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Chapter 7

In conclusion, Stenhouse photoswitches are an interesting and nascent class of photoswitches. 
Despite their origins dating back over 150 years, many aspects are still poorly understood 
and shortcomings need improvement. With their successful work in recent years, the groups 
of Read de Alaniz and Hawker, together with other groups, have set a solid foundation to 
establish donor–acceptor Stenhouse adducts and to challenge and complement existing 
prevalent photoswitches such as azobenzenes, diarylethenes, spiropyrans, hemithioindigo 
photoswitches and stilbenes. Within these efforst, this thesis has provided in-depth studies 
on DASA’s photoswitching mechanism (Chapters 3–6)1–3 and introduced orthogonal 
photoswitching (Chapter 2).4 

Particularly strong advantages of DASAs are that they are inherent visible light switchable 
negative photochromes that are rapidly synthesized in a modular fashion. They further 
show a large change of polarity, dipole moment, geometry and UV/vis spectrum upon 
photoswitching. The structural scope, so far explored, allows to choose different structures 
for different types of applications and their modular architecture enables chemists to easily 
tune their properties – once they are understood. However, the overall structural diversity is 
rather limited, allowing for only two tolerated acceptor moieties. Currently, rational tuning of 
the thermal stability of the cyclized form is not possible. Moreover, the irreversible cyclization 
of DASAs in the dark in polar protic solvents can pose a problem for biological applications. 
While in some cases their delicate photoswitching behavior in different environments can be 
beneficial for applications, in other cases these properties might currently limit DASAs’ use. 

Mechanistically, DASA’s photoswitching is likely governed by a photoisomerization around  
C2–C3 adjacent to the hydroxyl group and a subsequent rotation around C3–C4. Optimally 
spatially arranged, the molecule then undergoes a thermal, conrotatory 4π–electrocyclization 
to form a cyclopentenone. Structural features have a tremendous influence on the 
photoswitching as highlighted for instance by the difference between first and second-
generation DASAs, thus enabling the synthetic chemist to specifically tailor photoswitches 
for a given system. From existing applications, the potential and short-comings of DASAs can 
be studied, insights gained and lessons learned. Thus, for this photoswitch class to realize its 
full potential, we identify the following factors that will be essential for overcoming current 
limitations: 

Structure-property relationships: Understanding the mechanism of 
photoswitching and what structural features of Stenhouse photoswitches are 
responsible for which properties (ε, φ, t1/2, λmax, solubility, photoswitching kinetics) 
is essential for deliberate use and tuning of photoswitches for applications. 

(Excited) energy surface (computation): A solid computational understanding of 
Stenhouse switch behavior through its energy surface will allow to identify areas for 
improvements and help synthetic chemists to devise novel target structures. 

Solvent effects: A current major limitation of Stenhouse photoswitching is its 
strong dependence on the environment. To overcome this limitation, a better 
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understanding of the governing parameters for switching in various media 
is essential. However, it should be mentioned that strong solvent-dependent 
photoswitching can also be beneficial, if this behavior is deliberately taken into 
account when devising applications. 

Bistability: Some applications require the use of bistable photoswitches. So far, 
DASAs as T-type photoswitches rely on one wavelength for photoswitching 
and a thermal back-isomerization. Having bi-directional control with different 
wavelengths of irradiation would substantially extend the scope of Stenhouse switch 
applications, but will require innovative and unconventional solutions. 

Extending the acceptor scope: Currently, DASAs are limited to two acceptors 
either based on Meldrum’s acid or 1,3-disubstituted barbituric acid. Besides 
potential problems of novel acceptors (e.g. 1,3-indandione in the case of compound 
13, Chapter 1) with photoswitching, the synthesis of DASA target structures is 
often the limiting factor. The development of novel synthetic routes to access such 
structures beyond the current use of Zincke-type reactivity is strongly encouraged. 

Photopharmacology:5–7 Achieving full control over photoswitching under 
physiological conditions remains a main goal. Herein, hydrolytic stability and high 
solubility in aqueous environments will be a key factor. The potential for orthogonal 
photocontrol in combination with other photoswitchable bioactive compounds 
constitutes a powerful future tool for biomedical research. 

Near-Infrared (NIR) photoswitching: Currently the absorption spectra of the 
most red-shifted DASA photoswitches tail above 700 nm in dichloromethane, thus 
allowing for convenient visible light and NIR operation in organic solvents and 
material science. However, DASAs currently do not show high enough solubility 
in aqueous environments and if soluble show a large blue-shift of absorption. The 
so-called “near-infrared phototherapeutic window”7–11 would be ideal for medical 
applications, but would require further red-shifting of compounds. 

For the coming years, we envision key advances both in understanding and improvement 
of Stenhouse photoswitches that will be essential for rapid and productive development 
of the field. Researchers from different backgrounds will have to work together to better 
understand the dynamic behavior of Stenhouse switches and to realize their full potential. 
Notably, reversible switching on surfaces and in polar protic media (e.g. under physiological 
conditions) and expanding the synthetic scope of these switches are most pressing issues. 
Given the rapid development this class of photoswitches has undergone in the last three years, 
we are confident of many interesting and exciting opportunities and applications to come. 
After being dormant for over a century, the future of Stenhouse photoswitches is particularly 
bright.
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