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ABSTRACT

In the presence of substoichiometric quantities of potassium tert -butoxide and an additional metal salt, amide-tethered diacids undergo double
Michael reactions with alkynones to provide highly functionalized pyroglutamic acid derivatives. The metal salt was found to play an important
role in improving the diastereoselectivities of the reactions.

Pyroglutamic acid (1) and its derivatives are structural units
of widespread chemical significance, having been heavily
utilized as building blocks for the synthesis of numerous
biologically active compounds.1

Considering the multitude of synthetic applications for
pyroglutamic acids, much research effort has been devoted
to the development of new methods for the synthesis of
functionalized derivatives.1,2 In this Letter, we present a novel
route to highly functionalized pyroglutamic acids using
double Michael reactions3 of amide-tethered diacids with
alkynones.

Over the past few years, Grossman and co-workers have
described a range of reactions where compounds containing
two acidic carbon atoms undergo double Michael reactions

with electron-deficient alkynes (mostly 3-butyn-2-one) to
provide highly functionalized cyclic products.4,5 Generating
two new carbon-carbon bonds and up to three new stereo-
genic centers with often high levels of diastereoselectivity,
this reaction has been effectively utilized in the preparation
of a range of five- and six-membered carbocycles.4 In
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comparison, application of this methodology to heterocycle
construction has been limited, with just one report of a [5+
1] annulation route to piperidines having been described.5

In view of the convergent and modular nature of these
transformations, we were drawn to the prospect of utilizing
double Michael reactions of alkynones in a concise synthesis
of highly functionalized pyroglutamic derivatives, according
to the strategy outlined in Scheme 1. It was hoped that under

suitable conditions, an amide-tethered diacid2 would react
with an alkynone3 to first give mono-Michael adduct4 and/
or 5, which would then cyclize to the pyroglutamic acid
derivative6.

Our preliminary investigations began with the double
Michael reaction of amide-tethered diacid7a with aromatic
alkynone3a (Table 1). In all previous examples of double
Michael reactions reported by Grossman and co-workers,4,5

a mandatory requirement for success is the presence of at
least one nitrile substituent in the tethered diacid, which ends
up in a pseudoaxial position in the product.4i It is proposed

that the small size of the nitrile group reduces the magnitude
of unfavorable 1,3-diaxial interactions between acidifying
groups in the transition state for cyclization, which would
otherwise inhibit ring closure.4i At the outset of this work, it
was therefore uncertain whether diacid7a, which does not
possess a nitrile substituent, would undergo successful double
Michael reaction. Although treatment of a mixture of7aand
3a with PPh3 in acetonitrile4c gave no reaction (entry 1), we
found that KOtBu in CH2Cl24a led to the formation of the
desired pyroglutamic acid derivative8, albeit as a 1:1 mixture
of diastereomers (entry 2).

We next investigated the effect of Lewis acidic additives
on the reaction.6 Substoichiometric quantities of Fe(acac)3

7

and Zn(OTf)28 were found to inhibit the reaction (entries 3
and 4), though Zn(OTf)2 had a beneficial effect on di-
astereoselectivity (entry 4). Finally, we identified Mg(OTf)2

9

(entry 5) and Ni(acac)2
10 (entry 6) as promising additives,

allowing double Michael product8 to be isolated in 68-
76% yield and with up to 18:1 diastereomeric ratio.

Recrystallization of8 from a mixture of diethyl ether and
hexane afforded crystals that were suitable for X-ray crystal-
lography, which allowed us to confirm that the major
diastereomer obtained in these reactions possessestrans
stereochemistry (Figure 1).

