
Alkene Photo-Isomerization Inspired by Vision

A lkenes are amongst the most versatile functional
groups in synthetic organic chemistry. They can be
readily functionalized using a broad toolbox of

reagent and catalyst-based methods, which provide more
complex molecules for a host of applications. Alkenes
are most commonly and conveniently prepared using
Wittig- and Julia-type reactions of carbonyl electrophiles;
however, control over the product alkene geometry can be
challenging.1 Characteristic of these well-established meth-
ods is predominant access to one alkene isomer but not the
other, whose synthesis might require multi-step preparation
via an alternative sequence. Modern recourse to catalysis has
provided stereospecific alkyne functionalization reactions,2

but these often lack the generality and functional group
tolerance of the aforementioned reagent-based carbonyl
olefination methods. Overall, the preparation of single
alkene isomers remains a challenging problem, and it is of
continuing interest and importance to develop conceptually
innovative methods for their synthesis. In line with this,
Gilmour and co-workers have described the riboflavin-
catalyzed E → Z photo-isomerization of functionalized
cinnamonitriles, an approach inspired by ocular retinal
isomerization.3

Isomerization of the polyene chromophore 11-cis-retinal
to all-trans-retinal is key to vision. This thermodynamically
favored process occurs in the retina and proceeds via a
protonated Schiff base formed between 11-cis-retinal and a

photosensitive membrane-bound opsin protein (Figure 1,

top). The contra-thermodynamic isomerization is catalyzed

by a putative isomerohydrolase and proceeds via an acylated

all-trans-retinol (Figure 1, bottom).4 Interestingly, (−)-ribo-
flavin has been reported to catalyzed the contra-thermody-

namic photoisomerization of all-trans-retinol (E → Z).5

Taken together, these provide the basis for Gilmour’s design

blueprint where (E)-cinnamonitriles would serve as

truncated retinal scaffolds, and their isomerization is

catalyzed by (−)-riboflavin/visible light. This builds on

their earlier work where the retinal polyene chromophore

required for photoexcitation is replaced by an arene ring,

and the function of the protonated opsin-Schiff base is

mimicked by an electron-withdrawing group (Scheme 1).

The direction of catalysis and hence stereochemical outcome

would derive from nonbonding interactions (A1,3-strain) in

the (Z)-isomer, which would force the aromatic ring out of

conjugation. This disruption to conjugation would result in

inefficient excitation of (Z)-configured products and permit

selective sensitization of the arene-conjugated (E)-isomer.6

Within Gilmour’s delineation of substrate design, the

contra-thermodynamic photoisomerization of polarized

alkenes is efficiently catalyzed by (−)-riboflavin. In this

present study, readily accessible (E)-cinnamonitriles undergo

contra-thermodynamic isomerization in excellent yield and

with high (Z)-stereoselectivity (Scheme 2A).3 This extends

the platform of contra-thermodynamic photoisomerizations

reported previously by the same laboratory (Scheme 2B)

and provides a useful, general and operationally trivial

synthetic approach.7

Gilmour and co-workers have rigorously interrogated the

mechanism and concluded both singlet and triplet path-

ways are likely operative. The apparent mechanistic

promiscuity resulting from (−)-riboflavin catalysis has been

noted previously by the same laboratory and leveraged

in a bioinspired cascade catalysis synthesis of coumarins

(Scheme 2C).7a Here, (−)-riboflavin catalyzes two distinct
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processes that proceed via energy transfer (ET) and single
electron transfer SET), respectively.
Nature has long served as inspiration for the design of new

catalysts and catalytic methods for laboratory synthesis.
This has been particularly true in the area of organo-
catalysis where N-heterocyclic carbenes (NHC) and amine
Lewis base catalysts can trace their origins to biological
mechanisms.8 Similarly, Gilmour’s alkene photoisomeriza-
tion borrows extensively from nature’s principles and,
through careful substrate design, provides a useful and
operationally straightforward method by which to access
stereodefined polarized alkenes that are challenging to
prepare by other means. The significance of this work

extends far beyond organic photocatalysis9 and alkene
isomerization. A rich palette of chemistry exists for the

Scheme 1. Substrate Design

Figure 1. Thermodynamic retinal isomerization in the visual cycle occurs by photoisomerization of a protonated opsin−Schiff base (top).
The contra-thermodynamic photoisomerization is though to occur via all-trans-retinol (bottom).

Similarly, Gilmour’s alkene pho-
toisomerization borrows exten-
sively from nature’s principles
and, through careful substrate
design, provides a useful and
operationally straightforward
method by which to access

stereodefined polarized alkenes
that are challenging to prepare

by other means.
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stereoselective and stereospecific functionalization of
alkenes, and thus the impact of this method likely lies
in its union with subsequent catalytic asymmetric alkene
functionalization methods.
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Scheme 2. (−)-Riboflavin-Catalyzed Photoisomeriztion of β-Substituted Cinnamyl Derivatives: (A) Cinnamonitriles;
(B) Cinnammyl Carbonyl Substrates; (C) Cinnamic Acids−One-Pot Coumarin Synthesis
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