
This guide provides information on  the optimized, 
general conditions for the hydrogenation of different 
N-heterocycles in order to easily generate novel 
compounds with a higher sp3/sp2 ratio.

INTRODUCTION
Due to high-throughput synthetic practices over the past 
decades, the number of achiral, aromatic compounds 
has greatly increased in compound libraries. Too many 
aromatic rings present a higher attrition rate in the drug 
pipeline, and the diversity of shapes among the known 
2D-shaped drugs is extremely low [1], therefore the 
need for the design and synthesis of non-flat molecules 
having more advantageous properties is increasing [2]. 
Complexity as measured by fsp3 (fraction of sp3 carbons) 
and the presence of chiral centers correlate with success 
as compounds proceed from the stage of discovery, via 
clinical testing, to become  drugs [3].

HYDROGENATION OF HETEROCYCLES
Hydrogenation has been one of the most investigated 
and widely-used transformations of organic compounds 
for about a century. New 3D-shaped templates could 
easily be generated via simple reduction of flat aromatic 
precursors. However, in batch, hydrogenation is difficult 
to automate severely limiting the number of templates 
that could be generated. There are also safety issues 
concerning the use of hydrogen cylinders and pyrophoric 
catalysts. Reactions at high temperature and pressure, 
necessary in heterocycle reductions, coupled with precise 
control of catalyst contact time in reaction of selective 
substrates is also extremely difficult in batch. The H-Cube 
Pro™ flow hydrogenation reactor ensures safe work under 
well-controlled conditions (up to 150 °C temperature and 
100 bar pressure) by using water as a hydrogen source. 
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The flow nature of the process combined with a reusable 
catalyst bed means that the high throughput automation 
of compounds is now possible.

CONCLUSION
In collaboration with Cominnex Inc., two main methods 
were  developed for the fast and safe formation of novel 
heterocycles, which potentially carry better physical 
properties for pharma and agrochemical applications. 
During each experiment, we used 10% Pd/C, as an 
optimized catalyst and an H-Cube Pro™ flow reactor with 
its built-in hydrogen production by electrolysis of water. 
In many cases applying mild conditions, such as room 
temperature and either 1 or 10 bar reaction pressure 
(indicated in green in the following tables), could provide 
a high conversion and selectivity towards the desired 
product, while other groups of substrates required harsher 
conditions, typically 50 bar and 50 °C (blue in the tables). 

Figure 1. From 2D to 3D structure



GENERAL PROTOCOL
The solution of the starting material in commercial grade solvent (generally in 0.02 M concentration) was allowed to 
flow through a pre-conditioned CatCart® containing 10% Pd/C catalyst. The flow rate of the system was initially set to
1 mL/min, the hydrogen production rate on the H-Cube Pro™ to 20%. After passing through the instrument, the reaction 
aliquot was collected and analyzed by HPLC-MS to assess purity, selectivity and conversion rates.

Information on this guide is provided to you “as is” for your personal use and at your own risk. ThalesNano Inc. and Cominnex Inc. make no warranties or indemnities, expressed or implied, and assume no liability in connection with the use of any 
information written in this reaction guide.

Type Substrate Product Recommendation

Trisubstituted Pyridine 50 °C, 50 bar, MeOH/TFA

Trisubstituted
Pyridone

50 °C, 50 bar, MeOH/TFA

Nicotinic acid

50 °C, 50 bar, MeOH/TFA

25 °C, 10 bar, MeOH/AcOH

50 °C, 10 bar, MeOH/TFA

Pyrimidine

50 °C, 50 bar, MeOH/TFA

25 °C, 10 bar, MeOH

50 °C, 50 bar, MeOH/TFA

Pyridazinone 25 °C, 1 bar, AcOH

Type Substrate Product Recommendation

Hydroxypyrazine

25 °C, 10 bar, MeOH

25 °C, 10 bar, MeOH

25 °C, 10 bar, MeOH/TFA

Pyridopyrazine

50 °C, 50 bar, AcOH

50 °C, 50 bar, AcOH

Naphthydrine

50 °C, 50 bar, MeOH

50 °C, 50 bar, MeOH/TFA

100 °C, 50 bar, MeOH

25 °C, 10 bar, MeOH

Naphthyridinone

50 °C, 50 bar, MeOH/TFA

50 °C, 50 bar, MeOH/TFA



ABOUT COMINNEX INC.
ComInnex  — located in Budapest, Hungary  — is a 
chemistry and medicinal chemistry service organization 
with strong interest and background in the development 
of chemical technologies. The company’s scientific 
platform was formed via the fusion of powerful chemistry 
technology innovation at ComInnex with the outstanding 
chemistry and medicinal chemistry expertise of the former 
AMRI Hungary. Our mission is to enable our partners to 
access novel chemical space and intellectual property.

Catalyst screening and scaffold synthesis can be faster 
by using a catalyst changing system, CatCart Changer™, 
and an automatic sample injection and product collection 
system, an Autosampler, together with the H-Cube 
Pro™ continuous flow reactor. A fully automated high 
temperature and high pressure flow chemistry platform 
can also be set (Figure 2.).
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Figure 2. Fully automated high temperature and high pressure flow chemistry platform