With optimized conditions in hand, the scope of the
reaction was explored (Figure 2). Using7a as the tethered
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Scheme 1. Proposed Double Michael Addition Route to
Pyroglutamic Acid Derivatives

Table 1. Reaction Condition Optimization

entry reagents dra

yield
(%)b

1c PPh3 (20 mol %) n/a 0
2 KOtBu (20 mol %) 1:1 68
3 KOtBu (20 mol %), Fe(acac)3 (20 mol %) 1:1 31
4 KOtBu (20 mol %), Zn(OTf)2 (20 mol %) >19:1 27
5 KOtBu (20 mol %), Mg(OTf)2 (20 mol %) 11:1 68
6 KOtBu (20 mol %), Ni(acac)2 (20 mol %) 18:1 76

a As determined by1H NMR analysis of the isolated product. Due to
overlapping signals from other compounds, diastereomeric ratios could not
be determined from1H NMR analysis of the unpurified reaction mixtures.
b Isolated yields of mixtures of diastereoisomers that were inseparable by
column chromatography.c MeCN used as solvent in place of CH2Cl2.

Figure 1. X-ray crystal structure of double Michael product8.
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diacid, a range of different aromatic alkynones3 possessing
substituents of varying electronic character underwent double
Michael reactions to provide pyroglutamic acid derivatives
9-13 in 61-77% yield. Tethered diacid7b, containing
methyl esters in place of the ethyl esters in7a, also
underwent reaction uneventfully, affording double Michael
products14-17.

Additional experiments provided some insight into the
reaction pathway and the role played by the metal salts
(Scheme 2). Equation 1 highlights differences in the effect
of Mg(OTf)2 and Ni(acac)2. Reaction of methyl vinyl ketone
(18) with diacid7a using Mg(OTf)2 as additive led to19 as

the only observable Michael product in 52% yield, with the
remainder of material being unreacted7a. This experiment
indicates that under these conditions, the methylene carbon
adjacent to the amide carbonyl of7a is the more reactive of
the two acidic positions. However, the analogous experiment
using Ni(acac)2 provided a mixture of19and the alternative
Michael product20, among other side-products.

Exposure of a 1:1 diastereomeric mixture of double
Michael product8 obtained using KOtBu alone (Table 1,
entry 2) to standard reaction conditionsincludingadditional
Mg(OTf)2 or Ni(acac)2 led to recovery of8 in high yield
with no discernible change in diastereomeric composition
(eq 2). These experiments suggest that under these conditions,
post-cyclization epimerization (which could occur via a
deprotonation-reprotonation sequence or a retro-Michael-
Michael sequence) does not occur, and therefore diastereo-
selection observed in the presence of additional metal salt
is the result of a kinetically controlled process. However,
the manner in which the metal salt imparts diastereoselec-
tivity is not clear at this time.

Conversion of double Michael product8 into other
potentially useful compounds is shown in Scheme 3. Treat-
ment of8 with NaH and BnBr provided alkylated product
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Figure 2. Double Michael reactions of amide-tethered diacids7a
and7b with assorted aromatic alkynones. Cited yields are of isolated
inseparable mixtures of diastereoisomers. Diastereomeric ratios were
determined by1H NMR analysis of the isolated products. Due to
overlapping signals from other compounds, diastereomeric ratios
could not be determined by1H NMR analysis of unpurified reaction
mixtures.

Scheme 2. Experiments Probing the Role of Mg(OTf)2 and
Ni(acac)2

Scheme 3. Elaboration of Double Michael Product9
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21,11 and monodecarboxylation to22 was accomplished by
heating a DMF solution of8 to 110°C.

In summary, we have developed a double Michael addition
route to highly functionalized pyroglutamic acid deriva-
tives that utilizes amide-tethered carbon diacids and aro-
matic alkynones as substrates. The reactions proceed with
good levels of trans-diastereoselectivity, provided that
substoichiometric quantities of Mg(OTf)2 or Ni(acac)2 are
employed as additives. Further work will address the
development of enantioselective variants of these reactions.
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(11) Tentative relative stereochemical assignment. NOESY spectra proved

inconclusive in establishing the relative stereochemistry of21.
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