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AHHOTaums.

/HHOBaLMOHHAs TEXHONOTS NePEaOoBOM ANarHOCTUKM paka OCHOBaHa Ha BHeape-
HWW HOBEWLLNX NPOAYKTOB XuMuK B Cdepy 3apaBooxpaHeHns. OgHum u3 cnocobos
CHWKEHWS BDEAHOrO BO3AENCTBUS paka B peayrnbTaTe aHTPONOreHHOro 3arpsisHe-
HWS Ha couuanbHoe bnarononyyune HaceneHus SABNSETCS BHEAPEHWE NepenoBbIX
ANarHOCTUYECKMX TEXHOMOTUIA C MUCMNONL30BaHUEM conen noaHus. MexaHusm BHe-
PEHUsl TEXHOMOTMM UCNONb30BaHWS AMapUNNOAMOHHBIX conelt ¢ Oxone® B kaue-
CTBE OKCMAAHTa B 34pPaBOOXPAHEHUN OCHOBAH Ha CrefyHoWmUX JOCTUXEHUSX CO-
BpemeHHo xumun. MNonusaneHTHble coeanHenus noga (lIl) crann ocoberHo no-
NynspHbIMA B MOCNEAHME rOfbl 13-32 BO3MOXHOCTM WX UCTIONb30BaHMS B kKayecTse
NpepLLIEeCTBEHHIKA B CUHTE3€ TPACcCepOB NS NO3UTPOHHO-IMUCCUOHHON TOMOrpa-
¢oum (N3T). MHHOBALMOHHAS TEXHONOMMS, HANPABNEHHAS HA CHUXEHWE TOKCUYHO-
CTW, yBENu4eHue akTopa OKpyXatolen cpefibl, CHUKEHNE CTOUMOCTA CUHTETU-
YecKoro maTepuana W yBenuueHue U3MEHUNBOCTM KOHEYHBIX MPOAYKTOB, MOXET
€nocobCTBOBATH PELLEHNIO HEKOTOPbIX MPOBNEM, CBA3AHHBIX C TPACCUPOBLLMKAMU
ANS NO3UTPOHHO-3MUCCUOHHOM ToMorpadun. OCHOBHBIMW MOTEHLMANbHBIMA 3a-
kasumKkaMn U3rOTOBMEHHBIX CONE AuapuogoHuyma moryT ObiTb Hebonblune uc-
cnegoBartenbckue nabopaTtopuu, CneLuanianpyroLLmMecs Ha U3yyeHun nonumep-
HbIX MaTEPWANOB, a TaKKEe MENLMHCKIX YYPEXAEHUI, rae NPOBOAATCS AOKITUHM-
YecKue 1 KIMHUYECKe UCCMEA0BaHNS TPACCUPOB ANS NO3UTPOHHO-IMUCCUOHHOM
TOMOrpacuu.
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Abstract.

The innovative technology of advanced diagnosis of cancer is based on the imple-
mentation of the latest products of chemistry into the sphere of public health ser-
vices. One of the ways of reducing harmful effects of cancer as a consequence of
anthropogenic pollution on social wellbeing of the population is the introduction of
advanced diagnostic technologies using iodonium salts. The mechanism of imple-
menting the technology of using diaryliodonium salts with Oxone® as an oxidant in
public health care is based on the following achievements of modern chemistry.
Polyvalent iodine compounds (lll) has become especially popular in recent years
due to the possibility of their use as a precursor in the synthesis of tracers for posi-
tron-and-emission tomography (PET). An innovative technique, focused on reduc-
ing toxicity, increasing environmental factor, reducing the cost of synthesis, and
increasing the variability of final products, can contribute to solving some problems
associated with the tracers for positron emission tomography. Main potential cus-
tomers of produced diaryliodonium salts may be small research laboratories spe-

4 ISSN 2587-5574



9KOHOMWKA U YNPABNEHWE UHHOBALIMAMMW. 2018. Ne 1. C. 4-15

cialising in studying polymeric materials, as well as medical facilities, where preclin-
ical and clinical studies of tracers for positron-and-emission tomography are carried
out.

