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AHHOTALIUA

Huccepranuss Ha Temy «Pa3paboTka TEXHOJIOTUM TOJNYyYEHUS! KIUK-PEareHTOB JUIs
UCIIONIb30BaHUsl Ha Oenkax». llenmp mpoekTa SBISETCS TMPOCKTUPOBAHWE TEXHOJIOTHH TIO
MIPOU3BOJICTBY KIIMK-PEAareHTOB, 3ajadell ke sBiseTcs co3gaTh cxemy npousBoictBa 500 kr
KEIIaeMOoro KIuK-peareHTa. [IpoekT comepkut 38 crpaHuI] TeKCTa, B TOM uucie 12 Tabmui u 28
PHUCYHKOB, U BKJIIOYAET clieAyIole KoMnoHeHThl: Beenenue; Mudopmarus o xumuu kirkoB; Kakue
BU/IbI KITUK-PEAreHTOB CYMIECTBYIOT; MIX BO3MOKHOE UCIIOJIb30BaHME Ha Oenkax; X ucnonp3oBaHue
npu ciumBaHuu OenkoB; Kak Mpou3BOAUTH KIIMK-pEareHThl, KOTOPbIE MOXKHO HCIOJIb30BaTh AJIS
cumBanus 0enkoB; TexHudeckas cxema; OnucaHue BO3MOXKHOTO MPOM3BOJICTBA KIIMK-PEAreHTOB;
3akmouenue; bubnuorpadus.

AHJATIA

«AKybI31ap/ia KOJJIaHy YIIiH KJIMK PEareHTTepiH ally TeXHOJIOTHUSCHIH jKacay» TaKbIPhIObIHA
JTUTUTOMIIBIK, KyMbIC. JK0OaHBIH MaKcaThl — KIIMK pearcHTTEePIH OHIIPY TEXHOJOTHSICHIH )obaay
6osca, TarnicbipMa — 500 KT KaKeTT1 KIIMK peareHTiH ay cxeMachH Kypy. XKoba 38 6et MoTiH/Ii, OHBIH
iminge 12 xkecte MeH 28 cypeTTi KaMTH/BI JKoHE Kelleci KoMmoHeHTTepai kamtuabl: Kipicne; Knuk-
XUMHS Typasibl akmapar; Kiuk peareHTTepiHiH KaHmai Typniepi Oap; OumapablH akysi3aapaa
KOJJIaHBUTYbl MYMKIHJIT; OnapablH OpPOTEeHHAI aMKacThipyda KOJNJAHBUIYbI; AKYBI3Japabl
aliKacTeIpy YIIiH KOJJaHyFa OOJATBIH KJIIMK PeareHTTepPiH Kaial eHmipyre 0omansl; TeXHUKAIBIK
cxema; Kimnk peareHTTepiHIH MYMKIH OHAIpiciHIH cunaTTamackl; KopbiTeiHabl; bubmuorpadus.

ABSTRACT

Thesis on the topic "Development of technology for obtaining click reagents for use on
proteins.” The goal of the project is to design a technology for the production of click reagents,
while the task is to create a scheme for the production of 500 kg of the desired click reagent. The
project contains 38 pages of text, including 12 tables and 28 figures, and includes the following
components: Introduction; Click chemistry information; What types of click reagents exist; Their
possible use on proteins; Their use in protein crosslinking; How to produce click reagents that can
be used to crosslink proteins; Technical scheme; Description of the possible production of click
reagents; Conclusion; Bibliography.
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INTRODUCTION

Click chemistry is a new chapter of contemporary chemistry which can enhance
the industry by many times. Especially, recent studies have allowed humanity to fight
modern industrial world in almost all the fields you can think of. Food industry, drug
development, material science, biotechnology and many others. Being able how to use
emerging fields of chemistry can allow our world to develop faster, and click chemistry
IS not an exception. Barry Sharpless won Nobel Prize award in 2022 for the
development of click chemistry and biorthogonal chemistry. | believe that it is a
starting point for the future of chemistry, as click reagents can make all the processes
faster. For example, the reaction which needed plenty of heat to occur doesn’t need it
anymore because click chemistry can do it in a more rapid and efficient way.
As a citizen of Kazakhstan, | strongly believe that the development of such reagents in
our country will solve a lot of issues that are associated with industry. No more harmful
wastes coming from factories which contaminate local soil and water, no more
unavailable catalysts or extremely costly conditions and so on.

The field on which I decided to take a focus on is protein crosslinking with click
chemistry combination. Such kind of enhancement can make the processes of
crosslinking much easier and more efficient. The task which | have by the end of the
project is to show the model of production of 500 kg of the product named BS3
crosslinker.



1 Click chemistry. General information

Click chemistry is a type of chemical synthesis used to combine two molecular
entities in a simple and efficient way. It is not a single reaction, but rather a method of
generating products that mimic the way nature creates substances by joining small,
modular units. Click reactions are often used to join a biomolecule and a reporter
molecule, but can also be used in chemoproteomics, pharmacology, and biomimetic
applications. Click reactions have unique properties, including being one-pot reactions
that generate minimal byproducts, are not affected by water, and have a high
thermodynamic driving force leading to a high yield of a single product with high
specificity. These properties make click reactions particularly useful for targeting and
isolating molecules in complex biological environments, where products must be stable
and byproducts non-toxic.

Scientists have developed specific and controllable bioorthogonal reactions to
target particular molecules in complex cell lysates. Click chemistry has also been
adapted for use in live cells, using small molecule probes that find and attach to their
targets. Click reactions have been useful in pulldown experiments and fluorescence
spectrometry, and novel methods have been developed to incorporate click reaction
partners onto and into biomolecules. Click chemistry plays an important role in the
field of chemical biology, intentionally and specifically coupling modular units to
various ends. The term "click chemistry" was coined by K. Barry Sharpless in 1998,
and was jointly awarded the Nobel Prize in Chemistry in 2022 with Carolyn R. Bertozzi
and Morten P. Meldal for their development of click chemistry and bioorthogonal
chemistry. [1][2]

1.1 Click reagents. How to obtain them

Within the time, new and new click reagents were found. Starting with azides,
and now finishing with cyclooctenes. There are 5 main different types of click
reagents at the moment:
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Figure 1 - types of different click reagents

Azides are molecules with abundant energy and are utilized in various fields with
the structure "N=N*=N". Sodium azide, for instance, finds application as a
preservative, mutagen, biocide, and assay reagent. Organic azides exhibit a wide range
of organic reactions and play a crucial role in the azide-alkyne "click" reaction.

Alkynes: The azide-alkyne "click" reaction relies on incorporating alkynes as a
crucial element for several reasons. Alkynes possess distinct reactivity and can engage
in a remarkably efficient and selective reaction with azides, resulting in the formation
of stable triazoles. This particular reaction, referred to as the Huisgen cycloaddition,
represents one of the most widely employed click reactions. The presence of a terminal
triple bond in alkynes offers a reactive site for the click reaction. The notable reactivity
of alkynes towards azides enables rapid and specific bond formation under mild
reaction conditions. Additionally, the click reaction involving alkynes and azides
exhibits high efficiency, generating minimal unwanted byproducts while achieving a
substantial yield of the desired product.

