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INTRODUCTION

Relevance of the topic: Ureas are used in many industries: medicine, npl
culture, technology, rubber industry, organic synthesis, On their basis, various prep-
arations were obtained for the needs of the national cconomy. Recent rescarch on
derivatives of ureas and bis-ureas, carried out at the present time, is prompted not
only by theoretical, but also by practical needs, From this point of view, urea deriva-
tives are of undoubted interest for substances with various biological activities, They
are widely used in agriculture and have found application as herbicides, fungicides,
insecticides, bactericides, dyes, growth stimulants, ete, Of particular interest is the
use of these compounds in medicine as antitumor, antiviral, anti-inflammatory, anti-
arrhythmic, vasodilator and other drugs.

Today, most of the derivatives of urea, the scarch on their basis for new
highly effective low-toxic biologically active compounds is constantly ongoing, as
can be judged by the large number of publications in the world scientific and patent
literature.

Therefore, the development of this branch of organic chemistry is the highest
urgent task that requires new developments in synthesis, technology and scientifical-
ly grounded approaches. The sy'rithcsis of new compounds based on aromatic sec-
ondary amines and isocyanates, as well as their practical application, has broad pro-
spects in solving priority problems: the development, first of all, agriculture, as well
as the entire national ecconomy and the growth of the well-being of the people of the
Republic of Uzbekistan,

The degree of knowledge of the problem: This work is a complete scien-
tific research. Chemistry, technology and properties of bis-urea derivatives attract
the attention of world rescarchers looking for biologically active substances, A num-
ber of works are devoted to this direction. Nevertheless, to date. there is no infor-
mation in the literature on the synthesis of bis - [(aminoaroyl) ureas] derivatives, as
well as a waste-free technology for obtaining bis-aminoaroylurea derivatives for the

search for highly effective biologically active substances,
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Relationship of dissertation work with thematic research plans.

The dissertation work was carried out according to the grant of the Center
for Science and Technology under the Cabinet of Ministers of the Republic of Uz-
bekistan Ne A-6-338 of 2006 on the topic: “Development of an import-substituting
environmentally friendly technology for obtaining new, highly effective reagents
that stimulate plant growth (for vegetable crops, tomatoes, cucumbers, cotton, etc.)
on the basis of products and wastes of the chemical industry”.

Purpose of the research: development of a simple, affordable synthesis
method and waste-free technology for the production of previously unknown deriva-
tives of bis-aromatic ureas; study of their properties, as well as growth-stimulating
activity; development of practical proposals for the introduction of growth stimula-
tors in the agriculture of our republic.

Research objectives:

- synthesize new bis-aminoaroylureas based on the interaction of secondary aromatic
amines with HMDI;

- to develop a simple, affordable waste-free technology for the production of hexa-
methylene bis-[(dibenzylamino) ureas];

- to study the influence of various factors on the yield of bis-aminoaroylureas, to
establish the dependence of the product yield on the nature of the solvent, tempera-
ture and reaction time;

- to study the chemical properties of N-H centers: dinitrosation, dihalogenation and
dialkylation;

- describe the proposed mechanisms of reactions for the formation of bis-
aminoaroyl-ureas, their derivatives, and the types of their course;;

- find biologically active compounds among the newly synthesized bis-ureas, test
them and recommend them as a growth stimulant in agriculture, as well as determine
their coloring properties.

Object and subject of research: The object of research is hexane-1.6-
diisocyanate. The subject of the study are secondary aromatic amines: diphenyla-
mine, dibenzylamine, S-bromisatin, isatin, p-ferrocenylphenylamine and carbazole.



;

Research methods: The dissertation uses modern physicochemical rescarch
methods, elemental analysis, IR and PMR spectroscopy, quantum chemical calcula-
tions Hyper chem. 7.01 (AM1) and TLC, as well as methods of organic chemistry,
technological processes. The main provisions for defense:
- the results obtained in the interaction of secondary aromatic amines of various
structures with hexane- I, 6-diisocyanate;
- the supposed theoretical concept of the formation mechanism of N,N'-
hexamethylene bis - [(aminoaroyl) urcas):
- the results of N,N'-dichlorination, -dibromination, -dinitrosation,
and -dialkylation at N-H reaction centers of bis-urea derivatives;
- the results of studies to identify various factors (nature aromatic amine solvents,
temperature and duration reactions) on the direction of the reaction;
- the results of the study of the electronic structure and quantum-chemical calcula-
tions of the compounds used;

- the results of studies to identify practically valuable properties (in agriculture and
industry) for the first time synthesized compounds,

Scientific novelty: A simple, convenient method for the synthesis of N,N'-
hexamethylene bis - [(aminoaroyl) ureas] based on aliphatic diisocyanate with scc-
ondary aromatic amines in dimethylformamide (DMF), triethylamine in fairly high
yields has been proposed. For the first time, the reaction of bis-carbamoylation of
diphenylamine, dibenzylamine, isatin, 5-bromisatin, carbazole and ferro-
cenylphenylamine was studied;

- the proposed theoretical concept of the mechanism of formation of N,N'-
hexamethylene bis - [(aminoaroyl) urcas|;

- for the first time studied the chemical properties of the N-H reaction center:
N,N'-dialkylation, -dinitrosation and -dihalogenation;

- for the first time a new, waste-free production of bis-urea derivatives was
developed, a technological scheme of the process was proposed and developed.

Scientific and practical significance of the research results:



8

Developed and recommended new methods for the synthesis of N,N'-
hexamethylene bis - [(aminoaroyl) ureas] based on the interaction of highly reactive
hexane-1,6-diisocyanate with diphenylamine, dibenzylamine, isatin, carbazole, p-
ferrocenylphenylamine and 5-bromisatin with high yields.

A technology for the production of N,N'-hexamethylene bis - [(dibenzyl-
amino) ureas] has been developed. On the basis of the developed synthesis methods,
new, previously undescribed derivatives of N,N'-hexamethylene bis - [(aminoaroyl)
ureas] were obtained.

We have identified drugs that are valuable for practical use as growth stimu-
lants in agriculture (on wheat, cotton, tomatoes and cucumbers), which have color-
ing properties and are recommended for use in the polymer industry.

Implementation of the research results. Highly effective growth stimula-
tor of cotton, wheat variety "Kroshka", vegetable crops (tomatoes, cucumbers). After
the permission of the Commission of the Chemical Committee of the Republic of
Uzbekistan, it can be used in agriculture.

Approbation of work: The main results of the study were reported and
discussed at various conferences: « The prospects of the current development of
analytical chemistry» Materials of the jubilee MNC dedicated to 90th anniversary of
NU RUz and 100th anniversary of Acad. Talipova Sh.T., Tashkent, 2008; «Classifi-
cation and certification of tokens on the basis of their chemical composition» RIAK
materials, Andijan, 2008; collection of articles Rita" technologies of processing of
local raw materials and products", Tashkent, 2008. "Actual problems of Chemical
Technologies of oil and gas industry" Riakin materials Karshi, 2009; "the role of
modern pedagogical technologies in improving the quality of Personnel: experience
and prospects "RIAK materials collection, Namangan, 2009; "hopeful chemists-
2010» Proceedings of the Scientific and Technical Conference X1X, Tashkent, 2010;
in 2010, the discussion of the work was carried out on the basis of AndGosMI at a
meeting of the problem commission, the work was discussed at a seminar at the

Specialized Council D. 067.24.02 at the Tashkent Chemical-Technological Institute:
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Publication of results: 10 scientific papers were published o the e ot
the dissertation, including 2 scientific articles and 8 theses.

The structure and scope of the thesis: The thesis is presented on 106 puges of
computer text, contains 33 figures, 15 tables and consists of an introduction, o de-
seription of the structure, properties and production of biologically active substances
based on urea, methods of obtaining N,N1-hexamethylene bis - [(aminoaroyl) ureas]
and their derivatives, development of technology and production of hexamethylene
bis - [(dibenzylamino) ureas], biological and technical activity of derivatives of
N,N'-hexamethylene bis - [(aminoaroyl) ureas], conclusions, conclusions, references

(188 titles) and applications,
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CHAPTER L. STRUCTURE, PROPERTIES AND OBTAINING BIOLOGY
UREA-BASED ACTIVE SUBSTANCES
1.1. Reactivity of mono- and diisocyanates in reactions with amines

The reactions of isocyanates with compounds containing an active hydrogen
atom are increasingly attracting the attention of researchers. This is due to the
fact that among the products of this reaction, substances with various valuable
properties were found [1-10].

Currently, there are several reviews on the reactivity of isocyanates [11-
13]; however, the kinetics and mechanism of these reactions are still poorly un-
derstood.

Mono - and diisocyanates are among the compounds with extremely high
reactivity. Primary and secondary amines have the greatest reactivity towards
isocyanates. Peterson [14] arranged the compounds according to their reactivity
in the following order: amines™> water> alcohols> urea derivatives> phenols>
mercaptans> compounds with an active methylene group.

In addition, he also showed that carbamides, sulfamides, oximes, formal-
dehyde and hydrocyanic acid and acetylenic protons can react with isocyanates
(R—-C=C-H).

As reported by Sounders [15] and Michael [17], isocyanates react with wa-
ter much more slowly than with ammonia and amines, therefore, as a result of the
reaction, urea derivatives are formed:

R-N=C=0 + NH S R—NHCONH2

By slowly passing an excess of dry ammonia into an ethereal solution of
hexamethylene diisocyanate, crystalline pro accession ducts. Peterson for prod-
ucts of this type suggested two formulas:

H o

(cn,)(\ N—H O=C=N—{CH,)s— NHCONH;
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Reacts similarly with diisocyates and CH:NH:. The described products are
very unstable, they cannot recrystallize without decomposition. The product cor-
responding to formula (1), when heated with water, cleaves CO; and forms a dif-

ficultly soluble compound, which Peterson presumably attaches to the formula:

“ZN—E“’f‘“c“z)"_’f—ﬁ-?’—"c"z)'-_’f_ﬁ_”"1
O H H O H

Strepikheev et al. [16] reports that diamines react with diisocyanates at
high rates.

Gravchikova V.A. et al. [19] determined the relative rate of reaction of
primary aliphatic amines and ammonia with phenylisocyanate. The results ob-
tained give a quite definite picture showing that an increase in the length of the
amine radical (from C:Hs-NH:z no CsH :NHa) has little effect on the speed of the
described reaction. Aniline reacts with phenylisocyanate more slowly than ali-
phatic amines, about 20 times.

I.V. Nageli with sotr. [9], having studied the reactions of aromatic isocya-
nates with aromatic amines, established the effect of substituents in the benzene
ring of the isocyanate and amine on the reactivity of these compounds. It was
shown that the reactivity of the isocyanate increases with the increase in the ac-
ceptor ability of the substituent contained in its molecule. If the substituent is in
the amine ring, the opposite picture is observed, and the substituted amines, from
the point of view of their activity, can be located in the next ascending row:

2,4-(NO2)2<2-NO2<3,5-(NO2)2<4-N02<3-NO»<3-OCH3<-H<4-CH:

Their data are consistent with previously published data. For example, Mi-
hael [17] found that 2.4-dinitroaniline and 2.4.6-trinitro-aniline do not react with
phenylated cyanate even at a temperature of 1000C. He also observed a greater
reaction rate of chloramines compared to nitroamines, thus, the reaction rate be-
tween isocyanate and amine depends on their structure.

According to Van Goldersen [18], the rate of reaction of phenyl isocyanate
with various amines depends on the basicity of the amine. Negeli states that the

rate of attachment of various compounds to isocyanate cannot be considered from
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the poimnt of view ol the hydrogen mobility alone, without taking into account
other factors characterizing the state of the molecule. The reaction rate of isocya-
nates with aromatic amines is highly dependent on the presence of catalysts, Pyr-
idine or organic bases are recommended as catalysts, However, the mechanism of
the reaction catalyzed by organic bases has not been established by the authors.,

1.2. Nucleophilic addition (Ax) to isocyanates

Analysis of the literature data showed that in the absence of catalytic bases,
the reactivity of various nucleophilic compounds with respect to isocyanate
changes in the following order:
R-NH; = R-OH > H20 > Ph-OH > R-SH > R-COOH > R-C=C-H
for amines: RaNH > R-NH;> NH3 > Ph-NH;,
and in a series of nitrogen-containing compounds:

R-NH-R' > R-NHCONH-R' =R-NHCO-R' > R-NHCOOR'

Secondary amine urea derivatives amide carbamate

The structure of the R radical in the R-NCO molecule has a significant ef-
fect on the activity of the isocyanate group. The presence of electron-attracting
groups will increase the proportion of the positive charge on carbon, electron-
suppressing decrease it. According to literature data, aromatic isocyanates are
more active than aliphatic and arylalkyl isocyanates [19]. However, quantitative
comparisons of their reactivity, according to different authors, differ significantly
from cach other,

Isocyanates can also interact with various heterocyclic compounds, For ex-
ample, in [20], the synthesis of urcido derivatives of 1,2,4-thiadizole was carried
out, in the study of the reaction of 3-alkyl (allyl, benzyl) -thio-5-amino-1,24-

thiadizole with phenyl- and naphthyl isocyanates at room temperature,

R—5

\ R
IJ\S/{LN“; i bl \'H\S r’ NH==CONH=- '

where R: CH;= CH-CH;-; CeHsCHz- 3 R'= CHs-; CioHy-
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Benzoxazolin-2-ones, also interacting with aromatic isocyanates, form the
corresponding 3- (phenylcarbamoyl) - benzoxazolin-2-ones [21, 35].

L e e I T

Where R: — -H; 5- Cl; 6« Cl-; 4,5,6- 7pn-Cl ; R':-H; 4-Br-; 3-Cl; 3,5-a1-C1,3,4-m-Cl.
Makhsumov A.G. ¢t al. [22-34] obtained bis-urea derivatives of interaction

of hexamethylene diisocyanate with heterocyclic amines and their derivatives at

room temperature according to the scheme:

2 HN Gt + OeCoNe RN o) —— Gt V—-E-—N-—h—lr—-(‘-—” 2\-«
— O ’c 1l 6

I
& i = y: N NH—
— O 9 TJE . ?f—nn-. Q— K

"qj‘(:j[ju_ IO ]

Analysis of the literature data shows that the reactions of ethylene diisocya-
nate with amines have been relatively little studied. Many examples have shown
that this reaction proceeds ambiguously. According to many authors, its dircction
depends on the basicity of the reacting amines. During the interaction of ethylene
dissocyanate with primary or secondary aliphatic, alicyclic amines, the possibility
of the formation of monoadducts N-carbamoylimidazolidones-2 (A) and bis-

adducts (B) was shown,

LN

2 N=H + O-CN—(CHjy—NC) —— ¥
R 0:/('—N: &
R: R

N Hy =N
—— O N—C—N—(CH);—N—C—N_ + ([: : )
R " | i \R" CHy—
o n H O ~ H
B A

Abdugafurov LA, with sotr, [36], 1,2,3-triazolo-phenyl-ureas were synthe-
sized by interaction of 1,2, 3-triazole derivatives with phenylisocinate:
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R

M N’N“ e R:CeHs; 4- BrCoHa, 3- Cl- CaHa;

éONHR

They showed that the synthesized compounds have high wificiancy and

low toxicity. The authors of [37] obtained urea derivatives in 80% yields:

O_ L N LA S G N 41 | P— = N G Nl
oo
| |
N

N
The results of studying the acute toxicity and neurotropic activity of the
obtained derivatives are presented. A series of N-aryl (2-chloroethyl) -ureas and
their derivatives has been synthesized [38]. Revealed their antitumor activity. The
structure activity ratio (SAR) was investigated for the following substituents:
branched alkyl chain or halogen in the 4-positions of the phenyl ring. It was

shown that N-aryl N'-(2-Chloroethyl) -urea is part of a new class of anti-mitc

i
@— Ne=fim N=Cllz—Cliy=CI
noon

Shamshin V.P. with employees [39] carried out the following reaction

ND— M= NHy | OuCN—R st 1 "H—=N—(—N—R
\ i
\ i h j’) B

agents.

R=alkyl, benzyl;

R+CHy; Colls;
in the presence of EtsN and got the product with a yicld of 80%. The results
[40,41] of stbdying the acute toxicity and neurotropic activity of the derivatives ob-
tained are presented. American scientists [42] synthesized urea derivatives by the
interaction of 4,6-dichlorophenyl isocyanate with 4-aminopyridine

(8] 1
¢ Neee0 (N N ey NGl
L 24y [ n | -

Homn
The patent [43] describes a compound obtained by the reaction of isopherone

diisocyanate with cthyleneimine in the presence of 0.5% (Cz2Hs)N



o at 85-90 C, aziridine in 80-85%

DN_ ﬁ_'f_ — ﬁ‘“ﬂ yield, recommended as a vulcanizing
fl H '~ agent,
’ j Chinese scientists Li et al, [44]
synthesized aryl-2-nitrophenylurea derivatives with a yield of 87-95% by the in-
teraction of 2-nitrophenylisocyanate with aniline derivatives:

Q-N-(‘v-() J H,N-—-O—R — er«—ﬂ—rr_@_n
- 1o n
NO,

NO,
The reaction was carried out in the solid phase by grinding the reagents in a
mortar for 10-30 minutes.

