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Abstract. In this work, the synthesis of bis-carbamates was investigated for the suitability
of the mechanism of nucleophilic addition to the requirements of "click chemistry" reactions. As
a result, it was concluded that it is expedient to include the synthesis of bis-carbamates that meet
all the criteria in "click chemistry" reactions.
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3ABUCUMOCTD KJIUK-XUMUU ITPU CUHTE3E BUC-KAPBAMATOB
CEPUU MDD

AnHoTauus. B nmanHoil pabore cuHTe3 OMc-KapOamMaToB HCCIIENOBAJICS HAa TPEIMET
COOTBETCTBHSI MEXaHHW3Ma HYKICO(UIBHOTO NPHCOSIUHEHHs, TPEOOBAHUSIM PEAKIHMH «KJIHK -
XUMHM». B pe3ynbraTe cenaH BbIBOJ O 11€1€c000pa3HOCTH BKIIIOUEHHUS CHHTEe3a O1c-KapOamaTos,
OTBEYAIOIINX BCEM KPUTEPHSIM, B PEAKIIUN «KITHK-XUMHUI.

KaoueBbie ciaoBa: buc-kapbamar, KIMK-XUMUS, CHUHTE3, pEaKIuu, HyKiIeodu,
COeIMHEHHE, MOJICKYJIbI, CTPOCHHE, aTOMBI, KPUTEPHUH.

INTRODUCTION

The term click chemistry was first introduced in the world in 2001 by the American
scientist Barry Sharpless [1]. The essence of this concept is that it describes chemical reactions
adapted for the rapid and reliable production of chemicals by connecting individual small elements
together. Click chemistry is not only about one reaction, but also designed to imitate nature, in
which compounds are created from modular elements. This concept has emerged in connection
with the search for new approaches to the creation of drug candidate structures. But a few years
later, the Nobel Prize for the development of click chemistry and bioorthogonal chemistry methods
was awarded to the American scientists Caroline Bertozzi and Barry Sharpless, as well as the
Danish scientist Dane Morten Meldahl.

"Click chemistry" is a branch of science that studies the methods of connecting different
molecules into a whole (for different purposes). They "connect” to each other in the same way that
we take our seats on an airplane and fasten our seat belts. However, the belt has a buckle—meaning
that the attached molecules need some external element to interact with each other, forming a
strong, stable chemical bond (Figure 1). At the current stage of technological development, the
task may seem trivial, but there is another important aspect. This connection should be absolutely
"neutral”, that is, it should not have any effect on the chemical properties of the resulting
compound. But this is a much more difficult matter.
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Nobel laureates announced today managed to solve it using the carbon-nitrogen bond.
Three successive chains of nitrogen atoms (azide) are "attached” to one of the molecules to be
joined, and two carbon atoms (alkyne) to the other. In the presence of a catalyst (copper ions), the
two parts of our "bonds"” cross-link into a stable triazole ring, holding both parts together, from
which this chemical structure is assembled Formula 1:

cu(l) N=N

R=Ng + =R ——— R/N\)\Rl

Valery Fokin, co-author of Barry Sharpless and 2013 Nobel Prize in Chemistry nominee,
explains the concept of click chemistry in a 2002 article [2]:

.. the idea gives A + B = C and nothing else. It works all the time and under all
circumstances. The basic idea of click chemistry is that if we imagine that we have two reactants,
the reaction will always and everywhere happen. Accordingly, an irreversible bond appears - a
fastener that allows you to connect two reactive blocks, two molecules into one thing.

Although the criteria for being a click reaction are relatively subjective, some reactions
have been identified as being most suitable for this category: 3+2-cycloadditions, in particular
azide-alkyne cycloadditions; thiol-ene addition; Diels-Alder reaction; 4+1-cycloaddition between
isonitriles and tetrazines; nucleophilic substitution, especially in strained small rings; reactions of
carbonyl compounds with nitrogen-containing nucleophiles and addition reactions to carbon-
carbon double bonds, for example, dihydroxylation [3,4].

The authors of the article synthesized bis-carbamates and their derivatives, studied their
physicochemical properties and applied them in several fields [5-8]. Thus, the authors of this
article came up with the idea of comparing the click chemistry reaction and the synthesis of bis-
carbamates of the MEE series. The purpose of this work is to identify the similarities of the
synthesis and also to meet the criteria for a click chemistry reaction.

MATERIALS AND METHODS

Synthesis of N,N' — hexamethylene bis[(ortho-cresolyl)-carbamate] i.e. MEE-1: To 10 ml
of triethylamine (TEA), 35 ml of dimethylformamide (DMF) are added to 10.8 g (0.1 mol) of
ortho-cresol, mixed, dissolved in 20 ml of DMF at room temperature 8.4 g (0.05 mol) of
hexamethylene diisocyanate (HMD) is added. After time, the reaction mixture is stirred at 35-45
°C for 3.0-4.0 hours, the contents of the flask are transferred to a glass, and water is added. After
drying, a white powder is obtained; the yield of the product is 18.74 g (97.6% of theory).

RESULTS AND DISCUSSIONS

Drawing of a strong and stable chemical bond by the scientist Bertolli Sharpless (Fig. 1).

Reactions involving click chemistry must meet the following requirements, and we have
compared our mechanism for obtaining bis-carbamates to these requirements:

1. Being modular - our reaction proceeds with Ay joining of 3 molecules;

2. Having a wide scope of application - because our product is biologically active, it can
be used in agriculture, pharmaceutical and chemical industries;

3. High yield - product yield in the reaction is not less than 90%.

4. Giving safe by-products - no additional intermediate products are formed in the reaction
and it is environmentally friendly.
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Fig. 1. Hlustration of bis-carbamate MEE-1 theory of click chemistry

5. Being stereospecific - molecules of the same type in the product have the same location
in space.

6. Proceeding in physiological conditions - the process proceeds at atmospheric pressure
and room temperature.

7. Being thermodynamically very favorable (> 84 kJ/mol) for the formation of a single
product - thermodynamically favorable for the formation of a single product.

8. Having a high economy of atoms - the number of atoms of the single product is 68, and
the number of bonds is 69, which is much more economical than other organic substances.

9. Use of safe solvents - our reaction is carried out in non-gaseous solvents such as
dimethylformamide (DMF) and dimethylsulfoxide (DMS).

10. Having normal reaction conditions - our reaction is environmentally friendly, at
atmospheric pressure, at room temperature without external influences, energy efficient, lasts for
3-4 hours and produces high yield without intermediate products.

CONCLUSION

In conclusion, it would be appropriate to add our nucleophilic mechanism for obtaining
bis-carbamates to the type of reactions associated with "click chemistry™ because it meets all the
above requirements.
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