Cyclooctene is favored as a click reagent due to its distinctive reactivity and
structural properties. It undergoes a strain-promoted click reaction with certain
functional groups, such as cyclooctynes, without the need for a catalyst or high
temperatures. This bioorthogonal reaction can be performed within biological systems,
enabling selective labeling or modification of biomolecules without interfering with
their native functions. Furthermore, click products formed with cyclooctene exhibit
good stability, making them suitable for long-term applications. The reactivity of
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cyclooctene is rapid and selective, leading to high yields of desired products. These
qualities, including its compatibility in biological settings, contribute to the widespread
use of cyclooctene as a valuable click reagent.

Tetrazines: Another good alternative to other click reagents are tetrazines, as
they have good selectivity and reactivity. The general formula of them is C2H2N4 and
they exist in different isomers. As well as other reagents, it has also various applications
in particular fields.

Dibenzocyclooctynes: also an exciting substitute for previously mentioned
reagents. It has got unique selectivity and reactivity, which makes it ideal for the future
use in biorthogonal click reactions [3][4][5]

These are the main click reagents, and all of them are used in various click
reactions.

1.2 Types of click reactions.

The classic click reaction, also known as CuAAC, involves the copper-
catalyzed reaction of an azide with an alkyne to form a 5-membered heteroatom ring.
This reaction was first reported in 1893 by Arthur Michael, and later took on Rolf
Huisgen's name after his studies of their reaction kinetics and conditions. The copper-
catalyzed version of this reaction gives only the 1,4-isomer, whereas Huisgen's non-
catalyzed 1,3-dipolar cycloaddition gives both the 1,4- and 1,5-isomers. This reaction
mechanism may involve a dicopper mechanism rather than a single catalytic copper
atom.[6] However, the copper used in this reaction is cytotoxic, so solutions have been
proposed to reduce the dosage needed. The RUAAC reaction catalyzed by ruthenium
allows for the selective production of 1,5-isomers. Although Meldal and co-workers
first reported the Cu(l)-catalyzed variant, they were overtaken by the publicly more
recognized Sharpless, who described it as a reliable catalytic process offering "an
unprecedented level of selectivity, reliability, and scope for those organic synthesis
endeavors which depend on the creation of covalent links between diverse building
blocks.[7]

b
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2 2

CuAAC reaction

Figure 2 - CUAAC reaction
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The Bertozzi group has improved one of Huisgen's copper-free click reactions
known as strain-promoted azide-alkyne cycloaddition (SPAAC) to avoid the
cytotoxicity of the CUAAC reaction. In SPAAC, the alkyne is introduced in a strained
difluorooctyne (DIFO) rather than using Cu(l) to activate the alkyne. The electron-
withdrawing propargylic gem-fluorines act together with the ring strain to destabilize
the alkyne, which increases the reaction driving force and promotes the cycloalkyne to
relieve its ring strain. This reaction proceeds as a concerted [3+2] cycloaddition similar
to the Huisgen 1,3-dipolar cycloaddition, and other substituents such as benzene rings
are also allowed on the cyclooctyne. Although the SPAAC reaction rate is slower than
that of the CUAAC, it has been successfully used to detect azides in living systems.
However, the low yield in the synthesis of cyclooctynes has limited the probe
development for this reaction. Nonetheless, SPAAC has been used successfully with
cyclooctyne derivatives such as DIFO, dibenzylcyclooctyne (DIBO), and
biarylazacyclooctynone (BARAC) to detect azides in living systems.[8]

SPAAC reachon

Figure 3 - SPAAC reaction

The Strain-promoted alkyne-nitrone cycloaddition (SPANC) is a type of click
reaction that involves the reaction of a strained cyclooctyne with a nitrone dipole to
form a N-alkylated isoxazoline product. The reaction is metal-free and has fast reaction
kinetics, making it suitable for live cell labeling. The isoxazoline product is not as
stable as the triazole product of the CUAAC and the SpAAC, but the reaction is still
useful for labeling proteins containing serine as the first residue and for multiplex
labeling.[9]

The alkene and azide [3+2] cycloaddition is a chemical reaction where an
activated alkene, such as oxanorbornadiene, reacts with an azide, resulting in the
formation of triazoles as a product. However, the triazoles formed in this reaction are
not aromatic, unlike those formed in CUAAC or SPAAC reactions, and are therefore
less stable. The activated double bond in oxanobornadiene produces a triazoline
intermediate, which then undergoes a retro Diels-alder reaction spontaneously,
releasing furan and forming 1,2,3- or 1,4,5-triazoles. Although this reaction is slow, it
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is useful because oxabornodiene is relatively easy to synthesize. However, the reaction
IS not entirely selective for a particular chemical group or functional group
(chemoselective).

@, cu(l) - NNy
i -+ — —_— —_
N\\ .—_

NH

azide alkyne triazole
Figure 4 - Azide-alkene cycloaddition reaction

These are the most popular reactions that are used in industries. Some of them are
applicable on proteins modification, labelling, and so on.

1.3 Different ways of using click reagents on proteins

Click reagents
use on proteins

Protein
crosslinking

Labeling Bioconjugation

Figure 5 — Varieties of click reagents use on proteins

One of the application of click reactions in proteins can be labeling. The labeling
method is based on two different types of reactions, strain-promoted alkyne-azide
cycloaddition (SPAAC) and strain-promoted inverse-electron-demand Diels-Alder
cycloaddition (SPIEDAC), which use noncanonical amino acids (ncAAs) with specific
reactive groups to label proteins. To introduce the ncAAs into the protein of interest
(POI) in a specific location, genetic code expansion technology is used. The protocol
consists of two main steps: first, introducing an Amber stop codon at the desired site
on the POI gene using site-directed mutagenesis, followed by transfection of
mammalian cells with the mutant gene and another plasmid that encodes an orthogonal
RS/tRNA pair. In the presence of the ncAA, the orthogonal RS/tRNA pair suppresses
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the Amber codon and incorporates the ncAA into the POI. In the second step, the
expressed POl is labeled with a reactive dye derivative supplied to the growth medium.
The protocol includes cloning, transfection, and labeling steps, which take a total of 7-
11 days.[10]

Another possible application is bioconjugation. Click reactions have two distinct
characteristics that make them useful for modifying biomolecules. Firstly, they are bio-
orthogonal, meaning that neither the reactants nor their products interact with
functionalized biomolecules. Secondly, they can proceed easily under mild, non-toxic
conditions, such as at room temperature and in water. Copper-catalyzed Huisgen
cycloaddition, azide-alkyne [3 + 2] dipolar cycloaddition, Staudinger ligation, and
azide-phosphine ligation are examples of click reactions that possess these qualities.
Click chemistry allows for the selective modification of one cellular component while
leaving others unharmed, making it a valuable tool in many applications. Although it
Is not a perfect technology for all applications, it has proven to be superior in many
respects, including biocompatibility, selectivity, yield, and stereospecificity. As a
result, it is expected to become a more common strategy in various fields in the
future.[11]

However, there is one more specific field | would love to highlight. It is called
protein crosslinking.