In work [45-48] under microwave irradiation, the synthesis of |-
cthoxycarbonyl-4-substituted semicarbazides was carried out according to the
scheme:

R N0 FIgN—=NH—COOC 3 M g e R N == N N—COOC M 4

I l |
oo 18]

e R=4- Cl- CoHly; 3,4« Cly <CoHs=; CoHyy-n CaHo-; The reaction time is 2
minutes, The product yield is 82-96%.

Moldovan scientists [49] by the reaction of p-vinylphenyl isocyanate with
compounds containing various functional groups and radicals, obtained products

in rather high yields (82-98.5%):

SN
[t (=1 T—}i—.\‘—‘('lll
n «

Mo "t )
- —!"“—(ll;—(ll 7 N fba—d N

O"""' e vg 7\
el (’H—O—N €0 |t = C = DNl N
(LIRSS ()
Doy n—@- - —()—(
<
EAURAL Mt M| Lll;
———-.n—(HwUI—O—N— --—N—</_\>-—(ll
ud b

A number of patents [46-51] describe the reactions of interaction of uracil

derivatives with mono- and diisocyanates according to the following scheme:
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i [R=N0eQ. Ne==N=C=N i o =CHy )yt = Cl= )y
“.)\ = CyH e

]
)
1" Xeoy

The reaction was carried out by heating CHCly, in the presence of pyridine or
DMAC. The yield is 48-81%. The obtained compounds have an antitumor effect
and strengthen the immune system..

In |52], the reaction of 3,4-dichlorophenyl isocyanate
3.4-Cly- CsHiN=C=0 ¢ CHi:NHCHCN in the presence of toluene (t=0-40°C,
EtiN), product received:
3,4-Cly-CgHy—N—C—N—CH,CN having herbicidal activity when applied
H O CHy before and after
germination of plants. It is recommended for use (in doses of 0.5-3.0 kg/ha) when
processing crops such as soybeans, beets, peanuts and sorghum, Japanese re-
searchers [53] proposed as herbicides that suppress the development of weeds in
rice fields, compounds of the formula 3-|CHy (HNCONH)]-CsHy-X-CeHa-11.,
British scientists [54] synthesized new bis-urca derivatives in order to ob-

tain compounds with anticancer activity:

R—N—C—N—(CHy)n—N—C-—N—R
| (CHa) | ‘(' |

H © X WO where R: -CH2-CH2Cl; cyclogexyl;
n=2,3,4,5,6,7 and their nitro derivatives.
Tetramethylene diisocyanate is added to the solution Cl-CHz-CH2NH,, which was
treated with 50% NaOH u EtsN, the mixture was stirred for 0.5 hour at 5 ¢ C, then 7
hours at 20 © C,
CICHCHy-NHCONH-(CH2)a-NHCONH-CH2~CHCl with a yield of 98%. Un-
der the same conditions, from tetramethylene diisocyanate and cyclohexylamine,

a compound of the following structure was obtained in 87% yield:

NewCose Nesse (CHg )y == N = N
O_Igl(mlnl_O
H H HOH
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This analogous compound is also obtained from ethylenediamine,
Et:N CI-CHz-CH2N=C=0 on air with stirring for 7 hours at 20C.
CICH2CH2-NHCONH-(CH:z):-NHCONH-CH:2CH:Cl with a yield of 62%. Nitro-
genation was carried out ¢ NaNO2 in the presence of HCOOH in cold water at
50C for 30-40 minutes. Allocated nitroso products of the structure:
R—rld—lcl'— f—cur—CH,—N—c—N—R

I
H O N=0O O=N O H R=-CHyCHYCE

Bulgarian researchers [55-62] describe the synthesis of derivatives

N- (R-pyridyl-2) -NI-phenylureas in high yield by the reaction of PANCO
with R-2-aminopyridines. [t has been shown that these compounds are growth-
regulating substances.

American scientists [63] have isolated urea derivatives in high yields when
a polycyclic diisocyanate interacts with amines, ureas, alcohols when heated for
5-10 hours according to the following scheme:

R—N—C—N—CH; |~ N—C—N—R
0-C-N—CHy N-C-0 + 2RNH, —> | 1 | EY. 8]
H O H H O H

The obtained derivatives of bis-urea and others are high-melting substances.
In 1970-1990, interest in the study of N-nitrosourea derivatives increased in con-
nection with their unique mutagenic activity [64-70] and antitumor action [71,72].
Later, in order to study carcinolytic activity, a number of N,N1-dimetyl, N,N'- di
(2-haloethyl) substituted alkylene-, cycloalkylene- and arylene-bis- (N-
nitrosoureides) [73-74]. Lutsenko et al. [72] studied the nitrosation of the N,N'-
disubstituted tetramethylenediureas:

0
r;'.co NHCONHR 0=N—-N(UNHR
u’l.‘Hv‘ + 2RNH2 — (CH2k & 2NaNQz —> (CH2k
NCO NHCONHR OsN——-NfNHl
l}
o
| [l-a-d ill-a-d

rae I1: a) R=H:;6)R=CsHs; ) R=CsH; r) R=-CH:z-CH:OH; 1) R=-CH:-CH:Cl.
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Initial N,N'- disubstituted tetramethylenediureas (11 a-¢) were obtained by the
reaction of tetra-methylene diisocyanate (1) ¢ NHi, CoHs-NHz, u-CsHi1-NHz,
HoNCHR-CH2OH and 2-chloroethylamines, respectively, Tetramethylenediureas
(11 a-¢) were casily nitrosated NaNO; in anhydrous HCOOH, forming tetrameth-
ylene bis - (N,N'- dinitrosoureas) (111 a-¢). Both under the action of an excess and
an equivalent (for the formation of a mononitroso-substituted) amount NaNOz,
obtained only dinitroso-substituted tetramethylenedimojins (111 a-¢); the corre-
sponding mononitroso derivatives could not be isolated in any case. All synthe-
sized or N,N'-disubstituted tetramethylene bis- (N,N'-dinitrosoureas) are fairly
stable crystalline substances that recrystallize from organic solvents. Welldried
compounds were kept unchanged for several weeks in a cool and dark place. The
N-nitrosation of tet-ramethylenediurea (I1) was probably carried out by the au-
thors in two directions, However, the rationale they made regarding this or that
structure N,N' ~dinitrosoureas, based on the relative nucleophilicity of nitrogen

atoms, sometimes led them to erroneous results [75,76].
To prove the structure of N-nitroso compound (111 a-¢), the authors of the
work used their reactions with amines, The interaction of tetra-methylene bis- (N-
nitrosoureas) (111 a-¢) with aqueous solutions of ammonia, methyl- and cyclohex-
ylamines, mono- and 1,3-disubstituted urecas were obtained., Australian patent

[77] describes urea derivatives,
O-F—N_( NG5 suggested to treat alopecia or stimulate

| |
® " g hair growth,

X

In [78], urea derivatives with a yield of 84% are obtained without a solvent

according to the scheme:

FiC, O 1HC, Q
a NGO N - ¢ N N=C—N

o n,n-@ =/

e 1y
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To study the quantitative relationships between the structure and biologionl
activity of N-containing heterocyclic compounds (imidazolyl-, benzimidazole,
cte.) on the basis of molecular topological theory, new mathematical models have
been proposed with the calculation of the valence values of atoms at the vertex
points, construction of the topological index connectivity of structural molecular
information and good agreement between the caleulated and experimental values
of biological activity [79].

Tran Kevin et al. [80] propose a new simple accessible method for obtaining
N.N'-diphenylureas in high yield. They improved the method of obtaining
Ph-NHCONHPh from PhNCO, carrying out the reaction in anhydrous benzene or
toluene without a catalyst. The authors of [81] found an efficient method for the
synthesis of polymethylene bis-aryluren derivatives. Under the conditions of
phase-transfer catalysis by the interaction of aryl isocyanate with
HaN-(CH2),-NHa with a yicld of 78-92%, substances were obtained

PR e
O H O H H O H

The compound [82] recommended as an anticancer drug and suitable for the
production of polymers and copolymers on its basis is being patented:

:f'}r'

o 'f (‘)
Lo N H Ol ‘-—!l—- L]
« ! any

The polymerization is carried out in the presence of polymerization initiators,

In [83], the interaction CH3-N=C=0 with cyclohexylamine in the presence of
ether at room temperature. N-methyl-N1-cyclohexylurea was obtained in 67.3%
yicld. T. pl. 160-161"C.

CHy—N=(C=0 4 llzw—O _.(“‘_T_E_T —O
1 1
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B work [84] to study the effect on plant growth by the addition reaction (3
hours, 60-700C) R'-NH, (everywhere R'-5- trifluoromethyl-1,3,4-thiadiazol-2-yl)
to R?CONCO in CHyCN synthesized R'-NHCONHCOR?,
Substituted  phenylaminocarbonylaziridines  react  with  N-nitro-
cthylcarbamate and then with ammonium, and after acidification it is obtained

N-aryl-N - nitro-aminocthylurea [92]:

T—flf—- PiJ—-CHr—CI'Iz— NHNO,
N H O H
|

Moroz N.E. with sotr, [85] studied the interactions of ureides with quinones,

which is of particular interest for the synthesis of biologically active compounds.
Both ureides and quinones in the initial state are known to be very active biologi-
cally, Therefore, it can be assumed that the products obtained as a result of their
interaction will also be biologically active. Ureides were obtained by acylation of
urca. Acylation can be carried out with carboxylic acids, their esters, anhydrides
and halogen hydrides. If dibasic acids are used as acylating agents, cyclic ureides
can be formed. For example, oxalylurea is obtained by the interaction of urea and
oxalic acid,

The authors of [86] proposed the use of polyhexamethylene guanidine (1)
and polyhexamethylene urcas (I1) as a growth stimulant for the development of
corn and wheat, including pre-sowing seed treatment by spraying. Spraying of
corn and wheat seeds is carried out with an aqueous solution with a molecular
weight of 5 to 9 thousand. including when grown on a herbicidal background.

In [87], a five-stage method for the synthesis of urea derivatives (1) from
compound (1) with a total yield of 40% was developed, Compound | is a selec-

tive antagonist of the vasopressin | a receptor.

h 0O

| N’ILN 0 HN
iy ) )L )L M
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Its effectiveness in Vivo (in rodents) for the treatment of states of anxiety, fenr,
ete. has been previously studied.
Patent [88] formulas of compounds that are key
1 o intermediates in the synthesis

Il
N/C\N,R of medicinal substances.

HO b
British scientists [89] patented oxidation-resistant lipids or oils containing

an effective amount of an antioxidant-urea derivative of the formula

CHj CHZNHﬁ_NHR
& !
1

Synthesize [90] N-chloro—N-allfbxyureas R'NHCON(OR?)CI (everywhere R'=H,
4-NO;-CgHy4-; 4-CaHsCeHa-; 4-C1-CgHa-; PhCH2; R>=CH3-, C2Hs) with reaction
R'NHCONH(OR?) with BuOCl in CH:Cly, yields 79-83%. Connections |
(R'=Y,-CH2Ph; R>=CH3, C2Hs) in reactions with CH3COONa in CH3CN or in
reactions with CH3OH in the presence CH3COONa give N- or O-acyl products
as a result of chlorine substitution HaN-CO-N(OCH3)2 Beixojbl 89-95%. Reaction
I (R'=4-NO:2CsHys-; 4-Cl-CsHa-; R>=C(CH3)-COOCH3, C2Hs-) under the same
conditions leads to ( II, X=NO3; Cl; R>= C(CH3):COOCH;, C:Hs0), yields 61-
94%.

/@TNH Work [91] proposes 1- (5-chloro-2-hydroxyphenyl) -
X N/K() 3-cyclohexylurea and its analogs used in drugs for the
R? (11 treatment of proliferative diseases.

Patent [92] compounds (I), which can be substituted with halogen.

K where R'=H, alkyl, alkoxy, R*= rasioren, CN,
mE—E_E—A OH". A= H, alkyl, alkynyl, which are antago-
0" M R nists of androgen receptors and are used in

M=Se; \ medicines for the treatment of benign
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hyperplasia of the prostate, prostate cancer, baldness and many others. dr.
Compound (1), its pharmaceutically acceptable salt, used as an active ingredient
in the composition of drugs for the treatment of neurodegenerative diseases, in-
cluding dementia, Alzheimer's discase, was similarly patented [93]. The method

of obtaining compound (1) is given,

(),N—r N-—(-—N Cll;
hod octh |

In [94], compounds I are proposed, which can be substituted by various substitu-

ents; used in medicines for the treatment or prevention of autoimmune discascs.

r

-—(-—N—&\N X
hooh

The authors of [95] synthesized new series of sulfur analogs of benzo-
ylphenylurea and evaluated their antitumor activity. Some of the analogs increase
this activity 10-fold compared to NSC-639829 against cancer cells, If we com-
pare the sulfur analogs of benzoylurca with other drugs of a similar mechanism
of action, then they have the ability to inhibit the formation of tubulin with 1Cs0,
equal to 2.1 mm. In particular, aniline derivatives were obtained by the reaction
of substituted aminophenols with substituted 2-chloropyrimidines in the presence
of K2COj3 and DMSO. Condensation of substituted benzoyl isocyanates with ani-
line derivatives gives a series of benzoylphenylurea analogs. Group recovery 2-
NOz when using Fe and CHaCOOH promotes the formation of derivatives with
2-NHa. All compounds are identified by spectral analysis data.

Compounds 1 inhibiting protein kinase are patented [96]:

2 rae R'= H, alkyl, alkoxy, -NHa,- CN,

Nt _@_R. -COOH; R* rasiorew, -CN; R* H, -OR, al-
) S . ' .
" 1l

kyl,- NHaused in medicinal products for treat-
¢ |

Ra

ment

cancer,
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Work [97] patented compounds (1), as well as a method for their preparation,
including dissolving I in an organic solvent, including ethyl acetate, bringing the so-
lution to a boil, cooling to 200C and filtering the precipitated crystals (1). Com-
pounds I are useful in drugs for the treatment of diseases mediated by overexpres-
sion of cytokines, including osteoarthritis, atherosclerosis, bone resorption, dermati-
tis, multiple sclerosis, psoriasis, etc..

E.l. Goryunov ¢ sotr. [98] found that the reaction of diphenylphosphoryli-
socyanate with n-alkylamines at 20-25 ° C, the solvent of which is acetonitrile. The
method allows you to obtain a high-purity product while reducing energy and eco-
nomic costs. The urea derivatives mentioned in the patent are used in radioactive
waste treatment technology. The authors of [99] propose adamantanamo-chevin
derivatives of the formula I:

@T—E—T—Rz used in the composition of medicines for the
4 @R prevention and treatment of metabolic syn-
R I drome, diabetes,0xu-
insulin resistance, glaucoma, osteoporosis, cognitive impairment, etc.

From 1-methyl-3-ethyl-4-chloro-5-pyrazolylcarboxylic acid and 4,6-disubstituted

2-aminopyrimidine, 10 new derivatives of N- (4,6-disubstituted pyrimidin-2-yl) -N'- |
(1-methyl-3-ethyl-4-chloro-5-pyrazolyl) carbonylureas, characterized by IR and PMR
spectra; studied acaricidal and herbicidal activity [100].

Chinese scientists [101] synthesized 9 new derivatives of N1- (4,6-disubstituted 2-
pyrimidyl) -N-cinnamoylurea, characterized by IR - and PMR spectra.

Polish scientists [102] propose obtaining compounds of urea derivatives:

| | R—N=C=Q P RN—’jL
Ph
Ph R
.;!,H \IIQ/ CH O, ) i
“ H &l
R=C'Hg; CoHCH

ReCHy, CICHCH—?

They proposed a reaction mechanism.
In [103], the addition of anilines (I) to nitro-substituted isocyanates (11) and
subsequent reduction promotes the production of aniline-substituted ureas (111),

which, upon repeated treatment with ArN = C = O and NaH + Mel, can be
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“stretched” by one-dimensional and two-dimensional ways to oligomeric ureas
(contain up to 8 urea bonds). The crystal structure is presented and the confor-
mation of the "STO-HA" type is considered. |H-NMR data show that such a con-

formation exists in solution:

R” =’ T H
__NH2 o=c=n___~ _NO2 NN NH2
B . LT e T LT

Chinese specialists [104] to study the fungicidal activity by reaction (3 hours, t =
400C) 2-R-5- (4-pyridyl) - 1,3 4-thiadiazole 4-Cl-CsHsCON=C=0 synthesized in
DMF 1. CI-CsHsCONH-CO-NH-R (I):

In the patent [105] formulas (I) are given that are applicable in the composi-
tion of drugs for the treatment of asthma, allergic diseases, rheumatoid arthritis,
atherosclerosis.

