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1. INTRODUCTION

The chemistry of phospholanes gained broad
development first of all due to their many useful
properties as the readily available intermediate
monomeric substances with functional groups and
various heteroatoms, and also having particular
biological properties [1,2]. Phospholane cycle is a part
of the biologically active synthetic material. In
addition, it is a structural basis of many antimicrobic
tools, thus researchers’ interest in these sysQtems is
caused [3-5].

With the purpose of obtaining new 1,3,2-
dioxoazaphospholanes, the following compounds are
used as starting reagents: ethylene glycol, phosphorus
trichloride, alcohols, monoethanolamine vinyl ether (2-
(ethenyloxy)ethan-1-amine). These substances are
readily available monomers of chemical production.
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They are not waste products, but are monomers for
obtaining different chemicals. The novelty of this work
is that in order to obtain new phospholanes for the first
time we used vinyl monoethanol amine ether. For the
first time we obtained 1,3,2-dioxoazophospholanes.

The aim of this work was to develop preparative
aspects of the formation reactions of phospholane
series compounds at interaction of chlorine-containing
phospholanes with monoethanolamine vinyl ether,
which would extend preparative capabilities using a
known method, and obtain previously unknown 1,3,2-
dioxoazaphospholanes. Chlorides of ethyleneglycol
phosphorus acid were taken as initial reagents. They
were obtained by phosphorylation of ethylen glycol by
means of phosphorus trichloride according to the
scheme:

4
PClL,, 2Et;N
H,C—OH 2 3 O,
—_— /P—O—Cl 1)
H2C—OH ZEtBN- HCI o
1 2
In the series of phosphorous organic compounds, We investigated reactions of alkyl-1,3,2-

1,3,2-dioxoazaphospholanes have a huge potential as a
synthetic materials, and are interesting objects to study
different types of biological activities.

In the course of the experiment, we have
successively obtained the compounds indicated in the
article.

2. RESULTS AND DISCUSSION

The foundation of researches in the field of 1,3,2-
dioxaphospholane is laid in Arbuzov and Kabachnik's
works [6,7].

dioxophospholanes with monoethanolamine vinyl
ethers, which, in the result, leads to formation of series
of 1,3,2-dioxophospholanes vinyl ethers derivatives.
Firstly we synthesized 2-chloro-1,3,2-
dioxaphospholane [8], and further corresponding alkyl-
1,3,2-dioxaphospholanes were obtained on its basis
according to the following scheme:

O, Et,N O,
E /P——Cl + ROH —M— /P——OR
4 5-8 9-12
R=CH,n-CH,i1-CH, n-CH,

In order to obtain polyfunctional derivatives of
phosphorous acid diols, in our investigations we used

the chemical monomer of series of amino alcohols
vinyl ethers - monoethanolamine vinyl ether.
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Due to the presence of amino- and vyniloxi groups
these compounds have a great sinthetic potential of
amines and vinyl ethers.

Vinyl ethers and their derivatives are of great
interest as monomers for sinthesis of polyfunctional

chemotherapeutic drugs, plymer materials, pesticides,
plant growth stimulators.

In the industry, ethoxyethylamine were obtained
by catalytic hydrogenation on the basis of
monoethanolamine vinyl ether. Ethoxyethylamine were

compounds, which are widely wused as usedinsynthesisofantidiabetic medicines. The scheme
of this medicinal preparation is given below:
Et, Ni/Pd ©)
H,N O—-CH=CH, H,N O—CH5CH,
The synthesized vinyl ethers of Schiff bases are of ~ derivants, the researches of properties of a

interest as polyfunctional monomer compounds for the
development of the theory and practice of functionally
substituted vinyl ethers of amino alcohols, and for the
further development of targeted methods of new
biologically active derivatives synthesis on their basis
having a set of properties that are important for
practical applications.

The researches of properties of a number of Schiff
bases containing amino groups, various on character,
[8-14] were conducted in order to clarify the
relationship between the structure and reactivity of
vinyl ethers of amino alcohols.

