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Study of uric acid oxidation reaction products
in medium of ammonia or primary amines

This work is considered in more detail the most important stage of obtaining one of the promising
heteroatomic polycyclic compounds 3,7,10-trioxo-2,4,6,8,9,11-hexaaza[3.3.3]propellane (THAP). THAP is a
potential compound for creating high-energy substances due to the presence of six nitrogen atoms in the
structure and tight packing. Uric acid is the starting compound in the THAP synthesis chain. When it is oxi-
dized by sodium persulfate or potassium ferrocyanide, 1,5-diaminoglycoluril is formed, from which the
propellane structure is formed by the tricyclization reaction. This work expanded the range of oxidants for the
conversion of uric acid to 1,5-diaminoglycoluril. It was found that 1,5-diaminoglycoluril was formed with a
yield of 29 % when using equimolar proportions of uric acid and KMnQO,. When using MnQ, in a ten times
more excess, the yield of 1,5-diaminoglycoluril was 38 %. The article also presents the results of a study of
the interaction of uric acid with some amines. The reaction of interaction of uric acid with benzylamine was
studied in more detail, the reaction products of which were 4-benzylimino-5-benzylaminoallantoin, 4-
benzylimino-1-benzylamino-allantoin and 4-benzyliminoallantoin. Based on the synthesis of 4-
benzyliminoallantoin, a number of promising derivatives of 4-iminoallantoin were obtained, namely 4-
ethyliminoallantoin,  4-propyliminoallantoin,  4-i-propyliminoallantoin,  4-n-butyliminoallantoin,  4-i-
butyliminoallantoin, 4-tert-butyliminoallantoin.

Keywords: uric acid, 1,5-diaminoglycoluril, 3,7,10-trioxo-2,4,6,8,9,11-hexaaza[3.3.3]propellane (THAP), ox-
idative amination, 4-alkyliminoallantoins.

Introduction

An important task of modern organic chemistry is the discovery of new substances previously unknown
to science, which could expand the area of our knowledge and replenish the range of high-energy substances
or biologically active products. 3,7,10-Trioxo-2,4,6,8,9,11-hexaaza [3.3.3]propellane (THAP) and its deriva-
tives are the latest products of the heterocycles class, their nitrogen-containing polycyclic structure suggests
interesting and useful properties, which determines the undoubted relevance of the topic of this work [1-7].
The synthesis of 3,7,10-trioxo-2,4,6,8,9,11-hexaaza[3.3.3]propellane 7 was proposed by Lee [7] (Figure 1).
It can be seen from the reaction scheme that it is necessary to carry out three stages of synthesis to obtain
compound 7.
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Figure 1. A synthetic protocol for 3,7,10-trioxo-2,4,6,8,9,11-hexaaza[3.3.3]propellane 7
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The first stage involves the oxidation of uric acid 1 by sodium persulfate or potassium ferrocyanide for
1,5-diaminoglycoluril 2 [8, 9]. The formation of tricyclic compound 6 with six protective groups (Boc) at
nitrogen atoms occurs in 69 % yield in the second stage (11). Compound 7 was obtained from compound 6 by
treating it with trifluoroacetic acid (stage I11) in 91 % yield.

The production of 1,5-diaminoglycoluril (DiAGU) by oxidation of uric acid in ammonia is an important
stage in the synthesis of THAP. However, in the literature, the number of oxidants capable of converting uric
acid to 1,5-diaminoglycoluril is relatively low. The oxidation products of uric acid can also be 4-imino-
allantoin and 5-amino-4-iminoallantoin, the latter compound being an intermediate in the preparation of
1,5-diaminoglycoluril.

The aim of this work is to search for new oxidants of uric acid at the first stage of the process of obtain-
ing 3,7,10-trioxo-2,4,6,8,9,11-hexaaza[3.3.3]propellane, and in the preparation of derivatives of 1,5-diamino-
glycoluril.