American specialists [106] describe compounds of formula [ used in the

treatment of oncological and immune diseases,

5 3 diabetes, atherosclerosis, osteoporosis,
'>—x—3—~4<inucow etc. Synthesis of I is described. The
R

I data of mass spectra and results are
given.

biotesting. The synthesized ionic liquids of the formula I are prepared from 2-

methyl-aminopyridine and isocyanates. The resulting preparations of | serve as

an effective reaction medium as a chiral catalyst in asymmetric reactions. [107].

a, 1
o—C.__NH
— X8 Neuaw 5
o
8o_c___XH
5%
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To study [ 108] bactericidal, insecticidal and herbicidal activity from
CICH>COOH, 3-u 4-CH:CsH4OH through
R-X-OCH:COOH (1), R-X-OCH:COClI (II) 1 O=C=N-X-OCH:CON=C=0
syntezied R NHCONHCO-X-OH:CONHCONHR (111) # R-NHCONHCO-X-
OCH>CONHR(1V) X=0; S;. More than 10 new bis-urea derivatives have been ob-
tained.

Chinese experts [109] review the data on the physicochemical and detonation
properties of N-guanylurea dinitride (CsUDN) (FOX-12). CsUDN has high energy
(close to RDX), low sensitivity, exceptional thermal stability, CsUDN is not hy-
groscopic, does not dissolve in water, and forms a large amount of gas. CsUDN is
acceptable for use as additives for other energetic materials. CsUDN is used as
propellant, gas generator and explosive.

Specialists [110] described one-pot synthesis NN'- dialkylphosphoramidites
(DADAR) from dialkylphosphites and dialkylamines when using N,N'- dichloro-
bis - [(2,4.6-trichlorophenyl) -urea] as

<1 e chlorination agent. DAADAP is a
c»—QI—ﬁ-T chemical weapon marker (herd and its
10 O
cl c analogues).

The paper presents an improved spectral database for certification of the
chemical weapons convention. The described synthesis strategy can be adapted to
obtain analogs of DADAP.

[111] described a simple, efficient, fast and gentle method for the synthesis of
2-chloronitroso compounds using bis (2.4.6-trichlorophenyl) -urea (CC-2):

Silicon-bound thiocarboms are ob-

Cl
U—QT—E—I tained by rearrangement of Curtius
1o
a Cl carbon

acids in the presence of a thiol from silica gel. Such solid supports of thio-
carbamates are stable isocyanate equivalents which, when treated with amines,
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give di- and trisubstituted ureas. The urea products are released from the trap, and
the released substrate in most cases with 95% purity can be used further [112].

Alkyl nitrosourcas are a well-known class of anticancer drugs, the action of
which is based on their ability to generate diazonium ions during hydrolytic de-
cay particles, alkylating DNA, The ability of most drugs in this group to pene-
trate the blood-brain barrier makes it possible to cffectively use them in complex
chemotherapy of certain types of tumors, Recent studies have shown that the de-
composition of N-nitroso-N-cyclopropylureas (NCU) in protic solvents differs
significantly from other alkylnitrosourcas, For example, the dinitrosation reaction
plays a significant role, which makes it possible to consider the NCM as NO do-
nors [113].

The authors [114] for the treatment of type 2 diabetes, suggest compounds [,

/(I,LN . R*

R* > for the treatment of type 2 diabetes.
R ,||;7 R I

R it used in the composition of medicines

Spiridonov Y. Ya with sotr. [115] studied the results of 25-year studies of the
Herbology Department of VNIIF of fourth generation herbicides and came to the
following conclusions, The dose of sulfonylurea derivatives is 1-2 orders of magni-
tude lower compared to other drugs, which makes it possible to increase safety and
reduce the cost of their use, It has been established that the behavior of sulfonylu-
rea derivatives in soil largely depends on its type. Research of this class of herbi-
cides of sulfonylurea derivatives with other pesticides, growth regulators, antidotes
continues; new preparative forms of domestic herbicides are being studied.

The authors of [116] patented the compounds described below, used

R as part of medicines for the treat-
O, N it ;
i O 1 ment of chronic inflammatory dis-
R N’(“N =
| 2A8CS.
ORt i, ‘ g Qasoy

The authors of [117] carried out studies on the creation of new series of

Cdk-4 inhibitors using the LEGEND program, established new candidates as



27
building blocks for obtaining new inhibitors, thus, N- (9 -0x0-9-n-fluoren-4-yl) -
N'-pyridin-2-ylurea, The result of a computer search for active structures led to
the establishment of a stronger derivative (I). Yield- 30%. Structure | is con-

firmed by X-ray diffraction data.

)
° D
—N
i
|

[118] patented powders, capsules, tablets, oral solutions, parenteral or rec-
tal dosage forms for the treatment of viral discases, as well as for use in chemo-
therapy for cancer of the stomach, liver, gallbladder, rectum, bones, internal
glands, secretions, uterus and other organs.

The preparations contain, as active ingredients, calculated amounts of ben-

zoylurea  derivatives  of  formula (1) (x = Cl) in combination

(!
O Q<
X H H ¥ 72
1

with various surfactants acting as stabilizers,

.

Compounds of formula (1)

R’—HN—E—N—R'
‘rlq ()‘
0=C=NHR"| yne R%= CHa-CH=CHa; -CHz-C=CH
have herbicidal activity in doses of 0.01-10 kg / ha against a wide range of weeds
on plantings of citrus and fruit trees, coffee, tea, cocoa, ete. [119].
The work [120] describes compounds with the general formula:
9 where k 0,054 mole 4-CH1O-CoHaCH(#30-C3Hy)-CH2NHz 8
/U\N—R 100 ml of toluene add 0,065 mol t-BuCH-N=C=0 in 10 ml of
07 "N o toluene, boiled for 15 min, filtered, obtained in the residue
! with a yield of 83%
4-CH10-CeHaCH(130-C3H7)-CH;NHCONHCH:-But, with so pl. 132°C, which

R*—N
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have contact and systemic action against Pyricularia oryzal. The authors of [121]
presented the results of the formation of mathematical models for predicting her-
bicidal activity in acute toxicity (LL1D50); the relationship between the structure,
herbicidal activity and the toxic effect of compounds of the aryl (heteryl) classes
of urca and sulfanylurea derivatives was studied.

In order to synthesize potential biologically active compounds [122] carried
out the interaction of 2-alkyl (phenyl) aminobenzoxazole with methyl and phenyl

isocyanates,

la-g Il a-z

They found that the reactivity of amines in acylation reactions substantially
depends on the basicity of the substrates. Since the amines I a-g used in this work
had a low basicity, they were able to react with isocyanates under rather harsh con-
ditions. With prolonged reflux of the reagents (amine: isocyanate ratio = 1:2) in a
dry inert solvent, the yields of urcido derivatives [l a - h were 55-86%.

1-R-5-F-uracils [123-126] used for the treatment of lymphatic leukemia are

being patented. Yield 65.5%.

0
0
K\J . i F
cixeco0-"] ] ?_;gz,m,_.\-i_xj‘j
N .
0 i

| &
B 0

Maksumova N.A, [127] synthesized more than 50 bis-urea derivatives with

various heterocycles (piperidine, morpholine, benzimide-zol, succinimide, cytis-
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ine, 4-aminopyridine, l-amino-1,24-triazole, 3-aminopyridine, 1-methyl-2-
aminobenzimidazole), with high yields (80-98%). The chemical properties of NH
reaction centers (reactions N-nitrosation, -methylation, -alkylation) have been
studied in detail, -halogenation). Studied and recommended for field trials as a
growth stimulator for plants.

1.3. Interaction of isocyanates and diisocyanates with compounds containing
a mobile hydrogen atom in functional groups (halogenation). Studied and

recommended for field trials as a growth stimulator for plants

As noted above, mono- and diisocyanates are among the compounds with
exceptionally high reactivity. Typical for mono- and diisocyanates are reactions
with compounds containing mobile active hydrogen, in particular, with com-

pounds containing functional groups:

HoN-; H—NQ HS H-0-; HC=C-
Bayer [128] arranged compounds containing active mobile hydrogen according to
their reactivity in the following series:
amines> alcohols > water> mercaptans> acids> urea derivatives> phenols> and
other compounds with an active methylene group. In addition to these, he also pro-
posed the following compounds capable of reacting with isocyanates: carbona-
mides, sulfamides, oximes, formaldehyde, HCN, R-MGX, HC=C-, etc.
For example, when aromatic isocyanate interacts with diazomethane, | |-

lactams are formed:

Ar—N=C=0 + 2CH>N> e Ar—N c=0
“Hy——CH>
According to Johnston [129], NH3 interacts with isocyanates both in the presence
of organic solvents and in an aqueous medium.
The addition of the Grignard reagent to isocyanates [130] proceeds smooth-

ly with a yield of 80-90% of the theoretically corresponding acid
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R —MgX + 0=C=N—R —> R—N — _,R_,i‘_i_R'
amides Mg e
in the presence of traces of the main catalysts, of which pyridine is the most suit-
able, Et3N.
The reaction with HCN is recommended to be carried out with PhN = C=0 ac-

cording to the following scheme:
Ph—N=C=0 4+ H—C=N —3> Ph— Tlﬂ—-ﬁ—CEN
H O
The cyanformanilide formed in this case with the second phenylisocyanate
molecule easily forms 4-amide-1,3-diphenyl-parabanic acid [131].
I
Ph— l?l—ﬁ—(.E N 4 O=C=N—Ph _ZE\TJ:CLH

To scarch for fungicides with high activity and low toxicity from

4-H,N-CsHq O-CH2-CONHCgH4R (R=CH3,4-OCH3; CF3) ¢
2,6-F2 CsH3CON=C=0 (II) synthesized 4-(2,6-F2CsH;CONHCONH)
CsH4OCH2CONHCgH4R (111). The data of IR and PMR spectra are given [132].
Derivatives of substituted phenylbarylurea have been synthesized [132] and evalu-
ated as MSN-1 antagonists for interaction in obesity.

s The relationship between structure
and activity in this series has been stud-

N ied. Urea (I) has been identified as a po-

: tential and selective antagonist of MSN-
on R

By the interaction of isocyanates (CeHsN=C=0 wunu Ci1oH7N=C=0) urea de-
rivatives were obtained with substituted anilines [134-135]. A series of [136-137]
N-aryl —=N'-(2-chloroethyl) urea and their derivatives were synthesized. Their anti-
tumor activity was revealed. The ratio, structure, and activity (SAR) of the follow-

ing substituents were studied: a branched alkyl chain or a halogen at position 4 of
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the phenyl ring, a fluorene-ilrendanyl group. It is shown that N-aryl -N'-(2- chlo-
roethyl) urea is part of a new class of anti-tick agents.
In this regard . compounds with the general formula have been synthesized:

RﬁNmmCHﬂﬁl

It was shown in [138] that the combination of KNO3:, NaNO: and wet SiO:
(50% by volume) in CH2CI2 forms an effective reagent for N-nitrosation of sec-
ondary amines, with a yield of up to 99%.

A new solid-phase addition of isocyanates and aromatic amines has been stud-
ied [139]. Synthesized 14 aryl urea with high yields at 20°C. This method is char-
acterized by simplicity and short reaction time,

therefore compounds with a general formula have been synthesized.

4—X—CgHN=C=0+ HN—CH;R —— 4—X—CH— lr'—l(l‘.— II\I—C(,H.gR

By joining R'-NH: k R*-N=C=0 8 CHCl: synthesized R'- NHCONHR? (rze
R'=1- naphthol; R*= Ph and etc) [140]. The cytokinin-inhibiting activity of la-e
to slow down the growth of surepica roots was studied. The results of quantum
chemical calculations using the MORAS software and the results of the study of
inhibitory activity allowed us to establish quantitative relationships between the
structure and biological activity.

The authors [141-142] synthesized a series of phenylallyl-substituted asym-
metric urea in a single-reactor procedure by reactions of cinnamoi-lysocyanate,
which is obtained from cinnamoylazide by Curtius rearrangement with various ar-
omatic amines 2-amino-5-aryl-1.3,4-thiadiazoles and 2-amino-5-
aryloxymethylene-1,3.4-thiadiazoles under micro-wave irradiation. In comparison
with conventional methods, this synthesis is characterized by mild reaction condi-
tions, high yields of urea derivatives. The products were identified by IR and 1H
NMR spectroscopy data.

The authors [143-144] obtained salts of N-alkoxy-N-(1-pyridinium) urea I.
It was found that N-acetoxy-N-methoxyurea is converted to N,N 1-dimethoxyurea
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H2NCON(OCH3)2, and N-propyloxy-N-(1-pyri-dinium) N1,N1-dimourea chlo-
ride into N,N-dimethoxy- N1,N1-dimethyl urea.

To study Herbicidal activity and search for environmentally safe herbicides
from 5-NH»-2-CH:00OCCsH3SO>NH: through the intermediate 5-R'-CO-2-
CH300CCgH3SO2NH2 (1) cunresnposan [145]

5-R'-CONH-2- CH300CC¢H3SO:NHCONHR? (11).

It is proposed [146] a weed control agent with herbicidal activity - flumioxa-

N Cl
ol N
Sy SO;NIICON!-I’<
=~ocH,

Flumioxazine is used in a ratio of 1:0.01-1:100, respectively, examples of the

zine:

composition of compositions, test results of herbicidal activity are given.
Compounds with the following formula or their pharmaceutically acceptable

salts or solvates with antitumor effect are patented [147]:

2

R
N—ﬁ—rin—lc"—-cuz—k-‘
; H O H O
1
|
S
H NJ

Patented compounds I [148] with the general formula used

R as part of insecticidal compositions. The

Ny f methods of obtaining compounds and the

/@I,) % /'b\ results of insecticidal activity tests are giv-
¢ : ¢ en.

The review [149] presents drugs having an asymmetric urea as a functional
group. The importance of developing new methods using more environmentally
friendly, effective reagents instead of toxic and unstable phosgene and its deriva-

tives is distinguished.
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An antitumor composition containing as an active ingredient i compnid o
its pharmaceutically acceptable salt used in combination with radiotherapy fur (e

treatment of leukemia is proposed,

? . neuroastrocytomas, thyroid can-
(8] " .
oo ! cer, gastrointestinal tract, ele,
@ci
N ¢
¥ 3 D—Y—(‘(N)ll

The results of tests of the biological activity of compounds in vitro and toxici-
ty in vivo (on rats) are presented [150].

The authors [151] study the complexation of chiral ferrocenyl urea | (1 R=i-Pr,
t-Bn-, Bn) containing a redox-active ferrocene group with chiral carboxylates from
spectroscopic data and voltammetry. Enantioselectivity of the complexation of pro-
tected N-benzenesulfanylproline with the Intra molecule (R=PhCHaz-) enough high

~8O0 to distinguish opposite isomers
clectrochemically,
0By

C?T."‘n’"mw,
&

Interaction PANHCON(Me)CH2CH(OMe); with 1,2,3-(HO):CsHy in the pres-
ence of CFyCOOH (CHCly, 60°, 8 u.) receive (1), output 47% [152].

o
HO On

ph—MN N Mo

j,r
The authors [153] propose the use of compounds (1), urea derivatives of
pharmaceutically acceptable salts in the composition of medicines for the treatment

of cardiovascular and immune discases.



34

In [154], synthesis methods and the results of preliminary studies of the effect
on plant growth and antibacterial activity in 8 new aromatic acylaminoureas with
N,NI-naphthalenacil substitutes characterized by IR and PMR spectra were report-
ed. 2-(4-R-phenyl)-l(carbo?(y-4-methyl—4-cyclohexenccarbonyl-hydrazidcs) were
synthesized from monohydrazides of cyclohexendicarboxylic acid and sodium ni-
trite in acetic acid, which were used as starting compounds to produce, unknown in
the literature, cyclohexengroup containing disaminated urea in their reactions with
derivatives of 2-aminopyridine. They form N-[2-(4-R-phenyl)-1-carboxy-4-methyl-
4-cyclohexene]-N1-(3-R1-5-R2-pyridyl-2)-urea, as well as N-[2-(4-R-phenyl)-4-
methyl-4-cyclohexene]-N1-(3-R 1-5-R2-pyridyl-2)-urea, since at the boiling point of
toluene both the formation of disubstituted urea derivatives and the de-
carboxylation of the acid group occurs [155].

In patents [156], compounds of urea derivatives are given (I)
O

R & 4@,“
NTOL N
N—(CHz)s — X
HO, | JI

and their tautomers, pharmaceutically acceptable salts used in the composition of
medicines for the treatment of urological diseases, including bladder hyperactivity.
Reaction of 2-amino-benzimidazoles (X=4-OMe, 5-OMe, 6-OMe, 6-CFi/NO3, 5-
Me-; Y=H, Z=Me) with NaH in DMFA, then with benzoyl chloride (Z=Me, OMe,
CN, CF3, NO») at 200C, amide derivatives with yields of 60-70% are obtained for
5 hours. Interaction with substituted phenylisocyanates (Z=2-Me, 4-Me-, H, 2-F,3-
NO:) (EtN, 20°, 84) synthesize the compound

O ool — Oy O
I-V

(X=6-F/Me/Cl; 5-Me-;Y= H; 6-Me) with a yield of 40-60%. The antiprolifer-
ative properties of the obtained compounds have been studied [157,158]. The au-
thors [159,160] described easy access to a wide list of original saturated N-

heterocyclic urea with use as a key stage of the Michael type reaction. The latter
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includes isocyanates or amines on the piperidine skeleton, whieh have 100
unsaturated essential functionality,
In [161], the cyclization reaction CH>=CH(R) (CH:), R',R)CH(R )NHR!