Studying the properties and  synthetic
opportunities of amino alcohols vinyl ethers and their

O

O

t0 [ \ /7 N\
- = P—NH
-ROH o

/ 2
O

monoethanolamine vinyl ether monomer in reactions
with phosphoric acid diols were continued.

Earlier =~ we  studied condensations  of
monoethanolamine vinyl ether with various carbonyl
compounds, the corresponding Schiff bases were
received [15-23].

With a view to expand the series of polyfunctional
and heteroatom-containing derivatives of amino
alcohols vinyl ethers, including monoethanolamine
vinyl ether, the series of derivatives of 1,3,2-
dioxophospholanes vinyl ethers was sinthesized in the
result of interaction between alkyl-substituted diols of
phosphorous acid with monoethanolamine vinyl ether
(2-(ethenyloxy)ethan-1-amine):

tO

O—CH=CH, —=

4)
O—CH=CH,

R=CH,n-CH,i-CH,n-CH,

Molecules of 1,3,2-dioxaphospholane vinyl ethers
derivatives contain reactive secondary amino groups
and vinyloxy group.

The presence of a trivalent phosphorus of
dioxaphospholane cycle and the double bond in
vinyloxy group causes high reactivity. Thus, organic
phosphorus compounds containing R-C-N, P-O-C
fragments deserve attention as effective bioactive,
flotation and complexing agents. These compounds

O

o)

/7 N\ S, t° O S\
E :P—NH O—CH=CH; ——= [ \/P//—NH
O

possess unique reactivity due to the mutual influence of
geminal nitrogen and phosphorus atoms.

Due to our research interests in the field of
organophosphorus compounds chemistry [8-10], we
conducted the reaction of N-vyniloxiethyl-1,3,2-

dioxaphospholane with elemental sulfur, which
resulted in  the corresponding  synthesized
thiophospholane:
S
O—CH=C H2 (5)
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Reactions of alkylation and acylation were carried  corresponding alkyl and acyl derivatives of
out in order to elucidate the reactivity of synthesized = phospholanes were obtained:
1,3,2-dioxathiophospholanes. As a result, the

o R*-Br
AY
[ P—NIT O—CH=CI], 15,17
(0] -HBr
14
R-COCI
0
/A4 N
[ :P/—NH O0—CH=CH, 20, 21
0 _HCI
16
R'-Br (6)
0
15,17 TN
AR P—N O—CH=CH,
-HBr O/ I
R'
18, 19
R"-COCI
o S
20,21 TN
It PN O—CH=CH,
_HCI o |
=0
R”
22,23

R =C,H,,n-CH,R" =CH, C,H,

27752 377

The structure of the obtained substances 31P NMR spectra -( 1H) [, ppm.[: Pr n 72.40 (s),
confirmed by 31P NMR and IR spectroscopy. IR  Pr iso 72.84(s), Bu n 72.90(s), Pr iso PP piperidyl-
spectra (8): P=S (630-650), P-N (890-920), P-O-C  74.10(s), Bu n PP piperidyl 73.90(s).

(1135-1180), C=C (1605-1625), N-H (3260-3280).
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Picture 1: IR-spectrum of O,0-dipropyl(N-2- vinyloxy)ethylamidophosphorus.
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Picture 2: IR-spectrum of o-butyl(piperidyl)-N-2-(vinyloxyethylamido)-thiophosphorous.
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Picture 3: NMR 3P spectrum of O-i-propyl-[N-2-vinyloxyethylamid]thiophosphorus.

IR spectra were obtained on a spectrophotometer
UR-20. 31P NMR spectra were recorded on the
instrument "Bruker WP-200 SY" ( 81.01 MHz, the
standard - 85% H3PO,).

Currently, the biological activity of the
compounds is studied by computer prediction, structure
is studied by the quantum chemistry method.