1 Introduction / BBegenue

It is impossible to consider the modern discourse of social wellbeing to be complete due to the
absence of a single paradigm that integrates objective factors of its dynamics and the subjective percep-
tion of the totality accessible tangible and intangible values by the individual. Up to now philosophers,
sociologists, economists, medical researchers can not accurately match human wellbeing with various
forms of life - material, human, spiritual and social. Therefore, the economic analysis does not allow
achieving the required identity of factors, criteria, evaluations of individual and social significance of
the various wellbeing forms. As a consequence, it is difficult to search for consistent and effective ways
of its extension, both at the individual and society level.

This significantly improves the relevance of inter-subject social wellbeing studies, becoming of its
diversified methodology, and opens up the prospect for a new discourse -continuous wellbeing, based
on the convergence of advanced trends of various branches in modern science.

Modern methodology of social wellbeing tends to the economic and sociological research. Accord-
ingly, new technological possibilities and innovations in the medicine field, bio-chemistry, and micro-
biology opening the access to the new values for the public are considered statically, without taking into
account the future opportunities. Within the framework of the existing methodology it is difficult to
identify the specific factors of continuous wellbeing that accompanies a person throughout his life, as
during this period the availability of the achievements of progress and their distribution radically ex-
pands in society.

1.1. Study context

Therefore, the key issue in understanding of the continuous wellbeing nature is: "Can prosperity
entirely be measured by tangible achievements over the lifetime period?" This issue has become partic-
ularly relevant in the last two decades, when the breakthrough innovations have accelerated the pace of
progress and shortened the period of economic cycles. As a result the increased markets’ entropy leads
to asymmetry of social wellbeing criteria, shifts emphasis from possession of material goods towards
individuals’ access to information technology, the latest achievements in medicine and health care, so-
cial exchange.

Institutional environment of formation of continuous social wellbeing throughout a person's life is
also undergoing major changes. Along with protection from the destructive consequences of external
shocks associated with the risks of inflation, devaluation, cyclical downturn and unemployment social
protection mechanisms generated by the state are increasingly focused on stimulating technological in-
novation.

These technological innovations, being developed on the converged basis, will determine the
boundaries of controllability of chaotic forms of social reality in the near future. The main factors of
social wellbeing continuity in the works of most scholars are high performance of professional career,
allowing "save for a comfortable old age", as well as a high level of social benefits (pensions, disability
benefits, maternity leave). However, the volatility of economic dynamics and the cyclical nature of the
market economy do not allow us to guarantee the sustainable wellbeing for 50-60 or more years - the
period from the start of working activity until the end of a person's life in the developed countries. On
the contrary the innovative technologies that determine the health conditions of every human and society
in general are developing progressively and with acceleration.

The increase of innovation technological factor of continuous social wellbeing is also stipulated by
the cyclical nature of material goods consumption and its high dependence on the institutional maturity
of a society. In such circumstances, the main vector of the convergence of innovative technologies de-
termining the continuous wellbeing is health preservation and provision of longevity in the process of
reducing mortality from dangerous diseases previously considered to be difficultly recoverable and even
cureless. The synchronicity of material benefits provision and preservation of health, positive emotional
attitude in the face of increasing instability in the economic system becomes the main measurable in-
strument of continuous social wellbeing.
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1.2. Theoretical framework

This work is situated within the body of research on the continuous social wellbeing. In general
human wellbeing is determined, above all, by three fundamental factors: material wellbeing, health and
safety. In such multicomponent structure the following indicators can be identified:

- financial or material wellness (income, housing conditions, the share of spending on health preser-
vation and cultural development);

- physical wellness (health, wellbeing, personal safety):

- wellness of social relations (interpersonal relations, participation in social life, satisfaction from
social status and social roles);

- emotional wellness (positive functioning of individual, mental health, stress, beliefs and convic-
tions);

- professional wellness (professional competences, productivity, professional satisfaction). Profes-
sionally prosperous people perceive the job as a favorite occupation that helps them to realize their
strengths and to achieve their goal.

