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Zinc oxide (ZnO) is an available, affordable, and nontoxic

compound with significant applications in various transfor-

mations.1 Its major use is found in rubber industry as vulca-

nizing activator,2 however, is also employed as pigment,

food additive, and as a component of consumer goods such

as ceramics, plastics, or cosmetics.3 This last application is

explained because it is a broad-spectrum UV absorber and

presents antibacterial properties.1 Moreover, ZnO has inter-

esting electrical properties as it is, indeed, a wide band gap

semiconductor. Hence, many reports have described the

utility of ZnO in electrochemical devices or solar cells.4 Due

to its multiple uses, many syntheses have been described

for ZnO.5 In a small laboratory scale, ZnO can be easily ob-

tained upon heating any Zn2+ salt in the presence of water,

while in the industry is synthesized by well-known pyro-

metallurgical or hydrometallurgical processes. Ultimately,

ZnO as a 99% powder can be purchased below 100 €/kg

from different suppliers and also as nanoparticle dispersion

in water.

In catalysis, ZnO is a well-known support for other met-

al or metal oxides nanoparticles exhibiting interesting

properties such as its amphoteric nature. However, its sim-

ple use as a catalyst for organic transformations is rare. Re-

markably, in 1970 Müller and Steinbach reported on the

photodecomposition of isopropanol into acetone by this

material, which is indeed an oxidation releasing molecular

hydrogen.6 More recently, many other research confirmed

this particular dehydrogenative reactivity employing simi-

lar systems such as propanol or butanol.7–11 This goes be-

yond the classic acid–base catalysis that may be expected

for such transition-metal oxide. Dehydrogenation reactions

present a high interest in organic chemistry as they can be

applied for the simplification of complex synthesis applying

hydrogen borrowing12 or acceptorless dehydrogenation13

strategies. In Table 1 a series of recent reactions in which

ZnO acts as catalyst in dehydrogenation-type processes are

summarized. Of course, the acid–base behavior of this com-

pound has also been explored.14–17
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Table 1  Recent Applications of ZnO as Catalyst or Cocatalyst in Dehydrogenation Reactions
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Borrowing hydrogen reactions, as well as acceptorless dehydrogenative con-
densations, require an initial dehydrogenation step triggering the whole cata-
lytic cycle. In 2018, Madsen and coworkers reported how ZnO in the presence 
of KOH at 164 °C was able to dehydrogenate alcohols into carboxylic acids.18 In 
this transformation, ZnO and KOH were heated at 170 °C for 1 h prior to sol-
vent and alcohol addition. A wide range of alcohols was employed, including 
benzylic alcohols, but also allyl and alkyl derivatives. Yields vary from 42% up to 
91%. To note, molecular hydrogen was detected (and monitored) and reactions 
were performed under nitrogen atmosphere proving this to be a neat dehydro-
genation without any presence of molecular oxygen.

Ballesteros-Garrido et al. reported on a combination of Pd/C and ZnO to syn-
thesize -amino alcohols from anilines and ethylene glycol, using a water/eth-
ylene glycol 50:50 mixture as solvent.19 The catalytic system was able to 
activate the challenging ethylene glycol dehydrogenation and mediate a hy-
drogen borrowing reaction, affording the desired products in yields up to 88%. 
-Amino alcohols are difficult to obtain, and their synthesis normally requires 
the use of halo alcohols as starting materials. Further studies expanded this 
protocol to other diols obtaining the corresponding amino alcohols in lower 
yields.20

Intimately related with the previous result, Ballesteros-Garrido et al. described a 
different catalyst combination (Pt/Al2O3 and ZnO) for an acceptorless dehydro-
genative coupling.21 The combination of anilines and ethylene glycol, em-
ployed also as solvent, allowed the preparation of indoles in yields up to 90%. 
Interestingly, molecular hydrogen was measured in this reaction confirming a 
dehydrogenation mechanism. This method was further improved reducing the 
amount of ethylene glycol to 2 equiv. and employing N-methyl-2-pyrrolidine 
(NMP) as solvent. Other alcohols such as 2,3-butane diol or 1,2-cyclohexane 
diol have been also successfully employed in the presence of additional PTSA 
catalysis and increasing the temperature up to 195 °C.22 This approach have 
been also extended to the synthesis of polycyclic aromatic N-heterocycles.23

Cabrero-Antonino, Adam et al. reported the synthesis of a variety of imidazolo-
nes through the acceptorless dehydrogenative condensation of ureas and di-
ols.24 This reaction was catalyzed by the combination of Pd/Al2O3 and ZnO, 
able to mediate the diol dehydrogenation. Moreover, the catalytic mixture 
proved to be reusable in two catalytic cycles. The protocol could be applied to 
the synthesis of up to 13 imidazolones using unactivated diols such as ethylene 
glycol. It is worth mentioning that for allyl alcohols ZnO is not required, indi-
cating the important role of ZnO in the activation of the less reactive diols. Mo-
lecular hydrogen was also detected in these experiences.

This kind of reaction has also recently been employed for the transformation of 
bioethanol into isobutene employing this time nanosized ZnxZryOz mixed ox-
ides.25 Indeed, in this approach, neat ZnO was able to produce neat acetone 
starting form ethanol up to 60%. Older reports indicate that ZnO–CaO and 
ZnO–Fe2O3 were able to catalyze this reaction. Surprisingly, neat ZrO yielded 
ethylene almost quantitively.26–28 These reactions were carried out under mo-
lecular nitrogen/water atmosphere and again enhance the evidence of ZnO as 
essential for dehydrogenations.

An application combining the acid/base behavior together with the dehydro-
genating activity of ZnO was reported by Gnanamani et al.29 in 2019. In this 
work, the dehydration and dehydrogenation of 1,5-pentanediol to 4-penten-1-
ol, tetrahydropyran and, more important, tetrahydropyran-2-one was studied 
employing ZnO and a ZrO2–ZnO mixed oxide materials as catalysts at tempera-
tures from 250 °C to 400 °C in a fixed-bed reactor. In this study it was shown 
how reaction selectivity can be tuned changing the acid/base properties and 
oxygen vacancies at different Zr/Zn proportions. Among all products that can 
be obtained, tetrahydropyran-2-one requires a double dehydrogenation.

More recently, Jiang, Jiao, Kondratenko, and coworkers reported a relevant ap-
plication of ZnO dehydrogenating activity.30 The authors showed that a mix-
ture of ZnO with nonacidic SiO2 materials was an active catalytic system for the 
propane dehydrogenation to propene at 550 °C in a fixed-bed reactor. The au-
thors elucidate the in situ formation of an active material constituted by sup-
ported ZnOx species. It is important to remark that the developed catalyst 
shows three times higher propene productivity at similar selectivity when 
compared with a commercially available catalyst for this process.
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