3. EXPERIMENTAL SECTION

3.1 0.0-Dipropyl - {N-2-(vinyloxy),
ethylamido }thiophosphate

4.55 g (0.025 moles) of thiophosphite O,O-
dipropyl was added to benzene solution of 2.17 g (0.025
moles) of monoethanolamine vinyl ether, 2.5 g (0.025
moles) of triethylamine, and 3.84 g (0.025 moles) of
CCL4 under stirring and a temperature of 18°C.
Hydrochloride of triethylamine precipitated in process
of cooling of a reaction mixture. The sediment was
filtered, then the filtrate was boiled out in vacuo, the
rest was investigated on a chromatograph with a
column with a silica gel, eluent - hexane - acetone (3:1).

0,0-diisopropyl-, O,O-dibutyl-, O-isopropyl
(piperidyl)  [N-2-vinyloxyethylamido]thiophosphate
and O-butyl (piperidyl) [N-2-
vinyloxyethylamido]thiophosphate =~ were received
similarly.

The purity of the compounds and the reactions
were monitored by TLC on Silufol UV 254 plates in
specified eluents systems. The manifestation was
carried out with iodine vapor.

3P NMR spectra was recorded on the "Bruker
WP-200SY" device with an operating frequency on
nuclei 3'P 81.01 MHz; external standard - 85% solution
of H3PO,.

3.2 Synthesis of 2-chloro-1,3,2-dioxaphospholane

50 ml of anhydrous ether, 9.3 g of ethylene glycol
and 22.0 g of pyridine were placed in the reaction flask.
20.62 g of phosphorus trichloride was added to the
reaction mixture with stirring at a temperature of from
-16 to -17°C. After the addition of phosphorus
trichloride at room temperature, the solution was left
with stirring for about 1.5 hours. During the reaction,
the pyridine hydrochloride formed. The ether solution
of 2-chloro-1,3,2-dioxaphospholane was isolated by
filtration. Further desired product 2-chloro-1,3,2-
dioxaphospholane was obtained by simple distillation.
Boiling point = 56°C, =1.4917. Molecular Weight =
126.49. Gross formula — C;H4PO,CL.

33 Synthesis of 2-alkoxy-1,3,2-
dioxaphospholanes
331 Synthesis of 2-ethoxy-1,3,2-

dioxaphospholane

30 ml of absolute diethyl ether, 1.72 g of ethanol,
and 2.96 g of pyridine were placed in a reaction flask.
474 g of 2-chloro-1,3,2-dioxaphospholane was
dropped into the reaction mixture with stirring. The
reaction flask was cooled with a mixture of ice and salt
to +3 - -6°C degree. During the reaction, the pyridine
hydrochloride formed. After filtration ether solution of
2-ethoxy-1,3,2-dioxaphsopholane ~ was  obtained.
Desired product was obtained with distillation. The
purity of product was checked with TLC. Properties of
2-ethoxy-1,3,2-dioxaphsopholane: boiling point is
51.0-51.5°C, =1.4395, =1.1317. Gross formula —
C4HoPO;.

2-propoxy-1,3,2-dioxaphospholane, 2-
isopropoxy-1,3,2-dioxaphospholane, 2-butoxy-1,3,2-
dioxaphospholane were synthesized under similar
condition.
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3.3.2 Synthesis of 1,3,2-dioxaphospholane amide
ether

1.07 g of desired product was obtained from 1.01
g of 2-ethoxy-1,3,2-dioxaphospholane and 0.64 g
monoethanol amine vinyl ether in a dry diethyl ether
environment. The purity of the product was checked
with TLC. The folllowing system of eluants was used:
chloroform:acetone (1:1), =1.4435, =0.1928. Gross
formula: CsH2NPO:s.

