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Transesterifications of methyl B-keto carboxylates catalyzed
by DMAP with various high boiling alcohols can be accom-
plished in refluxing cyclohexane in a Dean-Stark trap. The
MeOH formed is removed completely from the reaction mix-

ture as an azeotrope leading to quantitative conversions. The
starting materials are converted in stoichiometric ratio, which
makes the purification of the product very simple and results
in high yields.

Introduction

B-Keto esters are valuable building blocks in organic syn-

thesis and are classically prepared by Claisen condensation;
the cyclic congeners are prepared by its intramolecular ver-
sion, the Dieckmann condensation.l'] If the alcohol com-
ponent of the B-keto ester is ethanol, methanol or another
cheap material, the Claisen condensation is the method of
choice for the preparation, because the loss of one equiva-
lent of the alcohol can be taken into account. Direct ester-
ification of B-keto acids is of course impossible, since these
species decarboxylate readily. There are a number of alter-
native routes to access f-keto esters in the literature, for
example the acylation of ketones with chloroformates,*! the
alcoholysis of diketene,® and the acylation of Meldrum’s
acid.[
Particularly useful is the preparation of B-keto esters by
transesterification of methyl B-keto carboxylates 1, since the
latter are usually easily accessible by Claisen condensation
(Scheme 1). The transesterification is an equilibrium, which
can be catalyzed by Bronstedt basel®! or most effectively by
DMAP!! and distannoxanes.[”! However, a catalyst cannot
overcome thermodynamics; thus, an excess!®! of either the
starting materials 1 or R"”OH has to be applied to achieve
reasonable yields of the product 1'.

o 9 + R'OH o
R' + MeOH R’
1 5 mol% DMAP 1
cyclohexane
Scheme 1. Azeotropic transesterification of methyl B-keto car-

boxylates

Results and Discussion

The most elegant way to drive the equilibrium in
Scheme 1 to the side of the product would be the removal
of the formed MeOH from the reaction mixture. We have
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found a way to solve this problem in a simple way: MeOH
forms an azeotrope with cyclohexane in the vapor phase,
but is not miscible at ambient temperature in the condensed
phase. Moreover, MeOH has a higher density than cyclo-
hexane. Consequently, MeOH can be removed by azeo-
tropic distillation in a Dean-Stark trap from a trans-
esterification reaction. There is an obvious analogy to the
removal of water in an azeotropic esterification reaction,
and it is quite remarkable that this principle has, to the
best of our knowledge, so far never been applied in organic
synthesis. It is important to note that this method works
exclusively with MeOH/cyclohexane. Other combinations
of alcohols and hydrocarbons turned out not to be suitable.

Scheme 2 shows a list of products which we have pre-
pared by this azeotropic transesterification methodology of
corresponding methyl B-keto carboxylates. The configura-
tions of products in Scheme 2 are not specified for simpli-
city. In the case of 1¢ and 1f racemic 1-phenylethanol was
added; for 1a, 1b, le, 1g, and 1h enantiopure (—)-menthol
and (—)-endo-borneol was used. The products were gener-
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Scheme 2. Products and yields obtained by azeotropic trans-
esterification
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ally obtained as mixtures of enol tautomers and two dia-
stereotopic (except for 1g and 1h) keto tautomers.

Importantly, all these conversions proceeded with nearly
stoichiometric amounts of starting materials (1.0 equiv.
methyl ester 1, 1.1 equiv. alcohol R”"OH). The use of
DMAP (0.05 equiv.) as the catalyst turned out to give very
satisfying results. Isolated yields are very good as shown in
Scheme 2, except for le and 1f, in which steric congestion
prevents a quantitative conversion. Even the double trans-
esterification of dimethyl acetone-1,3-dicarboxylate (2.2
equiv. of menthol were applied here) gives product 1h with
very good yield. Since no large excess of one of the starting
materials needs to be removed after conversion, the puri-
fication of products is simply accomplished by distillation
in vacuo, which allows us to perform reactions on a large
scale.

