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РЕФЕРАТ
Есеп тапсыру  81 б,    18 сурет, 12 кесте, 34 әдебиет,  4 қосымша 
ФУНКЦИОНАЛДЫ ОРГАНИКАЛЫҚ ФОСФИТТЕР МЕН ФОСФАТТАР, АУЫР МЕТАЛДАРДЫҢ ЭКСТРАГЕНТТЕРІ, ИННОВАЦИАЛЫҚ ИМПОРТТЫ АЛМАСТЫРАТЫН МАТЕРИАЛДАР

Зерттеу нысаны ретінде бұрын белгісіз болған функционалды органикалық фосфаттар мен фосфиттер – ауыр металлдардың жаңа экстрагенттері болып табылады. 
Жұмыстың мақсаты: Жаңа функционалды ациклдік және циклдік фосфиттер мен фосфаттардың – ауыр металлдардың (ең алдымен – уран мен ілеспелі металлдардың) перспективті экстрагенттерін бағытталған синтезінің ыңғайлы технологиялық әдістерін дайындау. 
Зерттеу әдістері: Химиялық реакциялардың сапалық және сандық сипаттамасы үшін, сондай-ақ мақсатты қосылыстардың құрылымын дәлелдеу үшін физика-химиялық зерттеу әдістері қолданылды: ЯМР 1Н, 13C, 15N 19F, 31P, ИК спектроскопиясы. Ауыр металдарға қатысты мақсатты функционалды фосфор құрамды қосылыстарының экстракциялық қасиеттері элементтерді титриметриялық анықтау, элементтерді фотометриялық анықтау әдістемелері қолданыла отырылып зерттелді.
Жұмыстың қорытындылары мен оның жаңашылдығы:
2018 ж. Функционалды топтары бар (фторалкилді және цианоэтилді) ациклдік бейсимметриялық фосфаттарды синтездеудің өзіндік әдістері әзірленді. Фторалкилді топтары бар циклдік (бес- және алтымүшелі)  фосфаттарды синтездеудің әдістері әзірленді. Физикалық-химиялық қасиеттер анықталды. Фосфаттар мен фосфиттердің кеңейтілген топтамасы дайындалды және олардың ауыр металлдарға қатысты экстракциялық қасиеттеріне сынақ жүргізілді.
2019 ж. Бұрын белгісіз болған фторалкиль және пропаргиль топтары бар фосфаттарды және фторалкиль және аллиль топтары бар фосфиттерді мақсатты синтездеудің ыңғайлы технологиялық әдістері әзірленді. Физикалық-химиялық қасиеттер анықталды. Фосфаттар мен фосфиттердің кеңейтілген топтамасы дайындалды және олардың ауыр металлдарға қатысты экстракциялық қасиеттеріне сынақ жүргізілді.
2020 ж. Бұрын белгісіз болған фторалкильді және аллильді топтары бар амидофосфиттердің бағытталған синтезінің ыңғайлы технологиялық әдістері әзірленді. Физикалық-химиялық қасиеттер анықталды. Амидофосфиттердің кеңейтілген топтамасы дайындалды және олардың ауыр металлдарға қатысты экстракциялық қасиеттеріне сынақ жүргізілді.
Ғылыми жаңалылық экстракциялық қасиеттерін жақсарту мақсатында фторалкильді, цианоэтилді, аллилді және пропаргилді алмастырғыштарды мақсатты енгізу арқылы бұрын белгілі болмаған функционалды ациклді және циклдік фосфиттер мен фосфаттарды синтездеудің технологиялық әдістерін жасау болып табылады.
Негізгі конструктивтік және техникалық-экономикалық көрсеткіштер. Осы жобаны зерттеу нәтижелері фосфорорганикалық қосылыстары химиясының дамуына айтарлықтай үлес қосады. Гидрометаллургияда селективті фосфорорганикалық экстрагенттерін қолдану кедей полиметалл кендерінен және басқа да өндіріс қалдықтарынан трансуранды, сирек және сирек жер элементтерін экономикалық тиімді өндіру проблемасын шешуге мүмкіндік береді.
Ендіру дәрежесі - енгізілмеген.
Ауыр металдардың жаңа экстрагенттерін қолданудың тиімділігі қол жетімді бастапқы қосылыстардан оңай алынатын мақсатты функционалды органикалық фосфиттер мен фосфаттардың техникалық сипаттамаларын жақсарту арқылы қамтамасыз етіледі.
Ендіру бойынша ұсыныстар мен қолдану аясы: Дайындалған жаңа функционалды органикалық фосфаттар мен фосфиттердің өзіндік әдістері бәсекеге қабілетті фосфорқұрамдас уран экстрагенттері мен ілеспелі металлдарды енгізуге ұсынылуы мүмкін.
Зерттеу нысаны дамуының болжамдары: берілген жобаның зерттеу қорытындылары фосфорорганикалық қосылыстар химиясының дамуына елеулі үлес енгізеді, ең алдымен,  бұрын танылмаған немесе қол жеткізу қиын функционалды органикалық фосфиттер мен фосфаттар синтезінің технологиялық әдістерін құрау мен дамыту – ауыр металлдардың жаңа импорт алмастыратын эктрагенттері, Қазақстанның гидрометаллургиясында ғана сұранысы бар емес, сонымен қатар, басқа да мемлекеттер үшін.