Experimental

Synthesis of 1,5-diaminoglycoluril: 0.01 mol (1.68 g) of uric acid and 4 g of sodium chloride are add-
ed to 7 ml of water and 15 ml of 25 % aqueous ammonia solution, and the reaction mixture is cooled to
—10 °C. Then 0.04 mol (9.52 g) of Na,S,;0g or 0.015 mol (2.37 g) of KMnO, or 0.1 mol (8.7 g) of MnO, are
gradually added and the mixture is kept for 2 h at this temperature, and then 10 ml of 25 % aqueous ammo-
nia solution are added and stirring is raised at room temperature for 1 h. The mother liquor is left at a tem-
perature of 5 °C for 48 h; the precipitate formed is filtered, washed with water, ethyl alcohol, and diethyl al-
cohol. The product yield is 69 % (20 % and 38 %, respectively). IR, cm™: 3350, 3300, 1734, 1682, 1621.
M.p. > 300 °C. NMR *H (3, ppm): 7.08 (NH, 4H, s), 2.36 (NH,, 4H, s). ©*C (8, ppm): 87.72 (C), 158.41
(C=0). Calculated (%): C 27.90; H 4.48; N 48.92 C4HgN:O, Found (%): C 27.91; H 4.68; N 48.82 %.

4-benzylimino-5-benzylaminoallantoin (10): 4.76 g (0.02 mol) of sodium persulfate was gradually
added to a mixture cooled to -5 °C, consisting of 30 ml of water, 1.68 g (0.01 mol), 2.14 g (0.02 mol) of
benzylamine and 4 g of sodium chloride. The mixture was stirred at a temperature of -8 to -5 °C for 2 h, af-
ter which the reaction mixture was filtered. Product 10 was collected, washed with water, ethyl alcohol and
diethyl ether. The yield was 77 % (2.71 g). M.p. > 300 °C. IR, em™: 3500, 3241, 3015, 2945, 1750, 1720,
1651, 1588, 1453. NMR 'H (400 MHz, DMSO-d6) & 3.59 (t, 2H, NH,), 4.14, 4.18, 4.27, 4.35 (4H, 2CH,),
7.19-7.31 (m, 10CH), 7.84 (s, 3H, 3NH). *C NMR (100 MHz, DMSO-d6) 43.21, 46.43, 80.08 (Cin),
127.32-128.54, 137.01, 139.65, 156.12 (C=N), 168.71 (C=0), 169.68 (C=0).

Synthesis of 4-alkyliminoallantoins. General methodology: 0.01 mol of uric acid, 7 ml of 25 %
aqueous ammonia, 0.02 mol of primary amine and 4.76 g (0.02 mol) of Na,S,0Og were add to 30 ml of dis-
tilled water at a temperature of 25 °C, after keeping the reaction mass for 3 h at this temperature, the product
was isolated. When obtaining 13-15, the reaction mass was evaporated 2 times, the precipitate was filtered
off. When obtaining 12, 16-18, the resulting precipitate was filtered off immediately after the end of expo-
sure. The resulting precipitates were dried in air to constant weight.

4-benzyliminoallantoin (12). Yield was 78 %. '"H NMR (400 MHz, DMSO-d6) 8.63 (1H, t, NH), 7.61
(1H, s, NH), 7.26-7.32 (5CH, m), 6.81-6.83 (1H, d, NH), 5.79 (2H, s, NH,), 5.67-5.74 (1H, d, NH), 4.46
(2H, t, 2CH,). *C NMR (100 MHz, DMSO-d6) 169.42, 158.32 (C=N), 138.81, 127.41-128.79, 62.80 (CH),
45.78.

4-ethyliminoallantoin (13). Yield 67 %. ‘H NMR (400 MHz, DMSO-d6) 7.24 (1H, s, CH), 5.43 (3H,
s, 3NH), 3.61 (2H, t, NH,), 2.70-2.74 (2H, m, CH,), 1.10 (3H, t, CH3). *C NMR (100 MHz, DMSO-d6)
177.31 (C=0), 160.12, 158.35 (C=N), 62.67 (CH), 35.03 (CH,), 14.38 (CHj).