These objective and subjective indicators of social wellbeing are closely connected, forming its
level for particular social groups, regions, nations and for all humanity. These objective (external for the
individual) and subjective (perceived by him) factors of social wellbeing are linked by his most im-
portant parameter - health.

It is the health as an indicator of the physical human wellbeing and the nation as a whole that leads
us to a new level of its understanding - continuous.

We believe that continuous social wellbeing of a person is based on society’s wellbeing, but is
determined by personal assessment of his wellbeing and satisfaction of life in comparison with his own
living conditions in the past or living conditions of other people. And this, in turn, is impossible without
the preservation of health of a specific individual and society as a whole, throughout a person's life.
Preservation of health as a key factor of the continuous wellbeing should be considered in several as-
pects:

- as a basis of a comfortable life, which forms the overall physical and emotional wellness;

- as a key factor of employment or entrepreneurial activity, necessary for the creation of material
and professional wellness;

- as a necessary condition of the continuous wellbeing - saving at a high level the basic life param-
eters throughout the life, as well as its extension to the maximum possible period. After the termination
of employment or business activity it is human health which starts to determine his wellness of social
relations.

Thus, we see that health is a factor combining the separate types of wellbeing into its continuous
form. However, in modern society, step by step transformed into a post-industrial one, dilemma of fi-
nancial and professional wellness on the one hand, and physical and mental wellness on the other hand,
gradually finds the solution in the process of automation and robotics of hazardous industries, the de-
velopment of "green" industries. However, it is possible to form the true continuous wellbeing only on
the basis of the convergence of industrial, social, economic, medical technologies. The starting point of
convergence may become a common goal of their development - continuous access to the health pro-
tection technologies, prevention, early diagnosis and effective treatment of dangerous diseases for the
whole society.

2 Methodology / MeTonoJiorus

As interdisciplinary category, based on the philosophical, economic, sociological, medical aspects
of understanding of various spheres of life, social wellbeing is considered ambiguously and often eclec-
tic by the scientists. A number of researchers analyzing wellbeing emphasize the provision of individuals
with wealth and maintenance of social and economic stability of society [1-2]. Other authors give pri-
ority to the perception by the individual, community, and even a certain nation of objective living con-
ditions [3-9].

The problem of continuous social wellbeing was closely studied by the authors who observe it as
a set of external conditions, economic opportunity, personal values and professional skills making it
possible to receive certain benefits over the lifetime period [10-12]. Some researches connect continuous
wellbeing with the "lifetime employment" in Japanese corporations [13], others — with the social pater-
nalism in the socialist countries as an attempt to approve the continuous wellbeing [14].
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Taking into account the opinion of these authors, we consider the social wellbeing as a space of
human existence, which is stipulated by the actual performance of his physical condition, social and
economic development of society, the current level of goods consumption and availability of health care
technologies and a positive emotional state. Long-term, not limited by active labor or entrepreneurial
activity, stay in such a space we consider to be continuous wellbeing.

One of the most important aspects of forming continuous social wellbeing is the fight against dan-
gerous diseases such as cancer, especially in the diagnosis level. Cancer causes many fatalities in old
industrial regions in Russia (like Tomsk, Kemerovo regions [15] that influences badly not only on the
well-being itself, but on the labour force [16-17]).

With regard to the growth of continuous wellbeing, the internal organs cancer diagnostics must
become available for the screening of the whole population. It requires multiple cost reduction of nuclear
medicine which, along with the transplantation, remains one of the most expensive areas of modern
medicine.

If periodically carried out investments in the renewal of nuclear medicine equipment are suffi-
ciently distant in time from each other and are carried out by the government health care funds, the need
to purchase expensive reagents always exists. It significantly reduces access to modern diagnostics for
the masses. Therefore, to reduce the cost of these reagents the innovative technologies for cancer diag-
nostics are required. Their mass availability can be reached with the new technologies of diaryliodonium
salts synthesis.