Conclusion

In summary, transesterifications of methyl B-keto car-
boxylates catalyzed by DMAP with various high boiling al-
cohols can be accomplished in refluxing cyclohexane in a
Dean-Stark trap. The formed MeOH is removed completely
from the reaction mixture as an azeotrope leading to quan-
titative conversions. The starting materials are reacted in
a stoichiometric ratio, which makes the purification of the
product very simple and results in high yields.

Experimental Section

General: Column chromatography was accomplished with Merck
silica gel (Type 60, 0.063—0.200 mm) using terz-butyl methyl ether
(MTB) and hexanes (PE). Multiplicity assignments of '3C NMR
resonances were made using DEPT experiments. All starting ma-
terials were commercially available.

General Procedure for the Transesterification: A mixture of p-keto
methyl ester (1.0 equiv.), the alcohol (1.1 equiv.) and DMAP (0.05
equiv.) in cyclohexane (1 mL/mmol keto ester) was heated over-
night in a Dean-Stark trap. All volatile materials were removed in
vacuo and the residue distilled under high vacuum (bulb-to-bulb
over a 10 cm Vigreux column or kugelrohr) or chromatographed
on SiO, (PE/MTB).

(—)-Menthyl 2-Oxocyclopentane-1-carboxylate (1a):1°! Methyl
cyclopentanone-2-carboxylate (7.10 g, 50.0 mmol), (—)-menthol
(8.60 g, 55.0 mmol) and DMAP (305 mg, 2.50 mmol) were con-
verted in cyclohexane (50 mL) according to the general procedure
to yield the title compound (12.6 g, 47.3 mmol, 95%) as a colorless
oil which solidified slowly below 25 °C after chromatography (PE/
MTB 5:1, R, = 0.38). — [a] = —91.0 (¢ = 12.5g/L, CHCl;). —
BC{'H} NMR (50 MHz, CDCl;): two diastereoisomers, partly
doubled signal set, 6 = 15.9 (CH3), 16.2 (CH3), 20.7 (CHj;), 20.8
(CH;), 21.0 (CH,), 21.9 (CH3;), 23.1 (CH,), 23.4 (CH,), 25.7 (CH),
26.1 (CH), 27.3 (CH,), 27.4 (CH,), 31.4 (CH), 34.2 (CH,), 37.9
(CH,), 38.05 (CH,), 40.66 (CH,), 40.68 (CH,), 46.80 (CH), 46.89
(CH), 54.79 (CH), 55.10 (CH), 75.3 (CH), 75.3 (CH), 169.0 (C),
169.0 (C), 212.3 (C), 212.4 (C). — CsHyc03 (266.38): caled. C
72.14, H 9.84; found C 72.18, H 9.31.

1634

(—)-endo-Borneyl 2-Oxocyclopentane-1-carboxylate (1b): Methyl
cyclopentanone-2-carboxylate (7.10 g, 50.0 mmol), (—)-endo-
borneol (8.50 g, 55.0 mmol) and DMAP (305 mg, 2.50 mmol) were
converted in cyclohexane (50 mL) according to the general proce-
dure to yield the title compound (12.2 g, 46.1 mmol, 92%) as a
colorless oil after kugelrohr distillation at 0.1 mm (oven temp.
150 °C). — [u]y = =30 (¢ = 9.6¢g/L, CHCl;). — 'H NMR
(200 MHz, CDCls): two diastereoisomers, ratio 1:1, partly doubled
signal set, & = 0.80 (s, 3 H), 0.83 (s, 3 H), 0.85 (s, 6 H), 0.88 (s, 6
H), 098 (ddd, J = 13.8Hz, J = 6.2Hz, J = 34Hz 2 H),
1.16—1.34 (m, 4 H), 1.63—2.36 (m, 20 H), 3.15 (t, J = 8.8 Hz, 2
H), 4.85—4.98 (m, 2 H). — 3C{'H} NMR (50 MHz, CDCl;): two
diastereoisomers, partly doubled signal set, 6 = 13.3 (CHjy), 13.4
(CH;), 18.7 (CH3), 19.6 (CH;), 20.9 (CH,), 26.96 (CH,), 27.03
(CH,), 27.3 (CH,), 27.4 (CH,), 27.85 (CH,), 27.88 (CH,), 36.5
(CH,), 36.7 (CH,), 37.9 (CH,), 38.0 (CH,), 44.8 (CH), 47.8 (C),
48.8 (C), 48.9 (C), 54.7 (CH), 54.9 (CH), 80.7 (CH), 80.8 (CH),
169.6 (C), 169.7 (C), 212.1 (C), 212.2 (C). — IR (ATR): V¥ = 1756
cm™! (s), 1725 (vs). — C,¢H»405 (264.36): caled. C 72.69, H 9.15;
found C 72.61, H 9.07. — HRMS: calcd. 264.1725, found 264.1724.