4-propyliminoallantoin (14). Yield was 69 %. '"H NMR (400 MHz, DMSO-d6) 7.39 (1H, s, CH), 5.41
(3H, s, 3NH), 3.64 (2H, t, NH,), 2.63-2.67 (4H, m, 2CH,), 1.16 (3H, t, CHs). *C NMR (100 MHz, DMSO-
d6) 15.12 (CHy), 38.37 (CH,), 64.19 (CH), 158.13 (C=N), 164.48, 176.07 (C=0).

4-i-propyliminoallantoin (15). Yield was 74 %. 'H NMR (400 MHz, DMSO-d6) 7.40 (1H, s, CH),
5.36 (3H, s, 3NH), 3.51 (2H, t, NH,), 1.44-1.50 (3H, m, CH3), 1.22 (1H, s, CH), 0.86-0.90 (3H, m, CHs). *C
NMR (100 MHz, DMSO-d6) 177.02 (C=0), 162.61, 157.88 (C=N), 62.48 (CH), 42.06 (CH), 14.09 (CH3).

4-butyliminoallantoin (16). Yield was 73 %. "H NMR (400 MHz, DMS0-d6) 7.53 (1H, s, CH), 5.41
(3H, s, 3NH), 3.22 (2H, t, NH,), 2.67-2.74 (6H, m, 3CH,), 0.87 (3H, t, CHs). ®*C NMR (100 MHz, DMSO-
d6) 160.12 (C=0), 158.29, 147.42 (C=N), 62.67 (CH), 42.17 (CH,), 30.87 (CH,), 19.89 (CH,), 14.11 (CHs).

4-i-butyliminoallantoin (17). Yield was 71 %. '"H NMR (400 MHz, DMSO-d6) 7.56 (1H, s, CH), 5.43
(3H, s, 3NH), 3.10 (2H, t, NH,), 2.53 (2H, t, CH,), 1.86-1.90 (1H, m, CH), 0.88 (6H, t, 2CH3). **C NMR
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(100 MHz, DMSO0-d6) 167.78 (C=0), 167.51, 147.70 (C=N), 58.42 (CH), 49.82, 29.61 (CH), 20.89 (CHs),
20.47.

4-tert-butyliminoallantoin (18). Yield was 79 %. ‘H NMR (400 MHz, DMS0-d6) 7.10 (1H, s, CH),
5.41 (3H, s, 3NH), 3.21 (2H, t, NH,), 1.23 (9H, s, 3CHs). *C NMR (100 MHz, DMSO0-d6) 158.32 (C=0),
158.31, 147.32 (C=N), 62.81 (CH), 43.29 (Cien), 27.61 (CHy).

Results and Discussion

All reactions were carried out at a temperature of -5 °C and a reaction time of 2 h, which is sufficient
for complete conversion of uric acid. It was found that not only the yield of 2 depended on the molar ratio of
the reactants, but the formation of the by-product 4-iminoallantoin 8a was also observed.

Oxidation of uric acid by sodium persulfate

It was identified that the oxidation of 1 by Na,S,0g at a molar ratio of 1:1 led to the formation of 8a on-
ly (Fig. 2).

