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Maltol triflate 3 undergoes palladium-mediated carbon-carbon bond formation with styrene, boronic
acids and alkynes. Benzyl ether 2 can be acylated. The acylation products can be readily converted into

© 2020 Elsevier Ltd. All rights reserved.

Maltol (1) is a bio-based chemical readily available from tree
bark, pine needles and malt [1]. There are numerous preparations
of O-alkyl ethers (such as 2) of maltol and the conversions of these
ethers to y-pyridones are well precedented [2]. Zhu reported inno-
vative thermal transformations of propargyl ethers of maltol into
catechols [3]. The metal ion complexation chemistry of maltol
has also been widely studied [4] (Fig. 1).

As part of a computational study to identify new bioprivileged
molecules (biologically derived platform molecules) [5], Broadbelt
and coworkers evaluated a subset of over 29,000 six-carbon com-
pounds from PubChem and refined the large subset to 100 com-
pounds using NetGen, an automated reaction network generation
tool [6]. This 100-compound set contained maltol plus a number
of lactones, furans, and cyclic ethers. Interestingly, although maltol
and 5-hydroxymethylfurfural, a known bioprivileged molecule, are
quite different structurally, they are alike in that each of the carbon
atoms in both molecules is in a different chemical environment.
Herein, we report the evaluation of the organic chemistry of mal-
tol, a potential biobased platform molecule.

We first evaluated the triflate 3, a compound initially prepared
by Lopez [7]. Both Lopez and Yeates reacted 3 with arylstannanes
to produce 3-arylpyrones in good yields [7,8]. A related triflate
from kojic acid was used in Suzuki-Miyaura reactions [9]. A few
chromone triflates have also been generated and reacted with tri-
arylbismuth reagents, aryl boronic acids and arylstannanes [10].
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Triflate 3 reacted with three aryl boronic acids to generate pyrones
4, 5, and 6 in 82, 69, and 75% yields, respectively, as shown in
Scheme 1. The reaction of pyrone 6 with t-BuOK provided the
5,6-benzochromone 7, a known photoactive molecule, in 71% yield
[11].

The Sonogashira reaction has not been reported for triflates of
v-pyrones. Using Pd(PPhs3),Cl, as the catalyst, we obtained
3-alkynylpyrones 8, 9, and 10 in 88%, 70%, and 57% yields, respec-
tively, as illustrated in Scheme 2. Pyrones 8, 9, and 10 are new
compounds whose structures were supported by proton 'H NMR,
13C NMR and high-resolution mass spectrometry.

The Heck reaction of maltol derivatives has not been reported.
This reaction was sensitive to reaction parameters such as the
choice of a catalyst and temperature. Although the reaction of
triflate 3 with methyl vinyl ketone failed, the reaction with ethyl
acrylate, acrylonitrile, and styrene proceeded well, providing
alkenylpyrones 11-13 in 40%, 52% and 34% yields, as shown in
Scheme 3.

Another fundamental reaction of carbonyl compounds is depro-
tonation in the presence of strong bases [12]. Deprotonation of
v-pyrones has not been systematically studied [13]. There are only
a few isolated examples of aldol reactions employing maltol ethers
[14,15]. The reaction of 1 with two equivalents of lithium
diisopropylamide (LDA) afforded poor yields of acylation products,
presumably due to solubility problems. Fortunately, the reaction of
benzyl ether 2 with LiIHMDS at —78 °C followed by addition of var-
ious acyl halides provided pyrones 14-16 in 98%, 95%, and 88%
yields, respectively, as depicted in Scheme 4. As expected,
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Fig. 1. Maltol and derivatives.
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Scheme 3. Products of Heck coupling reactions of 3.

o0 o /ij
o 0o

14 15

Scheme 4. Products from acylation of 2.

acylation occurred at the y-position as evidenced by the methylene
singlet around 3.5 to 4.2 in the proton NMR.
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Scheme 5. Furylpyrone formation.

These acyl pyrones could be converted into 7H-furo[3,2-b]
pyran-7-ones 17 — 19 in a simple one-pot procedure. Removal of
the benzyl protecting group under acidic conditions led to the
hydroxy-y-pyrone which rapidly underwent cyclization and dehy-
dration to produce 17-19 in very good yields as shown in Scheme 5.
There are only a few isolated reports of the synthesis of this class of
pyrones [15]. This is the first synthesis using an acylation-cycliza-
tion strategy.

The above reactions reveal that maltol can undergo a number of
important carbon-carbon bond forming reactions. This is certain to
stimulate interest in maltol. We believe that maltol can be consid-
ered to be a bioprivileged molecule.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.tetlet.2019.151591.

References

[1] Darren T. LeBlanc, Hugh A Akers, Food Technol. 43 (4) (1989) 78-84.

[2] Y. Aoyama, T. Hakogi, Y. Fukui, D. Yamada, T. Ooyama, Y. Nishino, S. Shinomoto,
M. Nagai, N. Miyake, Y. Taoda, Org. Process Res. Dev. 23 (4) (2019) 558-564.