ABSTRACT
Report 81 p., fig. 18, table 12, references 34, append.4
FUNCTIONAL ORGANIC PHOSPHITES AND PHOSPHATES, EXTRAGENTS OF HEAVY METALS, INNOVATIVE IMPORT-SUBSTITUTING MATERIALS

The object of research is previously unknown functional organic phosphates and phosphites - new extractants of heavy metals.
Purpose of work: Development of convenient technological directed synthesis methods of a new functional acyclic and cyclic phosphites and phosphates - promising extractants of heavy metals, primarily - uranium and foreign-metal impurities.
Research methods: Physicochemical methods of investigation: NMR 1Н,13C, 19F, 31Р, IR spectroscopy were used for qualitatively and quantitatively describing of chemical reactions, as well as to prove the structure of target compounds. Extraction properties of target functional phosphorus-containing compounds relative to heavy metals were studied using methods: titrimetric determination of elements; photometric determination of elements.
Results of work and their novelty:
2018 year. Original methods for the synthesis of acyclic asymmetric phosphates with functional groups (fluoroalkyl and cyanoethyl) have been developed. Methods for the synthesis of cyclic (five- and six-membered) phosphates with fluoroalkyl groups have been developed. Physical and chemical properties were studied. Enlarged lots of phosphates of phosphites were produced and tested for extraction properties relative to heavy metals.
2019 year. Convenient technological directed synthesis methods of previously unknown phosphates with fluoroalkyl and propargyl groups and phosphites with fluoroalkyl and allyl groups have been developed. The physicochemical properties were studied, enlarged lots of phosphates of phosphites were produced and tested for their extraction properties relative to heavy metals.
2020 year. Convenient technological directed synthesis methods of previously unknown amidophosphites with fluoroalkyl and allyl groups have been developed. The physicochemical properties have been studied, enlarged batches of phosphates of phosphites have been produced and tested for their extraction properties with respect to heavy metals.
The scientific novelty is the development of technological methods for the synthesis of previously unknown functional acyclic and cyclic phosphites and phosphates by directional introduction of fluoroalkyl, cyanoethyl, allyl and propargyl substituents to improve the extraction properties.
The main design and technical and economic indicators. The research results of this project will make significant contribution to the development of organophosphorus compounds. The application of selective organophosphorus extractants in hydrometallurgy makes it possible to solve the problem of economically profitable extraction of transuranium, rare and rare earth elements from poor polymetallic ores and wastes of other industries.
Implementation degree - not implemented.
Efficiency from the application of new heavy metals extractants will be provided by increasing technical characteristics of the desired functional organic phosphites and phosphates easily obtained from the available starting compounds.
Application field: developed innovative extractants can find wide application in extraction processes of extraction, concentration and metal separation (uranium and associated metals) in the hydrometallurgical industry not only in Kazakhstan, but also in other countries.
Recommendations for implementation and application field: the developed original methods for the synthesis of new functional organic phosphates and phosphites can be recommended for implementation to create competitive phosphorus-containing extractants of uranium and accompanying metals. The developed innovative extractants can find wide application in the extraction processes of extraction, concentration and separation of metals (uranium and associated metals) in the hydrometallurgical industry not only in Kazakhstan, but also in other countries.
Projected assumptions about the development of the research object: the research results of this project will make significant contribution to the development of organophosphorus compounds chemistry, first of all, the development and creation of technological methods for the synthesis of previously unknown or difficult-to-access functional organic phosphites and phosphates-new import-substituting heavy metal extractors that are in demand for hydrometallurgy not only in Kazakhstan but also in other countries.
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INTRODUCTION

