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ABSTRACT: An efficient electrophilic alkynylation of
azlactones (oxazol-5(4H)-ones) is developed using alkynyl-
(phenyl)iodonium salts as the electrophilic alkyne source.
After remarkably short reaction times, the desired alkyne
functionalized azlactones are obtained in 60−97% yield and
can be transformed easily into a variety of quaternary α-amino
acid derivatives.

Cα-Tetrasubstituted α-amino acids (CTAs) are privileged
building blocks for short peptides and peptidomimetics. The
additional Cα-substituent reduces the conformational space of
the peptide backbone and rigidifies its three-dimensional
structure.1 In addition, Cα-tetrasubstitution increases the
peptides lipophilicity which has positive effects on its
pharmacokinetics. In recent years, a variety of methods have
been reported for the synthesis of CTAs by electrophilic
additions of alkyl-, benzyl-, allyl- or propargyl electrophiles to
nucleophilic cyclic or acyclic Cα-trisubstituted amino acid
synthons.2 Cyclic quaternary amino acids can be prepared as
efficiently.3

However, the synthesis of quaternary β,γ-alkynyl α-amino
acids is still a challenging synthetic task even though alkyne
functionalized amino acids turned out to be useful reagents for
the site specific functionalization of proteins.4,5 In addition,
triple bonds are easy to convert into a variety of other
functional groups which renders them versatile synthons.
Known methodologies for the synthesis of β,γ-alkynyl α-
amino acids are based on the functionalization of α-alkynyl
glycinate anions,6 the addition of nucleophilic acetylene
synthons to ketimines7 or using β-lactams derived from
chromium carben complexes.8

To the best of our knowledge there is only one procedure
known so far for the synthesis of quaternary β,γ-alkynyl α-
amino acids via an electrophilic alkyne source. In a single
example, Waser and co-workers described the direct
alkynylation of 2-nitro-3-phenylpropanoate using the hyper-
valent iodine reagent TMS-ethynyl-1,2-benziodoxol-3(1H)-one
(TMS-EBX) as electrophilic alkyne source. Even though the
method itself is very elegant, its major obstacle is the tedious
conversion of the α-nitro ester into the corresponding N-acyl
protected amino acid by a two-step sequence in which the last
step is a SmI2-mediated reduction of the corresponding
hydroxylamine.9

In this communication we want to describe a fast and
efficient access to β,γ-alkynyl α-amino acids via the direct
alkynylation of azlactones. Azlactones are versatile CTA-
precursors which are easy accessible from α-amino acids via
cyclodehydration and, after α-functionalization, can be
converted back into the open chained form as efficient through
base-induced ring-opening (Scheme 1).10−12 To the best of our
knowledge there is no direct alkynylation of azlactones known
so far.13

As stable and easy to handle electrophilic acetylene synthons
we chose to start our investigations with a variety of
alkynyl(phenyl)iodonium salts 1a−1c and alkynyl-1,2-benzio-
doxol-3-(1H)-ones 2a−2c (Figure 1).14−17

In an initial experiment, the leucine-derived azlactone 3a was
treated with alkynyl(phenyl)iodonium tosylate 1a under basic
conditions. To our great delight we observed the formation of
the desired Cα-quaternary azlactone 4 in 84% yield (Table 1 −
entry 1).
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Scheme 1. Novel Route to β,γ-Alkynyl α-Amino Acids
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The corresponding benziodoxolone 2a showed a similar
reactivity, although small amounts (8%) of the spirocyclic
azlactone 8a could be isolated (Table 1 − entry 2).
Considering the generally accepted reaction mechanism for

iodane-mediated alkyne transfer reactions, vinylidene carbene A
is most likely formed as a reaction intermediate. Subsequently
A can decompose via an [1,2]-migration to give the desired
alkyne 4 (path a) or react via an [1,5]-insertion mechanism
with the tertiary hydrogen of leucines alkyl side chain to give
the spirocyclic cyclopentene 8 (path b).18 For TMS-ethynyl-
substituted iodane 1b [1,2]-migration is strongly favored to
give exclusively the TMS-protected alkyne 5a in an excellent
isolated yield of 96% (Table 1 − entry 3). The use of TMS-
protected ethynyl-1,2-benziodoxol-3(1H)-one 2b (TMS-EBX)
resulted in an efficient alkynylation as well, although in situ
desilylation was observed to give 6 in 85% yield (Table 1 −
entry 4). Finally, 1-hexyne-containing iodanes 1c and 2c were
investigated. Here, an interesting chemoselectivity was
observed. The alkynylation of 3a with 1-hexynyl(phenyl)-
iodonium tosylate 1c resulted in the formation of an
inseparable product mixture. After in situ ring-opening with
sodium methoxide (path c) the corresponding Cα-hexyne
substituted amino acid ester 7 along with the [1,5]-insertion
product of the vinylidene carbene attacking its own butyl side
chain 9a could be obtained in 55% and 20% yield respectively
(Table 1 − entry 5). In contrast, the use of benziodoxolone 2c
gave exclusively two [1,5]-insertion products: [1,5]-insertion
into the Cγ-Hγ-bond of the leucine side chain gave 8b in 17%