However, existing methods for preparing substituted diaryliodonium salts are rather expensive. In
some cases, they require carrying out the process in an inert gas [ 18] and more expensive reagents, such
as aryl tributil stannane and a Koser reagent [19]. Meanwhile, the effective application of diarylio-
donium salts as a precursor for the synthesis of a nucleophilic radiotracer [18F] F-DOPA exists for the
diagnostics of Parkinson's disease and neuroendocrine tumors [20].

It is known that diaryliodonium salts with tosylate and bromide counter ion are excellent precursors
for the synthesis of salts with other counter ions: triflate, hexafluorophosphate, etc. These reagents in
turn allow the introduction of 18F isotope in the amino acids to form the marked analogues of L-tyrosine
— the perspective radiopharmaceutical reagent for the diagnosis of brain tumors [21], 2-fluoro-2-deoxy-
D-glucose — another radiopharmaceutical reagent for detection of accumulations of tumor cells [22],
obtaining radioligands for imaging the central benzodiazepine receptors [23], providing laboratory tests
and radioimmunoassay.

Thus, the methodology of using the diaryliodonium salts synthesis as an innovative method of
improving social wellbeing comprises advanced studies of the tendencies of society dynamics and the
development of affordable "medicine of the future".

2.1. Analysis

Despite the importance of the "material” wellbeing, we believe it to be "non-continuous", as it lasts
as long as its two main conditions are fulfilled.

The first condition of «non-continuous» social wellbeing is to achieve a certain level of material
and professional wellness.

The second condition is the existence of an individual satisfactory state of physical and mental
health, sufficient for successful business or labor.

Therefore, as soon as one of these conditions is violated, mainly due to the human aging, «non-
continuous» wellbeing can be lost. It is no accident that basis of social wellbeing of society as a whole
is considered to be the standard of living, stipulated by the indicators of per capita income and the min-
imum subsistence level, the concept of life quality determined by the health and sanitary conditions of
the population’s life, the probability of receiving qualified medical assistance and the provision of social
security.

At the same time, millions of people constantly face the choice of working in harmful and stressful
environment and the preservation of health for many years. Accordingly, there is no unity in the research
of economists and social scientists devoted to the dilemma between the building-up the material well-
ness and keeping health (they both, as it was mentioned above, are the basic of continuous wellbeing).

Thus, the proponents of "welfarism" [24] point out that the pursuit of maximum material wealth
has some kind of affect, under the influence of which a person for some time can forget his desire for
continuous wellbeing and neglect some threats for his health or put up with severe stress. Momentary
happiness from the growth of material wellness is a sign of «non-continuous» wellbeing in case people
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have been deliberately neglecting their health preservation for many years. This can be illustrated by the
following examples. People often think that a new car will make them happy, but after two weeks its
utility growth is reduced. They think that overtime work and extra money will bring them happiness,
but it turns out that feeling unwell and destroyed family relationships have much more intensive and
long-term negative impact on their wellbeing.

In turn, the supporters of the liberal model of wellbeing assessment offer to take into account peo-
ple’ own preferences in the analysis of various factors of social wellbeing [25-26]. This depreciates the
role of health in achieving continuous wellbeing and increases the role of other factors, mainly, profes-
sional and material (for example, the possibility of getting life rent). This also can explain fairly high
stress level, diseases of the cardiovascular system and mental disorders in the most prosperous social
groups in modern technologically advanced countries - managers of financial companies and banks, IT
developers, politicians.

At the same time, a gradual change in attitude towards health as a key factor of the continuous
wellbeing illustrates «Easterlin's paradox» [27]. It consists in the fact that in the developed countries the
average level of wellbeing, subjectively evaluated by a large number of respondents, is relatively insen-
sitive to changes in income. That is, people are increasingly aware that they tend to material achieve-
ments that have little impact on social wellbeing, in particular continuous.

However, in an effort to bring their wellbeing in line with modern standards, people increasingly
appreciate a lifetime opportunity to lead an active life - to travel, to communicate and to have an effective
control over their health.