] in dioxane and water in the presence of'a
e
O—O—(—' mixture AgCl and AgOSO>CF: (15-24 u.
20°C we get with yield 83-100 %.

8 new derivatives of N I<{tert-butylaminocarbonyl) were synthesized to study
the inhibition of proliferation of leukemia cells k562-N- [S-(substituted phenyl)-2-
furyl] urea characterized by IR and PMR spectra [162].

The authors [163] propose the use of N{2-[(2,1,3-benzothiadiazole-5-
ilamino)]-6-(2.6-dichlorophenoxy) pyrido [2.3-d] pyrimidine-7-yI]-NI- [1.1-
dimethylethyl] urea}, its hydrate. solvate as part of the drug means that can be
made in the form of tablets, solutions for intravenous administration.

A general technique for the synthesis of alkyl and arylalkyl carbamates is de-
scribed [164] R-NHCOOAr (R=CH:-,Cz2Hs-, CsHy-, CsH3-), based on S-methyl-N-
alkylthiocarbamates R-NHCOS-CHs. The technique consists of three stages, which
proceed in one reactor without the release of intermediate N-alkylcarbamoyl chlo-
rides R-NHCOCL or R-N=C=0. All products are obtained with high yields (16
examples, average yield 91 %).

As can be seen from the above, the chemistry and technology of urea derivatives
are rapidly developing in a large number of research centers abroad and in our
country.

Thus, the analysis of the literature data shows that the reactions of GMDI
with aliphatic, aromatic, heterocyclic amines are relatively little studied. Many
examples show that the reaction of AN is ambiguous. According to many re-
searchers, its direction depends on the basicity of reacting amines. By reacting
hexamethylenediisocyanate with primary or secondary aliphatic, alicyclic, aro-
matic amines, we have shown the possibility of forming bis-aroylurea deriva-

tives.
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It has been established that the majority of published patents, articles and
monographs from 1954-2010 are mainly devoted to the reaction of isocyanates
with substituted H2N-, H-N< containing aliphatic, aniline derivatives and hetero-
cyclic amines in a medium of various solvents, such as CHxClz, CHCIy, toluene,
cther, etc,

Rescarch in this field of chemistry, on the one hand, allows us to discover
fundamentally new patterns in the behavior of organic urea compounds and reac-
tion mechanisms and, thus, contribute to the development of new theoretical con-
cepts in organic synthesis,

On the other hand, the enormous practical significance of these unique studics
as the basis for the creation of new biologically active drugs, dyes, plant growth
regulators, semi-products of fine organic synthesis and technology is quite obvi-
ous.

Hence the wide range of tasks that are solved by chemists working in this
field, from deep theoretical research to purely applied issues.

In the light of the above, the purpose of this work was to develop a simple,
convenient method of synthesis and a waste-free technology for the production of
previously unknown derivatives of bis-aromatic urea. The study of their properties,
as well as growth-stimulating activity and the development of practical proposals
for the introduction of growth-stimulating agents in agriculture of our republic will
increase the economic efficiency of the economy as a whole.

Research objectives:
- synthesize new bis-aroylureas based on the interaction of secondary aromatic
amines with GMDI;
- to develop a simple, convenient waste-free technology for the production of hex-
amethylene bis-[(dibenzylamino) urea);
- to study the influence of various factors on the yield of bis-aminoaroylureas, to
establish the dependence of the product yield on the nature of the solvent, tempera-

ture and duration of the reaction;
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- to study the chemical properties of NH centers: denitrosation, dehalogenation i
dealkylation;
- describe the proposed mechanisms of reactions of the formation of bis-
aminopropyl-urea, their derivatives and varieties of their course;
- to find biologically active comgdunds among newly synthesized bis-urea, to test
them and recommend them as a growth stimulator in agriculture, as well as to de-

termine their coloring properties.

CHAPTER 2. OBJECTS AND METHODS OF RESEARCH
2.1. OBJECTS OF RESEARCH

Initial reagents, devices, equipment used to establish the structure of synthe-
sized compounds Carbon tetrachloride (carbon tetrachloride) CCly — as a solvent;
ethanol - x h. -TU 6-09-1710-77: Teeiting =78,33°C: n,2=1,3616: ds*’=0,7890;
THF (tetrahydrofuran) stable. — h. -TY 6-09-3986-77; benzene -— ch.d.a.- GOST
5789-51, T.boiling.78°C; dimethylformamide - hc. - GOST 20-289-74 Kharkiv
Chemical Reagents Plant; acetone - ch.d.a. - GOST 2603-994; hexane - ch. TU 6-
093375-78; dioxane — ch. Shostka chemical reagents plant - GOST 10455-80;
methanol - he -GOST 6995-92; dimethy! sulfoxide- he; DMSO - hygroscopic lig-
uid, colorless and odorless; ethyl acetate - ch.d.a. - GOST 22300-96; diphylamine -
he., t.pl.=53°S;
Thoiting =302°S; dibenzylamine- C.D.a, Twu.=300°S, Mm=197,29; carbazol-x, Thoil-
ing= 238 °S, T =354,8 °C; My = 167,21; isatin - he: 5-bromisatin -hc; hexane-
1,6-diisocyanate; (hexamethylenediisocyanate, GMDI): colorless, oily liquid with
a pungent odor, em-pyric formula — CsH2N202; structural formula
—0=C =N-(CH2)s- N=C=0, My — 168,20; Tmelting. = - 67°S; Thoiling. = 255-258°S;
127°C, 10 mm Hg. art.; density - ds**; r/em’- 1,0465, n,** =1,4533; GMDI - mixes
with most organic solvents, reacts ¢ H.O, R-OH, Ra2NH, RNHo, it has all the prop-
erties of isocyanates. All reagents were purified by transfer in vacuum, or at at-

mospheric pressure, or by recrystallization of the corresponding solvent.
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2.2 Research methods

IR spectra were obtained on a Fourier spectrometer model 2000 (Regkin
Elmer) in KBr tablets, as well as "Spekord -75" in KBr tablets. PMR spectra were
taken on the proton resonance spectrometer "Iroll C-60 HI" with a frequency of 60
MHZ. The purity of the products and the course of the reaction were controlled by
TLC on Silufol UV-254 plates in different solvent systems:

System 1: HCOOH: CHCl3: CCl4=0.5:0.5:0.4;
System 2: Gexan: CHCl; =1:9;
System 3: C¢Hs:CsHia= 5:1;
System 4: CHCly:CeH 14=7:1;
System 5: CHCl3 :CsHg= 6:1;
System 6: CsHs :CH:COOC Hs=4:1;
System 7: CHCls: CoHsOH = 4:1.
Developer: lodine vapor.
2.3. Synthesis and chemical transformations N,N'- hexamethylene bis-
|(aminoaryl) urea|
Synthesis N,N'- hexamethylene bis-|[(aminopropyl) urea]
N,N'- Hexamethylene bis-|(diphenylamino) urea] (1)* (XIOX-1)

In a four-necked flask equipped with a reverse refrigerator with a chlorocal-
cium tube, a mechanical stirrer, a thermometer and a drip funnel, 16.9 ml (0.1 mol)
of diphenylamine was placed in 70 ml of dimethylphoramide, 20 ml of triethyla-
mine and, with intensive stirring, 8.5 ml (0.05 mol) of GMDI was added drop by
drop from the drip funnel. The reaction lasted for 4 hours at a temperature of 26-
36°S. The precipitate was filtered, washed with distilled water 2-3 times and dried
at room temperature. Appearance: White powdery product. Output 23.2 g (92%):
T. pl. 224-225°S.

The individuality of the resulting product was tested by TLC on a fixed layer
(Al203) 11 degree of purity in the system 6. R=0,72
Found %: C 75,68 H6,49N 10,78
Calculated for C3H14N4O2, % : C 75,89 H6,72 N 11,06
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(1)-and further w (36) the numbering corresponding to the number of the formula

(characteristics b of this substance) in Tables 3.1, 3.3, 3.4, 3.5 and 3.8.

N,N'- Hexamethylene bis-|(dibenzylamino) urea] (2) (X}OX-2)

19.7 ml (0.1 mol) of dibenzylamine in 55 ml of DMFA, 18 ml of tricthyla-
mine were placed in a four-throated flask equipped with a reverse refrigerator with
a chlorocalcium tube, a mechanical stirrer, a thermometer and a drip funnel, 8.5 ml
(0.05 mol) GMDI. The reaction lasted for 4 hours at a temperature of 25-38°S. The
precipitate was filtered, washed with distilled water 2-3 times and dried at room
temperature, Appearance: snow-white powdery product. Yield-26.5g (94%);
Lpl=190-191°S. The individuality of the resulting product was tested by TLC on a
fixed layer (AlO:) of 11 degree of purity in system 3. Re=0.69.

Found, %: C 76,51 H7.23 N931
Calculated for CixgHa2N4Os, %: C 76,82 H 747N 9,56
N,N'- Hexamethylene bis-|(carbazolyl) urea| (3) (XIOX-3)

In a four-necked flask equipped with a reverse refrigerator with a chlorocal-
cium tube, a mechanical stirrer, a thermometer and a drip funnel, 16.7 ml (0.1 mol)
of carbazole was placed in 60 ml of dimethylformes-yes, 25 ml of tricthylamine
and, with intensive stirring, 8.5 ml (0.05 mol) of GMDI was added drop by drop
from the drip funnel. The reaction lasted for 4 hours at a temperature of 23-39°S,
The precipitate was filtered, washed with distilled water 2-3 times and dried at
room temperature, Appearance: white-grayish powdery product. Output- 22.75 g
(90 %): 1.pl.=230-232 °S; the individuality of the resulting product was tested by
TLC on a fixed layer (AL:O3) of 11 degree of purity in system 6. Re=0,79;

Found, %: C 76,19; H 5,68; N 10,88
Calculated for CszHsoNsO2, % : C7649,H597:N 11,15
N,N'- Hexamethylene bis-|(isatinyl) urea) (4) (XIOX-4)
To 14.7g (0.} mol) of isatin in 60 ml of DMFA and 25 ml of triethylamine
with intensive stirring, 8.5 ml (0.05 mol) of GMDI was added drop by drop from a
drip funnel. The reaction lasted for 4 hours at a temperature of 24-37°S, The pre-
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cipitate was filtered, washed with distilled water 2-3 times and dried at room tem-
perature. Appearance bright red powdery product, Yield - 18.53g (89%): t.pl.=163-
164°S. The individuality of the resulting product was tested by TLC on a fixed lay-
er (A1203) of 11 degree of pixrily in the system 5. R¢=0,57,
Found % : C62,06; H4,44; N 11,87
Calculated for C24H2aN4Os, %o: C62,33; H4,76; N 12,12

N,N'--Hexamethylene bis-|(5-bromisatin il) urea] (5) (X10X-5)

To 23.6g (0,1 mol) of 5-bromisatin in 55 ml of DMFA and 24 ml of tricthyl-
amine with intensive stirring, 8.5 ml (0.05 mol) GMDI was added drop by drop
from the drip funnel. The reaction lasted for 3.5 hours at a temperature of 25-42°S,
The precipitate was filtered, washed with distilled water 2-3 times and dried at
room temperature, Appearance - brown-reddish powdery product, Yield - 26.9g
(85%): t.pl.=174-1750C.

Found % : C46,23 H3,01 N 8,74
Calculated for CagHaoBraN4Og: 46,46 M 3,22 N9,03
N,N'-Hexamethylene bis-|(p-ferrocenylamine)urea] (6) (X10X-6)

8.5 ml (0.05 mol) GMDI was added to 27.68g (0.1 mol) of p-ferrocenyl phe-
nyl amine in 100 ml of DMFA with intensive stirring by drops from a drip funnel,
The reaction lasted for 3.5 hours at a temperature of 26-44°S, The precipitate was
filtered, washed with distilled water 2-3 times and dried at room temperature. Ap-
pearance- brick-brownish powdery product. Yield -32.26g (89%);

t. melting= 211-212°S; R=0,58

Found % : N 8,96

Calculated for CaoHagN4Oz, %: N 9,24

2.4. Chemical transformations N,N'- hexamethylene bis-[(aminoaryl)
urea|
Synthesis N,N'- Dichloro-substituted hexamethylene bis-|(aminopropyl) urea|
(7-12) (General procedure)
N,N'--dichloro hexamethylene bis-|(diphenylamino) urea] (7)
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5.06g (0.01 mol) N,N'-hexamethylene bis-[(diphenylamino) ureal, 60 ml of
tetrachloro-methane, 25.0 g of wet aluminum oxide were placed in a threenecked
flask equipped with a reverse refrigerator with a calcium chloride tube, an auto
mixer and a thermometer, and 4.7 g of calcium hypochlorite was added drop by
drop at a temperature of 370C for 4 hours. Then the reaction mass was left for 24
hours, The precipitate was filtered out and washed with sulfuric ether. Received
6.26g (96 %). t. mt. =178-179°S,
Found, %: N 9,52
Calculated for CiaHiz ClhN4O2, %! N 9,73
Similarly , according to the above method | the following results were obtained:
N,N'- dichlor - N,N'- hexamethylene bis-[(dibenzylamino) urea], N,N'- dichlor -
N,N'- hexameethylene bis-[(carbazolyl) urea], N,N'-dichlor- N,N'- hexamethylene
bis [(isatinyl) urea],N,N'-dichlor- N,N'-hexamethylene bis-[(5-bromisatinil) urea),
N,N'-dichlor-N,N'- hexamethylene bis-[(p- ferrocenyl phenyl amino) urea] (8-12).

Synthesis N,N'- dibromosubstituted hexamethylene bis-[(aminoaryl)
urea| (13-18) (General technique)

N,N'-dybrom -N,N'- hexamethylene bis-|(diphenylamino) urea] (13)

5.06g (0.01 mol) of N,N'- hexamethylene bis-[(diphenylamino) urea), 65 ml
of chlorophore, 30 g of wet alumina were placed in a three-necked flask equipped
with a reverse refrigerator with a calcium chloride tube, an auto mixer and a ther-
mometer, and 10 g of calcium hypobromite was added drop by drop at a tempera-
ture of 600C for 3.5 hours. Then the reaction mass was left for 48 hours, The pre-
cipitate was filtered out and washed with sulfuric cther, Received 5.73g (86%).
T.mt, =217-218°S,

Found, %: N 8,19
Calculated for CiaHiz BraN4O3, %! N 8,43 N

Similarly, according to the above method, the following were obtained:
N,N'-dibromo- N,N'-hexamethylene bis-[(dibenzylamino) urea], N,N'-dibromo-

N,N'-hexamethylene bis-[(carbazolyl) urea], N,N'-dibromo-N,N'-dibromo-N,N'-
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dibromo-N,N'-hexamethylene bis-[(5-bromisatinyl) urea] and N,N'-dibromo-
N,N'-hexamethylene bis-[(p-ferrocenylphenylamino) urca) (14-18).
2.5. Synthesis N,N'-hexamethylene bis-|(aminoaryl) urea| (19-24)
(General technique)
N,N'- diisopropyl -N,N'- hexamethylene bis-|(diphenylamino) urea]
(19)

5.06g (0.01 mol) N,N'-hexamethylene bis-[(diphenylamino) urea] in 30 ml
of benzene was mixed into a three-necked flask equipped with a reverse refrigera-
tor with a chlorocalcium tube, an auto mixer and a thermometer. With slow stir-
ring, 3.4 ml (0.02 mol) of isopropyl iodide was added drop by drop. Then the mix-
ture was stirred for 13 hours when heated in a boiling water bath. After cooling, 25
ml of water was poured, the precipitate was separated and recrystallized with 50%
alcohol. Received- 5,42 1 (92,0%).

Found , %: N 9,23

Calculated for CigHaaN4O2, %: N 9,49
Similarly , according to the above method , the following results were obtained:
N,N' - diisopropyl - N,N'-bis hexamethylene-[(dibenzylamino) urea], N,N' -
diisopropyl - N,N'-his hexamethylene-[(ve carbazolyl) urea], N,N' - diisopropyl -
N,N' - bis hexamethylene-[(estinyl) urea], N,N' - diizo-propyl - N,N! - bis hexa-
methylene-[(5-bromoisatin) urca], N,N' - diizo-propyl-N,N'-hexamethylene bis-
[(p- ferrocenylethylamine) urea] (20-24),

N,N'-diamide, N,N'-hexamethylene bis-[(diphenylamino) urea] (25)
5.06g (0,01 mol) of N,N'-hexamethylene bis- [(diphenylamino) urea] and 30 ml of
abs. benzene were placed in the flask. With slow stirring, 3.4 g (0,02 mol) of amyl
iodide was added drop by drop. Then the mixture was stirred for 15 hours when
heated ina boiling water bath, After cooling, 50% alcohol was poured, Obtained-
6.14 g (95%) N,N'-diamide- N,N'-hexamethylene bis- [(diphenylamino) urca].
T.pl.= 181-182°S.