1
—i W g
NH “NH-
il NH,
8a 38% o
0
W HN/U\NH
NH “NH, N
H (0] HN %a 0
NH  +NapS
Ojg\lf\,l a;520g ¥ 2
N"™N"0 NH, i
H H HN” "NH
1 13 . HN NHo
HN_ NH
i1
0
2 69%
iy
1-4 HN” “NH
HoN——NH,
HN_. _NH
b
0
2 69%

Figure 2. Oxidation of uric acid 1 by sodium persulfate

In the [8], the oxidation process of 1 by potassium ferrocyanide was studied, where two compounds 8a
and 8b were found as intermediate reaction products, using a labeled carbon atom (Fig. 3).
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Figure 3. 4-iminoallantoin 8a and 4-imino-5-aminoallantoin 8b

Only the structure of intermediate 8a was found in our studies, using heteronuclear NMR spectroscopy.
The presence of a proton at position 5 is characterized by two doublets in the proton spectrum in the range of

6.76-6.78 ppm and 5.56-5.58 ppm, as well as a peak at 62.85 ppm characteristic of the CH bond in the **C
spectrum (Fig. 4).
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Figure 4. "H NMR spectrum and *C NMR spectrum of compound 8a

A two times more increase in the amount of the oxidizing agent led to the formation of an intractable
mixture, 2 and 8a. At molar ratios of 1:3 and 1:4, 1,5-diaminoglycoluril is selectively formed, with almost
the same yield of 69 % (Fig. 2). The reaction of 1 with ammonia does not proceed without an oxidizing

agent.
Oxidation of uric acid by potassium permanganate
The amount of KMnQ,4 was varied in order to find the optimal conditions for obtaining 2, and, as a re-

sult, the pattern presented in Figure 5 was revealed.
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Figure 5. Oxidation of uric acid 1 by potassium permanganate

At molar ratios of 1:0.5 and 1:1 of uric acid 1 with KMnOy, products 2 and 8a are formed. An increase
in the amount of the oxidizing agent leads to the formation of compound 9 — triuret, which is described in
the literature [10]. In all cases, 1,5-diaminoglycoluril 2 is present in the product mixture.
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Potassium permanganate KMnQ, is converted to MnO; (Il), which must be converted into a water-
soluble MnCl, salt to isolate reaction products 2 and 8a.

With an increase in the reaction time to 4 h at a temperature of -5 °C and with a molar ratio of
1:KMnOQy, 1:1, the reaction product is only 2 with a yield of 20 % (Fig. 6).
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Figure 6. Selective synthesis of 1,5-diaminoglycoluril 2 through the oxidation
of uric acid by potassium permanganate

Oxidation of uric acid by manganese (1V) oxide

The using of small amounts of MnO, does not allow to complete conversion; the only reaction product
is 8a (Fig. 7). It is necessary to use a 10-fold excess of MnO, for the conversion of uric acid to DIAGU with
a yield of 34 %. An increase in the reaction time to 4 hours slightly increases the yield of the target product
to 38 %.
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Figure 7. Products of the oxidation reaction of uric acid by MnO,
depending on the molar ratio and duration of the reaction

Thus, it was determined that 1,5-diaminoglycoluril could be obtained by oxidation of uric acid by sodi-
um persulfate, potassium permanganate, and manganese (V) oxide in 69 %, 20 % and 38 % yields, respec-
tively.

Some compounds were investigated, namely BaO, V,0s, CuO, Cr,0O;, KCIO; in the ratio of uric ac-
id : oxidant 1:4 and 1:10 to expand the range of oxidants for the conversion of uric acid into 1,5-diamino-
glycoluril. It was found that the listed oxidants did not undergo conversion of uric acid; therefore, the mix-
ture of the starting compound and the oxidizing agent was gquantitatively recovered.