The lifetime health preservation problem makes people look widely at the essence of health. In
addition to stress reduction, avoidance of harmful working conditions, the risk of injury and accidents,
continuous wellbeing involves reducing the risk of chronic and fatal diseases leading to premature mor-
tality. Special attention is deserved by the disease that is sufficiently independent on the level of material
and professional wellness, in particular, cancer.

It sharpens the problem of "embedding" the modern health technologies associated with early di-
agnosis of such diseases into the continuous wellbeing model. We note that the feature of present stage
of technological changes is convergence of basic technologies, which is called NBIC-convergence.
NBIC is an acronym for the following types of technologies: N -nano; B -bio; I -info; C - cogno. With
regard to the continuous wellbeing, it means the connection of medical, chemical and economic (mar-
keting, investment) technologies within a new industry - medicine of continuous wellbeing.

3 Results / PesyabTaThl

A key role in the technological basis of medicine of continuous wellbeing we give to chemistry
and biotechnologies, which, together with nano-technology, are one of the most important and the fastest
"horizontal" technological areas. The intensive development of biotechnologies is stipulated by not only
the success of chemistry and molecular biology, but also the crisis of traditional technologies (especially
against the background of new trends in medicine and ecology), the need to increase the length of active
life, to preserve physical wellness throughout life, to maintain healthy nation's gene pool. The presence
of serious scientific groundwork and experimental development in the field of continuous wellbeing
medicine technologies will make it possible in the coming years to expand significantly the scope of
preventive detection of life-threatening diseases, to develop affordable drugs and diagnostic systems, to
involve the broad masses of population in the process of the physical wellness extension for many years.
Except this direct effect on the process of achieving the continuous wellbeing, the convergence of NBIC
technologies will also provide the achievement of a number of goals, indirectly determining the condi-
tions for long-term conservation of the various forms of human wellbeing:

- counter the spread of various types of human and animal diseases;

- producing chemicals for broad application in medicine from renewable raw materials intended to
replace more expensive drugs and to provide new products with unique properties;

- conversion into a routine preventive diagnosis of dangerous diseases.

Distribution of NBIC-convergence in the field of medical continuous wellbeing changes the ques-
tion about the value of the development and implementation of innovative chemical and biochemical
technologies into mass production. If referring to «non-continuous» wellbeing new drugs and tools of
diagnosis of chronic and deadly diseases have individual value, than when applied to the continuous
wellbeing they are valuable for the whole society. Therefore, proclamation of continuous wellbeing as
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the imperative of social-and-economic development of modern society will undoubtedly require a sig-
nificant price reduction of the diagnosis and treatment of diseases affecting people with different levels
of material and professional wellbeing.

Among serious diseases that require complex diagnosis and expensive treatment we can name can-
cer. Therefore, we see prospective early introduction into mass production the chemical compounds
intended for innovative early diagnosis and prevention of cancer. The main application area of such
technologies is nuclear medicine as a highly promising sphere of long-term and continuous improvement
of physical wellness in reducing chronic and fatal illnesses. The current development of the global nu-
clear medicine is characterized by the following features:

1. The increased volume of radionuclide production for medical purposes (as for the last decade
the annual increase of output was up to 10%).

2. An increasing number of users (more than 100 specialized nuclear medicine facilities are func-
tioning in the world; in the coming years it is expected to increase their number in 2 times).

3. Higher-than-anticipated growth of consumption of the therapeutic radionuclide production.

4. Extension of the areas of diagnostic test applications.

5. Increased requirements to the technologies of radionuclides production (economic cost-effec-
tiveness and environmental safety).

The global market of radionuclide production for medical purpose has a strong annual growth ten-
dency up to 15%. This trend will continue during the next 15-20 years. Growth in production of diag-
nostic products and equipment is provided both by expanding the areas of their application and by the
development of innovative technologies in this field greatly reducing the cost of their mass application.

One of these compounds used in nuclear medicine for cancer diagnostics are diaryliodonium salts.
They are stable compounds known since 1894, when the first diaryliodonium salts were synthesized in
the action of strong mineral acids on aryl odozocarboxylates. The structure of diaryliodonium salts can
be represented by two aryl rings, bound with electron-positive iodine atom with any of the proto ion

(Fig. 1).