3.3.3 Syntheses of 1,3,2-thiophospholane

25 ml of benzene and 0.023 g of elemental sulfur
were placed into the reaction flask. Then it was heated
to the full dissolution of sulfur in benzene. After that,
the flask was cooled. Then, 0.12 g of 1,3,2-
dioxaphospholane amide ether was added to the
reaction mixture. The product was heated at a
temperature of 76°C for 30 minutes. The resulting
product was then left at room temperature for 25
minutes. After that, benzene was removed from the
mixture. The resulting product 1,3,2-
dioxathiophospholane is a dark gray liquid. The
refractive index is 1.4650. The gross formula is
CeH12NOsPS. The product dissolves well in ethanol,
chloroform and acetone. It does not dissolve in
petroleum ether, diethyl ether and toluene.

3.3.4 Synthesis of the acyl derivative of the 1,3,2-
dioxaphospholane amide

25 ml of absolute diethyl ether, 0.17 g of the 1,3,2-
dioxaphospholane amide ether, 0.10 g of triethylamine
were placed in the reaction flask. Further, 0.07 g of
acetyl chloride was added to the ether mixture through
a dropping funnel with stirring. In this case
precipitation 1is observed. The precipitate of
triethylamine hydrochloride was filtered off. Then,
diethyl ether was removed. The purity of the product
were checked by thin layer chromatography. A clear
liquid product, 1,3,2-dioxaphospholane N-acetyl-
amide ester, was obtained. = 1.4541. Gross formula:
CsH1oNPOs.

3.3.5 Synthesis of alkyl derivatives of 1,3,2-
dioxaphospholane amide ether

Under similar conditions, 1.67 g of the reaction
product, N-ethyl amide ether, was isolated in the
medium of the absolute ether from the Grignard reagent
(0.6 g of magnesium and 2.7 g of ethyl bromide), 1.4 g
of 1,3,2-dioxaphospholane amide ether. = 1.4445. The
gross formula is CgH;cO3PN.

The IR spectra of the compounds obtained exhibit
characteristic absorption regions (cm™") (8): PN (870-
925), P=S (680-710), C=0 (1640-1660), CN (1495-
1580) , -OC=C- (1460-1480), POC (1100-1165).

In 3P NMR there is one singlet in the region -
60+63 ppm.

4. CONCLUSION

In the process of phosphorylation of ethylene
glycol in the presence of phosphorus trichloride and
alcohols, cyclic alkyl derivatives of phospholanes were
synthesized. And on the basis of cyclic phospholanes
and vinyl ether monoethanol amine, amine derivatives
of phospholanes were first obtained. Subsequently,
cyclic amino derivatives of phospholanes undergo an
acylation reaction. In the result, acyl derivatives of

cyclic phospholanes and their thio derivatives were
synthesized.

The importance from the theoretical point of view
of the amino derivatives of cyclic phospholanes are
promising chemical monomers. Since the molecule
contains vinyloxy and a secondary amine group. 1,3,2-
dioxoazophosphlanes form a class of biologically
active substances and can have antibacterial properties.
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THE ISOTOPIC SELECTIVITY OF THE HYDRATION OF CALCIUM PEROXIDE

AHHOTAIIUA

Sapozhnikov Yu.A.,
Sapozhnikova L.D.

OKCIIepUMEHTaIbHO TOKa3aHO, UTO NpH B3aWMOACHCTBHH C BOAOH, 3arps3HEHHON TPUTHEM, OE3BOIHBIN
MEPOKCH]T KaJIbIIUS MPOSBISICT M30TOMHYIO CEJICKTHBHOCTh, (DOPMHUPYSI THAPATHYIO 000JI0UKY 00pa3yroIIerocs
TPYAHOPACTBOPUMOTO OKTAaruapara KaJlblys U3 MPOTHEBON BOJBI M OCTABJIsIsl TPUTUEBYIO BOMIY B XKHIIKOM (hase.

ABSTRACT

It has been shown experimentally, that during an interaction with water, contaminated with tritium, anhydrous
calcium peroxide exhibits isotopic selectivity, forming a hydrated shell of the produced insoluble calcium
octahydrate from protium water and leaving tritium water in the liquid phase.