Organic phosphorus compounds are commercially available compounds widely used in hydrometallurgy, polymer chemistry, pharmaceutical and textile industries, petrochemistry, agriculture, as well as in organophosphorus synthesis. [1]. Organophosphorus compounds are also widely used as complexones and extractants. when receiving noble, non-ferrous and heavy metals in hydrometallurgical processes [2-6]. Among these compounds, organic phosphites and phosphates occupy a special place, as they allow for the extraction processes with good selectivity and efficiency [5,6]. The nature of substituents in organic phosphites and phosphates significantly affects the extraction ability of the reagent. The targeted introduction of certain functional groups in the molecule of organophosphorus compounds, promising from the point of view of extraction activity, contributes to the creation of new reagents with a set of useful properties, such as selectivity, extraction capacity for the target component, compatibility with diluents, ease of regeneration, and chemical resistance. So, based on the known data [7-9], the presence of fluoroalkyl groups in the extractant molecule enhances their incombustibility.
The aim of this project is to develop convenient technological directed synthesis methods of a new functional acyclic and cyclic phosphites and phosphates - promising extractants of heavy metals, primarily - uranium and foreign-metal impurities.
The paper presents the results of research work on the development of original methods for the synthesis of acyclic functional phosphates with fluoroalkyl and cyanoethyl groups, cyclic (five- and six-membered) phosphates and phosphites with fluoroalkyl substituents), acyclic phosphates with fluoroalkyl and propargyl groups, phosphites with fluoroalkyl and allyl groups, acyclic amidophosphites with fluoroalkyl and allyl groups. Their physicochemical and extraction properties have been studied.
Tests of the synthesized functional fluorine-containing phosphates and phosphites, carried out in the central factory laboratory of LLP Stepnogorsk Mining and Chemical Combine, which showed the prospects of their use as extractants for extracting uranium from productive solutions;











MAIN PART

1 Choice of research direction

At the present stage of development of the metallurgical complex of Kazakhstan, there is a tendency towards the intensification of production processes with purpose of increasing the resource productivity of industry. The wide introduction of extraction methods of extraction, concentration and separation of metals, as the most productive, entails the need to search for and create new effective metal extractants..
From all known compounds suitable for use as metal extractants, organophosphorus compounds are most widely used, which is explained by their high extracting ability. In this connection occur need for new more sophisticated on technical characteristics organophosphorus extractants of heavy metals (uranium and associated metals).
Introduction of functional groups (polyfluoroalkyl, cyanoethyl, allylic, propargyl, etc.) into the molecules of phosphates and phosphites increases both the efficiency of their extraction activity and some other practically useful properties of these extractants. Thus, for example, the introduction of double and triple bonds (allyl and propargyl substituents) into phosphite and phosphate molecules presupposes an increase in the extraction properties of these compounds due to the additional formation of sigma and π complexes, besides, allyl and propargyl substituents are reactive fragments, that is, building blocks for further modification and directional synthesis of new extractants (new polyfunctionalphosphites and phosphates). For phosphates containing cyano groups, synergies between the extraction properties of the phosphates themselves and the known extractants-cyanides should be expected [10]. It is natural to assume that the presence of extractants in the molecule simultaneously of phosphate, polyfluoroalkyl, cyano groups enhance the extraction properties of such polyfunctional compounds and open convenient approach to creating innovative materials. The introduction of polyfluoroalkyl groups improves their incombustibility, and also changes the hydrophilic-hydrophobic balance of extractants (increases their lipophilicity and hydrophobicity), which will lead to an increase in extraction activity due to better solubility in hydrocarbon diluents.