5 - the solvent

a) b)
Figure 1 — The structure of diaryliodonium salts in the solution (a) and in the solid state (b)

The study of the structure of diaryliodonium salts showed that for the solid state the angle between
bonds Ar'—I—-Ar? is about 90°, and there is a double bond between iodine atom and anion.

Anion in the composition of the diaryliodonium salts influences on their solubility and reactivity.
It was found that diaryliodonium salts with halogen atoms usually have moderate solubility, while the
triflates, tosylates and tetrafluoroborates are better soluble. When the diaryliodonium salts include ani-
ons with stronger coordinating ability, they are less soluble in organic solvents, while anions from less
strong coordinating ability usually tend to increase the solubility of the salts. Therefore it is desirable to
use weakly coordinating anions for synthesis of diaryliodonium salts such as triflates, tosylates tetra-
fluoroborate, hexafluorophosphate instead of halogens. For the purpose of cheapening the synthesis of
diaryliodonium salts in the context of expanding coverage of cancer screening it is important that using
halogenide-anions is problematic due to their strong nucleophilic nature.

Innovative technological "bridge" connecting the synthesis of diaryliodonium salts with the for-
mation of the continuous wellbeing within the advanced diagnosis of dangerous diseases is presented as
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a positron emission tomography (PET). It is modern and very sensitive diagnostic method used in on-
cology, cardiology, neurology and in other areas of modern clinic medicine. For the implementation of
PET radio-tracers are required [28].

Today, in the world PET practice '*F-marked compounds are mostly used. This is connected with
the time of the half-life of the isotope *F (109.8 minutes) which is sufficient for the diagnosis (Holden
2004). One of the most promising trends in the technology of '®F- containing radiopharmaceutical com-
pounds synthesis is using multivalent iodine (MIC) compounds. Introduction of '®F atoms in organic
compounds can be carried out by nucleophilic substitution in the MIC-iodonium salts and by their sub-
sequent decomposition in the presence of fluoride anion (Fig.2).
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i e & Y1 N — L+
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The diaryliodonnum salt

Figure 2 - The diaryliodonium salt synthesis process

The main advantage of this approach is that the reaction time is usually no more than 30 minutes,
which is very important for the short-lived isotope '°F. The simplest method of obtaining a preparation
for PET diagnostic ['*F] DAA1106 is based on the above described principle of iodonium salts’ attack
[29]. There is also the possibility of performing the fluorine-promoted reaction of ligand exchange in
diaryliodonium salts in deuterated acetonitrile and benzol, thanks to which diaryliodonium salts with
triflate, hexafluorophosphate and fluoride counter ion were obtained [30]. In addition, there was the
analysis of reaction’s regioselectivity made by thermal decomposition of obtained asymmetric diaryli-
odonium salts.

Preparation of the radiotracer '®F-DOPA from diaryliodonium halides is conducted by the method
of "cold" fluorination with fluoride tetramethylammonium using such solvents as acetonitrile, DMSO
(dimethylsulphoxide), dimethyl phthalate, toluene. We also recommend using "hot" fluorination in the
hot cell using azeotropically dried salt ['*F]KF+Kryptofix 222°K,COs5 as a fluorinating reagent in the
solvent system “acetonitrile — DMSO”. A convenient method of synthesis of 4- ['®F] fluorobenzene is
based on the use of 4.4’-diaryliodonium salt as the precursor. Subsequently, 4- ['®F] fluorobenzene was
involved in the reaction of the cross combination for Sonogoshire / Stille for a number of radiotracers
obtaining. We also emphasize the possibility of nucleophilic radiofluorination of diaryliodonium salts
to produce meta-substituted ['*F] hydrofluoric ethers for the purpose of further synthesis of mGIuRS -
radioligand for visualization of pathological changes in the brain.

