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The Michael Reaction of Methanetricarboxylic Esters. A Simple Method for Two~Carbon

Chain Elongation

Jacek Skarzewski

Institute of Organic and Physical Chemistry, Technical University, 50-370 Wroclaw, Poland

The conjugate addition of triethyl methanetricarboxylate to vari-
ous Michael acceptors proceeds readily under solid-liquid phase-
transfer catalysis conditions. The reaction scope and limitations
have been elaborated.

The reaction of dialkyl malonates with Michael ac-
ceptors is one of the most fundamental methods of chain
elongation by two carbon atoms.!'? However, the utility
of this method is often hampered by the undesired
addition of a second acceptor molecule because of the
high acidity of the resulting dialkyl alkylmalonates. This
side reaction becomes particularly pronounced with re-
active acceptors so that monofunctionalized products
cannot be obtained in this case.? As a general solution
for this problem, we propose the use of trialkyl meth-
anetricarboxylates, where the second acidic H-atom of a
malonic ester is replaced by an alkoxycarbonyl group. A
similar approach has been applied to by-pass difficulties
in the classical malonic ester synthesis;> anyhow, the
easily available methanetricarboxylic esters* are hithero
almost unused as Michael donors.®> However, meth-
anetricarboxylic esters have been used for radical-
initiated two-carbon elongations of 1-alkenes.!!

We report here an efficient method for the conjugate
addition of triethyl methanetricarboxylate (2) to Michael
acceptors 1. These reactions proceed smoothly under
solid-liquid phase-transfer catalysis (PTC) conditions
both in the presence or absence of toluene as solvent and
the products can be easily isolated. Various Michael
acceptors were studied in order to investigate scope and
limitations of the method.

The reactions of the functionally substituted ethylenes
1b—f gave good to high yields of 3 whereas with acrolein
(1a) some oligomeric side products were obtained. In this
case, the use of KF/Al,0,° as catalyst and/or a reaction
temperature of 0°C did not lead to an improvement, but
performing the reaction with triisobutyl methanetri-
carboxylate (2') substantially increased the yield of the
corresponding Michael adduct 3'a. Cyclic acceptors,
namely 2-cyclopentenone (1g) and 2-cyclohexenone (1h),
also gave resonable yields in the reaction. The example of
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crotonaldehyde (1) illustrates the advantage of the pre-
sent method over the classical methods: cf. 90% of 3i,
36 % yield of 5 from 1i and diethyl malonate (4a), and
45% yield of 5 from 1i and diethyl acetylmalonate (4b).
The latter donors 4a and 4b gave the same product 5
because, under the conditions used, diethyl acetylmalon-
ate (4b) underwent f-keto ester cleavage prior to the
addition.
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The only moderate yields of product 5 (36 and 45%)
obtained under the phase-transfer conditions used by us
were higher though than the yields reported for the usual
methods.’

Methyl crotonate and methyl methacrylate are not reac-
tive enough as acceptors and failed to give adducts under
the conditions used by us. The same applies to phenyl-
substituted acceptors such as ethyl cinnamate, cinnamal-
dehyde, and w-nitrostyrene.

The readily available di-ters-butyl methylenemalonate®
(1j) reacts with 2 to give the expected triethyl 3,3-bis(terz-
butoxycarbonyl)propane-1,1,1-tricarboxylate) (3j) in
78 % yield, whereas the reported® conjugate addition of
trimethyl methanetricarboxylate gives only 12% of the
corresponding pentamethyl ester.

chpg
t-Bu0,C COpEt BUNMSOL  1-BU0,C  COREt
Y N H—-CO,E e CO,Et
-Bu 2 o -
CO,E1 t-Bu0,C CO,Et
1j 2 3j

The adducts 3 are suitable for a variety of further
functionalizations; thus, the easy removal of the ethoxy-
carbonyl group® creates a new reactive site in the mole-
cule. The sulfoxide 3e is particularly interesting as a
synthetic building block. This compound is relatively
thermally stable and it needs eight hours boiling in
chlorobenzene to be converted into triethyl 2-propene-
1,1,1-tricarboxylate (6).

NaHCO, )
CO,Et chlorobenzene CO,Et
Ph s/\/{—COZEt reﬂuxs,sﬂu/': wco oEt
0 CO,Et CO,Et
e 6

In summary, the Michael reaction of methanetricarb-
oxylic esters renders possible an easy two-carbon chain
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elongation and provides a simple access to useful 1,4- and
1,5-difunctional synthetic intermediates.!® Further work
on the applicability of adducts 3 is under way in our
laboratory.

Michael Addition of Triethyl Methanetricarboxylate (2), Triisobutyl
Methanetricarboxylate (2'), Diethyl Malonate (4a), and Diethyl
Acetylmalonate (4b) to Michael Acceptors 1; General Procedure:
A mixture of the Michael acceptor 1 (14 mmol) and the Michael
donor 2 (3.4mL, 16 mmol), 2’ (5.06g, 16 mmol), 4a (2.56¢,
16 mmol), or 4b (3.24 g, 16 mmol), K,CO; (0.58 g, 4.2 mmol), and
Bu,N HSO; (0.24 g, 0.7 mmol) [in the cases 1a-d, i, toluene
(3 mL) is also added] is stirred at 20°C or 55°C for the time given
in the Table. The reaction is then quenched with H,O (5 mL) and
the mixture extracted with Et,O (2 x 5 mL). The combined extracts
are washed with brine (5mL), dried (Na,SO,), and evaporated.
The crude products are purified by distillation (3a—d, i and 5),
crystallization (3f, j), or flash chromatography on silica gel
(3e, g, h and 3'a).

Triethy! 2-Propene-1,1,1-tricarboxylate (6):

A solution of triethyl 3-(phenylsulfinyl)propane-1,1,1-tricarb-
oxylate (3e; 1.43 g, 3.72 mmol) in chlorobenzene (15 mL) contain-
ing suspended NaHCOj; (0.62 g, 7.4 mmol) is refluxed with stirring
for 8h. The cooled mixture is washed with H,O (3mL), sat.
NaHCO, solution (3mL), and brine (3mL). It is then dried
(Na,S0,) and the solvent is removed under reduced pressure. The
crude product is column-chromatographed on silica gel using
a mixture of hexane/i-Pr,O (1:1) as eluent; yield: 0.49 g (41 %;
55% by GC of the crude product); oil; TLC: R; 0.46 (hexane/i-
Pr,0, 1:1); GC retention time: 2.3 min (170°C/DEGS).

C,H 0, cale. C4470 H 5.63
(3224)  found 44.51 575

IR (film): v = 3095, 2980, 2940, 2906, 1736, 1640, 1240, 1066 cm ™.
'H-NMR (CDCly/TMS): 6 = 1.23 (t, 9H, J = 7Hz), 4.23 (¢, 6 H,
J = THz), 5.20-5.48 (m, 2H), 6.22 (dd, 1H, J 10 = 18.5Hz, J;
= 9.5Hz).
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