yield. However, the main product was cyclopentene-substituted
azlactone 9b (69%, Table 1 − entry 6) whose formation is
similar to the formation of 9a through an [1,5]-insertion into
the aliphatic C−H bond of the butyl side chain of the
vinylidene carbene A (R = nBu).
However, since we were initially interested in the synthesis of

quaternary β,γ-alkynyl α-amino acid derivatives, we further
focused on the formation of compounds 4−6. Here, the best
results were obtained with TMS-substituted ethynyl(phenyl)
iodonium salt 1b and therefore we used this reagent for a
further systematic investigation of the reactions substrate scope

Figure 1. Structures of ethynyl(phenyl)iodonium salts (1a−c) and
ethynylbenziodoxolones (2a−c).

Table 1. Reactivity of Azlactone 3a toward Different
Alkynyl(aryl)iodanes and Ethynylbenziodoxolones

entry ethynyliodane R time (h) 4−7 (%) 8 (%) 9 (%)

1 1a Ph 0.5 4, 84
2 2a Ph 0.5 4, 79 8a, 8
3 1b SiMe3 0.5 5a, 96
4 2b H 2.5 6, 85
5 1c n-Bu 1 7, 55 9a, 20
6 2c n-Bu 0.5 8b, 17 9b, 69

Scheme 2. Substrate Scopea,b

a2.4 equiv of alkynyliodane and 3 equiv of DIPEA were reacted with 3f
for 2 d. bReaction time: 2 h.
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(Scheme 2). Azlactones derived from aliphatic α-amino acids
such as valine (3b), alanine (3c), norvaline (3d) and norleucine
(3e) all reacted smoothly to give the desired tetrasubstituted
azlactones 5b−5e in very high yields of 90%-97%. Sterically
demanding azlactones derived from tert-leucine (3f) and α-
phenylglycine (3g) yielded azlactones 5f and 5g in 60% and
75% yield respectively. Heteroatom-containing azlactones
derived from methionine and lysine can also be used for our
electrophilic alkynylation yielding 5h and 5i in 69% and 88%
yield. Unfortunately, cysteine and serine derivatives could not
be tested since these azlactones were synthetically not
accessible from their protected amino acid precursors. Next,
we investigated a variety of phenylalanine derived azlactones
3j−3o. The unsubstituted derivative 3j gave the corresponding
azlactone 5j in an excellent yield of 94%.
Halogenated phenylalanine derivatives containing 2- and 4-

fluoro (3k and 3l), 4-chloro (3m) and 4-bromo-substituents
(3n) all reacted smoothly to yield the desired products (5k−
5n) in very high yields ranging from 83% (5n) to 94% (5l). α-
(4-Methoxy-benzyl)-substituted azlactone 3o gave 5o in 91%
yield. To finalize the substrate scope we modified the 2-aryl
functionality. Here we found that the introduction of a 4-
methoxy or a 4-chloro-substituent does not take significant
influence on the outcome of this transformation and hence the
azlactones 5p and 5q could be obtained in 81% and 78% yield.
We initially intended to use this novel alkynylation method

for the generation of quaternary β,γ-alkynyl α-amino acids and/
or peptides bearing this structural motif. Therefore, a series of
derivatization reactions were finally investigated. Ring-opening
of the azlactone 5j with glycine benzyl ester gave the
corresponding N-, and O-protected dipeptide 10 in 90% yield
(Scheme 3). Further functionalization of the triple bond has

been achieved from the terminal alkyne 11 which was obtained
in quantitative yield through a one pot ring-opening/
deprotection cascade from 5j (Scheme 4).
Cu-catalyzed 1,3-dipolar cycloaddition gave N-benzyl azide