1.1 Synthesis of functional asymmetric phosphates and phosphites with fluoroalkyl and cyanoethyl groups to create based on them new extractants of heavy metals

The purpose of the first stage of research is the development convenient technological directed synthesis methods of a new functional acyclic phosphates with fluoroalkyl and cyanoethyl groups - promising extractants of heavy metals, primarily - uranium and foreign-metal impurities.

Objects and research methods
1Н, 13C, 15N, 19F, 31Р NMR spectra were obtained on spectrometers Bruker DPX 400 and Bruker AV-400 (400.13, 101.61, 40.55, 376.50 and 161.98 MHz, respectively) in a CDCl3 solution (compound no. In DMSO), internal standard - HMDS (1H, 13C), MeNO2 (15N), CFCl3 (19F), external standard - 85% H3PO4 (31P). To assign signals in the 1Н, 13C NMR spectra, two-dimensional homo- and heteronuclear NMR spectroscopy methods were used: COZY, HSQC, HMBC. To assign the multiplicity of signals in NMR spectra, the following abbreviations are adopted: s - singlet, d - doublet, k - quartet, q - quintet. IR spectra were recorded on a Bruker IFS 25 spectrometer in a thin layer. Electron ionization mass spectra (70 eV) of the compounds were obtained on a GCMS-QP5050A SHIMADZU instrument.
For cyanoethylated phosphates: Electron ionization mass spectra (70 eV) were recorded on an Agilent 5975C instrument (quadrupole mass analyzer, detectable mass range 34–650 Da). Samples were injected through an Agilent 6890N chromatograph, the evaporator and interface temperatures were 190 °C. Separation was carried out on an HP-5MS chromatographic column (30 m × 0.25 mm × 0.25 μm) at a constant flow rate, carrier gas - helium, programming mode: from 60 to 190 °C at a rate of 5 K/min. Samples were injected in a 1:2 «split ratio».
The starting bis (2,2,2-trifluoroethyl) chlorophosphate 1a or bis (2,2,3,3-tetrafluoropropyl) chlorophosphate 1b and the starting polyfluoroalkyl dichlorophosphates 4a-d were obtained from POCl3 and polyfluoroalkanols in the presence of LiCl according to the method [11, 12], the starting diethylchlorophosphate 1c and polyfluoroalkyl dichlorophosphates 4а-c, 8 diethyl chlorophosphate 4d were obtained according to the method [13].
The starting 2-chloro-1,3,2-dioxaphospholans 12а, b and 2-chloro-1,3,2-dioxaphosphorinans 17а, b were obtained from PCl3 and 1,2- or 1,3-alkanediols [14]. 2,2,3,3,4,4,5,5-Octafluoropentyldichlorophosphite 19 was obtained according to the known method based on phosphorus trichloride [15].
The starting polyfluoroalkyldichlorophosphites 26a-c were obtained from PCl3 and polyfluoroalkanols in the presence of triethylamine (1 mol%) [15].
The starting ethyldichlorophosphite 26d was synthesized according to the method [13].
The starting N, N-diallylamidodichlorophosphite 29а was obtained according to an improved method [25] from N, N-diallylamine and PCl3 (1:1) in the presence of triethylamine (3 mol%) in dichloromethane. According to the same method [13] N, N-diphenylamidodichlorophosphite 29b was synthesized from N, N-diphenylamine and PCl3 in dichloromethane, and bis(2,2,2-trifluoroethyl)chlorophosphite from PCl5 and bis(2,2,2-trifluoroethyl)-Н-phosphonate in dichloromethane [13]. Dimethylamine was generated in a separate flask from dimethylamine hydrochloride and aqueous KOH and used as a solution in CH2Cl2. All experiments were carried out in a dry inert atmosphere (argon).

