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Introduction 
Molecular switches that can undergo reversible switching 

between two or more different states in response to chemical, 
electrochemical or photochemical stimuli, have attracted much 
attention in recent decades due to their promising applications 
in chemical sensing, photocontrollable biological process and 
molecular machines [1,2]. Most prevalent switches, including 
interlocked molecules, azobenzene, spiropyrans, diarylethenes 
and fulgides, have been widely investigated and employed for the 
construction of stimuli responsive systems and materials [2-4]. 

The hydrazone functional group, which is characterized by 
the C=N–NH- structure, has been attracted a great deal of interest 
because of its ease of synthesis, modularity and functional diversity 
[5,6]. The configurational isomerization (E/Z isomerization) of 
the C=N double bond, nucleophilicity of the hydrazone nitrogen, 
electrophilicity of the imine carbon, and acidity of the N–H proton, 
all these features render hydrazones useful for diverse applications, 
ranging from biology (specifically pharmacology), materials science 
to supramolecular chemistry. In recent years, the Aprahamian 
group has developed a series of hydrazone-based switches that 
show configurational change upon photo or chemical inputs. 
Phenyl, naphthyl, or quinolyl groups were designed as stators, 
and rotors with different H-bond acceptors brought different E/Z 
isomerization behaviors. 

In this mini review, we will highlight on the effect of 
intramolecular H-bond on the E/Z isomerization and the novel 
applications of the hydrazone-based switches. 

Effect of Intramolecular H-Bond on E/Z 
Isomerization of Hydrazine-Based Switches 

Arylhydrazone switches with phenyl, naphthyl, or quinolyl 
group as stators can be obtained by replacing one of the carbonyl 
groups in 1,2,3-tricarbonyl-2arylhydrazones with pyridine as a 
proton acceptor. The intramolecular H-bond showed significant 
effects on switch properties. The E→Z-H+ reaction is triggered only  

 
when the pyridine is protonated. Compared with phenyl group, 
the naphthyl group makes the N-H proton more acidic and hence 
the H-bond with the ester carbonyl is stronger, which results in 
faster reaction rate [7,8]. It was found that both electron donating 
and withdrawing para-substituents strengthen the H-bond in the 
HN–N=C–C=N fragment by inversely modulating the acidity and 
basicity of the N–H and pyridyl nitrogen [9]. Different R groups in 
the rotor part also effect on the E/Z isomerization of the hydrazone-
based switches, only the R group which can offer a second H-bond-
accepting site and is a moderate H-bond acceptor enables full 
isomerization [10]. When imidazolyl ring was incorporated as a 
rotor, a switching cascade can be achieved through coordination-
coupled proton relays. The electrostatic repulsion between the 
metal cation and the weakly hydrogen-bonded proton in the non-
planar imidazolium ring lowed the pKa of the imidazolyl ring, which 
is the crucial step [11]. By introducing an additional intramolecular 
H-bond in quinolylhydrazone, both configuration and conformation 
isomerization can be achieved [12]. Exchanging a pyridyl rotor with 
a phenyl group (not H-bond acceptor) not only lead to efficient 
photoisomerization but also extraordinary thermal stability of Z 
isomer [13].

Applications of Hydrazone-Based Switches 

Functionalized with well-studied chiral mesogen cholesterol, 
a chemically activated molecular switch can be used in the 
modulation of the long-range organization and properties of liquid 
crystals [14]. Attaching an isosorbide scaffold to hydrazone-based 
photo switches offer a chiral dopant which can be used to drive a 
liquid crystal phase [15]. Hydrazone-based photo switches can also 
drive shape transformations in liquid crystal polymer network to 
give shape persistent actuators [16]. Quinolylhydrazone can be 
selectively inducing conformational and configurational changes 
by careful control of the amount of acid. Based on the advantage 
of this property, a hydrazone-based robotic arm was designed by 
incorporating the quinoline unit into a rigid platform and using 
the rotor to control the directional movement of a mechanical 
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arm. The bidirectional transporter system can transport cargo 2 
nm [17]. The same scaffold was also used by the same group to 
build a molecular assembler capable of controlling the absolute 
stereochemical outcome of addition to an α, β-unsaturated ester 
[18]. Quinolylhydrazone can also be switched via coordination-
coupled deprotonation (CCD), which render them possibilities 
to modulate fluorescence as well as catalyze imine hydrolysis in 
solution [19] and develop a negative feedback loop [20]. 

Conclusion 
The hydrazone-based switches can be endowed with promising 

properties used in different areas by rational design. Getting 
molecular switches to communicate and work together to build 
macroscopic smart materials is still a fascinating challenge. 
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