In its turn, the aromatic radiofluorination of diaryliodonium tosylates allows to obtain ['*F] fluma-
zenil with high radiochemical output. [18F]-marked flumazenil is an important radiopharmaceutical
compound for evaluation of the concentration of the central benzodiazepine receptors in the brain. We
note that the stability and reactivity of the tosylate precursor plays a key role in increasing the output of
the fluorinated product. And this is what determines the volume of the synthesis of oxidants, an increase
of which allows covering the largest possible number of people with modern diagnostics of dangerous
diseases - PET.

The main area of appliance of salts under consideration is PET (positron emission tomography).
PET has rather large range of applications. In oncology, PET is used for the detection of malignant
tumors and assessment of cancer incidence and the presence of distant metastases (it's worth noting that
it is more sensitive than CT and magnetic resonance tomography). In cardiology it is used for determin-
ing the blood flow state on the coronary arteries and for detection of ischemic heart disease, in neuro-
logical - for detection of functional changes in the brain vascular diseases, dementias, and also for the
differential diagnosis of focal lesions.

All this seems very important for the development of continuous wellbeing as an innovative tech-
nology of improving its most important component - physical wellness. Therefore, for us it is important
that along with me- medical organizations potential consumers of this product can be small research
laboratories specializing in research in the field of polymer materials and developing innovative mass
screening technology.
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It is known that the formation of diaryliodonium salts includes several steps. The first step is the
oxidation of iodine-containing substrate to iodine compound (III) followed by coupling with the arene
or aryl halide by electrophilic aromatic substitution mechanism. The final step is to obtain diarylio-
donium salt by introduction of counter ion — water solutions — toluene sulfonic acid and potassium bro-
mide (Merritt and Olofsson 2009).

Methods of synthesis of diaryliodonium using sulfuric acid immobilized on the silica gelsurface:

In a round bottom flask (25 ml) 204 mg (1 mmol) of iodobenzene and 3 ml of acetonitrile are
added. Further, while stirring, 430 mg (1.46 mmol) Oxone® and 300 mg of sulfuric acid impregnated
silica gel are added. Then 920 mg (9 mmol) of sulfuric acid is slowly added by dropping while cooling.
Iodobenzene conversion is monitored by TLC method (the system “hexane - ethyl acetate 3: 1”). After
5 hours of complete iodobenzene conversion, 1.1 mmol of arene (ArH) is added dropwise to the reaction
mixture. Then silica gel is filtered on a glass filter and 1.5 mmol of p — toluenesulphonic acid in the case
of tosylates or potassium bromide in case of bromides are added to the stock solution in 2 ml of water.
In the case of the tosylate the solvent’s distilling off is required. The resulting oily precipitate is washed
with hexane and diethyl ether mixture (3: 1). In case of bromides after adding potassium bromide the
precipitation is observed, which is filtered and washed with water and hexane (Fig. 3):

O
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3. Si0,*H,S0, o KBr/H,0
| > | > mn
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Figure 3 - Sedimentation after adding of potassium bromide

These products can be offered to the technological complexes for medical radionuclides and radi-
opharmaceuticals reagents production, as well as to diversified medical centers of preclinical and clini-
cal research, to biochemical and biotechnological laboratories. Therefore, we propose a process for pre-
paring asymmetric substituted diaryliodonium and tosylate salts with a bromide counter ion without
isolation of intermediates, with the use of it available iodobenzene substrate and oxidation systems based
on the relatively inexpensive reagents — Oxone® - H,SO4 u Oxone® - H,SOs- Si0>xH,SO4. The outputs
produced by this way are substantially similar to the outputs of the same substances produced with the
help of previously developed techniques. In research we observed a number of principles of “green
chemistry” [31]:

1. Produced compounds - diaryliodonium salts — have minimal toxicity and respectively do not
harm the environment.

2. Synthesis reaction of the products is carried out in a minimal amount of solvent;

3. The number of auxiliary stages of receiving the desired product is minimized; the only additional
operation is to clean the product from unreacted reactants;

4. The substances and their physical state are selected in such a way in order to limit the possibility
of unforeseen accidents, including leaks, explosions and fires;