Found, %: N 9,23

Calculated for CagMagN4O2, %o: N 9,49
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Similarly, according to the above method, the following were ahiulsd
N.N'- diamylo - N.N'-hexamethylene bis-[(dibenzylamino) ureu], NN diginy b
N,N'-hexamethylene bis-[(carbazolyl) urea], N.N'-diamylo - N.N"-dinmylo NN
hexamethylene bis-[(isatinyl) urea], N,N'- diamylo - N,N'- hexamethylene bis- [(4
bromisatinyl) urea}], N,N'- diamyl -N_N'-hexamethylene bis-[(p- ferrocenylphenyl-
amino) urea] (26-30).

2.6. Synthesis of N,N'-dinitrosubstituted N,N'-hexamethylene bis-|(amino ar-
yl) urea] (31-36) (General procedure)
N,N'-dinitroso-N,N'-hexamethylene bis-|(diphenylamino) urea] (31)

To a suspension of 506 g (0.01 mol) N/N'-hexamethylene bis-
[(diphenylamino) urea) in 50 m] of 36% (method A) or 60 ml of 18% (method B)
hydrochloric acid, or 70 ml of 98% formic acid (method B), or 60 ml of 50% caus-
tic acid (method D), with stin'-ing and cooling to 0-5°C, a portion was added for |
hour 0.1 mol NaNO;, then, stirring at the same temperature, the reaction was con-
tinued for | hour. Every 6-10 minutes, the reaction mixture was analyzed by TLC
method. The resulting precipitate was filtered, washed with 50 ml of ice water and
dried in air at room temperature. For methods (A-D), the filtrate was extracted with
ethyl cetate (2x50mi), washed with ice water and 5% aqueous soda solution. dried
with magnesium sulfate and evaporated dry. For all methods (A-D), precipitates
and residues after evaporation of extracts were combined. The obtained N,N'-
dinitroso compounds N,N'-hexamethylene bis-[(diphenylamino) urea] were deter-
mined by Ry, washed off with acetone sorbent. The solvent is evaporated dry at
room temperature in the vacuum of the desiccator. N.N'-dinitrous derivative N.N'-
hexamethylene bis-[(diphenylamino) urea] was recrystallized from hexane and
ethyl acetate. Qutput - 5.01g (89%). t.pl.=294°C (different).

Found, %: N 14.63
Calculated for C:xH:NgOs, %: N 14,89

Similarly, according to the above method, the following were obtained:

N.N'- dinitroso- N.N'-hexamethylene bis-[(dibenzylamino) urea], N,N'- dinitroso -
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N,N'-hexamethylene bis-[(carbazolyl) urea], N,N'- dinitroso - N,N'- hexameth-
ylene bis-[(isatinyl) urea), N,N' - dinitroso - N,N'- hexamethylene bis- [(5-
bromisatinyl) wrea], NN'-  dinitroso  -N,N'-hexamethylene  bis-[(p-
ferrocenylphenylamino) urea] (32-36).

CHAPTER 3. STRUCTURE, PROPERTIES AND METHODS OF OBTAIN-
ING NN'-HEXAMETHYLENE BIS-[(AMINOPROPYL) UREA] AND
THEIR DERIVATIVES

Today in agriculture, urea derivatives are used as herbicide, pesticide, fungi-
cide, defoliant and biofertilizers. In organic synthesis based on urea with other rea-
gents, hard-to-reach heterocyclic compounds (barbitals, phenobarbital, mineral,
ete.) were obtained. This list can be continued, so wide is the scope of use of urea
derivatives, bisureas and polyureas.

Based on the above, we have started scarching for the synthesis and technol-
ogies for the production of urca derivatives, or rather bis-aminoaroylureas, which
are little-studied, new directions in the world of organic synthesis and production
technologies. Continuing research on the synthesis of previously unknown new de-
rivatives of bis-urea and the study of their chemical properties and activity, as well
as systematic studics of rare produced urea, we found it interesting to develop
waste-free technologies for the synthesis and reaction of GMDI with HN< or H2N-
containing compounds of the aromatic series,

3.1. Synthesis N,N'- - hexamethylene bis-[(aminopropyl)-urea| and their de-
rivatives. Reactions of Ax- (nucleophilic addition) aromatic secondary amines
to hexane-1,6-diisocyanate
To continue research in the field of neglected synthesis of derivatives of urca-
based aromatic compounds containing amino groups, we have developed a simple
preparative method for the synthesis of derivatives of N,N' ~bis hexamethylene-
[(aminoalkyl) urca) based on the reaction of a diisocyanate (1) secondary aromatic
amines (11) carried out with a molar ratio of the reagents L:II= 1:2 at room tempera-

ture for 35 - 40 hours according to the following
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scheme:
R R
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Ri 1l I IR ™A R Il b ey
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R/ — H
! (./H; Fe

For the first time synthesized products are colorless substances, hardly soluble
in water and easily soluble in organic solvents (DMAC, DMSO, DMFA, pyridine,
NSOON, CCl4, etc.), which confirms the presence of two urea groups and aromat-
ics soluble in heteropolar solvents. The physico-chemical characteristics of N,N'-
hexamethylene bis-[(aminoaroyl) urea] are given in Table 3.1.

Table 3.1 shows that the yields of N,N'- hexamethylene bis-[(aminoaroyl)
urea] (I-VI) depend on the nature of the radical in the molecule of aromatic sec-
ondary amines, as well as the basicity and solubility constants. For example, in the
case of dibenzylamine, diphenylamine, carbazole, isatin, p-ferro-
phenylphenylamine, 5-bromisatin yields arc 85-94%. A slight decrease in the yield
of the product, apparently, can be explained, firstly, by the increased basicity of
aromatic amines, since the reactivity of aromatic secondary amines increases with
increasing basicity, and consequently, the yield of reaction products increases (Ta-
ble 3.1). Secondly, the high yield of the obtained N,N1-hexamethylene bis- [(ami-
noaroyl) urea] is apparently due to the high density and light mobility of the elec-
tron cloud of the conjugated (-N=C=0) group. feasts of hexane-1,6-diisocyanate,

which leads to an increase in steric obstacles.



Table 3.1
Physico-chemical characteristics of N,N'- hexamethylene bis-[(amino aryl) urea]
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Probable mechanism of interaction of aromatic secondary amines with
hexane-1,6-diisocyanate

It is known from the literature data [13] that the structure of the radical R in
the grouping -N=C=0 has a significant cffect on the activity of the isocyanate
group. At the same time, electron-acceptor substituents increase the reactivity of
diisocyanates in addition reactions to the nucleophilic reagent, electron-donating -
decrease. A number of foreign authors believe that this pattern is explained, re-
spectively, by an increase and decrease in the positive charge on carbon -N=C=0
groups. So, for example, S.G. Entelis with col. [13] it is shown that in the case of
substitution of arylisocyanates, the charge density on the carbon atom (C"') corre-
lates with the d-constants of the substituent. An increase in the fraction of the posi-
tive charge &' on this atom, when electron acceptor substituents are introduced into
the nucleus, is consistent with changes in the reactivity of arylisocyanates when the
substituent changes, An increase in the electron density deficit on the carbon atom
of the -N=C=0 group leads to an increase in the rate constant of the nucleophilic
reagent (Ph):NH to diisocyanates. However, in the course of work, a rigid structure
is ulso used for the isocyanate group in a static state. Based on quantum chemical
calculations, it is assumed that the charge density on the atoms of the -N=C=0)
group does not change when a substituent is replaced in the R-N=C=0 molecule,
The effect of substituents on the reactivity of isocyanates is explained either by a
change in the length of bonds in the 1socyanate group, or by a different stabiliza-
tion of the transition state in the reactions of nucleophilic addition (Ax) to diisocy-
anates, The chemical behavior of the diisocyanate is most fully consistent with
such a distribution of the clectron density in the -N=C=0 group, which is described
by the combination of the following structures (I-111):

!():(?nﬁ—((‘"gk—gu8=Qt 20 = C*N—(CHy}—N = C = Ot s
m |
- ﬂg-g’ E—(L'"ﬂ.— §=8-8;
n
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Nitrogen and oxygen in the ~N=C=0O group carry mainly a negative charge and
have electron-donating propertics, so this group is susceptible to both nucleophilic
and electrophilic attacks. In some cases, diisocyanates can also play the role of
electrophilic agents. The most typical reactions for them are nucleophilic addition
involving oxygen- and nitrogen-containing substances. The NH group, for exam-
ple, of diphenylamine, having a free electron pair, attacks the electrophilic center
in the GMDI molecule with the formation of an intermediate (B), which rearranges
into bis-urea. Therefore, based on the literature data, the probable mechanism of
interaction of aromatic secondary amines with hexane-1,6-diisocyanate, in our
opinion, can be represented by the following scheme:

D 10=C=N—(CHy)—~N=C=Qt + R —— 10° -N-<cu,).;‘»ﬂ§‘-’?>?‘

.

NR B NR

B, Sien B+ 0B 5 B+ B
1 10~ CmN—(CH)so N = C L0t 4 RN -H NRy et
t B ¢ c
NR NR
Ral-~lf--NR RN- 4Ry
- E § i : —_—— R,N—S—N_(C}'I)._v-ﬁ-’qnc + RN
ng-c-N-—(cu,).—N-é"Qt O l'i H O

D
where RN: is a solvent, R;NH is a secondary amine.

For the final solution of the question of the mechanism of attachment of het-
erocyclic amines to endi, additional study of the rcaction dynamics is necessary.

The structure of the first synthesized N,N'-hexamethylene bis-[(aminoaryl)
urca] proved by IR and PMR spectroscopy (Table 3.2) (Appendix) and confirmed
by clemental analysis data.
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IR and PMR spectra of some bis-urca derivatives

Table 3.2

Ne IR spectrum, vy em™' PMR spectrum, 8, M1,
n/n | Structural formula and name . - -
-GN N (CHye L : /
" ll PO iy NN
| N,N'- hexumethylene bis- 1622 3330 768-734 281 1,28- | 3,29
[(diphenylaming) urea] 1,06
2 NN’ hexamethylene big- 1624 3334 770-736 277 | 1,24-| 3,59
[(dibenzylamino) urea| 1.02
3 NN~ hexamethylene bis- 1626 3335 772728 2,76 | 1,26- | 3,61
(carbazolyl) urea 1,04
4 NN hexamethylene bis- 1623 RERY} 767-733 298 1,40 347
[(izatinoylo) uren|
5 NN hexamethylene bise[(5- 1625 3333 771-730 291 1,39- 3,59
bromoisatinoyl) urea) 1,06
6 NN hexamethylene bis-[(p- 1630 3330 765-728 - . .
ferroceny! phenyl amino) urea) J

Influence of various factors on the yield of bis-urea derivatives

In order to establish optimal conditions for the synthesis of bis-urca deriva-

tives, the effect of reaction duration, temperature, and solvent type on the yield of

the target products was studied. To clarify the effect of the reaction duration, ex-

periments were conducted with hexane-1,6-diisocyanate in a thermostat under

comparable conditions at a temperature of 330C, The duration of the process was

changed from | to 5 hours (Fig. 3.1).

Fig.3.1. Effect of reaction duration on the yield of bis-aminoaroyl-chevin

0
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From the results obtained, it was found that the optimal duration of the reac-
tion providing the highest yield of the product is 4 hours, and during the Sth hour
the yield of the product did not change.

Effect of reaction temperature

The effect of temperature on the yield of the target products was studied by
conducting a reaction at different temperatures of the reaction medium (Fig. 3.2).
As can be seen from the figure, during the reaction at 00C, the yields of the target
products ranged from 4 to 6%. With an increase in temperature, the yield began to
increase: so, at a temperature of 15° C, the yield was from 17 to 25%, at a tempera-
ture of 22°C - 50-60%, at 28°C - up to 94%. At a temperature of 33° C, the yield of
the product did not in-

crease.
100 5 -
80 4
B0 <4
70 4 —4—X00X-1
60 - - X00X-2
50 - XOX-3
40 4 X00X4
30 - —¥—X00X-5
20 4
10 4
o

oc 15C 2c 2528C 33cC

Fig.3.2. The effect of temperature on the yield of bis-aminoaroylureas
The high yield rates at a temperature of 25-280 C can be explained, apparently, by
the fact that at such a temperature the mobility of the reaction center of the N-H
groups is high, which causes the absence of intra- and intermolecular hydrogen
bonding. In this case, a certain amount of solvent binds and activates the -N=C=0
grouping and the free H-N< group with hexane-1,6-diisocyanate, followed by the
formation of bis-urea derivatives. At a temperature of 330C, the mobility of the re-
action center N-H does not change.

Influence of solvent nature
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To study the effect of the nature of the solvent, in addition to dimethylfor-
mamide, a number of electron-donating solvents (THF, pyridine, dioxane, acetoni-
trile) supporting the ionization of reacting components were used, which apparent-
ly significantly intensified the reaction. It has been experimentally established that
the yield of hexamethylene bis-[(aminoaroyl) urea] is significantly influenced by
the nature of the solvent. Thus, with an increase in the dipolar moments of aprotic
bipolar solvents, the yield of the target product changed in the following order:
DMFA (3.8) > Py (2,19) > THF (1,7) > Dioxane (0) increases (Fig. 3.3). It was
found that at 280C hexane-1.6-diisocyanate in DMFA easily reacts with N-N<
group-containing aromatic secondary amines to form N,N'-hexamethylene bis-
[(aminoaroyl) urea]. According to the "like-in-kind" dissolution principle, the in-
teraction of DMFA with heterocycles proceeds especially regioselectively, which
apparently contributed to the formation of strong stable stable complexes between -
N=C=0 and H-N< groups of aromatic amines. Thus, it has been established that
bipolar aprotic solvents with large dipole moments and high diclectric permittivity
are capable of forming strong donor-acceptor complexes that contribute to an in-
crease in the yield of target products.

%

Fig.3.3. Dependence of the yield of bis-aminoaroylureas on the nature of the
solvent
It was found that during the reaction of specific solvation with carbonyl carbon of
the isocyanate group, the basicity of the H-N< imino group is enhanced due to do-

nor-acceptor complexation. Thus. in THF and dioxane, the reaction proceeds with
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a lower yield of the target product of N addition than in DMFA. Solvation with
DMFA and pyridine is casier than with THF and dioxane, so the yield increases.
Thus, it was found that the optimal reaction conditions for the formation of
N,N'-hexamethylene bis-[(aminoaryljurca] are: temperature 28°C; solvent -

DMFA, reaction duration 4 hours,

3.2. Chemical transformations of NN '- hexamethylene bis-[(amino aryl) urea|
To study the chemical properties of the H-N< reaction center of the synthe-
sized bis-urea derivatives, their N,N'-digalogenation and N,N'-dinitrosation

were carried out.

3.2.1. N,N I-dihalogenylation of substituted N,N'-hexamethylene bis-[(amino
aryl) urea|

Preparation of N,N '-dichloro-substituted N,N'-hexamethylene bis- [(amino
aryl) urea|

Derivatives of N,N'-hexamethylene bis-[(aminoaroyl) urea] are the most
valuable raw materials for the synthesis of nitrogen-containing aromatic com-
pounds with a diverse chemical structure, which are of interest to many specialists
- chemists, physicians, pharmacologists, biologists, biochemists and many others -
due 1o the presence of a vital, highly reactive center (=N-H group) in the composi-
tion of bis-aminoaroy! urea, necessary for reactions nucleophilic and electrophilic
substitution.

In order to obtain N,N'-dichloro-substituted N,N'-hexamethylene
bis-[(aminopropyl) urea] [7-12] a highly effective, affordable, cheap, fast, stable,
environmentally friendly method of N,N'-dichlorination of bis-[(aminoaroyl) urea]
with calcium hypochlorite in the presence of wet aluminum oxide has been devel-
oped for the first time [140].