1.4 How click chemistry can be used in protein crosslinking

Various click reactions, carefully selected reactants, and catalytic conditions are
widely employed in bioconjugation reactions, such as protein modification. These click
approaches leverage the presence of highly reactive functional groups naturally
occurring in biopolymers. For instance, amines and thiols found in lysine and cysteine,
respectively, are utilized in modifying peptides and proteins. Similarly, reactions
involving alcohols and thiols have been used to functionalize oligo/polysaccharide
compounds. In addition to these functional groups, azides and alkynes can be
introduced via chemical modification or through genetic encoding, where non-natural
amino acids with clickable properties are incorporated. These non-natural functional
groups enable precise modification of peptides and proteins. An example of such an
approach is the use of ring strain-promoted azide-alkyne cycloaddition by Bertozzi and
colleagues in 2007, where they modified the lipoyl domain of the full-length E2p
protein with different tags.[12]

Cu+2 N
s cﬁ/(c)u\/\// + N N—N—R —— s O/E/«:)u /N‘- R
R

Azide reporter molecule

= Biotin
Fluorescent reporters

Figure 6 - CUAAC applied for Chemical proteomics
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But, what is protein crosslinking?

1.4.1 Brief data about protein crosslinking

Possible use of

protein
crosslinking
|

[ [ [ |
Stabilized protein Producing of Immobilization Producing of
structure artificial proteins of proteins biomaterials

Figure 7 — application of protein crosslinking

The process of linking two or more proteins together by a covalent bond is
known as crosslinking proteins. Crosslinkers, also known as crosslinking reagents, are
molecules that have two or more reactive ends that are able to chemically attach to
specific functional groups, such as primary amines or sulfhydryls, on proteins or other
molecules.

Several methods are available for examining the composition and interaction of
proteins and for manipulating them to be used in detection procedures, which depend
on chemically crosslinking, modifying or labeling proteins. Crosslinking refers to the
formation of covalent bonds between two or more molecules. Modification refers to
adding or removing chemical groups to change the original molecule's solubility or
other properties. Labeling involves attaching a chemical group, such as a fluorescent
molecule, to aid in molecule detection. This collection of crosslinking and modification
methods used for proteins and other biomolecules in biological research is known as
"bioconjugation™ or "bioconjugate” technology. The term "conjugation” is a synonym
for crosslinking.

When two groups on a single protein are attached, it creates intramolecular
crosslinks that reinforce the tertiary or quaternary structure of the protein. Conversely,
when two different proteins have their groups attached, it produces intermolecular
crosslinks that reinforce the interaction between the proteins. In the case of a mixture
of two purified proteins, intermolecular crosslinking generates a specific conjugate that
can be used in detection procedures. When a protein is linked to a chemical group on
a solid surface like a glass slide or resin bead, it becomes immobilized, which is the
foundation for many assay and affinity-purification systems.

Crosslinking is a versatile technique used for various purposes. It can be used to
stabilize protein tertiary and quaternary structure for analysis, identify unknown
protein interactors or interaction domains, conjugate an enzyme or tag to an antibody
or other purified protein, immobilize antibodies or other proteins for assays or affinity-
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purification, and attach peptides to larger "carrier" proteins to facilitate handling and
storage.

Crosslinkers are chosen based on their chemical properties, including their
specificity for particular functional groups and other features that aid their use in
specific applications. These properties include chemical specificity, such as whether
the reagent has the same or different reactive groups at each end (homobifunctional or
heterobifunctional), spacer arm length, including whether the linkage can be reversed
or broken when desired, water-solubility and cell membrane permeability, and whether
the reagent reacts spontaneously or requires activation at a specific time. [13]

Protein crosslinking is the process of merging proteins (more than 2) in order to
achieve next goals:

* For having stabilized protein structure. With the help of crosslinking, it is
possible that newly formed structure of proteins can be a great help to avoid unfolding
or denaturation.

*To create artificial proteins. New protein-protein interaction is a great
opportunity to get the newest forms of proteins.

*To immobilize proteins: Crosslinking can be used to immobilize proteins on
surfaces or matrices. This can be useful for creating biosensors, drug delivery systems,
or protein purification columns.

*For creation of biomaterials. Such kind of newly formed proteins can be used
as biomaterial for creating hydrogels or scaffolds. Later they could be used in material
engineering. [14]

For all the application listed above, there are different techniques that are used
there.

1.4.2 What are the techniques for protein crosslinking

Protein crosslinking consists of many different techniques. Some of the most
common are the next:
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Figure 8 — methods of protein crosslinking

Chemical crosslinking is a process where two or more molecules are joined
together by a covalent bond, and usually those reagents are called “crosslinkers”.
According to purpose of the research, various reagents can be used, depending on
factors like spacer length and reactivity. In recent decades, the usage of such reagents
increased dramatically, as people have been using them in different fields connected
with proteins modification, protein-protein interactions and so on. [15]

Over the past few decades, photo-crosslinking has garnered a lot of attention due
to its specificity, controllability, and modularity. This powerful chemical tool is used to
capture transient interactions and has become a preferred method for studying protein-
protein interactions (PPIs) in live cells. Studying PPIs is crucial for understanding
cellular  functions and mechanisms.  Photo-crosslinking  methods are
preferred for evaluating PPIs under conditions that are as close to native as possible
because they can generate reactive species on-demand through UV light irradiation. A
range of techniques, including fusion tags, metabolic incorporation, and amber codon
suppression, have been used in live cells with various crosslinkers such as aryl azides,
benzophenones, and diazirines. Mass spectrometry and immunological techniques are
employed to identify crosslinked proteins and capture context-dependent and transient
interactions. [16]

Next type of technique is called enzymatic crosslinking. It is divided into two
parts (in vivo and in vitro). For in vivo processes protein covalent modification through
posttranslational processes is crucial for both prokaryotic and eukaryotic cells as it
enhances the structural and functional diversity of the proteome (Walsh 2006; Walsh
et al. 2005). Specific enzymes have evolved for carrying out most of these
modifications. These modifications are made to the functional groups of amino acid
side chains, which may be present within sequence-specific recognition motifs. They
involve various processes, such as the addition of organic molecules like cofactors,

16



oligosaccharides, nucleotides, lipids, and small groups such as methyl, acetyl, and
phosphoryl groups, intramolecular transformations such as disulfide bond formation
and proteolytic processing, and intermolecular crosslinking by covalent bond
formation between individual protein molecules For in vitro enzymes that can crosslink
proteins in living organisms have potential applications for a variety of uses in the
laboratory. While several enzymes are capable of this, transglutaminases have been
most commonly used for this purpose, along with sortase A and lysyl oxidase. The
enzymes responsible for protein ubiquitination have not been explored for crosslinking
applications, due to the complexity of the reaction and the need for ATP. Other
oxidoreductases that typically work with nonproteinogenic substrates have been
studied for their ability to synthesize new covalent bonds between proteins in vitro.
Two types of crosslinking reactions can occur enzymatically, including direct covalent
bonding through intermediates, and enzyme-mediated covalent bonding via reactive
species generated by oxidoreductases. [17]

Genetic engineering is used in protein crosslinking by introducing genetically
encoded noncanonical amino acids (ncAAS) into proteins. These ncAAs contain unique
chemical groups that can be used to crosslink proteins either intra- or intermolecularly.
To achieve this, a specific tRNA synthetase enzyme is evolved to recognize and
incorporate the ncAA into a specific site of the protein during protein synthesis. Once
the modified protein is expressed, it can be crosslinked using various methods,
including photo-crosslinking or chemical crosslinking with specific reagents. By using
genetic engineering, researchers can precisely introduce crosslinking sites into proteins
and investigate protein-protein interactions, enhance protein stability, and improve the
pharmacological properties of proteins. [18]

Finally, one more technique of protein crosslinking is processed with the usage
of click reactions. The click chemistry reaction between azides and alkynes was used
to synthesize the crosslinker, which is then used to chemically crosslink proteins. The
resulting crosslinked proteins can be enriched and analyzed by mass spectrometry to
identify the specific amino acid residues involved in the interaction, providing valuable
information for understanding protein structures and interactions. Click chemistry
offers several advantages in this context, including high efficiency, specificity, and
versatility, making it a useful tool for protein crosslinking studies. [19][20][21]
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Figure 9 - The typical analysis of a cross-linked sample by shotgun
proteomics

In order to realize the techniques, specific reagents are needed.