KiroueBble cjioBa: HCpOKCI/I,I[ KaJblusA, rugpaTanus, U130TOIHAaA CCJICKTUBHOCTD, (DYKYCI/IMEI

Keyword: Calcium peroxide, hydration, isotopic selectivity, Fukushima

Jiis pa3nmeneHuss M30TOMOB BOIOPOJA H3BECTHBI
MHOTHE METOJBI, OCHOBAaHHBIC Ha PA3IHYMSIX CBOHCTB
WX COCIMHCHUI, TAaKUX KaK TeMIepaTypa IUIaBICHUS U
KWIEHUs, TOTEHIHMal WOoHM3ammu u nap. [2, 3].
Peanuzamus 3TUX B MPUHIKIIE HECJIOXHBIX MOAXO0JI0B
TpeOyeT,  OJHAKO,  CpPaBHUTEIbHO  HENpOCTOH
anmapaTryphbl, UCTIOIb30BAHMSI JOPOTHX KaTaau3aTOPOB
HA OCHOBE MAaJUIAJUS WIN IUIATHHBI, OOJIBIIMX 3aTPaT
TpyAa, BPEMEHH U 3JCKTPOIHEPTHH.

B HacTosmielt paboTe OMUCHIBAIOTCS PE3yIbTATHI
UCCIIEIOBaHUS B3aUMOJIEHCTBUS 6e3BoTHOTO
nepokcuna kanbims ([IOK) ¢ Bomoi, 3arps3HeHHOM
tputHeM. M3BectHo [1], uyto mpu ruzapatanuu [TOK

obpasyercs TPYZAHOPACTBOPHUMBII OKTaruapar

nepoxcuaa kansist (O TIOK) Ca02-8H20.
IMepokcun KaJIbLHsI - MPOJYKT

KPYIMHOTOHH2)KHOTO  MPOM3BOACTBA  XMMHUYECKOMN

MPOMBIIIJICHHOCTH. Ero HCImonb30BaHWe OCHOBAHO,
TIaBHBIM  00pa3oM, Ha CHOCOOHOCTH WCITyCKAaTh
KHCJIOPOJI IIPY MEUICHHOM Pa3/IOKEeHUU:

Ca0; + H,0O — Ca(OH); + 140,

Kucnopox in statu nascendi BosaeiicTByer Ha
KOpDHEBBIE CHCTEMBI pAacTEHHH, dYTO BeIeT K
MOBBIIICHHIO ypokaitHOCTH MOYB, MOJXKET
o0e33apakuBaTh BOABI M MOYBHI U MMEET MHOXECTBO
Jpyrux obnacTeil MpuMeHEHHSI.

B skcnepumeHTanbHOM paboTe HCIONIB30BANICA
texaudeckuii [TIOK, cunresupoBanubiii B MHCTHTYTE
O6meit wu Heoprammueckoit Xummu PAH wu
COJIEP KAIIMIA TOBOJLHO BBHICOKUH IPOLICHT IIpUMeceit
(mo ~40%), TakuX Kak KapOOHAT ¥ OKCUJI KaJIBIUS U JP.

Kak MOKa3aau SKCHEPUMEHTAaIbHbIE
HCCIIEIOBAaHMS aBTOPOB, NPH J100aBICHUN OE3BOIHOTO
IIOK x Bome, coaepxamied TpUTUH, 1A
(hopmupoBaHwUs TUJPATHOU 000109KH ITOK
HCIOJIb3YET TOJBKO MOJIEKYJbl IIPOTUEBOM BOABL. B
pe3yibpTaTe yAeinbHas aKTUBHOCTb TPHUTHS B JKUAKOU
¢daze mam ocagkom OI' TIOK moBeimaeTcss ¢
yBenmaeHueM maccel nobasmsiemoro IIOK (Pucynox
1).
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