12 in 95% yield. Reduction of 11 with Lindlar’s catalyst
selectively reduced the terminal alkyne to the corresponding
terminal alkene 13 in 85% yield. Finally, a Sonogashira coupling
of 11 with phenyl iodide provided 14 in 82% yield.
Free β,-γ-unsaturated α-amino acids have attracted great

attention due to their irreversible inhibitory effects on a variety
of PLP-dependent enzymes such as DOPA- and ornithine-
decarboxylases and transaminases.19 We therefore tried to fully
deprotect α-ethynyl amino acid 11 and α-vinyl amino acid 13
under acidic conditions. Unfortunately, standard protocols for
the full deprotection of 11 under acidic conditions failed due to
an undesired decarboxylative hydration of the triple bond.
However, we were delighted to find that 13 could be
transformed into the biologically active α-vinyl amino acid 15
by treatment with 6N HCl (Scheme 5).
In summary, we have developed the first protocol for the

direct electrophilic alkynylation of azlactones. By using

alkynyl(phenyl)iodonium salts as stable and nontoxic alkyne
transfer reagents highly desirable β,γ-alkynylated oxazol-5(4H)-
ones are obtained after remarkably short reaction times and
excellent yields of up to 97%. We could further demonstrate
that these privileged structures can serve as versatile precursors
for the synthesis of quaternary β,γ-alkynyl amino acid
derivatives through a variety of subsequent synthetic trans-
formations such as ring-openings, cycloadditions, reductions
and Pd-mediated cross-couplings. An enantioselective variant of
this transformation or a dynamic kinetic resolution of the
racemic quaternary azlactones to obtain enantiopure quaternary
α-amino acids would be highly desirable and is part of ongoing
investigations in our laboratory.
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(9) Fernańdez Gonzaĺez, D.; Brand, J. P.; Waser, J. Chem.Eur. J.
2010, 16, 9457.
(10) For review articles, see: (a) Fisk, J. S.; Mosey, R. A.; Tepe, J. J.
Chem. Soc. Rev. 2007, 36, 1432. (b) Mosey, R. A.; Fisk, J. S.; Tepe, J. J.
Tetrahedron: Asymmetry 2008, 19, 2755. (c) Hewlett, N. M.; Hupp, C.
D.; Tepe, J. J. Synthesis 2009, 2825. (d) Alba, A.-N. R.; Rios, R.
Chem.Asian J. 2011, 6, 720. (e) Rodriguez-Docampo, Z.; Connon, S.
J. ChemCatChem 2012, 4, 151.
(11) For recent examples for the functionalization of azlactones, see:
(a) Alba, A.-N. R.; Companyo,́ X.; Valero, G.; Moyano, A.; Rios, R.
Chem.Eur. J. 2010, 16, 5354. (b) De, C. K.; Mittal, N.; Seidel, D. J.
Am. Chem. Soc. 2011, 133, 16802. (c) Uraguchi, D.; Yoshioka, K.;
Ueki, Y.; Ooi, T. J. Am. Chem. Soc. 2012, 134, 19370. (d) Weber, M.;
Frey, W.; Peters, R. Adv. Synth. Catal. 2012, 354, 1443. (e) Weber, M.;
Peters, R. J. Org. Chem. 2012, 77, 10846. (f) Trost, B. M.; Czabaniuk,
L. C. J. Am. Chem. Soc. 2012, 134, 5778. (g) Zhao, D.; Wang, L.; Yang,
D.; Zhang, Y.; Wang, R. Angew. Chem., Int. Ed. 2012, 51, 7523. (h) Shi,
S.-H.; Huang, F.-P.; Zhu, P.; Dong, Z.-W.; Hui, X.-P. Org. Lett. 2012,
14, 2010. (i) Tarí, S.; Avila, A.; Chinchilla, R.; Naj́era, C. Tetrahedron:
Asymmetry 2012, 23, 176. (j) Singh, A. K.; Chawla, R.; Rai, A.; Yadav,
L. D. S. Chem. Commun. 2012, 48, 3766. (k) Alba, A.-N. R.; Valero, G.;
Calbet, T.; Font-Bardía, M.; Moyano, A.; Rios, R. New J. Chem. 2012,
36, 613. (l) Sun, W.; Zhu, G.; Wu, C.; Li, G.; Hong, L.; Wang, R.
Angew. Chem., Int. Ed. 2013, 52, 8633. (m) Weber, M.; Frey, W.;
Peters, R. Chem.Eur. J. 2013, 19, 8342. (n) Dong, S.; Liu, X.; Zhu,
Y.; He, P.; Lin, L.; Feng, X. J. Am. Chem. Soc. 2013, 135, 10026.
(o) Lee, Y.-J.; Seo, J.; Kim, D.-G.; Park, H.-G.; Jeong, B.-S. Synlett
2013, 24, 701. (p) Chen, W.; Hartwig, J. F. J. Am. Chem. Soc. 2013,
135, 2068. (q) Cai, C.-W.; Zhu, X.-L.; Wu, S.; Zuo, Z.-L.; Yu, L.-L.;
Qin, D.-B.; Liu, Q.-Z.; Jing, L.-H. Eur. J. Org. Chem. 2013, 456.
(r) Uraguchi, D.; Ueki, Y.; Sugiyama, A.; Ooi, T. Chem. Sci. 2013, 4,
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