[3] T. Cao, Y. Kong, K. Luo, L. Chen, S. Zhu, Angew. Chem., Int. Ed. 57 (28) (2018)
8702-8707.

[4] K.H. Thompson, C.A. Barta, C. Orvig, Chem. Soc. Rev. 35 (6) (2006) 545-556.

[5] B.H. Shanks, P.L. Keeling, Green Chem. 19 (2017) 3177-3185, https://doi.org/
10.1039/c7gc00296¢.

[6] X. Zhou, Zachary ]. Brentzel, G.A. Kraus, P.L. Keeling, ].A. Dumesic, B.H. Shanks,
L.J. Broadbelt, ACS Sustainable Chem. Eng. 7 (2019) 2414-2428.

[7] O.D. Lopez, J.T. Goodrich, F. Yang, L.B. Snyder, Tetrahedron Lett. 48 (2007)
2063-2065.

[8] C.L. Yeates, John F. Batchelor, Edward C. Capon, Neil ]. Cheesman, Mitch Fry, A.
T. Hudson, M. Pudney, H. Trimming, J. Woolven, J.M. Bueno, ]. Med. Chem. 51
(9) (2008) 2845-2852.

[9] T. Kamino, K. Kuramochi, S. Kobayashi, Tetrahedron Lett. 44 (39) (2003) 7349-
7351.

[10] Dahlen, K.; Grotli, M.; Luthman, K. Synlett 2006, 897-900. Peng, W.; Han, X.;
Yu, B. Chinese J. Chem. 2006, 24(9), 1154-1162.

[11] C. Karapire, H. Kolancilar, U. Oyman, S.J. Icli, Photochem, Photobiol. 153 (2002)
173-184.

[12] AAM.B.S.R.C.S. Costa, F.M. Dean, M.A. Jones, D.A. Smith, ]J. Chem. Soc. Perkin
Trans. 1 (1986) 1707-1712.

[13] X. Zhang, M. McLaughlin, R. Lizeth, P. Munoz, R.P. Hsung, ]. Wang, J. Swidorski,
Synthesis (2007) 749-753.

[14] Y. Fukui, S. Oda, H. Suzuki, T. Hakogi, D. Yamada, Y. Takagi, Y. Aoyama, H.
Kitamura, M. Ogawa, J. Kikuchi, Org. Process Res. Dev. 16 (11) (2012) 1783-
1786.

[15] S.Yu, S. Zhao, H. Chen, X. Xu, W. Yuan, X. Zhang, ChemistrySelect 3 (17) (2018)
4827-4830.


https://doi.org/10.1016/j.tetlet.2019.151591
http://refhub.elsevier.com/S0040-4039(19)31390-5/h0005
http://refhub.elsevier.com/S0040-4039(19)31390-5/h0010
http://refhub.elsevier.com/S0040-4039(19)31390-5/h0010
http://refhub.elsevier.com/S0040-4039(19)31390-5/h0015
http://refhub.elsevier.com/S0040-4039(19)31390-5/h0015
http://refhub.elsevier.com/S0040-4039(19)31390-5/h0020
https://doi.org/10.1039/c7gc00296c
https://doi.org/10.1039/c7gc00296c
http://refhub.elsevier.com/S0040-4039(19)31390-5/h0030
http://refhub.elsevier.com/S0040-4039(19)31390-5/h0030
http://refhub.elsevier.com/S0040-4039(19)31390-5/h0035
http://refhub.elsevier.com/S0040-4039(19)31390-5/h0035
http://refhub.elsevier.com/S0040-4039(19)31390-5/h0040
http://refhub.elsevier.com/S0040-4039(19)31390-5/h0040
http://refhub.elsevier.com/S0040-4039(19)31390-5/h0040
http://refhub.elsevier.com/S0040-4039(19)31390-5/h0045
http://refhub.elsevier.com/S0040-4039(19)31390-5/h0045
http://refhub.elsevier.com/S0040-4039(19)31390-5/h0055
http://refhub.elsevier.com/S0040-4039(19)31390-5/h0055
http://refhub.elsevier.com/S0040-4039(19)31390-5/h0060
http://refhub.elsevier.com/S0040-4039(19)31390-5/h0060
http://refhub.elsevier.com/S0040-4039(19)31390-5/h0065
http://refhub.elsevier.com/S0040-4039(19)31390-5/h0065
http://refhub.elsevier.com/S0040-4039(19)31390-5/h0070
http://refhub.elsevier.com/S0040-4039(19)31390-5/h0070
http://refhub.elsevier.com/S0040-4039(19)31390-5/h0070
http://refhub.elsevier.com/S0040-4039(19)31390-5/h0075
http://refhub.elsevier.com/S0040-4039(19)31390-5/h0075

	Acylation and palladium-mediated couplings of maltol, a biobased �γ-pyrone
	Acknowledgment
	Appendix A Supplementary data
	References