We put forward a hypothesis that replacing ammonia with primary amines will result in the formation
of a glycoluril structure with various substituents, which would make it possible to expand the range of de-
rivatives of 3,7,10-trioxo-2,4,6,8,9,11-hexaaza[3.3.3]propellane. Figure 8 illustrates a possible synthesis of
substituted hexaazapropellanes.
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Figure 8. Presumptive scheme for obtaining derivatives of 3,7,10-trioxo-2,4,6,8,9,11-hexaaza[3.3.3]propellane
with both the same and different types of substituents
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At the first stage, the effect of the molar ratio of reactants on the oxidation of uric acid by sodium
persulfate in the presence of benzylamine was investigated. It was found that the interaction of uric acid 1
with benzylamine in a molar ratio of 1: 4 in an aqueous medium in the presence of the oxidizing agent
Na,S,05 led to the formation of a mixture of products, namely 4-benzylimino-5-benzylaminoallantoin 10
and 4-benzylimino-1-benzylaminoallantoin 11. With a decrease in the amount of benzylamine to 1:3 and 1:2,
4-benzylimino-5-benzylaminoallantoin 10 was isolated as a reaction product; at a molar ratio of 1:2, the
yield of 10 was higher. Compound 11 without impurity of 10 cannot be isolated (Fig. 9).
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Figure 9. Interaction of uric acid with benzylamine in the presence of sodium persulfate

4-Benzylimino-5-benzylaminoallantoin 10 does not cyclize to the glycoluril structure, which is proba-
bly due to steric effects. It was shown that when 10 was treated with an aqueous ammonia solution in the
presence of NaCl and at a temperature of 0 °C, the reaction product was 4-benzyliminoallantoin 12 (Fig. 10).
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Figure 10. Synthesis of 4-benzyliminoallantoin

As can be seen from Figure 10, during the oxidation of 10, one benzyl group was cleaved off instead of
substitution by the amino group. At the same time, the simultaneous interaction of uric acid with
benzylamine and ammonia also led to the formation of compound 12.

Under conditions similar to synthesis of 12, a number of new heterocyclic compounds 13-18 were ob-
tained (Fig. 11).
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Figure 11. Synthesis of various 4-alkylallantoins
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The structure of all obtained compounds 13-18 was proved using IR and heteronuclear NMR spectros-
copy. It was found that the signals of iminoallantoin in all compounds were practically identical; the spectra
differ only in the signals of the alkyl fragment.

Conclusions

Some stages of the synthesis of 3,7,10-trioxo-2,4,6,8,9,11-hexaaza[3.3.3]propellane are considered in
more detail. It was illustrated that not only potassium ferrocyanide and sodium persulfate, but also potassium
permanganate and manganese (V) oxide could be used for the synthesis of one of the key starting com-
pounds of 1,5-diaminoglycoluril with a yield of 20 % and 38 %, respectively.

A study of the interaction of uric acid with benzylamine in the presence of the oxidizing agent sodium
persulfate in an aqueous medium was carried out. It was shown that 4-benzylimino-5-benzylaminoallantoin
was formed at a molar ratio of 1:2 and 1.3, while an increase in the molar ratio to a 4-fold excess gave a mix-
ture of 4-benzylimino-5-benzylaminoallantoin and 1-benzylamino-4-benzyliminoallantoin, the latter was
formed only in a mixture under the conditions studied by us. 4-Benzyliminoallantoin is formed in two ways:

— One-stage: interaction of uric acid with benzylamine and ammonia;

— Two-stage: at the first stage, the interaction of uric acid with benzylamine occurs with the formation
of 4-benzylimino-5-benzylaminoallantoin; in the second stage, the oxidation of 4-benzylimino-5-
benzylaminoallantoin by sodium persulfate in the presence of ammonia is conducted.

A number of new derivatives of iminoallantoin (4-ethyliminoallantoin, 4-propyliminoallantoin, 4-
isopropyliminoallantoin, 4-n-butyliminoallantoin, 4-isobutyliminoallantoin, 4-tert-butyliminoallantoin, 4-
propargyliminoallantoin, 4-phenyliminoallantoin) were obtained by the interaction of uric acid with various
amines in the presence of the oxidizing agent sodium persulfate in an agueous medium at a temperature of
25 °C.
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Study of uric acid oxidation reaction products ...