1.4.3 What reagents are used for protein crosslinking

To select a cross-linker for a particular application, it is essential to consider
the chemical reactivities, and the reaction's compatibility with the intended use. The
optimal cross-linker must be determined experimentally based on specific
characteristics such as chemical specificity, water solubility, spacer arm length, and
cell membrane permeability. Cross-linkers typically contain two reactive groups, and
the functional groups that can be targeted include primary amines, carbonyls,
sulfhydryls, carbohydrates, and carboxylic acids. Photoreactive phenyl azide cross-
linker may also be used for nonselective coupling. The selection of cross-linkers with
specific features may be generated using a cross-linker selection guide. Additionally,
it is also essential to consider features such as spontaneous or photoreactive groups,
cleavability, and radiolabeling or tagging with another label when selecting a cross-
linker. At the moment, there are a variety of available crosslinkers. [22]

Table 1 — types of different commercially available cross-linkers

Natural cross-links

-S-S; Lys-to-Lys;
Transglutaminase induced;
Oxidation-derived;
Glycation-derived;

Commercially available cross-linker
DSS

)
0 0]
0] 0
0
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Chemo-selectivity:

-NH2 (DSS, DTSP)

-SH (bis(maleimido)ethane,
BMOE)
Broad-specificity
Diazirenes (SDA)
Formaldehyde
Hetero-bifunctional
(SMCC, EDC, SIA, SDA)

Affinity Handles, (BDRG)
Click Chemistry handles

(CLIP) o
Cleavable (DTSP)
MS-Labile (BDRG) SIA
o (0]
|\)LO,N
(e]
SDA

DTSP
o
o)
qh)va/ QWO "
° 5
SMCC
QO o le)
0
EDC /
N
/_f \
N=C=N
_/

1.4.4 Click reagents that are used for protein crosslinking

There are variety of click reagents that can be used when proteins are

crosslinked, but the most popular and efficient ones are the next:

*Diazirines: Diazirines are small, photoactivatable molecules that can crosslink
to proteins upon UV irradiation. Examples of diazirine-based crosslinkers include

Sulfo-DSS and Sulfo-SDA.[23]

Na'O~ Q
0=S N-©

|
O
O 0

N=N
CHsj

Figure 10 - Sulfo-SDA crosslinker
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Alkynes: Alkynes are small molecules that can react with azides via copper-
catalyzed azide-alkyne cycloaddition (CuAAC) to form a covalent bond. Examples of
alkyne-based crosslinkers include BS3 and DSSO.[24] There are also one of the most
commonly used type of crosslinker.[31]

0
o 0
SO3Na
0 N
N MO/
o 0
]
NaO5S
Figure 11 - BS3 crosslinker

Azides: Azides are small molecules that can react with alkynes via CUAAC to
form a covalent bond. Examples of azide-based crosslinkers include DSG and NHS-
SS-azide. [25]

O
F (0] 0
N/\/S\S O/
H
0]

N F

Figure 12 - NHS-SS-azide
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2 Technological scheme and its description.

The click reagents | want to focus on are alkynes (BS3), as it is possible to use
them in the industry where | plan to make researches (Food industry). It is

commercially available reagent/crosslinker.

The list of needed reagents: Furan-2,5-dione, NaHSO3, NH40H, NaOCI, maleic
acid, ethanol, cyclooctane, H202, perrhenate, 1-ethyl-(3-(3-dimethylainopropyl-
carbodiimide hydrochloride, dimethyl sulfoxide.

/ COOH NaO3;S COOH
Reaction 2
4 NaHSO3 —>

COOH COOH
sodium 1,2-dicarboxyethanesulfonate

maleic acid /
COOH NaO3S
NaOSS\( 25% NH40H o
_—
180°C, 1.5 hour NH Reaction 3
COOH

[¢]
sodium 1,2-

dicarboxyethanesulfonate

NaO3S o NaO;S o Reaction 4
CH3COOH
+ 2NaOCl — + NaCl1+NaOH
NH 5°C NCI
0 o)

sodium 2,5-dioxopyrrolidine- sodium 1-chloro-2,5-dioxopyrrolidine-3-sulfonate

3-sulfonate /

NaO;S o Eon  NeOsS o Reaction 5
—_— + CH3CH2Cl+ H20
NCI NOH
0 o

sodium 1-chloro-2,5- sodium 1-hydroxy-2,5-dioxopyrrolidine-3-sulfonate

dioxopyrrolidine3iulf0nate/
NaO,S o 0 o Q som
H 20°C 3Na
NoH T2 coo - > O _N
COOH (] + 2H20
(9] NaO3S
o o

(0]

sodium 2,5-dioxopyrrolidine-3-sulfonate

Reaction 7

Figure 13 — Overall process of BS3 synthesis
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In  reaction Nel, the first method of obtaining
dicarboxyethanesulfonate (SDCES) from furan-2,5-dione is shown:

(0]
COOH
NaHSO03 NaO3S
\ (0] ——
COOH
o sodium 1,2-dicarboxyethanesulfonate
furan-2,5-dione Reaction 1

Figure 15 — The first reaction

In  reaction Ne2, the second method of obtaining
dicarboxyethanesulfonate (SDCES) from maleic acid is shown:

COOH COCH

/ NaO3S
Reaction
+ NaHSO3 ———> 5
COOH COOH
maleic acid sodium 1,2-dicarboxyethanesulfonate

Figure 16 — The second reaction

sodium 1,2-

sodium 1,2-

In reaction Ne3, with the usage of NH40OH and SDCES, sodium 2,5-

dioxopyrrolidine-3-sulfonate (SDOPS) is obtained.

COOH NaO,S

NaO3S 25% NH40H ¢

_—
+ 3H20
180°C, 1.5 hour
COOH
(0]
sodium 1,2-
dicarboxyethanesulfonate sodium 2,5-dioxopyrrolidine-3-sulfonate

Figure 17- The third reaction
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In reaction Ne4, from SDOPS and NaOCI, sodium 2,5-dioxopyrrolidine-3-
sulfonate (SCDOPS) is produced. By products include NaCl and NaOH.

