28 (t, J ) 7.1 Hz,
3H). 13C NMR (50 MHz, CDCl3) δ 111.0, 110.7, 110.0, 109.2, 99.2,
78.0, 66.9, 64.3, 63.7, 50.8, 40.4, 39.4, 17.1, 15.4, 15.1, 14.8. Anal.
Calcd for C16H22N4O3: C, 60.36; H, 6.96; N, 17.60. Found: C,
60.14; H, 6.99; N, 17.34.

General Procedure for Reaction of 1 with Enones. Into
a round-bottomed flask equipped with a three-way stopcock was
placed 1 (1.0 mmol), and the air was replaced with argon. A
solution of enone (1.2 mmol) in dry DMF (1 mL) was added to

the flask under dry nitrogen flow, and the reaction mixture was
stirred at ambient temperature. The reaction mixture was
poured into water and extracted with diethyl ether. Organic
layer was washed with water several times and dried over
MgSO4. The solution was concentrated in vacuo, and the residue
was purified by a preparative HPLC (eluent: CHCl3) to give
adduct 3.

3,3,4,4-Tetracyano-7-oxoctanal diethyl acetal: IR (neat)
2980, 2938, 2902, 2254, 1725, 1128, 1071 cm-1. 1H NMR (200
MHz, CDCl3) δ 4.92 (t, J ) 5.7 Hz, 1H), 3.86-3.61 (m, 4H), 2.98
(t, J ) 7.6 Hz, 2H), 2.67 (t, J ) 7.6 Hz, 2H), 2.59 (d, J ) 5.7 Hz,
2H), 2.29 (s, 3H), 1.29 (t, J ) 7.1 Hz, 6H). 13C NMR (50 MHz,
CDCl3) δ 202.9, 110.3, 110.2, 98.9, 64.0, 45.2, 41.7, 39.1, 38.8,
29.9, 29.2, 15.0. Anal. Calcd for C16H20N4O3: C, 60.75; H, 6.37;
N, 17.71. Found: C, 60.43; H, 6.40; N, 17.51.
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