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Abstract

2H-Chromenes were synthesized from salicylaldehyde using potassium vinylic borates in the presence of secondary amines. We
synthesized these 2H-chromene derivatives as a part of an ongoing project to develop inhibitors for TGF-b receptors. Potassium vinyl
trifluoroborates react with salicylaldehydes at 80 �C in the presence of a secondary amine and produced 2-substituted 2H-chromene
derivatives with a 70–90% yield.
� 2008 Elsevier Ltd. All rights reserved.
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We have a long-term goal to develop novel chemical
screens capable of analyzing important biological systems
by interfacing libraries of small molecules, in the context
of developing zebrafish embryos. Toward this end, we were
interested in developing potential new inhibitors of TGF-b
signaling using 2-substituted 2H-chromene derivatives.

2H-Chromenes are an important class of oxygenated
heterocyclic compounds.1 Many biologically active natural
products contain a chromene ring system.2 In recent years,
there has been increased interest in the synthesis of 2H-
chromenes due to the number of compounds that possess
this group, and that show a variety of activities including
as antidepresssant, antihypertensive, anti-tubulin, antiviral,
antioxidative, activator of potassium channels and inhibi-
tion of phosphodiesterase IV or dihydrofolate reductase.3

Based on the importance of these compounds, a number
of research groups have developed methodologies to syn-
thesize these compounds. The approaches used include
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intramolecular cyclization of Wittig intermediates,4 micro-
wave-assisted reaction of salicylaldehyde with enamines,5

catalytic Petasis reaction of salicylaldehydes,6 ring-closing
olefin metathesis,7 Baylis–Hillman reaction of 2-hydroxy-
benzaldehydes with methyl vinyl ketones,8 Claisen rear-
rangement of propargyl phenol ethers,9 Pd-catalyzed ring
closure of 2-isoprenyl phenols,10 electrocyclic ring closure
of vinylquinone derivatives,11 and the Ylide annulation
reaction.12 Despite the availability of these existing meth-
ods for the synthesis of chromene derivatives, there
remains a demand for general strategies that can more effi-
ciently provide variously substituted chromene systems.

In the context of our goal to generate small molecule
probes to study the biology of key signal transduction
pathways, including transforming growth factor beta
(TGF-b) pathways, we were interested in developing
improved methods for the synthesis of a 2H-chromene
library.

In this Letter, we report a practical and highly efficient
procedure for preparing diverse chromene derivatives using
potassium vinyltrifluoroborate as a substrate for the
Petasis reaction in the presence of catalytic amounts of
dibenzylamine as a secondary base at 80 �C in dimethyl

mailto:bdas@aecom.yu.edu


CHO

OH
+

BF3K

(1) (2)

20% mol, Dibenzylamine

80 °C, DMF, 17 h, 51%
O

(3)

Scheme 1.

F. Liu et al. / Tetrahedron Letters 49 (2008) 1578–1581 1579
formide. This procedure is complementary to that of Finn
and Kabalka, which in both cases uses boronic acid. The
utility of organoboronic acids in organic synthesis has
flourished in recent years, particularly through develop-
ments in Miyaura–Suzuki coupling,13 allyl-boration,14,15

copper catalyzed arylboronic acid–hetero atom coupling16
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Synthesis of 2-substituted 2H-chromenes from salicylaldehydes in the presence
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and Petasis reaction.17,18 However, these organoboron
derivatives have many limitations:19 (i) quantitative analy-
sis and stoichiometric reactions using boronic acids are
often difficult because of the rapid equilibrium between
the boronic acids and the corresponding cyclic, trimeric
anhydrides (boroxines), (ii) the diols utilized to generate
of 20% mol dibenzylamine in DMF at 80 �C
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Table 1 (continued)

Entry Aldehydes Potassium vinylboronic Producta Yieldb (%)
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a All products exhibited 1H NMR and 13C NMR characteristics in accord with assigned structures and literature values (for known compounds) and
high resolution mass spectrometry.

b Isolated yields.
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stable boronate esters such as catechol, pinacol, and
diethanolamine add considerable expense to the overall
process and they must be separated from the final product,
further increasing the cost of synthesis.

(iii) Boronate esters, as Lewis acids and electrophiles, to
elaborate the functionalization of multistep synthesis using
nucleophiles, hamper the reaction process. To overcome all
these difficulties using organoboron derivatives, the use of
potassium organotrifluoroborates was developed. These
reagents are easily prepared by the addition of inexpensive
KHF2 to various organoboron intermediates,20a–e from
organostannate20f and by C–H activation method.20g For
our reaction, we purchased all alkenyl trifluoroborates from
Aldrich chemicals. All these salts have been described as
being very stable at elevated temperature. Potassium
organotrifluoroborates are more stable and easier to handle
than the corresponding organoboronic acids, and they are
more reactive due to the higher nucleophilicity of the
organic group on the boron atom. Due to these distinctive
features (greater nucleophilicity, ready accessibility, and
remarkable stability in air), organotrifluoroborate have
been used for many organic reactions, as reported by
Kabalka, Molander, Genet and others.21

In this Letter, we report a practical and highly efficient
procedure for preparing diverse chromene derivatives,
and demonstrate the practical utility of potassium organo-
trifluoroborate in chromene synthesis.

As shown in Scheme 1, salicylaldehyde (1 mmol), vinyl
boronic acid (1 mmol) and dibenzylamine (20 mol %) was
added to DMF and the solution was stirred at 80 �C for
3 h. The reaction was monitored through thin layer chro-
matography (solvent system). Unexpectedly we identified
a novel spot, and after workup NMR analysis determined
it that comprised 2-phenyl chromenes.22 To generalize this
methodology, we worked with a variety of substituted
salicylaldehydes and boronic acids, as shown in Table 1.
We purified all products by column chromatography and
the reported yields are the isolated yields. The purity of
the products was subsequently established by thin layer
chromatography, 1H NMR, 13C NMR and by high resolu-
tion mass spectrometry. For all new products, experimental
procedures and analytical data are provided in Ref. 22, and
for all known compounds we compared the analytical data
with our compounds (which were identical).

A somewhat higher yield is obtained in the case of elec-
tron withdrawing groups in the para position of salicyl-
aldehydes, as compared to unsubstituted functional groups.
When we changed from potassium trans-styryltrifluoro-
borate to potassium vinyltrifluoroborate the yields decreased,
except in the case of potassium trans-1-decenyltrifluoro-
borate, where the yield remained similar.

In summary, we report a practical synthesis of chromene
derivatives using potassium organotrifluoroborate. Experi-
ments are currently underway to test the biological activity
of these 2H derivatives and to determine their utility as
inhibitors of TGF-b receptors.
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