NaO3S ¢} NaO,;S e} Reaction
CH3COOH
4 2NaOC] ———» + NaCl+NaOH
NH 5°C NCI
o o

sodium 2,5-dioxopyrrolidine-3-

sodium 1-chloro-2,5-dioxopyrrolidine-3-sulfonate
sulfonate

Figure 18 — The 4" reaction

In reaction Ne5, in order to get sodium 1-hydroxy-2,5-dioxopyrrolidine-3-
sulfonate (HDOPS) ethanol and SCDOPS were reacted together. By product is
CH3CH2CI

NaO3S (o} EtOH NaO3S O
e + CH3CH3Cl
NCI NOH
Reaction
o) ) 5
sodium 1-chloro-2,5- sodium 1-hydroxy-2,5-dioxopyrrolidine-3-sulfonate

dioxopyrrolidine-3-
sulfonate

Figure 19 — The 5™ reaction

In reaction Ne6, from cyclooctene and organic perrhenates, octanedioic acid was
obtained.

OH
COOH
NR,ReO, HmimHSO4 o + + COOH, + 3H20 Reaction 6
OH

(Z)-cyclooctene Epoxide Diol

Figure 20 — The 6™ reaction

In reaction Ne7, final BS3 crosslinker is produced by adding two final(HDOPS
and OCDA) components in specific solution.
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NaO3S o o) o} o o
20°C a
NoH T2 COOH "~ N-C N ° Reaction 7
COOH (0] + 2H20
¢} NaO3S d
o) (0]

Figure 21 — The 7™ reaction

Method of reaction 1: The method involves adding maleic anhydride (98.0 g) to
a 1000 ml three-neck flask. The temperature is maintained at 80°C and a solution of
sodium bisulfite (167.0 g of sodium bisulfite dissolved in 600 g of water) is slowly
introduced with continuous stirring. Once the addition is complete, the reaction mixture
is stirred for 5 hours at 80°C. After the reaction is complete, 1350 ml of water is added
to the reaction mixture to produce a 10% solution of sodium sulfosuccinate. This
solution is then passed through a 50 mm diameter ion exchange column packed with 1
L of strong acid cation exchange resin. The product is collected when the pH of the
liquid from the bottom of the ion exchange column drops below 1, and it is obtained
as an aqueous solution of sulfosuccinic acid. The product yield is determined to be 91%
by detecting sodium ion concentration below 0.05%. However, the reaction’s reagents
cost is very high, so it is better to use alternative method which is described in “Method
of reaction 2” [34] [33]

Method of reaction 2: The reaction usually takes place in the presence of an
aqueous solution of the bisulfite or metabisulfite reagent at room temperature or
slightly elevated temperature, with the reaction mixture being stirred or agitated to
ensure proper mixing of the reagents. [32]

Method of reaction 3: Following that, it should be added to 25% NH4OH at
180°C and stirred for 1.5 hours. [39]

Method of reaction 4: In the process of converting succinimide to N-
chlorosuccinimide, a reactor with stirrer and heater is used. Acetic acid, water, and
'waste water' containing succinimide (approximately 80 mmol) are added sequentially
to the reactor. The mixture is cooled in an ice-water bath to ensure that the internal
temperature remains below 5 °C. A 10% bleach solution is added slowly through the
addition funnel while maintaining an internal temperature of less than 8 °C. After the
addition is complete, the mixture is stirred for an additional hour. The resulting mixture
is then filtered by liquid-liquid extractor and dried up. The product, N-
chlorosuccinimide, is obtained as a white powder with a yield of approximately 90%.
[35]

Method of reaction 5: The conditions for the reaction between N-
bromosuccinimide (NBS) and ethanol (EtOH) are typically carried out in an inert
atmosphere, such as nitrogen or argon gas, to prevent the formation of unwanted
byproducts. The reaction is typically carried out at room temperature or slightly
elevated temperatures, with stirring to promote mixing of the reagents. The
stoichiometry of the reaction may vary depending on the desired product, and the
reaction may be monitored by various analytical techniques, such as gas
chromatography or infrared spectroscopy. [36]
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Method of reaction 6: The oxidation of cyclooctene to suberic acid using the
perrhenate-containing composite ionic liquids as green catalysts requires a composite
ionic liquid of perrhenate and an imidazolium-based ionic liquid, hydrogen peroxide
as the oxidant, a temperature of 80°C, a reaction time of 4 hours, and a molar ratio of
cyclooctene to the composite ionic liquid catalyst of 1:6. These conditions are
optimized for a green and efficient method for the synthesis of suberic acid, which has
potential applications in the production of various polymers and materials. [37]

Method of reaction 7: With 1-ethyl-(3-(3-dimethylamino)propyl)-carbodiimide
hydrochloride In dimethyl sulfoxide at 25°C; for 12h; [38]

2.1 Model based on principal scheme

The overall model is shown on the Figure 22:

SDOPS

SDCES

NaH502

_

SDOPS

MNaOH, Nacl EtOM
SCDOPS

NaQCl AT
CHICOOH ? \

OCDA

Figure 22 — The model of production

Principal technological scheme: The very first reaction is not beneficial, as
maleic anhydrid cost too much money in comparison with maleic acid. So, it was
decided that the second reaction is much better in terms of cost of reagents and purity
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of product. The type of a reactor which is used here is called CSTR reactor with the
embedded function of temperature control and stirrer. This type of reactor is planned
to be used in other reactions as well. In order to have a higher purity, rotary vacuum
evaporator is used here as well in order to separate unreacted reagents from the desired
product (SDCES). The details are shown in the Figure 23.

SDCES
NaHSO3

g ;
Maleic acid ’ /
L

Recycle \‘/

Figure 23 — The first step (The production of SDCES)

h 4

The following step is about getting SDOPS. The same reactor type is used as
previously. Another product which is produced here is water, so it is possible to use
rotary vacuum evaporator again. In addition, with the help of it, it is possible to separate
SDOPS from unreacted reagents and send them over to the recycling.
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SDCES T
7~

NH40H

Recycle

SDOPS

g

ke

Figure 24 — The second step (The production of SDOPS)

After that, SDOPS is reacted with NaOCl and CH3COOH, which forms
SCDOPS(desired product), NaCl, and CH3COOH. To separate the desired product,
liquid-liquid extraction method is used. Afterwards, with the help of a rotary vacuum
evaporator, reagents are distinguished from SCDOPS, and sent to recycle.

SDOPS

NaOCl
CH3COOH ‘

L

NaOH, NacCl >

i

Recycle

SCDOPS

\l/

N0

Figure 25 — The third step (The production of SCDOPS)
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The 5" reaction includes the formation of HDOPS out of SCDOPS and Ethanol.
Another product is CH3CH2CI which is separated with the help rotary vacuum
evaporator.

EtOH

SCDOPS

HDOPS

A 4

o

I A%

Recycle

|
Figure 26 — the 4'" step (The production of HDOPS)

The next part includes the synthesis of OCDA. It is formed from
cycloctene(boiling point 148°C), H202 (150°C), and Perhenate (190°C). In order to
divide OCDA from H20 and unreacted reagents, a rotary vacuum evaporator is used.
Boiling point of OCDA 1is about 230°C

OCDA
/ /q
Cyclooctene
H202
Perhenate

\ ke
Recycle \«

Figure 27 — The 5™ step (The production of OCDA)

The final step is about combination of OCDA (230°C) and HDOPS. The same
batch reactor with stirrer and heat controller is used. To separate water from BS3,
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vacuum evaporator is used. At the end, final product is manufactured.

