
© 2024. Thieme. All rights reserved. Synform 2024/11, A167–A169 • Published online: October 16, 2024 • DOI: 10.1055/s-0043-1763999

Literature CoverageSynform

Piancatelli and related rearrangement reactions date back to 
as early as 1850 when Stenhouse reported the formation of 
a highly colored compound upon amine addition to furfural. 
Although the mechanism of reactivity was not fully elucid­
ated until much later, these rearrangement reactions have 
provided a facile means to construct hydroxy-substituted 
triene or cyclopentenone adducts (Scheme 1a). The resulting 
scaffolds find application in the synthesis of prostanoic acids 
and other natural products, Stenhouse salt derivatives, and 
most recently, donor–acceptor Stenhouse adduct (DASA) pho­
toswitches. The group of Professor Elias Picazo at the Univer­
sity of Southern California (Los Angeles, USA) initially became 
interested in DASA photoswitches because of their attractive 
photophysical features that set them apart from other mole­
cular photoswitches. “DASAs undergo isomerization from a 
vividly colored triene to a colorless cyclopentenone upon ab­
sorbing low-energy light (Scheme 1b),” said Professor Picazo, 
adding: “This process offers a gentle method to reversibly con­
trol substantial changes in size, charge, and color.”

Since their discovery a decade ago, DASAs have seen a 
range of structural modifications that expand their photophy­
sical properties to absorb in the near-IR region and provide in­
creased switching efficiencies in polar and nonpolar solvents 
(Scheme 1c). Professor Picazo explained: “The electronic and 
steric tuning at the donor, acceptor, or triene structural com­
partments is made possible by the modular synthesis of the 
photoswitch. First, furfural undergoes a Knoevenagel conden­
sation with a carbon acid acceptor. Then, a secondary amine 
donor is added to the condensed product, where nucleophi­
lic addition causes the furan to undergo dearomative ring 
opening, resembling an interrupted aza-Piancatelli rearrange­
ment. This provides the hydroxy-substituted triene. However, 
since the Piancatelli rearrangement had only been amenable 
to furan substrates, this hydroxy group had remained static 
while all other structural compartments of the photoswitch 
have been modular. Given that structural modifications have 
been essential to photoswitch development and broader ap­
plicability, we wanted to study the photophysical effect of the 
triene heteroatom by synthesizing DASA derivatives with dif­
ferent heteroatomic substituents.”

Professor Picazo explained that it had been reported pre­
viously that thiophene and pyrrole substrates failed to under­

go the nucleophilic ring opening under general DASA syn­
thesis conditions. This can be attributed to their respective 
aromatic stabilities of 120 kJ/mol and 89 kJ/mol in comparison 
to furan’s stability of 66 kJ/mol. “We envisioned that the ad­
ditional bonding orbital on nitrogen could be leveraged to de­
crease the aromatic stability of pyrrole and promote dearoma­
tive ring opening upon amine addition,” remarked Professor 
Picazo. He continued: “We first synthesized pyrrole substrates 
bearing activating groups with a range of inductive character 
(Scheme 1d). The relative electronic deficiency of the pyrrole 
substrates was quantified with 13C NMR by using analogous 
furan and thiophene substrates as markers for productive (or 
unproductive) ring opening. While some activating protecting 
groups showed reactivity, only sulfonyl-protected pyrrole was 
able to produce the desired amino DASA in up to 74% yield, 
marking the first example of a pyrrole-based interrupted aza-
Piancatelli rearrangement.”

After finding the optimal conditions and pyrrole substrates 
to produce the DASA derivatives, the group synthesized amino 
DASAs with varying donors and acceptors, and their hydroxy 
DASA counterparts. “This allowed us to study the triene he­
teroatom effect on photoswitching and optical properties,” 
said Professor Picazo. He went on: “We learned that the 
strong electron-withdrawing nature of the sulfonamide group 
in comparison to hydroxyl resulted in diminished photo­
switching efficiencies. Spectroscopic characterization during 
the irradiation period suggested that amino DASAs fail to un­
dergo the initial cis-to-trans isomerization initiated by photo­
excitation as isomeric intermediates were not observed even 
at low temperatures. During optical characterization, it was 
also found that the strong withdrawing nature of sulfonamide 
in amino DASAs results in a hypsochromic absorbance shift of 
approximately 40 nm in comparison to hydroxy DASAs. This 
hypsochromic shift is in contrast to the electronic contribu­
tion effect on absorbance from the other structural compart­
ments. Conjugated donors, strong acceptors, and other triene 
substitutions all result in bathochromic shifts. Furthermore, 
amino DASAs showed decreased molar absorptivity and va­
rying electron distribution of the triene structure.” Professor 
Picazo concluded: “We’re hoping that future studies will help 
us further understand the triene heteroatom’s electronic and 
noncovalent effects on photophysical properties. In addition 
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to the photoswitch studies in this report, the developed Pian­
catelli reactivity provided a proof-of-concept for pyrrole ring-
opening, a rare transformation that may see potential in other 
applications.”

Scheme 1 The aza-Piancatelli rearrangement and development of amino donor–acceptor Stenhouse adducts
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