rac-1-Phenylethyl 2-Oxocyclopentane-1-carboxylate (1c): Following
the general procedure methyl cyclopentanone-2-carboxylate
(7.10 g, 50.0 mmol) was converted with rac-1-phenyl ethanol
(6.72 g, 55.0 mol) and DMAP (305 mg, 2.49 mmol) in cyclohexane
(50 mL) to give the title compound (10.6 g, 45.6 mmol, 91%) as a
colorless oil after kugelrohr distillation at 0.1 mm (oven temp.
175 °C). — '"H NMR (200 MHz, CDCls): mixture of two diastereo-
isomers, ratio 1:1, double signal set, § = 1.55 (d, J = 6.7 Hz, 3 H),
1.58 (d, J = 6.5Hz, 3 H), 1.77-1.97 (m, 2 H), 2.03—-2.20 (m, 2
H), 2.20—2.35 (m, 8 H), 3.17 (t, J/ = 8.8 Hz, 1 H), 3.19 (t, J =
8.8 Hz, 1 H), 5.90 (q, / = 6.6 Hz, 1 H), 5.96 (q, J = 6.5 Hz, 1 H),
7.25—=7.37 (m, 10 H). — 3C{'H} NMR (50 MHz, CDCls): two
diastereoisomers, partly doubled signal set: 6 = 20.8 (CH,), 22.10
(CH3y), 22.13 (CH3), 27.2 (CH,), 27.3 (CH,»), 38.0 (CH,), 54.6 (CH),
54.7 (CH), 73.2 (CH), 73.3 (CH), 125.8 (CH), 126.0 (CH), 127.7
(CH), 127.8 (CH), 128.36 (CH), 128.40 (CH), 141.2 (C), 141.3 (C),
168.4 (C), 168.7 (C), 211.9 (C), 212.1 (C). — IR (ATR): v = 1754
cm~ ! (vs), 1724 (vs). — C14H,60;3 (232.28): caled. C 72.39, H 6.94;
found C 72.12, H 7.08. — HRMS: calcd. 232.1099; found 232.1102.

Benzyl 2-Oxocyclopentane-1-carboxylate (1d):1°! Methyl cyclopen-
tanone-2-carboxylate (9.93 g, 69.8 mmol), benzyl alcohol (8.31 g,
76.8 mmol) and DMAP (427 mg, 3.50 mmol) were converted in
cyclohexane (50 mL) according to the general procedure to yield
the title compound (13.5 g, 61.9 mmol, 89%) as a colorless oil after
distillation (bp. 150 °C at 0.1 mm). — C;3H ;405 (218.25): calcd. C
71.50, H 6.47; found C 71.51, H 6.46.