HDOPS
QCDA .
BS3 Crosslinker
/L\ )
( Recycle \T/

Figure 28 — The 6" step (The production of BS3)

2.2 Material balance

The following model based on the principal scheme. Overall, it consists of 6
main steps.

The 6™ stage: At the beginning, the planned production of BS3 crosslinker will
be 500 kilograms a year. Knowing that molar mass of BS3 is 572 g/mol, OCDA’s
molar mass is 174, HDOPS’s molar mass is 434.
5000000/572=874.126 mol.

So, needed mass of OCDA is 874.126*174=152097.9 g =152.1 kg
Mass of HDOPS is 874.126*434=379370.684 g=379.4 kg

The 5" stage: The first reagent is OCDA and needed mass of it is 152097.9 g
Molar mass is 174, so 152097.9/174=874.126 mol
So, needed mass of Cyclooctene is 110*874.126=96153.845 g=96.2 kg
Needed mass of H202 is 4*34*874.126=118881.136 g=119 kg

The 4" stage: The second reagent is HDOPS. Needed mass of it is 379370.68g
379370.68/217=1748.3
Mass of SCDOPS is 235*1748.3=410850.59=410.9 kg
Mass of ethanol is 46*1748.3=80421.8 g= 80.4 kg

The 3" stage: For SCDOPS:

Mass of SDOPS is 201*1748.3=351408.3 g=351.4 kg
Mass of 2NaOCl is 74.5*%2*1748.3=260452 g=260.4 kg

The 2" stage: For SDOPS:

Mass of SDCES is 220*1748.3=384626 g=384.6 kg
Mass of NH40H is 35*1748.3=61190.5 g=62 kg
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The 1% stage: For SDCES:
Mass of C4H404 is 116*1748.3=202803 g=202.8 kg
Mass of NaHSO3 is 104*1748.3=181823.2 g=181.8 kg

The calculation of raw materials begins with the final stage of the process (6
stage). To stage No. 6 taking into account losses (10%) the mass of BS3 must be 450

kg. (m¢*0.9). After the recycling, the purity becomes 1%.

Table 2 — Material balance for batch reactor No.6 and rotary vacuum evaporator

No.6

For batch reactor No.6

Incoming reagents

Outcoming product

kg Kg
OCDA 152.1 BS3 450
HDOPS 379.4 H20 31.5
Total: 531.5 531.5
For rotary vacuum evaporator No.6
Incoming reagents Outcoming product

kg kg
BS3 450 BS3 45
OCDA+HDOPS |50

Lost product:5 kg

At stage No. 5, taking into account losses (9%), mass of OCDA must be 138.5
kg: The lost part is 13.7 kg (m:*0.91). With the recycling process the losses should be

diminished to 2%. (3 kg)

Table 3 — Material balance for batch reactor No.5 and rotary vacuum evaporator

No.5

For batch reactor No.5

Incoming reagents

Outcoming product

kg Kg
Cyclooctene 96.2 OCDA 138.5
H202 119 kg H20 47.2
Unreacted 29.5
reagents
Total: 215.2 215.2
For rotary vacuum evaporator No.5
Incoming reagents Outcoming product
kg kg
OCDA 138.5 OCDA 149.2
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Unreacted 29.5
reagents

Lost product: 3 kg

At stage No. 4, taking into account losses (8%), mass of HDOPS must be
349.5kg: The lost part is 30.5 kg (m*0.92). With recycling it decreases to 1%. (3.75

kg)

Table 4 — Material balance for batch reactor No.4 and rotary vacuum evaporator
No.4

For batch reactor No.4
Incoming reagents Outcoming product
kg Kg
EtOH 80.4 HDOPS 349.5
SCDOPS 410.9 CH3CH2CI 112.76
Unreacted 29
reagents
Total: 491.3 491.3
For rotary vacuum evaporator No.4
Incoming reagents Outcoming product
kg kg
HDOPS 349.5 HDOPS 370.65
Unreacted 29
reagents
Lost product: 3.5 kg

At stage No. 3, taking into account losses (11%), mass of SCDOPS must be
365.7 kg: The lost part is 45.2 kg (m*0.89). Liquid-liquid extractor is used in order to
separate NaOH and NaCl from it. Then with the help of recycling, the purity reaches
98%. (Lost part of SCDOPS is 8.2 kg)

Table 5 — Material balance for batch reactor No.3, rotary vacuum evaporator
No.3, and liquid-liquid extractor No.1

For batch reactor No.3
Incoming reagents Outcoming product
kg Kg

NaOCI 260.4 SCDOPS 365.7

SDOPS 351.4 NaOH, NacCl 200.9 kg
Unreacted 45.2
reagents

Total: 611.8 611.8
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For liquid-liquid extractor No.1

Incoming reagents Outcoming product

kg kg
SCDOPS 410.9 SCDOPS 410.9
+unreacted +unreacted
reagents reagents
NaOH, NaCl 200.9
For rotary vacuum evaporator No.3
Incoming reagents Outcoming product

kg kg
SCDOPS 365.7 SCDOPS 402.4
Unreacted 45.2
reagents
Lost product: 8.5 kg

At stage No. 2, taking into account losses (8%), mass of SDOPS must be 323.29
kg: The lost part is 28.112 kg. (m:*0.92). Using the rotary vacuum evaporator, the
purity becomes 1%. (3.5kg)

Table 6 — Material balance for batch reactor No.2 and rotary vacuum evaporator
No.2

For batch reactor No.2
Incoming reagents Outcoming product
kg Kg
NH40H 62 SDOPS 323.29
SDCES 384.6 Unreacted 28
reagents
H20 94.4
Total: 446.6 446.6
For rotary vacuum evaporator No.2
Incoming reagents Outcoming product
kg Kg
SDOPS 323.29 SDOPS 347.9
Unreacted 28
reagents
Lost product: 3.5 kg

At stage No. 1, taking into account losses (9%), mass of SDCES must be 350
kg:
The lost part is 34.6 kg. (m*0.91). With recycling the loss decreases to 1% (3.8 kg of
loss)

32



Table 7 — Material balance for batch reactor No.1 and rotary vacuum evaporator
No.1

For batch reactor No.1
Incoming reagents Outcoming product
kg Kg
C4H404 202.8 SDCES 350
NaHSO3 181.8 Unreacted 34.6
reagents
Total: 384.6 384.6
For rotary vacuum evaporator No.1
Incoming reagents Outcoming product
kg kg
SDCES 350 SDCES 380.75
Unreacted 34.6
reagents
Lost product: 3.8 kg

Overall material balance for the production is shown on the table No.8

Table 8 — Material balance for overall the process

Incoming product | kg Lost product kg
SDCES 384.6 SDCES 3.8
SDOPS 351.6 SDOPS 3.5
SCDOPS 410.9 SCDOPS 8.5
HDOPS 379.4 HDOPS 3.5
OCDA 152.1 OCDA 3
BS3 500 BS3 5
Total: 2178.4 Total 27.3