R
‘N—ﬁ—-.\l‘—(m;n.- ?;I-C—N’

R MO Ry o N (CHi— NG
. ——=  N=C—=N—(CHyg—N—C—N :
RY P AT T I 1t g, ~CWOH);

o <l o

712
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The physico-chemical parameters of N,N'-dichloro derivatives of N,N'-
hexamethylene bis-[(aminoaroyl) urea) are given in Table. 3.3.
Table 3.3

Physico-chemical characteristics of N,N'- dichloro-substituted N,N'- hexameth-
ylene bis-[(amino aryl) urea]

Ne | R, Yield | T Gross Formula Elemental analysis,
win | geN— % |m? [N, %
C Cale. Found
7 96 178 | CiaHnCLN4O; 9,73 9,52
N— 179

8 O. 08 159- | CisHeoChNJO:2 8,87 8,52
oy

05 184- | CutHnClLNLO: 9.80 953

lod

10 ; ; 89 163- | C2eHa0C1NOy 10,54 10,29

1 7} 174- | CaaHixCls Bry NaOy 'NE] 788
N 175

12 1[5 - 9] 249 | CaoHuFe:ClN{Os 708 6,86
' 250

To prove the structure of N.N'-dichloro-substituted N,N'-hexamethylene
bis-[(aminoaroyl) urea}, IR spectra, elemental analysis were taken and a classical
qualitative reaction was carried out with AgNOs.
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Preparation of N,N'-dibromo-substituted N,N'-hexamethylene
bis- [(aminopropyl) urea|
In order to obtain N,N'-dibromo-substituted N,N'-hexamethylene
bis-[(aminopropyl) urea] (13-18), we have for the first time developed a highly ef-
fective, casily accessible, cheap, environmentally friendly method of N,N'-
dibromation of bis-[(aminoaroyl) urea] with calcium hypobromide in the presence
of wet alumina, according 10 the

scheme:

R R
N—C—N—(CHy)g—N—C—N” = SMOBOIR. & @ N  N—C—N"
RO 0 LTI Ny WOy R gy (e NN ~caom)
0 H H O o Br Br O

13.18

Physico-chemical  parameters  of  N,N'-dibromo-substituted ~ N,N'-
hexamethylene bis-[(amino aryl) urea] are given in Table 3.4.

To prove the structure of newly synthesized N,N'-dibromo-substituted N,N'-
hexamethylene bis-[(amino aryl) urea] (13-18) IR spectra were taken, elemental
analysis and qualitative reactions with AgNOs,

Qualitative reaction to the bromide ion (Br”)

To confirm the structure of the N,N'-dibromo-substituted- N,N'-dibromo-
N,N'-hexamethylene bis-{[(aminoaroyl) urea] formed, the obtained compounds
were reacted with a solution AgNOs. A pale yellowish precipitate of ApVkb fell
out, to which a solution of ammonium hydroxide was added in small quantities,
The Apc precipitate dissolved to form silver ammonia:

AgBr + 2 NH4OH = [Ag (NH3):] Br +2H;0
This chemical method fully confirms the formation of
N,N'-dibromosubstituted- N,N'-hexamethylene bis-[(aminoaroyl) ureal.
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Table 3.4
Characteristics of N,N'-dibromo-substituted N,N'-hexamethylene bis-[(amino aryl)
urea]
No Element.
n/n Structural formula and name Yield, Tmt'C | Formula Brutto analysis,N, %
% Calc. | Found
13 86 217-218 | CHuBrN,O 843 [8.19
%N-}‘ﬁr—dﬂhk—rli—lig
e
N,N'- dibromo hexamethylene bis-
[(diphenylamino) urea)
4 CisHaoBraN,O:
14 O\m\ 4 )1"/0 84 226-227 36Ha0BraN 7,78 | 7,47
: “"N \_rnl,u—n—n\w\o
N,N'- dibromo hexamethylene bis-
|(dibenzylamino) urea]
15 95 189-190 | CHaBrNJO, 8,48 | 831
Nl N~
« r l!r 0
N,N! dibromo hexamethylene bis-
(carbazolyl) urea
16 g2 2 84 177-178 | CaaHBraN4O¢ 9,03 | 8,79
e N—{CH e N— -
g‘% S ¥
N,N'- dibromo hexamethylene bis-
[(isotino il) urea]
17 ] 80 196-197 | CaHisBraNJO, 7,20 | 7,01
h?:«'llyk—i—k
N,N'- dibromo hexamethylene bis-
[(5-bromoisatinoyl) urea)
18 n-—a—«m—i-;r. 87 202203 | CuHuBr: FeNO: | 6,36 | 6,09
(o)
N,N'- dibromo hexamethylene bis-
[(p-ferrocenylphenylamino) urine-
wine
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3.2.2. N,N'-dealkylation of N,N'- hexamethylene bis-[(amino aryl) urea]
N,N'-disopropyl and deamidation of N,N'-hexamethylene bis-[(amino aryl)
urea|

N,N'-dealkylation of the bis-urea group by alkyl halides by N-H is of un-
doubted interest for elucidating the reactivity of compounds containing >N-H of
the reaction center.

The alkylation reaction is carried out by the interaction of iso-propyl iodide
or n-amyl iodide with N,N'- hexamethylene bis-[(aminoaroyl) urea] in a molar ra-
tio of 2.5:1 in benzene at a temperature of 27-30°S for 4 hours according to the

scheme:

R
RT

R R R
-~
N—C—N—(CH2)—N—C—N_ %R’N_S—T_(CHZ)“_T_S-N\/ 12HI
O H H ' ' 0 R R0 R

19—29

Physico-chemical characteristics of N,N'-diisopropyl and N,N'-diamyl sub-
stituted N,N'-hexamethylene bis-[(amino aryl) urea] are shown in Table 3.5.
Strong absorption bands are detected in the IR spectra:

Clly
N /

N—C—N=C{l
-4 N\,

€y 1294-1308 sm™'; C=0 - 1720-1730 cm™'; (<CH2-)s 758-724 em’'; a
s -CH»-2420-2860 cm'. It has been experimentally established that the course of
the reaction of N,N1-dialkylation of N,N1-hexamethylene bis-[(aminoaroyl) urea]
strongly depends on the nature of the radical of secondary aromatic amines, amyl
halide R-1, solvent, "hardness" or "softness", mobility of the "X" (halide) — alkylat-
ing agent, etc.

In particular, the increased ability of alkyl halides R-X to substitution reac-
tions is associated with the structural features of their molecules and depends on
the structure of the radical, the nature of the halogen, as well as on the reaction
conditions and the nature of the solvent in which the reaction is carried out (Table

3.6).
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Tabmmnn 1.5
Physico-chemical characteristics of N,N'-diisopropyl- and N,N'-diamy! derivatives
of N,N'-hexamethylene bis-[(aminoaryl) urca]

N | Swuctural formula and name Yield [T R | Formuls Brutto | Elemental
wn R analysis, N,
% |*%C %
Cale :oun
92 191- 1 0,64 | CrsHaxNa 046 923
l9 O “—rnil.&-&-ﬁ-h'o loz . o’
e )
NN diisopropy! hexamethylene bis-
l(«ﬁphnuyhmimmu]
20 o4 196- | 0,58 | CaHuNaO2 K66 | k3%
S8
NN’ diisopropy] hexamethylene bis-
[(dibenzylamino) urca)
21 9« 187 | 0,71 | CaHaNO: 9,55 |93
188
_’I;:,M lu
NN diisopeopyl bexamethylene bis-
(urhmﬂyl)um]
22 86 179- 10,66 | CxiHuNOs 1,61 [ 11,46
-«’w- 180
I’"n Mt nc'
NN'- diisopropyl hexamethylene bis-
[{msatinoyl) ures |
23 8S 186- | 0,56 | CioHuBrz NaOy | 7,95 | 7.68
-"-“"-:7} 187
«g
NN diisopropyl bexamethylere bis-
[¢5-bromisatinoyi) urea)
SLO gt O 35 [31€ 1076 | CutinRaNGs | 655" [629
24 fh../ o L 318
NN'—diisopropy] hexamethylene bis-




S8

[(p-fermoceny! phenyl amino) uren

25 92 181- | 0,67 | CaaHsaN4O2 8,66 | 836
rg_,,o
My

Ov—l‘— CMih— 182
W

NN diamylhexamethylene bis-
I(dmnyhm) wrea)

26 94 189- | 0,54 | CusHaNaOn 977 | 950
n—c- I-y- 190
O (“ -‘n ol

NN diamylobexamethylene bis-
{(dibenzylamino) rea)

27 95 203- | 0,66 | CaHsaNeO: 872 | 847
--'t]';r‘ 2‘“
Ly M

NN's diamylhexamethylene bis- [(curba.
20lyl) urea]

281 18 89 | 173 | 058 | CuHaN4Os | 930 | 904
:—I:]kt‘rjﬂ 174

NN« dinmyl boxamethylene bis- [(isa-
tinyl) urea)

29 m.ru._w 90 [217- 0,74 | CssHaaFea NaO2 [ 6,50 | 624
™ 218
(o) (o)

NN~ diamy! hexamethylene bis- [(p-
ferroceny! phenyl amino) ures

Table 3.6
Physical propertics of R-X
Halogen derivatives T. boiling. °C a®
F Cl Br J F Cl Br J
CHy-CHX-CH» <101 36,5 593 | 89,5 [Col.gas 087 | 1,32 | 1,70
CHy{(CHz}-X 62,8 1082 | 129 | 156 | 0,788 088 | 1,25 | 1,52

The table shows that R-1 has a higher relative density and boiling point than
the corresponding brominated ones. And the brominc-substituted ones, in turn,
have a higher density and boiling point than the chlorine-substituted analogues.
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The relative density of R-X increases with an increase in the atomic weight of "X",
which is part of the molecule, the relative density also depends on the binding en-

ergy, its length, etc. (Table 3.7).

Table 3.7
Physical propertiés R-X
Connection | Ccal Length, A° Polarity Polarizability
C-F 102 1,40 23 1,7
C-Cl 78 1,76 23 6,5
C-Br 65 1,91 2,2 9,6
C-1 57 2,12 2,0 14,6

Organic molecules are characterized by the so-called polarizability, i.e. the
ability to increase the polarity of the bond when an attacking agent approaches.
The greater the polarizability of the bond, the more voluminous and mobile the
electron shell of the atoms forming the bond. The ability to polarize is well traced
in a number of C-X connections. So, if the polarity of the R-F, R-Cl, R-Br and R-]
bonds is quite close, then the polarizability of the C-I bond is significantly greater
than the C-F bond. Therefore, in exact accordance with the polarizability in all nu-
cleophilic substitution reactions (Sx) bonds C-I is as active as possible than other
C's. Therefore, the alkylation reaction with R-I proceeds faster and leads to the
formation of >N-CH(CH3)CHs with high yields (Table 3.5).

Thus, the study of the reaction of N,N'-dialkylation of N,N'-hexamethylene
bis-[(aminoaroyl) urea] with isopropyl iodide (n-amyl) showed that in all cases
there is a selective formation of the final products of N,N'-dialkylation. The pre-
dominant N,N'-dialkylation with iodalkyl is explained by the thermodynamic con-
trol of the N,N'-dialkylation process, i.e. the thermodynamic stability of the ob-
tained N,N'-diisopropy! (diamyl) N,N'-hexamethylene bis-[(aminoaroyl) urea] due
to the presence of an alkyl group [180,185].
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3.2.3. N,N'- denitrosation of N,N'- hexamethylene bis-|(amino aryl) urea
3.24. |
The reaction of N,N'-nitrosation of bis-urca derivatives has been relatively

little studied in the world literature [77-78]. One of our previous reports was de-
voted to N,N'-denitrosation of derivatives of bis-alkyl carbamates of urea [29, 32,
186].

N,N'-denitrosation of bis-[(aminopropyl) urea] was carried out using sodium
nitric acid in an acidic medium (HCI) of concentrated, 5 and 1 n, and formic (an-
hydrous) acid with stirring and cooling to 0-50C. The products of N,N'-
dinitrosation precipitated. For more complete control over the filtration process af-
ter separation of the sludge, the filtrate was repeatedly washed with dichloro-
methane, chloroform or ethyl acetate,

Further, both white precipitates and ethyl acetate extracts were investigated,
During the experiments, we expected that reactions would go through all N-H reac-
tion centers to form a mixture of products,

Therefore, in order to clarify the structure of the products of N,N'-
dinitrosation N,N'-hexamethylene bis-[(amino aryl) urca] PMR spectra were taken,
This method made it possible to quickly establish the presence of N,N' isomers, as
well as by the integral signal intensities of methylene and =N-H groups located at
x-positions to N-H or >N-N=About groups, to establish their quantitative ratios. At
the same time, on the basis of chemical shifts, the nature of the multiplicity of sig-
nals and in combination with the double resonance technique, the structure of
N,N'-dinitro derivatives was unambiguously proved. When carrying out the reac-
tion in the presence of HCOOH from N,N'-hexamethylene bis-[(amino aryl) urea]
with  NaNO;, only N,N'-dinitroso-substituted ~ N,N'-hexamethylene  bis-
[(aminoaroyl) urea were obtained):

N C N (CHylgm N O N7 PO Ry N—(CHil— =X A

- N
RO o U SHCOOH R{ I

i *JHCOONa- 21 of
0 H 0 N=0 O=N R i

Installed: both under the action of an excess and an equivalent amount of sodium

nitrite, only N,N'-dinitroso-substituted N,N'-hexamethylene bis-[(aminoaroyl)
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urea] is obtained. The corresponding mono-nitros deriyutives comhil gt b il
in any case. N,N'-dinitrosation proceeds by the mechuninm of ool
substitution (SE). The corresponding agent is nitrosonium fon MO wiiee il
acid, which is the most common nitrosating agent, does not exist in s froe o
sodium nitrite and strong acid (HCOOH) are used for the process. The nitropenons

acid formed in this case, by connecting the proton, generates the NO ion ',

HNO: - H® = HiNO® — NO® . K0
wan
NaNOs~ HCOOH et H:NO® e o NO®_ HCOONE = H40
Komu.

Further interaction proceeds by analogy with other electrophilic substitution reac-
tions.

—N=—(CHa)g—=N=— 2 NOP? — — N—(CHa)— N—

I I N=O N~O

N,N' - denitrosation is carried out when the reaction mixture is cooled. An increase
in temperature is undesirable, since this reduces the yield of the target product, and
sometimes alfects the direction of the reaction. The use of nitrous acid as a
nitrosating agent, due to its low stability when heated, requires a reaction at low
temperatures,

Physico-chemical parameters of the obtained N,N'- and nitrososubstituted

N,N'-hexamethylene bis-[(amino aryl)urea] are given in Table 3.8.

Table 3.8
Physico-chemical parameters of N,N'-dinitrosubstituted
N,N'-hexamethylene bis-[(aminoaryl) urea)
No Structural formula and name | Yield, T.boili | Formula Elemental analysis,
n/n % ng., "C | Brutto N, %
Cale, Found
30 O 89 294 CulluNOs 14,89 14,63

Ohﬁ' o ek N Ng (pasn.)

NN'- dinitroso hexamethylene bis-

[(cdiphenylamino) urea]
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31 Q ,n/O 91 144- CoutlaoNeOs 13,55 13,36
Oy TR0 146
(pasn.)

N, N'-dinitroso hexamethylene bis-

[(dibenzylamino) urea)

32 92 189 CublsNO, 15,00 14,81
N (Tl - 190
g'! (i § s

N,N'- dinitroso hexamethylene bis-
[(carbazolyl) urea) '
33 o0 87 192- CaulloN,Oy 16,15 16,01
H—u—«'ﬂ.r—n 194

() N-O 0o=N O

N,N'- dinitroso hexamethylene bis-
I(carbnmlyl)uraa]

34 91 246- | CalluBaNOy 12,39 12,18
ey u7
(pasn)

N,N'- dinitroso hexamethylene bis-

[(5-bromisatinoyl) urca]

92 206~ CalliFeNOy 10,77 10,54
297

s-r-—n—ml-f- O
WS Lo $ !.

35

9

b'a

N,N'- Dinitroso hexamethylene bis-

[(ferrocenyl phenyl amino ) urea]

Absorption bands were detected in the IR spectra (appendix): - for >N-N=0 from
1435-1525 em’' - strong absorption band, for (CHz)s—722-768 sm”', for C=0
groups from 1690 to 1720 cm ', a aus - CHa- 2927-2946 cm™! (a6, 3.9).
Tabauua 3.9
IR spectra of N,N1-dinitroso-substituted N,N'-hexamethylene bis- [(aminoaroyl)

urea)
Ne | Structural formula IR spectrum, v, cm™!
wn -CHz- | >N-N=0 | C=0 (-CHz-)s
3() | N\N'- dinitroso hexamethylene bis- [(di- | 2940 1458-1550 1690 758-721
phenylamino) urea] 1248-1310
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31 | NN~ dimirowo hexamethylone bis- 2944 | 1460-1550 | 1691 762730
[(dibezylamino) urea] 1243-1310

32 | NN dinitroso hexamethylone bis- 2938 | 1456-1545 | 1688 757-724
[(carbazolyl) urea] 1244-1311

33 | NN dinitroso hexamethylene bis- 2942 | 1460-1552 | 1691 762-731
[{iso-tinoyl) urea) 1242-1315

34 | NN dinitroso hexamethylene bis- (5= | 2940 | 1456-1551 | 1693 764-728
beamisatinoy!) urea] 1244-1316

35 | NN Dinitroso hexamethylene bis- 2946 | 1459-1550 | 1690 758-726
[{ferroceny] phenyl amino ) ures] 1246-1320

In addition to the spectral data, the structure of N,N'-dinitroso compounds
(36-41) was additionally confirmed by a chemical method, 1.e. by the reaction of
N.N'-dinitrosation products with amines [186]. Mono- and 1 3-disubstituted urca
were obtained by the interaction of NN'-dinitroso- N,N'-hexamethylene bis-

[(aminoaroyl) urea) with aqueous ammonia solutions and cyclohexylamine:
2 )
®
SN —Z]—N —qCH ,).—-N‘—}'.'—-N:: i :O—su Lt
R N=0 N=0
R ~
— N—C— —O ¢ HO—{CHy—0N 2N}
g —z' il

Thus, the formed compounds prove once again that at N.N'-denitrosation of
N,N'-hexamethylene bis-[(aminoaroyl) urea| nitrogen atoms associated with the
polymethylene chain undergo nitrosation:

>~—2—Em,)o—?£-«/\

These conclusions are quite consistent with the literature data [186 .
3.4. Study of the clectronic structure and quantum chemical calculations of
the compounds used
Currently, in the natural sciences, including chemistry, using various

computer-chemical programs based on the results of quantum chemical and
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molecular dynamic calculations, it is possible to comprehensively characterize
molecules. Based on such results, it is possible to assume in advance the features
of the properties, reactivity, and, most importantly, the __ reaction centers of the
studied molecules [173]. It should be noted that quantum-chemical and especially
molecular-dynamic calculations have not yet received proper distribution in
organic chemistry and chemical technology.