(—)-Menthyl 1-Tetralone-2-carboxylate (1e):®! Following the gen-
eral procedure methyl 1-tetralone-2-carboxylate (2.55 g,
12.5 mmol) was converted with (—)-menthol (2.15 g, 13.7 mmol)
and DMAP (77 mg, 0.6 mmol) in cyclohexane (60 mL) to give the
title compound (2.59 g, 7.87 mmol, 63%) as a colorless oil after
chromatography (PE/MTB 5:1, R, = 0.51). — [o]5 = =72 (¢ =
8.4 g/L, CHCl3). — '"H NMR (200 MHz, CDCls): mixture of enol
and keto tautomer (two diastereoisomers with one set of signals),
ratio enol/keto = 9:1, enol tautomer: & = 0.78 (d, / = 6.9 Hz, 3
H), 0.90 (d, J = 7.0 Hz, 3 H), 0.90—1.14 (m, 3 H), 0.93 (d, J =
6.4 Hz, 3 H), 1.35—1.75 (m, 4 H), 1.90 (td, / = 7.0 Hz, J = 2.7 Hz,
1 H), 2.04—-2.18 (m, 1 H), 2.50—2.60 (m, 2 H), 2.78—2.87 (m, 2
H), 4.83 (td, J = 10.8 Hz, J = 44 Hz, 1 H), 7.14-7.35 (m, 3 H),
7.74—7.81 (m, 1 H), 12.57 (s, 1 H). — BC{'H} NMR (50 MHz,
CDCls): enol tautomer (major isomer, ca. 90%): 6 = 16.5 (CH3),
20.5 (CH,), 20.57 (CH3), 21.9 (CH3), 23.6 (CH,), 26.5 (CH), 27.6
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(CH,), 31.3 (CH), 34.2 (CH,), 41.0 (CH,), 47.0 (CH), 74.3 (CH),
97.1 (C), 124.1 (CH), 126.4 (CH), 127.2 (CH), 123.0 (C), 130.3
(CH), 139.1 (C), 164.8 (C), 172.2 (C); other signals (two diastereo-
isomeric keto tautomers, rel. intensity each ca. 5%) 6 = 15.8 (CH3),
16.1 (CH3), 20.63 (CHj3), 23.0 (CH,), 23.2 (CH,), 25.7 (CH), 26.0
(CH), 26.3 (CH,), 26.8 (CH,), 27.3 (CH,), 27.6 (CH,), 34.1 (CH,),
40.5 (CH,), 40.6 (CH,), 46.7 (CH,), 54.6 (CH), 54.7 (CH), 75.2
(CH), 126.7 (CH), 127.5 (CH), 128.6 (CH), 131.8 (C), 133.5 (CH),
143.3 (C), 1434 (C), 169.53 (C), 169.7 (CH), 193.0 (C). —
C51H»30, (328.45): caled. C 76.79, H 8.59; found C 76.99, H 8.55.

rac-1-Phenylethyl 1-Tetralone-2-carboxylate (1f): Following the
general procedure methyl 1-tetralone-2-carboxylate (10.4 g,
50.0 mmol) was converted with rac-1-phenyl ethanol (6.72 g, 55.0
mmol) and DMAP (305 mg, 2.49 mmol) in cyclohexane (50 mL) to
give the title compound (10.6 g, 36.0 mmol, 72%) as a colorless
oil after chromatography (PE/MTB 5:1, R, = 0.48). — 'H NMR
(200 MHz, CDCl3): mixture of keto (two diastereoisomers with one
set of signals) and enol tautomer, ratio enol/keto = 2:1; enol tauto-
mer: = 1.62 (d, J = 6.6 Hz, 3 H), 2.60—2.70 (m, 2 H), 2.86—2.89
(m, 2 H), 6.04 (q, J/ = 6.6 Hz, 1 H), 7.19—7.40 (m, 8 H), 7.76—7.81
(m, 1 H), 12.42 (s, 1 H); keto tautomer: & = 1.56 (d, J = 6.4 Hz,
3 H), 2.28—2.59 (m, 2 H), 2.89 (q, J = 5.5Hz, 2 H), 3.64 (dd, J =
9.5,J =49Hz, 1 H), 598 (q, J = 6.7Hz, | H), 7.19—7.40 (m, 8
H), 8.07 (d, J = 7.8 Hz, 1 H). — 3C{'H} NMR (50 MHz, CDCl5):
keto (two diastereoisomers) and enol tautomer (triple signal set):
8 = 20.5 (CH,), 22.0 (CHj), 22.1 (CHj), 22.6 (CH3), 26.3 (CH,),
26.4 (CH,), 27.4 (CH,), 27.5 (CH,), 27.7 (CH,), 54.4 (CH), 54.6
(CH), 72.4 (CH), 73.2 (CH), 73.3 (CH), 97.0 (C), 124.2 (CH), 125.8
(CH), 126.0 (CH), 126.5 (CH), 126.8 (CH), 127.3 (CH), 127.6
(CH), 127.7 (CH), 127.8 (CH), 127.9 (CH), 128.3 (CH), 128.4
(CH), 128.5 (CH), 128.7 (CH), 129.9 (C), 130.5 (CH), 131.8 (C),
133.7 (CH), 139.3 (C), 141.2 (C), 141.8 (C), 143.48 (C), 143.51 (C),
165.2 (C), 169.3 (C), 169.5 (C), 171.9 (C), 193.0 (C), 193.1 (C). —
IR (ATR): V = 1737 cm ™! (s), 1686 (s). — C,oH ;505 (294.35): calcd.
C 77.53, H 6.16; found C 77.34, H 6.27. — HRMS: calcd. 294.1256;
found 294.1255.