2.3 Economic calculations
Economic calculations include almost all the aspects of the successful

manufacture of the given product. It includes: reagents, equipment, workers’ salary,
building for rent, communal payments, logistics, production costs and others.
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Table 9 — The cost of reagents

Reagents’ name: Overall cost:
H202 (119kg) 350$
Cyclooctene (96.2kg) 116402%
Ethanol (80.4kg) 100%
NaOCI (260.4kg) 130%
C4H404(203Kg) 2030$
NaHSO3(182kg) 95%

Total: 119107$

Table 10 — The cost of equipment

Type of equipment and its quantity: Overall cost:
6 stirred tank reactors 48000%

6 rotary vacuum evaporators 30000%

1 liquid-liquid extractor 3000%

1 packaging machine 3500%
Pipeline 3500%

Total: 88000%

Table 11 — Workers’ salary

Name of position: Salary (A year)
Plant manager 20000%
Process Engineer 17000%
Reactor Operators (2) 15000%
Quality Control (QC) Analyst 15000%
Maintenance Technicians 14000%

Safety Officers (2) 9000%
Logistics/Supply Chain Manager 13000%
Laboratory Technician 16000%
Cleaning staff 15000%

Total: 134000%

Table 12 — Other costs

Type of expenditure:

Price (Per year):

Buying an empty building (1000 m"2)

50000% (One-time payment)

Communal payments

15000%

Production costs (10% out of the whole
equipment cost)

8800%
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| | Total: 73800$ |

The expected manufacture of BS3 crosslinker is 495 kg. 1 kg of it cost 1080$.
In total, our income should be around 1080*495=534600%. Overall expenditure is
equal to 414907$. So the net profit is 1196933.
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CONCLUSION

The production of such a novel compound, which has an ability to improve the
various sectors of industry in Kazakhstan, can create a hub according to which our
country can become a center of click chemistry. By now, there isn’t a specific country
which specializes on them, however, Kazakhstan has got all the needed resources to
become the first.

One primary example here is the modification of BS3 crosslinker with the help
of click reactions, such as copper-free or copper catalyzed. This can help us to modify
any biomolecules and introduce any kind of desired additional enhancement.

According to the results of the diploma project, the BS3 crosslinker has been
successfully “theoretically” synthesized. Its production is trade secret, so it is not
available on the internet. The only source of infomation which I could use here is the
“reaxys” (A database of all the known reaction all over the world), where I found a lot
of useful information concerning the synthesis, starting with the first step and finishing
with the last one.

During the calculations of 500 kg of desired product, it was revealed that
sometimes there are 2 or even more methods of synthesis, so | had to choose the best
options in order to have a higher interest in the end by choosing the cheapest and
efficient reagents. The perfect example here is the 1% reaction which was described
above. It is one way of synthesizing SDCES, but, there is also a 2" reaction with the
same product. In addition, the 2" reaction had cheaper prices and higher purity which
made it as an ideal option to choose.

Unfortunately, the rate of unreacted reagents was high in each step (About 9-
10%), so it was decided to use recycle technique by using recycling. The desired 500
kg of product was theoretically produced with some minor wastes (1-4%).
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List of symbols and abbreviations:

CuAAC
SPAAC

DIBO
RUAAC
DIFO
BARAC

SPANC
SPIEDAC

POI
NSAA
PPI
DSS
DTSP

BMOE
SMCC

SIA
EDC

SDA
BDRG

DSSO
BS3
SDCES
SDOPS
SCDOPS
HDOPS
OCDA

copper-catalyzed azide-alkyne cycloaddition
copper-free strain-promoted azide-alkyne
cycloaddition

Dibenzo Cyclooctyne

ruthenium-catalyzed azide-alkyne cycloaddition
difluorooctyne

biarylazacyclooctynone

Strain-promoted alkyne-nitrone cycloaddition
strain-promoted inverse-electron-demand Diels-Alder
cycloaddition

Protein of interest

noncanonical amino acid

protein-protein interactions

Disuccinimidyl suberate

3,3'-dithiodipropionic acid di(N-hydroxysuccinimide
ester)

bismaleimidoethane

sulfosuccinimidyl 4-(N-
maleimidomethyl)cyclohexane-1-carboxylate
succinimidyl iodoacetate
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride

NHS-Diazirine

1,2-bis(maleimido)ethane or N,N'-
methylenebis(acrylamide)

disuccinimidyl sulfoxide

Bissulfosuccinimidyl suberate

Sodium 1,2- dicarboxyethanesulfonate

Sodium 2,5- dioxopyrrolidine-3-sulfonate

Sodium 2,5-dioxopyrrolidine-3- sulfonate

Sodium 1-hydroxy-2,5-dioxopyrrolidine-3- sulfonate
Octanedioic acid
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HEKOMMEPYECKOE AKIIHOHEPHOE OBILECTBO «KA3AXCKHI HALIMOHAJILHBIN
UCCIIEQOBATEJILCKUU TEXHUYECKHUWA YHUBEPCUTET nmenn K.L.CATITAEBA»

PEILEH3USI

Ha JIMIJIOMHBIN TIPOEKT
(HaumeHoBanue BH1a paboThl)

BypkiT ¥naH benbitynbl
(®.H.0. obyuatowerocs)

6B05101 — Xumuyeckas 1 OHOXUMHYECKAss HHIKEHEPUS
(1mdp ¥ HauMEHOBAHKUE CMICLMAILHOCTH)

Ha temy: «Pa3paboTtka TeXHOIOrHH MOTyYeHns KIHK-PeareHToB Ul HCIOJIb30BaHM HA
Oenkax.»

3AMEYAHUSI K PABOTE

" JIunoMHbIi poekT Ha Temy "Pa3paboTka TeXHOJIOrHH MOJTyYeHH s KIHK-PeareHToB s
HCIONb30BaHMs Ha Oenmkax" mpezacTaBinser coboi HcclenoBaHHe W pa3pabOTKy METOJOB,
CBSI3aHHBIX C KJIMK XHMHEIi, @ TakKe IPHMEHEHHE STHX METOI0B JUId MOAN(UKAIHK OEIKOB H HX
CIIIUBAHHSL.

IIpoekT coaepkuT 1MoApodHOE ONMMCaHME KIMK XMMHH M ero obume npuHuunsl. OH
OCBCINACT pa3NIMUHbIE THIBI KIMK-PEaKkluii ¥ crmocoObl X moiaydeHHs. Taxoke npeacTaBieHBI
Pa3JIMYHbIE ITOIXO0/IbI K HCIIOJIB30BAHHIO KJIMK-peareHToB Ha Oelkax, BKJIIoYas HX NPHMEHEHHE B
Ipollecce CIIHBAaHMs OEJIKOB.

OnucpIBalOTCS METOJBI M TEXHHKH CLIMBAHUS OEJNKOB, a TAK)Ke MCIOJIb3yeMble B 3TOM
npouecce peareHThL. IIpoekT paccMaTpuBaeT KIMK-peareHThl, KOTopble Hanbonee 3(heKTHBHBI
TPH CITHBaHHHA OEJIKOB.

B pabote npuBOAWTCS TEXHOJOrHYECcKas CXeMa M ee ONHCaHHe, a TakkKe MOJIelb,
OCHOBaHHasT Ha OCHOBHOH cxeme. [IpuBoamTCsS MarepHalbHBIH OamaHC M IKOHOMHYECKHE
pacyeTsl.

