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The nucleophilic reactions of conjugated enaminoketones 1 are classified

into the following four types:
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While type I,2 11, reactions are well known, the type IV reaction
proceeds in special cases.4 We now wish to report a new general method for this
type IV reaction, 1.e. carbon-carbon condensation of enaminoketones at the K—
position.

Addition of p-butyllithium to an equimolecular amount of 4-pyrrolidino-3-
penten-2-one ggg) 1n tetrahydrofuran at -60° gave a homogeneous solution which
was then treated with methyl 10dide to afford 4-pyrrolidino-3-hexen-2-one (222,
mp 35-36° 1n 76% yield after recrystallization. The site of methylation was un-
ambiguously established by examining the nmr spectrum of j3a: (0014) § 1.07 (t, 3H,
J=7.5 Hz, _CHZCEB)’ 2.90 (q, 2H, J=7.5 Hz, —C§20H3), 1.82-2.15 (m, 4H, pyrrolidine
B-hydrogens), 1.90 (s, 3H, CHBCO), 3.15-3.55 (m, 4H, pyrrolidine a-hydrogens), and
4.75 (s, 1H, —CH=C). It should be stressed that no a- or O-alkylated product was

formed by this procedure i.e. the crude reaction product was practically pure as
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far as nmr spectrum was concerned. Analogously pyrrolidine enamine of benzoyl-
acetone 2b and methyl acetoacetate Es_were alkylated with alkyl halides at the
J—p051t10n through lithium derivatives in good yields. These results are sum-

marized in Table I.

Table I. Alkylation of Enaminoketones at the X -position

el N TRt byt g %

3,77 % (P, mm)
2a CHy  CHyI 76 mp 35-36
2a CHy  H,C=CH-CH,Br 89 bp 125-130° (0.001)
2a CH, BrCH,CO0Et 53 bp 150-155° (0.01)
2b Ph CH, 1 79 mp 119-121
2b Ph CH,CH,CH,, 84 bp 170-175° (0.001)
2¢ CH,0  CH,I 81 bp 115-120° (0.001)
2¢ CH,0  PhCH,C1 73 mp 81-83

& A1l products exhibited analytical and spectral data in accord
with assigned structures. b Yields refer to distilled or re-

crystallized products. ¢ Bath temperature.

This method was successfully applied to cyclic enaminoketones. Thus,
3-pyrrolidino-2-cyclohexen-l-one gig) was converted into 4-methyl-3-pyrrolidino-
2-cyclohexen-1l-one gzg), mp 82-83° wath n-butyllithium and methyl 1o0dide. Even
in a sterically hindered case the X—alkylatlon took place in preference to a-
or O-alkylation: the enamine of dimedone 4b was smoothly transformed into 5,5-

dimethyl-4-methyl-3-pyrrolidino-2-cyclohexen-l-one (5b}, mp 122-123° 1n 62%
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yield. Here the nmr spectrum of 2b also clearly indicated the position of
methylation: (CD013)§ 0.97 (s, 3H, CH3), 1.10 (s, 3H, CH3), 1.08 (4, 3H,
J=7.0 Hz, CHCﬂB) 1.85-2.20 (m, SH, C,-H and pyrrolidine f-hydrogens), 2.32 (s,
2H, CHZCO), 3.15-3.60 (m, 4H, pyrrolidine a-hydrogens), and 4.98 (s, 1H, -CH=C).
Analogously 3-pyrrolidino-2-cyclopenten-l-one Qé) was selectively methylated at
the 4 position to afford 4-methyl-3-pyrrolidino-2-cyclopenten-l-one (Z), bp 156-
162° (0.01 mm) 1n 55% yield. These selective alkylations at the X—p051t10n are
striking in connection with exclusive a-alkylation of enolates derived from
a,pB-unsaturated carbonyl systems.5

It is interesting that methyllithium and phenyllithium attack the carbonyl
group of a conjugated enaminoketone according to Meyers' report.6 Thus, the
successful aspect of our alkylation method would be the temperature of the anion
formation with n-butyllithium. An attempt to prepare the di-anion of 2a using
2 equivalents of n-butyllithium failed, judging from the fact that 3a was obtained
in good yield after treatment with 2 equivalents of methyl 1odide.

This alkylation method was extended to another nucleophilic reaction.
Aldehydes and ketones also reacted with these anions at the J-position to afford

the corresponding alcohols. Thus, l-phenyl-3-pyrrolidino-2-buten-l-one (2b) gave
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1,5-diphenyl-5-hydroxy-3-pyrrolidino-2-penten-l-one £§), mp 152-153° on treatment
with n-butyllithium and benzaldehyde 1n 52% yield. The cyclic enaminoketone 6
was also converted into 9, mp 151-152° with acetophenone by the same procedure.
The following procedure is representative for alkylations. To a solution of
4-pyrrolidino-3-penten-2-one (2a) (50 mmol, 7.70 g) 1n dry THF (200 ml) was added
51 mmol of n-butyllithium in hexane at ~60° under nitrogen. The mixture was stir-
red at -60° for 30 min, then a cooling bath was removed and stirring was continued
for 1 hr. To the resulting homogeneous solution was added dropwise methyl i1odide
(60 mmol, 8.50 g) at -60°. The reaction mixture was stirred at that temperature
for 30 min and at room temperature overnight. The solution was poured into
saturated sodium chloride solution (100 ml) and extracted with ethyl acetate. The
combined organic phase was washed with sodium chloride solution, dried over sodium
sulfate and evaporated. Recrystallization of the crude product from n-heptane gav:

4-pyrrolidino-3-hexen-2-on (3a) as prisms, mp 35-36° (6.42 g, 76% yield).

References
1. This form does not necessarily represent a true intermediate for a reaction.
It is only for convenience in explanation.
2. For example see G.H. Alt in "Enamines: Synthesis, Structure, and Reactions;
Electrophilic Substitutions and Additions to Enamines," A.G. Cook, Ed., Marcel
Dekker, New York and London, 1969, Chapter 4, p 115.

3. For systematic studies see (a) N.J. Leonard and J.A. Adamcik, J. Am. Chem.

Soc., 81, 595 (1959); (b) A.I. Meyers, A.H. Reine, and R. Gault, J. Org.
Chem., 34, 698 (1969).
4. (a) R.B. Rao, U.B. Singh, and G.V, Bhide, Tetrahedron Lett., 719 (1967);

(b) H. Bohme and G. Willinger, Arch. Pharmaz., 302, 974 (1969); (¢} M.
Yoshimoto, T. Hiraoka, and Y. Kishida, Chem. Pharm. Bull. (Tokyo), l§! 2469

(1970); (d) O. Tsuge, M. Tashiro, and T. Inaba, Abstract of papers, 21lst
Annual Meeting of Chemical Society of Japan, Osaka, April, 1968, p 1846:
Bull. Chem. Soc. Japan, in press; (e) R.B. Woodward, I.J. Pachter, and M.L.
Scheinbaum, J. Org. Chem., 36, 1137 (1971).

5. H.0. House, "Modern Synthetic Reactions," W.A. Benjamin, New York, N.Y.,
1965, pp 190-192.

6. A.I. Meyers and S. Singh, Tetrahedron Lett., 5319 (1967).