The results obtamned using quantum chemistry methods provide important
information about the distribution of the electron charge density, total energy,
energy of formation, heat of formation, clectron energy, nuclear energy and dipole
moment of the studied molecules.

In addition, the method of quantum chemistry is cheaper, more accessible
and universal for studying the properties of a molecule [174, 175). Nevertheless, it
should be pointed out that we cannot completely abandon chemical experimental
rescarch methods, since the conduct of quantum chemical research is based on key
experimental results,

The activity of a molecule in chemical reactions mainly depends on its
composition, structure and energy charactenstics. Prediction of the reaction centers
of organic molecules is an important and urgent task. With the use of modern
quantum chemical methods, chemists have the opportunity to plan experimental
studies and conduct targeted synthesis of important chemical products.

Based on these considerations, we investigated the 3D structures, charge
distribution and electron density of the initial nitrogen-containing compounds:
from the reagents hexane-1,6-diisocyanate, diphenylamine, dibenzyl-amine,
carbazole, isatin, S-bromisatin and p-ferrocenylamine, which were used in the
synthesis of urca derivatives. In all the reactions studied, hexane-1,6-diisocyanate
is the starting compound. In Fig.3.4 3D structures, charge distribution and electron
density in a hexane-1,6-diisocyanate molecule are given (puc.3.4).

-,.{HIL%;;. & %1(,.”
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a) 3D structures; b) charge distribution; ¢) electron density distribution in a
hexane-1,6-diisocyanate molecule
Figure 3.4, Structures'of charge distribution and electron density

Analysis of the results showcd‘ that in the hexane-1,6-diisocyanate molecule, the
most negative charge is observed in the nitrogen atom (Fig. 4b), whose values arc -
2.30 (the charge of the oxygen atom is -2.21). It should be noted that in this
molecule, both nitrogen atoms have the same negative charge, Based on these data,
it can be assumed that the reaction involving hexane-1,6-diisocyanate proceeds at
the expense of both nitrogen atoms, 3D structures, charge distribution and electron

density of the initial heterocyclic amines were also investigated, The data obtained

-~y {'J‘Mb
' vj'jﬁ).",’": :

are shown in Fig. 1.1-1.23 in appendix 1. !
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a) 3D structures; b) charge distribution; ¢) electron density distribution in a

diphenylamine molecule

Figure 3.5. A nitrogen atom in a diphenylamine molecule having a pyramidal
state
Analysis of the results showed that in the diphenylamine molecule, the nitrogen atom

has an sp3 pyramidal state and is in the same plane with two phenyl rings (Fig. 3.5 b),
The electron density distribution (Fig. 3.5 ¢) showed that the greatest concentration of
the electron cloud is collected around the nitrogen atom, which is the reaction center
of the diphenylamine molecule,

In addition, the dibenzylamine molecule was studied, which is shown in Fig.3.6.
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a) 3D structures; b) charge distribution; ¢) electron density distribution in the
dibenzylamine molecule

Figure 3.6, Structures of charge distribution and electron density
The quantum-chemical charactenistics of the studied compounds were also

considered. At the same time, the total energy, energy of formation, heat of

formation, electron energy, nuclear energy, dipole moment and atom charge in the
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molecules of the initial and target compounds were studied. The results obtained
are shown in Table 3.11.

The data on the calculation of the quantum-chemical characteristics of the
initial compounds are used to clarify (predict) the nature and direction of the
reaction, as well as the reaction center of the molecule involved in the reaction. For
example, hexane-1.6-diisocyanate is the starting reagent in all studied reactions
with secondary amines. In its molecule, the nitrogen atom has a negative charge of
-0.230. It can be assumed that it is a reaction center during the nucleophilic
addition of aromatic secondary amines to hexane-1,6-diisocyanate.

The second starting compound in the studied reactions are secondary
aromatic amines (diphenylamine, dibenzylamine, carbazole, isatin and 5-
bromisatin). Among them, the nitrogen atom in the dibenzylamine molecule has
the highest negative charge, the value of which is -0.088 (Table 3.11). It is
assumed that dibenzylamine is the most reactive in the medium of used amines in
reactions with hexane-1,6-diisocyanate.

It should be noted that the above considerations on the quantum-chemical
and molecular-dynamic characteristics of the compounds used are confirmed by
the experimental data obtained by us.

For example, in the reaction of hexane-1.6-diisocyanate with dibenzylamine,
N,N'-hexamethylene bis-[(dibenzylamino) urea] is formed, i.e. the bonding
proceeds due to the nitrogen atom of the reacting substances. The yield of the
product with the participation of dibenzylamine is higher (94%) than with the
participation of other amines.

The quantum-chemical and molecular-dynamic characteristics of the
obtained compounds are also investigated. At the same time, the obtained data can
be used for further studies involving these molecules, as well as as reference data

for those working in the field of computer chemistry.



Quantum chemical calculations of the studied compounds  Table 3.11

Total energy, | Energy of for- | Heat of for- Electron Core energy, | Dipole The charge
The nature of the connec- keal/mol mation, mation, keal/mol | energy.B keal/mol moment (D) | of the nitro-
tion keal/mol gen atom
Hexane-1,6-diisccyanate 4714061 -2387.79 -50.328 -224669.01 17752839 9.483 -0.230
Diphenyiamine 4023548 -2503.60 233201 -243565.9 20333042 2,803 0,117
Dibenzylamine —46848.58 -2780.61 50637 -243113.26 196264.71 1] -0.088
Carbazole -39706.68 -2577,76 34,837 -229233.71 189527.04 1411 0.236
1zatin -40905.01 -1897.25 -37.511 -191939,35 15103435 4,585 0.040
S-bromizatin -48699.83 -1863.63 -29.253 -223294 .96 17459512 3.996 0.041
N.N"- hexamethylene bis- -126500.2031 | -7489.5273 113.1304 -1349161.125 1222660875 | 6.216 -0.03%
[{carbazolyi) urea]
N.N'- dinitroso-N.N"- -146693,0938 | -7670.8759 172,6961 -16029125 1456219375 | 7,762 0,140
hexamethylene bis-
| [{carbazolyi) urea]
N.N'- hexamethylene bis- -129320 -7897.5126 121961 -1422843 875 1293523875 | 6554 -0,041
_[{diphenyiamino) urea]
NN'- dinitrose-N.N"- -149517.75 -8083,7207 176.6671 -1675196,125 1525678375 | 8.709 -0,139
. bexamethylene bis-
| [{diphenviamino) urea]
| NN'- dichloro-N.N'- -14327%.0156 | -7922.0664 51.18349 -1573909,625 1430630625 | 5426 0,119
| Bexamethylene bis-
| [{diphenylamino) urea]
N.N- dibromo-N.N"- -144996 25 -79168642 51.8859 -1573634 142868775 5379 -0.104
[idipheoviamino) urine-wine]
NN~ diisopropyl-NN"- -150052,75 -9622,1025 479366 -1873370.62 1723317,87 1,117 -0,113
Eexamethylene bis-
[{dipbenyiamino) urea]
NN - diamyl-NN'- -163846,4063 -10743 6484 26,7656 -2152937,75 1989091.25 1,042 -0,130
hexamethylene bis- [(diphe-
avlamino) urine-wine]
N.N'- hexamethylene bis- -128787,1172 -6018.7973 38,1607 -1085994 37 957207,18 $,192 -0,097
[(isatinyl) urea]

e
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N.N"-dmitroso-NN"- -148978.2188 -6198.3427 99,5294 -1317129.5 116815125 11.63 -0.191
hexamethylene bis-
! [{isatinvl) urea]
N.N- hexamethylene bis [(5- | -144379.8281 -5954 6035 51,6305 -1207149 1062769.125 7371 -0.075
bromisatin il) urea
N.N'- dinitrose-N.N - -164568.4331 -6131.634 1154637 -1449550.5 1284982.125 10,1 0,184
hexamethylene bis- [{5-
| bromisatinyl) urea
| N.N'- hexamethylene bis- -142481.7I88 -8990.0761 255701 -1655439.625 1512957.875 4074 0.016
[{dibenzyiamino) urea]
; N.N"- dinitroso-N.N "~ -162643.5625 -9130,3681 116.1917 -1933932.375 1771288.875 3841 0218
hexamethylenc bis-
| [{dibenzylamino) urea]
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a) 3D structures; b) charge distribution;
¢) electron density distribution in the molecule N,N1-hexamethylene bis-
[diphenylamine) urea]
Picture 3.7. Structures charge distribution and electron density
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a) 3D structures; b) charge distribution; ¢) electron density distribution in the molecule N,N'-
hexamethylene bis-[(dibenzylamino) urca)

Picture 3.8, Structures of charge distribution and electron density

Thus, the quantum chemical characteristics and molecular dynamic calcula-
tions of the studied compounds have been studied. Based on these data, an assump-
tion is made about the direction of the reaction with their participation and the re-
action center in which the process of nucleophilic attachment takes place. The stat-
ed considerations are confirmed by the experimental results obtained.,
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CHAPTER 4, DEVELOPMENT OF PRODUCTION TECHNOLOGYHEX-
AMETHYLENE BIS-|(DIBENZYLAMINO) UREA|

The technology for obtaining N,N'-hexamethylene bis-[(dibenzylamino)
urca] was developed in the laboratory of organic synthesis, according to the grant
of the Center for Science and Technology under the Cabinet of Ministers of the
Republic of Uzbekistan No. A-6-338 from 2006-2009 on the topic: "Development
of an import-substituting environmentally friendly safe technology for the produc-
tion of new, highly effective plant growth stimulant reagents (for vegetable crops,
tomatocs, cucumbers, cotton, ete.) based on products and waste from the chemical
industry™

To implement this program, a pilot plant has been installed at the depart-
ment, which consists of one technological line with a periodic process,

The method developed by us for obtaining N,N'-hexamethylene bis-
[(dibenzylamino) urea] consists in nucleophilic addition of dibenzylamine to hex-
ane-1,6-diisocyanate at a temperature of 26-38°C in the presence of a solvent and a
catalyst (base), in filtration and drying of the product at a temperature of 156-158
()S.

In the process of obtaining N,N'-hexamethylene bis-[(dibenzylamino) urea],
gascous and solid waste are not formed, As a liquid waste, a solvent and a base
catalyst are formed, which after regeneration is used in subsequent operations.

4.1. Characteristics of finished products

The final finished product- N,N1-hexamethylene bis-[(dibenzylamino) urea)
is a colorless powder with & melting point of 190-191°C (Table.3.1), soluble in
many organic solvents: DMFA, DMSO, DMAC, HCOOH, nitrobenzene, dioxane.

Characteristics of raw materials and intermediates
1. Dimethylformamide. Formula — C3HsNO; structure formula HCON(CH3)z;
colorless, hygroscopic liquid; My=73,09; T.kui.=153°S; da**=0,9445; ns** =1.4269;

weak base; bipolar aprotic solvent,
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2. Calcium hypochlorite — Ca(OCl)y; colorless crystals. Resistant to dry atmos-
phere in the absence of CO,. Solubility in water (g per 100 g): 27,9

(0°S); n 33,3 (25°S). The industry produces Ca(OCl): (50-70 % of active chlorine)
and 3 Ca(OCl)2 x 2 Ca(OH)z2 x 2 H,0 (50-55 %) active chlorine.

3. Dibenzylamine — colorless liquid with a specific odor.

QCH Empirical formula — C4HsN.
@/c";)"“ Molecular weight — 197,29,

Boiling point — 300°S.
4. Diphenylamine — colorless crystals with a specific smell.
ON" _@ Empirical formula — CpHiiN, My =169,23; T.nn=54-55°S;
T.boiling.=302°S; 179°S/22 mm pr.cr.; di*=1,0513;
da® =1,159; np™ =1,16189; pKa in water = 0.9. Diphenylamine with concentrated
mineral acids forms salts.
5.Carbazole M = 167.2; colorless crystals; t.pl.=247-248 °S;
\ weak acid; pKa in water -16.7; in DMSO-19.6; Car-
£ bazole is characterized by the properties of NH ac-
id;
carbazole is easily alkylated by a nitrogen atom, with CO» forms carbazole-9 car-
boxylic acid. Nitrosation of carbazole proceeds along the N atom with the for-
mation of 9-nitrosocarbazole under the action of HCI and, when heated, regroups
into a 3-nitros derivative.
6. Isatin (2,3-indolindion)
N’ M. = 147,12; red crystals; t.pl.=205 °S;
g—" density = 1.51 g/em3.

Hexane-1,6-diisocyanate;(hexamethylenediisocyanate, GMDI); a colorless, oily
liquid with a pungent odor. Empirical formula - CgH2N202; structural formula -
0=C=N-(CH2)s-N=C=0; Molecular weight -168.20; t. pl.= -67°C; t. kip.=255-258
’S; 127°C, 10mm Hg. art.; Density: ds*°=1.0465 g/cm3; np?® =1.4533; GMDI mix-
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es with most organic solvents, reacts with water, R-OH, RzNH, it has all the prop-
erties of isocyanates.

4.2, Scheme and description of the technological process

The proposed method for obtaining the growth stimulator of technical plants
X10X-2 includes the preparation of N,N'-hexamethylene bis-[(dibenzylamino)
urea) by the interaction of hexane-1,6-diisocyanate with dibenzylamine in the pres-
ence of a dimethylformamide solvent, as well as a small amount of triethylamine,

4.3. Flow chart of the technological process

g

L=l 1elfon
O i
‘AR

[-scales; 2-reactor; 3-nitrogen frame; 4,5-tanks; 6,7,8,9-measuring gauge for hexane-1,6-
diisocyanate, dibenzylamine, dimethylformamide, triethylamine; 10-Nut filter; 11~
distilled water; 12,13,14,19,20-collectors; 15-dryer, 16-alembic; 1 7-condenser; 18-

viewing lantern; 21-trap
Puc. 4.1. The basic technological scheme of the production of N,N'-
hexamethylene bis-[(dibenzylamino) urea]

Description of the technological process for the production of N,N'-
hexamethylene bis-|(dibenzylamino) urea|

The dibenzylamine solution is prepared in the R-2 reactor. To do this,
3.6719 kg (3.5788 1) of dibenzylamine and 10.2516 kg (10,5982 L) of dimethyl-

formamide (DMFA) are loaded by gravity from the M-6 measuring tube from the
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:

M-7 measuring tube, all this is mixed for 20-25 minutes until the complete dissolu-
tion of dibenzylamine in dimethylformamide.

Before starting work, all equipment and communications of the installation
are washed with water and, if necessary, purged with nitrogen. Nitrogen is sup-
plied from the nitrogen frame AR-3 through a step-down reducer. The components
are loaded into the measuring cup from the container E 4.5 by the vacuum created
by the vacuum pump. The preparation of the solution and the production of HX-2
is carried out in the R-2 reactor, equipped with a condenser, a steam jacket for
heating and a stirrer for mixing. 3.35551 kg (4.6412 1) of triethylamine catalyst is
loaded into the R-2 reactor with a prepared dibenzyl-mine solution in DMFA by
gravity from the M-8 measuring tube and, with intensive stirring, 1.5843 kg
(1.5139 1) of hexamethylenediisocyanate is slowly loaded from the M-9 measuring
tube through an inspection lamp. The reaction proceeds at a temperature of 25 -
35S by supplying steam to the reactor jacket. The duration of the reaction is 4
hours. Then the reactor shutdown is stopped, the reaction products are cooled, and
then they lag behind. Then they are transferred for filtration and washing. The re-
action products are filtered on the NF-10 nut filter, which consists of NF-10 and a
collector 12. The filter paper is soaked with water and the filter is coated. Then the
reaction products are passed through a filter from the reactor. The filtrate is col-
lected on the filter in the collection of 12 pos. sat. 13. The sediment on the filter is
washed with distilled water, which is supplied from the measuring tube M-11 by
gravity. Distilled water can be heated to 30 - 35S to accelerate filtration. The
washed sediment enters the drying. The drying of the precipitate of HUX-2 is car-
ried out in a drying cabinet SH-15 at a temperature of 100 - 110°S for 2 - 3 hours.
The filtrate from the Sb-13 collector is loaded into the R-2 reactor, consisting of a
mixture of dimethylformamide and tricthylamine, then vacuum is taken into the
PK-16 alembic, equipped with a heating coil, and brought to a boil. The vapors are
removed to the condenser 17. Distillate fractions are fed through the inspection

lamp into separate collections (Sb-19 and Sb-20). The first fraction, the catalyst
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tricthylamine , is distilled at a temperature of 89.5°S. After distilling triethylamine,
the mixture is cooled. A vacuum is created in the alembic. At a residual pressure of
35 mm Hg, dimethylformamide is distilled at a temperature of 76S. At the end of
the operation, the remainder is drained from the cube, after which the separated
mixture is reloaded into it. The washing water containing traces of tricthylamine is
collected in the Sb-14 collection and thrown into the sewer, The same operation
can be carried out in the R-2 reactor.