A.A. Munakosa, M.B. Yukuna, C.I'. Unescos

AMMHaK HeMece OIpiHIIIIK aMUHIEP OPTACHIHAA Hecell KbIIIKbIJIbIHBIH
TOTBIFY PeaKIHUsAChI O6HIMIEPiH 3epTTey

Makanana mepcrneKTHBAIbI TeTePOATOMIbI MOJUIUKIII KOChUTBbICTapabIH Oipi 3,7,10-tpuokco-2,4,6,8,9,11-
rekcaza[3.3.3Jnponemnannsl (THAP)  amyaplH  MaHBI3OBI  Ke3€HI  JKaH-)KAKThl  KapacTBIPBUIFaH.
KypbuibIMBIHAAFBI aNThl a30T aTOMBIHBIH OONyBl ceOeOiHEH jKOHE THIFBI3 OpHanacybl HoTwxkeciHae THAP
JKOFapbl SHEPIUsIbl 3aTTaplbl jKacay YVINIH KaXXEeTTI KOCBUIBIC OONBIN caHamaabl. 30p KelmKbuiel THAP
CHHTE3 Ti30eriHmeri 6acTamnkpl KOCBUTBIC OObIn Tabbutaasl. OHBI HATPHH MEpCyIb(paTHIMECH HEMece KaJhid
(epporaHUIMEH TOTHIKTBIPFaHAa 1,5-ANaMIHOTIIMKOIYPHI KOHE OfaH TPUIUKIAEHY PEaKIHsCH apKbIIbI
NpONEUIAaHABIK KYpPBUIBIM  Ty3iuteni. Ocbl Makamaza Hecell KBIIKBUIBIH  1,5-IHaMHUHOTIINKOIYpYIITe
affHaNABIpy YIIH TOTHIKTHIPFBINTAPIBIH  ayKbIMBl KeHelrinreH. Hecenm kpmukemsr mMen KMnOy
SKBUMOJISIPJIBIK KATHIHACHIH KOJIJaHFaHa 1,5-THaMUHOTIIMKOTY PHIIBIH MIBIFBEIMBL 20 % GonateiHbl, a1 MnO,
MOJIIEPiH OH ece apThIK KOJNJaHFaHJa 1,5-TMaMHHOTIMKOIYPUI LIBIFBIMBI 38 % KypaWTBIHBI aHBIKTAJIBI.
ABTOprnap Makanaja COHBIMEH KaTap Hecell KhIIIKBUIBIHBIH Keif0ip aMHUHIEpPMEH SpeKeTTeCyiH 3epTTey
HOTWXKeJepiH KenTipreH. Peakmus eHiMzaepi 4-OeH3WIMMHH-5-OCH3MIaMUHAJUIAHTOHMH, 4-O€H3WIMMHH-1-
OCH3WIMHAJUIAHTOMH  JKOHE  4-OCH3WIMMHHAJUIAHTOMH  OOJBIN  TaObUIATBIH  HECEN  KbIIIKBUIBIHBIH
OCH3MIIAMHHMEH OpEKeTTeCy PEeaKIUSICHl TOJNBIFBIPAK 3€pTTENreH. 4-O0eH3WIMMHUHAUIAHTOMH —CHHTE31
HeTi3iHAe 4-MMUHAJUIAHTOMHHIH 4-3THIMMHHAJUIAHTOWH, 4-TIPONMWINMUHAIIIAHTONH, 4-U30MPONHINMUHO-
QUTaHTONH,  4-n-OyTWIMMHHAIUIAHTOWH,  4-u30-OyTHIMMHHAJUIAHTOWH,  4-TpeT.-Oy THIMMUHAIIAHTONH
CHAKTHI OipKaTap IMepCIeKTHBAIB! TYBIHBUIAPEI AJTBIH/IBL.

Kinm ce30ep: Hecem KbIIKbUIBI, 1,5-nuamunriaukonypwi, 3,7,10-tpuokco-2,4,6,8,9,11-rekcasza[3.3.3]-
nponesiad (THAP), ToTeIFy aMuHIEHY, 4-aIKUWITHMHHAITAHTOUHIEP.