5 Analytical control in real time mode is used (TLC).

6. Environmentally friendly oxidant Oxone® and silica - reagent, which may be reused after re-
generation, are used.

Polyvalent iodine reagents have been widely used as environmentally friendly oxidants in organic
synthesis, mainly because of low toxicity, availability, ease of use, efficiency and stability in the air and
moisture resistance. Thus, these compounds are an excellent alternative to heavy metals such as lead
(IV), thallium (IIT) and copper (II). However, in the existing methods of diaryliodonium salts synthesis
more toxic oxidants such as m-chloroperoxybenzoic acid are dominating or obtaining the respective
salts. This article contains a description of the method of producing diaryliodonium salts (DuPont com-
pany) using Oxone® as an oxidant. Today in the world PET practice 18F-marked compounds are widely
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spread, which is connected with the lifetime of 18F isotope sufficient for diagnostics. Using these com-
pounds requires some special conditions like the accessibility of precursor, minimal time (less than an
hour) and safe methods of synthesis. So the most promising way of production 18F-containing drugs is
to use polyvalent iodine compounds.

Researches in the field of knowledge-intensive, innovative technologies, such as the production of
radiofarm components of diagnostic purpose are crucial to social-and-economic development. The ulti-
mate goal of the work within the development of radioisotope output is the production of import-substi-
tuting domestic isotope products for medical purposes. There is a huge potential need in increasing the
efficiency of the production of substrates with a radioisotope traces; one of the directions is to provide
the greatest selectivity when entering radioisotope traces into organic molecules.

4 Discussion and conclusion / O6cy:kneHne u 3aKJI04YeHue

Creating of low-cost effective methods for the introduction of radioisotope traces in organic sub-
stratum will allow receiving domestic radio ligands for PET studies and further commercialization of
the results of this work could give appreciable social-and-economic effects, including a significant in-
crease in continuous wellbeing. The most expected results of cancer prevention using a diaryliodonium
salts synthesis include the following:

1. The dramatic decline in the mortality from cardiac and cancer diseases, which accounts for the
largest number of deaths among Russian population;

2. Improving the lives and health of the population due to better and earlier diagnosis, this will
allow carrying out treatment of patients more efficiently;

3. Improve the ability to work and increase the employable period of the population;

4. The use of the existing and the development of scientific potential of domestic scientists and
developers;

5. Creation of hundreds additional jobs for scientists, engineers and technical staff;

6. The development of import substitution industries;

7. Increasing the export potential of domestic producers.

In summary, we emphasize the important role of the convergence of innovative technologies in the
fields of medicine and biochemistry in the formation of the continuous social wellbeing. This continu-
ousness means a lifelong access to both material goods and the latest technologies, preservation of health
and prevention of dangerous diseases. Even today, these technologies are becoming the dominant com-
ponent of the continuous wellbeing, determining its standards in developed countries and directly af-
fecting the consumption of high-tech goods. New diagnostic tools, vaccines and medicinal drugs can be
obtained with the help of convergent medical and biotechnologies.

The peculiarity of the development of convergent biomedical technologies in the XXI century is
not only in their rapid growth in the applied aspect, but also rapid expansion in human daily life. But for
the continuous social wellbeing the development of innovative technologies gives another, more signif-
icantly prolonged, effect. It is an exceptional opportunity for sustainable development of the society in
which the growth of economic activity of people will be accompanied by the extension of their physical
wellbeing in the process of preventive diagnosis and disposal from dangerous diseases.

Today, economic and technological barriers in fight with one of these diseases - cancer - are the
complication and high cost of the complex diagnostics and therapy. A breakthrough in the field of for-
mation of the continuous wellbeing in cancer control is improving the availability of the latest achieve-
ments of nuclear medicine. One of the promising directions of this process we can see in using diaryli-
odonium salts synthesis with Oxone® as oxidant. The development of the available means of modern
cancer diagnosis in the near future will allow socializing new technologies and generating new impulses
to satisfy the growing needs in maintaining a prosperous life, expanding the boundaries of human hap-
piness.
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