Material balance
Initial data for the calculation of the material balance of the production of N,N'-
hexamethylene bis-[(dibenzylamino) urca] (XI0X-2):
1. Production capacity 100 tons/year.
2. The number of production days in a year is 120.
3. Technological and mechanical losses can be assumed to be equal to 5%,
4. The duration of one operation for the synthesis of N,N'-hexamethylene bis-
[(dibenzylamino) urea] 120 hours,
5. The bumidity of the finished bis-urea is not more than - 2%.
6. Average hourly plant capacity - 42 kg/hour,

Table 4.1
Material balance
Ne | Name of raw materials and product Loaded, in Received,
kg inkg
1 | Hexane-1,6-diisocyanate 176 -
2 | Dibenzylamine 204 -
3 | Dimethylformamide 40 38
4 | Tricthylamine 10 9
N,N'- hexamethylene bis- - 383
5 [(dibenzylamino) urea)
Total 430 430
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Table 4.2
Consumption rates of raw materials and intermediates per | ton of finished product
Ne Type of costs Unit Consumption of a ton of
measurements, | N,N'-hexamethylene bis-
t [(dibenzylamine) ures
| Hexane-1,6-diisocyanate ! 0,255
2 Dibenzylamine ! 0,604
3 Dimethylformamide ! 0.1
4 Triethylamine ! 0,041

Mathematical description of the technological process and devices

Synthesis of N,N'-hexamethylene bis-[(dibenzylamino) urca) is carried out in a
batch device.

The duration of the operation - is the time from the start of loading the starting
substances of the previous operation to the start of loading the starting substances
of the subsequent operation, is the sum of the duration of the individual stages.

The main operations are as follows:
Preparation of raw materials:
Loading of dibenzylamine, Hexane-1,6-diisocyanate, solvent and base... ... T

Chemical transformation of raw matenials, heat removal of reaction t 3= t lI=Tp
Preparation of the reaction mixture and isolation of the product:

cooling of the reaction mass...t4

unloading of the reaction mass ... t5

filtration ...t 6 ; T

drying, crushing and screening... t;

the duration of the operation... t op

The duration of operation of the reaction apparatus during the operation is less
than the total duration of the operation.
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The degree (cocfficient) of using the reactor for its intended purpose is expressed
by the ratio:

For reactionary ) T

Spaces: - e— =
b n Toi I+ 7p

The formation of N,N'-hexamethylene bis-[(dibenzylamino) urea) by the interac-

a&Ba <+ =1

tion of hexane-1,6-diisocyanate with dibenzylamine is generally described by the

equation:
O o e
? Ne=H + O C=N~CHylg—=N"Cr() ——= h-»L ‘l-—-{(ll,x—"-c—

y oy’ o "\”
O (o ol LA LAY

or in the symbols A+B (C) D,
where A - hexane-1,6-diisocyanate; B - dibenzylamine; C - DMFA; D - N,N'-
hexamethylene bis-[(dibenzylamino) urea),

V=K [A][B][C]
From this equation it can be seen that the rate of formation of NN'-
hexamethylene bis-[(dibenzylamino) urea] is directly proportional to the concen-
trations of dibenzylamine and hexane-1,6-diisocyanate.
Currently, the well-known plant growth stimulator e-NUC (a-naphthylacetic ac-
id) is imported at a price of $3000,0 per | kg.

The economic cffect in the production of a plant growth stimulator (cotton,
wheat, cucumbers and tomatoes) of the drug HYUKH-2 with a capacity of 10 kg
per year is: Ee = (Qc-C) x Q= (3000-800) x10=22,000 US dollars, where Qc-
selling price; C - cost; Q - installation capacity.

Thus, in the production of the domestic Uzbek growth stimulator XIOX-2 in the
amount of 10 kg, the expected economic effect is $22,000.
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Calculation of the expected economic effect from the production of N,N'-
hexamethylene bis-|(dibenzylamino) urea|

Table 4.3
Cost calculation of N,N'- hexamethylene bis-[(dibenzylamino) urea|
Name of the article Unit of Consumption Consumption Amount
No measurement rate, p/kg rale, pky per | ton,
/ in US
sk dollars
1. Raw materials and
main
materials:
Hexane-1,6- kg 0,255 144 36,7
diisocyanate i 0,604 13,0 7,85
dibenzylamine solvent kit 0,1 6,0 0,6
footing 0,041 2,5 0,10
Total 45,27
2, Fuel and energy for (L
technology:
Ao oLy kvt 04 4,0 1,6
B) reverse water /m' 0,01 6,0 0,6
C) steam 1,2 1,0 1,2
D) Kip and A air 0,002 3,0 0,06
I2) nitrogen 0,002 12,0 0,024
Total 4,98
3 Basic and additional usD 32
salary
4. Payroll tax wffn 12,8
LA Equipment mainte- /- 5.6
nance and operation
costs
0. Shop expenses o/« 12
i1, Shop cost o/ 163,7
8 General factory /= 45
expenses
9, Non - production /- ‘ 12
expenses
10. | Full cost price o= 283,1
11, Profit, 20% -//- 44,15
12. | Wholesale price -//- 327,25
13, | Unaccounted expenses, /-~ 53
20%
14, | VAT 18% -/~ 57,2
15. | Wholesale price of/= 375
16. | Retail price “ll- 800
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CHAPTER 5. BIOLOGICAL AND TECHNICAL ACTIVITY OF SYNTHE-
SIZED COMPOUNDS AND DERIVATIVES
N,N'-HEXAMETHYLENE BIS-[(AMINOARYL) UREA|

As is known from the literature and patent data, substances with different ac-
tivity have been identified and introduced among urea derivatives [8,
38,42,46,47,49-52,77,79,83,125].

Herbicides, defoliants, pesticides, growth regulators, pharmacological preparations
and many others are present in this series.
5.1. Growth-stimulating activity
Laboratory testing of drugs

The growth-stimulating activity of the synthesized compounds was studied
in the Laboratory of Phytotoxicology of the Institute of Plant Chemistry of the
Academy of Sciences of the Republic of Uzbekistan.

The primary screening was carried out according to the method of Yu.V.
Rakitin, because this method allows you to quickly determine the degree of phys-
iological activity of chemical compounds, which is detected by stimulating or in-
hibiting the germination of plant seeds, as well as by changing the length of the
roots and the length of the stem part. The preparations were tested by the method
of soaking seeds in solutions of different concentrations, followed by germination
in Pet cups. The control seeds were soaked in distilled water (control).

5 new previously unknown derivatives of N,N'-hexamethylene bis-
[(aminoaroyl) urea] have been studied. The studies were carried out in three-fold
repetition in order to experimentally determine the sensitivity of cultures to the ac-
tion of drugs and to establish their optimal effective concentration. It is known that
stimulating concentrations can be taken by those under the action of which maxi-
mum stimulation is observed. The maximum stimulation of the roots and stems of
tomato seedlings of the Temp-8 variety was obtained by soaking the seeds in
0.00001% solution (75,000 times) of XKOX-2 N,N'-hexamethylene bis-

[(dibenzylamino) urea]. Stimulation of the growth of the roots was 106.5%, and
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the stem part was 103.2% compared to the control. And when the seeds were
soaked in a 0.1% solution of XHKOX-2, the stimulation of root growth was 125.3%,
and the stem part was 106.2% compared to the control.

The study of the drugs of the class of XIOX for growth-stimulating activity
on cucumber seeds (variety ':Uzbckistan") gave very good results. The stalk
showed the greatest increase in the preparations of XIOX-2: N,N'-hexamethylene
bis-[(dibenzylamino)  urea] and  XIOX-1:  N,N'-hexamethylene  bis-
[(diphenylamino) urea] at a concentration of 0.00001% (i.e., in 75,000 times dilu-
tion); compared with the control (Roslin drug), the increase increased, respectively,
by 9.0%.

Studies of the studied drugs on the growth-stimulating activity of cotton
showed that the drugs contributed to seed germination and the development of the
root system of scedlings. Thus, the drug HYUKH-1 [N,N'-hexamethylene bis-
[(diphenylamino) urea] in a concentration of 0.01% accelerated seed germination
on day 3 from 11.5 to 14.3% above the control (Table 5.1).

Thus, among the tested preparations, X¥OX-1 and XIOX-2 are the most ef-
fective growth-stimulating preparations of vegetable crops in the laboratory and
are recommended for further, more in-depth study in the field.

Table 5.1
The effect of preparations XIOX-1 and XIOX-2 on seed germination and growth of

seedlings of tomatoes, cucumbers and cotton

Code | Name of prepa Concent Seed Seedling growth on
rations, | germination the 10th day,%
% 2/3 root stem
5 day, %
BIOTEST TOMATO
Control H,0 50,0 100,0 100,0
HYUH- [ N.N'-hexameth- | 0,1 37,5 88,9 69,2
1 ylene bis - [(diphe- | 0,01 40,0 96,1 98,2
nylamino) urea) 0,001 50,0 1054 100,1
0,0001 47,5 1099 95,5
0,00001 50,0 102,0 83,5
HYUH- [ N,N'-hexameth- | 0,1 40,0 1253 106,2
2 ylene bis - [(diben- | 0,01 4 45,0 112,0 109,7 |
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zylamino) urea] 0,001 50,0 109,6 107,5
0,0001 475 105,3 108,7
0,00001 40,5 106,5 1033
BIOTEST OF CUCUMBERS
Control H:0 100,0 100,0 100,0
HYUH - | N,N'- hexameth- 0,01 100,0 96,1 90,3
1 ylene bis- [(diphe- 0,001 100,0 110,6 1054
nyl-amino) urea) 0,0001 100,0 106,4 1014
0,00001 100,0 100,3 104,3
HYUH - | N,N'- hexameth- 0,01 100,0 86,3 96,7
2 ylene bis- [(dibenzyl | 0,001 100,0 105,9 98,9
amino) urea) 0,0001 100,0 108,7 100,0
0,00001 100,0 109,9 102,3
COTTON BIOTEST
N.N'- hexameth- 0,01 86,7 1115 107,0
HYUH - | ylene bis [(diphenyl- | 0,001 93,3 1143 103,6
1 amino) ureas| 0,0001 80,0 108,2 104,6
0,00001 80,0 110,5 105,2
N,N'- hexameth- 0,01 87,3 109,7 102,1
HYUH - | ylene bis [(dibenzyl- | 0,001 44.6 114,3 106,3
2 amino) ureas) 0,0001 95,6 116,2 104,1
0,00001 - 120,2 107,2

5.2. Field trials of drugs
Field trials of preparations on wheat

Wheat of the autumn variety "Kroshka" treated with the preparation HYUH -2

was sown on October 15, 2008 in the farm "Uchtosh" of the Asaka district of the

Andijan region. Seven days after sowing wheat, seed growth was 50%, and after
15-18 days, wheat grew by 100%. The difference between wheat treated with 0.1%
HYUH -2 preparation and wheat not treated with preparations (i.e. control) is imme-
diately noticeable. The well-known "Roslin" was used as a reference in the control.

The growth of wheat treated with our preparation was 86.7 cm, and in control the

height was 83.2 cm. The number of wheat stalks per square meter was 648.6 pcs.,

And in control - 601.1 pecs. As a result, the yield as of June 12, 2009 was 67.5 ¢/
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ha, and on the control field, the yield was 57.1 ¢ / ha. Thus, wheat cultivar "Krosh-
ka" treated with a 0.1% solution of XHKOX-2 under field conditions showed a posi-
tive effect; from each hectare gave 10.4 ¢ / ha more than the control.

The preliminary economic effect of the introduction of the XYuh-2 prepara-
tion in the field on wheat is 57,200 sums per hectare..

Field trials of the drug on cotton

In the field conditions of a number of districts of the Andijan region (includ-
ing Asake), the effect of the drug on cotton was studied with pre-planting soaking
of seeds in optimal concentrations (0.1; 0.01; 0.001%). The well-known Roslin
was used as a reference. Plants grown from seeds treated with drugs were distin-
guished by more intensive growth, a more developed root system, due to which the
number of boxes on the cotton stalk increased. Pre-planting seed treatment with
XYUX-2 at a concentration of 0.01% provided an increase in yield in relation to
the control by 2.2-2.4 centners / ha (%). The expected economic efficiency in agri-
culture in Asaka district alone from each hectare is 440,000 soums (for cotton).

5.3. Coloring activity of the preparation XIOX-5
N,N'-hexamethylene bis - [(5-bromisatinyl) urea] for dyeing
polyethylene (RU -342)

This dye belongs to the aniline paint industry, in particular to the synthesis
of a new dye N,N'-hexamethylene bis - [(5-bromisatinyl) urea]. It is suitable for
dyeing synthetic polymers (polyethylene, polypropylene, polystyrene, polyamides,
polyurethanes, as well as polyacrylates and polymethacrylates).

The dye was tested for dyeing polymer boxes in the Andijan region at the
Andijanpolimer enterprise, Khodjaabad). The dyeing was carried out in the factory,
while the dyeing technology was followed. Painted boxes correspond to physical-
chemical, physical-mechanical and rheological properties. The appearance of pol-
ymeric boxes complies with GOST.

Since the well-known dyes are imported and expensive, the new local syn-

thesized dye is much cheaper. Painted polymer boxes are transparent, the paint is
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resistant to long-term storage to the external environment, as well as to the effects
of flue and atmospheric gases.

As a result of the carried out factory tests, it was revealed that the proposed
dye is low-toxic (for mice and other rodents LDsp = 4080-4100 mg / kg), which is
very important for polymer products.
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CONCLUSION
I. A procedure has been developed for the synthesis of previously unknown bis -
[(aminoaroyl) uvines] in high (85-94%) yields. The influence of a number of fac-
tors (duration of the process, temperature. nature of the solvent) on the yield of re-
action products has been studied and the optimal conditions for this process have
been determined.
A probable mechanism for the formation of N,N'-hexamethylene bis - [(amino-
aroyl) ureas] has been proposed.
2. Developed and studied the chemical properties of the N-H reaction centers of
new derivatives of N,N'-hexamethylene bis - [(aminoaroyl) ureas], N,N'-
disubstituted derivatives and established the probable directions of these reactions.
3. A technology for the synthesis of a growth stimulator for plants N,N'-
hexamethylene bis - [(dibenzylamino) urea] has been developed. The basic techno-
logical scheme of the process is proposed.
4. The structure of the synthesized compounds has been proven by modern physi-
cochemical methods of IR and PMR spectroscopy and confirmed by elemental
analysis. Based on quantum chemical calculations Hyper chem. 7.01 (AM1), ball-
and-stick, molecular conformations and configurations were established, which
additionally confirms the structure of the obtained substances.
5. Among the synthesized compounds, substances have been identified that have a
growth-stimulating activity for industrial crops and low-toxic dyes of polymer ma-
terials, some of which are recommended for use in agriculture and polymer indus-
try.

6. Compounds XIOX-1, XKOX-2 were tested at concentrations of 0.01% and 0.1%
in field conditions of the Andijan region in order to determine their influence on
the growth, development and productivity of cotton and wheat. The expected eco-
nomic efficiency in agriculture in Asaka district alone from each hectare is 440,000
soums (for cotton) and 57,200 soums (for wheat).
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Practical advice
1. The results of the interpretation of the waste-free synthesis technology and spec-
troscopic data of synthesized N,N'-hexamethylene bis - [(aminoaroyl) uchevin|
can be used in research, master's and educational works of universities and univer-
sities in the field of organic matter technology and in organic chemistry, when es-
tablishing the structure of new bis-urca derivatives
2. The results obtained on the biological activity of new compounds can be used in
applied research: extended chemical-technological and biological research in order
to ereate new plant growth stimulants, dyes and other substances.
3. The results obtained on the biological activity of bis-urea derivatives as a growth
regulator of vegetable crops and cotton, as well as a dye preparation, were filed in
the form of a patent application and submitted to the State Patent Office of the Re-

public of Uzbekistan,
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