A.A. Munakoa, M.B. Uukuna, C.I'. nbsacoB

HccaenoBanne NpoayKTOB peaKiMU OKMCJIEHUS MOYEBOIl KHCJIOTHI
B CpeJle aMMMAKA WJIN MEPBUYHBIX AMHUHOB

B craThe moapoOHO paccMOTpEeH BaXKHBIN JTall MOJTYyYSHUS OJHOTO M3 HEPCHEKTUBHBIX I'€TePOaTOMHBIX I10-
JTUINUKIAYECKUX coenunenuit — 3,7,10-tpuokco-2,4,6,8,9,11-rexcaasa[3.3.3 Juponemnana (THAP). brarona-
psl HATIMYMIO IIECTH aTOMOB a30Ta B CTPYKType U IuoTHOH ynakoBke THAP sBnsiercst moTeHIMaNbHBIM CO-
CAWMHECHUEM [UIA CO3AaHHs BBICOKOOHEPIETUYECKUX BECUICCTB. MoueBasi KMCI0Ta SIBISCTCS HUCXOOHBIM COCOU-
HEHHEM B lenouke npespamenus cuatesa THAP. [lpu ee oxucienun nepcynbharoM HaTpus Wid Geppo-
IIUaHUIOM Kalus moirydaercs 1,5-1naMIHOTINKOIY pril, 13 KOTOPOTO peaKknuel TPHIUKIN3AIN 00pa3yeTcst
CTPYKTypa IpomneiiaHa. ABTOpPaMM PacIIMpeH psiJ OKHCIHUTENeH Uil MPEeBpaIleHHs MOUYEBOM KHCIOTHI B
1,5-mmamuHOrIHKOMypril. Beito oOHapyxkeHo, uTo 1,5-IHaMHHOTIHKOIYpHIT obpasyercs ¢ BeixoxoM 20 %
TP UCIONB30BaHUN SKBHMOJSIPHBIX COOTHOLIEHHH Mo4eBOi knucimoTsl # KMnQOy, a mpu nmpuMeHeHuH Jiecs-
TUKpaTHOTO M30bITKa MnO; BBIXOA 1,5-muamuHOrIHKOMypria coctaBmi 38 %. Kpome Toro, mpencraBieHs!
pe3yJIbTaThl UCCIIeIOBAaHNS B3aUMOEHCTBYSI MOYEBOH KHCIIOTHI C HEKOTOPBHIMU aMuHaMu. [lonpo6HO n3yue-
Ha peaxiys B3auMOJCHCTBHUS MOYEBOM KUCIOTHI ¢ OEH3MIAMUHOM, IPOIYKTaMH PEAKLIUU KOTOPOH SIBIISIOTCS
4-0eH3UIMMUHO-5-0€H3MIIAMMHOAUTAHTONH, 4-0€H3UIMMHUHO-1-0€H3MIaMUHOAUIAHTOMH U 4-0€H3UIUMUHO-
ammanTtond. Ha ocHoBe cuHTe3a 4-0eH3MINMUHOAIIAHTONHA OBUI TOMYYeH PsiJ MEPCIEeKTHBHBIX MPOU3BOA-
HBIX 4-MMPHOAJUTAHTONHA: 4-3THIMMHUHOAIIAHTONH, 4-TIPONMINMHUHOAIIIAHTONH, 4-H30MPONMIINMIHOAIIIaH-
TOUH, 4-1-0y TMIIMMUHOAJIIAHTOHH, 4-1130-0y THITMIMUHOAJIIAHTOMH, 4-TpeT.-0y TIIINMUHOAIIAHTOHH.

Kniouesvie cnosa: wmoveBas kucnora, 1,5-pmamumHOTIIMKONMYypHa, 3,7,10-Tpuokco-2,4,6,8,9,11-rekca-
aza[3.3.3mponemnan (THAP), okuciuTenpHOE aMHHUPOBAHUE, 4-aTKUITNMHHOAIAHTOMHBL.
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