IIpoekT sBisSeTCS aKTyalbHBIM H HHTEPECHBIM MCCIICIOBAHHEM, KOTOpOE HMeEeT
NOTEHIHaN /Ul JajdbHeilnero pa3BuTHs B obnactH Moaudukanuu OeJIKOB M HX CIIHBAHHS.
ABTOp IIpoeKTa IPOAEMOHCTPUPOBAI I'Tyb0KOE MOHUMAHHE KJIMK XHMHH H €r0 IIPUMEHEHHUS Ha
npuMepe OeKoB

B nenom, aumiomuslii npoekT "PazpaboTka TEXHOJIOTHH NOTyUYEeHHs! KIHK-PEareHToB /UL
UCIIONIB30BaHMsl Ha Oenkax" IpeACTaBIseT 3HAUYMMBIH BKJIAX B 00JIacTh KIMK-XHMHH B
Kasaxcrane u ero npumeHenust B 6enkoBoit 6noxumun. PaboTa 3aciyXHBaeT MojoKHTeIbHOM
OIIEHKH 3a OOLIMPHOCTH MCCIIEIOBAHUS, YETKOE MPECTaBlIeHIe HHPOPMAIMH U NOTEHIMA IS
JIATbHERIINX HCcclieJoBaHuil B 210 obsacth."

Ounenka padoTnr
JlnmiomMHbIH poekT Ha TeMy «PaspabGoTka TeXHONOrHM NONy4YeHHS KJIMK-PEareHTOB JUIS
UCIIOIb30BaHMsT HAa OelKkax.» OIEHMBAIO HA XOPOIIO, M CuMTalo, yro Bypkit ¥Ynam 3aciyxusaer
kBamukauun OGakanaBpa 1o oOpasoBarenbHoi mnporpamve 6B05101 — “Xumuueckas u

OHOXMMHYECKass HHXKEHepHs™~
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MUHUCTEPCTBO HAYKH W BLICLIETO OBPA30BAHWS PECITY BJIMKH KA3AXCTAH

OT3bIB
HAYYHOTI'O PYKOBOJIUTEJIS

Ha JUILJIOMHYIO ITPOCKT
(HanmeHoBaHue BHA paboThI)

Bypkit Yian BeiOiTyibl
(®.U.0. obyuaionierocs)

6B05101 — Xumuueckas 1 OHOXUMHYECKAsT HHIKCHCPHUSA
(wHdp 1 HAUMEHOBAHHE CELHATLHOCTH)

Tema:
Pa3paboTka TEXHOJIOIHH MOJYUEHHS KIHK-PEeareHTOB JUis UCIIOJIb30BaHWs Ha oenkax.

JTIMNIOMHBII IpoekT Ha Temy "Pa3paboTka TEXHOJIOrHH MOJIyYEeHHs KIHK-DCareHToB JUIA
HCTIONB30BAHMS Ha Oekax” mpecTaBiseT coboi IIeHHbIH BKJIajl B 061acTh XUMHH M GHOXHMUH,
HCCIeAVIONIeH METO/ bl B3aMMOJAEHCTBHS OEJKOB € IOMOUILIO KIHK-XHMHH. PaGora obnamaet
XOPOINO  CTPYKTYPHPOBAHHBIM __ COJEp)KAHMEM,  TMO3BOJAIOUIMM  YMTATC/IIO  HOJYIHTH
NPEJICTABJICHHE O KIMK-XHMMHH, KJIHK-pPEeareHTax i UX NpUMEHEHHH B KPOCC-CBA3bIBAHHH OEJIKOB.

ABTOp NpPOEKTa JOCTATOYHO II0JHO HMCCIE0Bal OCHOBBI KJIHMK-XMMHH. MPEJIOCTABHB
06111yI0 HHGOPMALHIO O ee MPUHIMNAX M npumeHennd. Ocoboe BHUMAHHE Y/ICIEHO MOTYyYCHHIO
KJIHK-DEareHTOB M OMHCAHMIO pAa3jIMYHBIX croco0oB MX MConb3oBaHus Ha Oenkax. BakHo
OTMETHTb. YTO MPOEKT TAKKE COJEPIKHT MOAPOOHbIE JIAHHBIE O KPOCC-CBSI3bIBAHHUH OE€JKOB.
METOJHMKAX M TeXHHMKaX. MCIOJb3YEMBIX [pH TMPOBEJACHMH JTOr0 Mpouecca. a TaKKe
MpPHMEHSEMbIX PEareHTax. BKIoYas KIHK-PEeareHThl.

OcoBeHHO HHTEPECHBLIM acTeKTOM JIAHHOIO MPOEKTA SIBJISETCsS TEXHOJIOrHYecKas cXxemMa
OTHCAHHE MOJICIH POU3BOJICTBA KJIMK-PEareHTOB. ABTOP IPEJIOCTABUIN MaTepHAIbHBIH OanaHc
M NpOBEIH SKOHOMHYECKHE pacyeThl, YTO FOBOPHT O CEPbE3HOM MMOJIXOJIE€ K MPAKTHYECKOMH
pealM3alyy  JAHHOH _ TexHoJoruu. Pe3ynbratbl M 0OCYK/IEHHE MPOEKTa HAIIAAHO
JIeMOHCTPUPYIOT €ro aKTyaJlbHOCTh M MOTEHUNANT JUlsl JaibHEHIIero pa3BuTHs B 061aCTH XHMHH
1 OHOXMMHH.

S xotesa 6bl OTMETHTD, YTO AMILUIOMHBIA TMPOEKT JICMOHCTPHPYET IN1YOOKOE MOHHMAaHHE
KIUK-XUMHUHM M ee TIPUMEHEHHUS] B KPOCC-CBS3bIBAHHM OelKOB. ABTOP IPOJEMOHCTPHPOBAI
CIIOCOBHOCTD AHAIM3MPOBATDL CJIOKHBIC HAYUHbIC KOHLIEIIMM M MPHMEHSITh HX Ha mpakTHke. Ero
TmaTteabHas paboTa 10 M3YYEHHIO JIMTEPATYpbl, MPOBE/ICHHIO SKCIEPUMEHTOB M aHAIH3y
JIAHHBIX SIBJSIETCS 3aMETHON 0COOEHHOCTBIO ATOrO IPOCKTA.

B 1esoM. AMIJIOMHBINA npoekT Ha temy "PaspaCoTka TEXHOIOIHMH IMOJYUYCHHS KJIHK-
peareHTOB JUISl MCIOb30BaHus Ha Oelikax" sBisSeTCs OTINYHON paboToil, MONIHON HHTEPECHBIX
HCCJIE/IOBAHUH

JlunmoMHbIH npoekT Ha TeMy «Pa3paboTka TeXHOJIOTHH MOJIYUEHHS KINK-PEareHTOB JUlsl
HCMONB30BaHMs Ha Oeskax.y oneHuBaio Ha 95 6auios, u cuntalo. uro bypkit Yiaan BeitGityib
saciykuBaeT  kanddukanmu  Gakanaspa 1o creuuanbHoctH  6B0S101-"Xumuueckas u
OMOXMMHYECKas HHKeHepus”
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