(—)-endo-Borneyl 3-Oxobutanoate (1g):FI4d->71 Methyl 3-oxobu-
tanoate (5.00 g, 43.1 mmol), (—)-endo-borneol (7.31 g, 47.4 mmol)
and DMAP (263 mg, 2.16 mmol) were converted in cyclohexane
(70 mL) according to the general procedure to yield the title com-
pound (9.18 g, 38.5 mmol, 89%) as a colorless oil after kugelrohr
distillation at 0.1 mm (oven temp. 175 °C). — [a]5 = —38.9 (¢ =
10.2 g/lL, CHCl;). — C4H»,0; (238.33): caled. C 70.54, H 9.31;
found C 70.26, H 9.30.

(—)-Dimenthyl 1,3-Acetonedicarboxylate (1h): Dimethyl 1,3-ace-
tonedicarboxylate (5.00 g, 28.7 mmol), (—)-menthol (9.88 g,
63.2 mmol) and DMAP (176 mg, 1.44 mmol) were reacted in cyclo-
hexane (40 mL) for 3 days according to the general procedure to
yield a crude material (13.1 g), from which DMAP and excess men-
thol were removed by kugelrohr distillation at 0.1 mm (oven temp.
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150 °C). Further distillation at 250 °C (oven temp.) yielded the title
compound (11.2 g, 26.4 mmol, 92%) as a colorless oil. — [a] =
—87 (¢ = 6.6 g/L, CHCl;). — '"H NMR (400 MHz, CDCl;): mix-
ture of keto and mono-enol tautomer (ratio: 7:1); keto tautomer:
6 =0.76 (d, J = 6.9 Hz, 3 H), 0.86—0.91 (m, 1 H), 0.89 (d, J =
7.1Hz, 3 H), 091 (d, J = 6.6 Hz, 3 H), 0.92—1.10 (m, 2 H),
1.32—1.60 (m, 2 H), 1.62—1.71 (m, 2 H), 1.82—1.91 (m, 1 H),
1.98—2.05 (m, 1 H), 3.56 (A-part of an AB-system, J = 15.9 Hz,
1 H), 3.60 (B-part of an AB-system, J = 15.9 Hz, 1 H), 4.73 (td,
J = 11.0Hz, J = 4.4 Hz, 1 H); mono-enol tautomer: & = 3.20 (s,
2 H), 5.10 (s, 1 H), 12.17 (s, 1 H); all other signals are hidden by
the major tautomer. — C{'H} NMR (50 MHz, CDCls): mixture
of keto and mono-enol tautomer; keto tautomer: 6 = 16.0 (CH;),
20.63 (CH3), 21.9 (CHs), 23.15 (CH,), 26.0 (CH), 31.3 (CH), 34.0
(CH,), 40.5 (CH,), 46.7 (CH), 49.1 (CH,), 75.5 (CH), 166.2
(C=0), 195.4 (C=0); mono-enol tautomer: 6 = 16.1 (CHs), 16.3
(CHj3), 20.56 (CHj), 23.24 (CH,), 23.4 (CH,), 26.1 (CH), 40.8
(CH,), 41.2 (CH,), 46.8 (CH), 46.9 (CH), 74.0 (CH), 75.3 (CH),
91.9 (CH), 167.2 (C), 168.0 (C), 171.9 (C); all other signals are
hidden by the major tautomer. — IR (ATR): v = 1733 cm ™' (vs).
— C,5H4,05 (422.61): Caled. C 71.05, H 10.02; found C 70.96, H
10.23. — HRMS: calcd. 423.3110; found 423.3111 (M + H™).
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