1.1.1 Synthesis of acyclic functional phosphates with fluoroalkyl and cyanoethyl groups

Acyclic unsymmetrical phosphates containing both fluoroalkyl and cyanoethyl substituents were obtained by reacting bis(fluoroalkyl) chlorophosphates with 3-hydroxypropanonitrile.
Experiments have shown that bis (2,2,2-trifluoroethyl) chlorophosphate 1a or bis (2,2,3,3-tetrafluoropropyl) chlorophosphate 1b, and fluorine-free diethyl chlorophosphate 1c, react with 3-hydroxypropanonitrile 2 under mild conditions (20 -22оС, 8 h) in the pyridine/diethyl ether system, forming the target functional phosphates 3a-c with a yield of 58-77% (Figure 1, Table 1).



 
Figure 1 - Scheme of the reaction of chlorophosphates with 3-hydroxypropanonitrile in the Py/Et2O system

As it can be seen from the data of Table 1, bis(2,2,2-trifluoroethyl)chlorophosphate was the most reactive in the studied process 1a, the complete conversion of which is achieved in 8 hours at room temperature; the yield of cyanophosphate 3а is 76%. Under similar conditions, the conversion of bis(2,2,3,3,-tetrafluoropropyl)chlorophosphate 1b reaches only 92% (Table 1). Carrying out this reaction with slight heating (30-32 °C) made it possible to achieve complete conversion of the starting chlorophosphate 1b in 8 h (Table, exp. 3). Even less reactive turned out to be fluorine-free diethyl chlorophosphate 1c, 96% conversion of which was recorded upon heating (30-32 °C) of reagents 1c and 2 for 15 hours. This is evidently due to the lower electron-withdrawing ability of alkoxy groups (compared to fluoroalkosyl groups), which reduces the rate of nucleophilic substitution at the phosphorus atom.



Table 1 - Synthesis of functional phosphates

	Chlorophosphate

	Tempera-ture,
оС
	Time, h
	Conver-sionb
	Phosphate
	Yieldc,
%

	

1a
	

20-22
	

8
	

100
	
3a
	

76

	

1b
	

20-22
	

8
	

92
	
3b
	

50

	1b
	30-32
	8
	100
	3b
	58

	

1c
	30-32
	15
	96
	
3c
	77


Notes: a) The following amounts of starting compounds were used in all experiments: bis (alkyl)chlorophosphates 1a, b (30 mmol), 3-hydroxypropanonitrile 2 (30 mmol), pyridine (30 mmol) and ether (105 ml). b) The conversion is determined based on the data of the 31P NMR spectra. c) The preparative yield of target phosphates 3a-b, isolated by distillation in vacuum, is calculated for the taken amount of chlorophosphates 1a, b. High-boiling phosphate 3b decomposes under distillation conditions, which leads to a decrease in its yield.

Substitution of the Py/Et2O system for Et3N/CCl4 in the studied reaction of chlorophosphates 1a-b with hydroxypropanonitrile 2 leads to a violation of the selectivity of the reaction and the formation of noticeable amounts of tetraalkyl diphosphates. This can be explained, apparently, by the presence of small amounts of water in this system.
Thus, on the basis of the reaction of polyformaldehyde and propargylamine alcohol or bis(polyfluoroankyl)convenient, effective methods for the synthesis of functional polyfluoroalkyl phosphates with propargyl or cyanoethyl substituents have been developed.

1.2 Synthesis of cyclic (five - and six-membered) phosphates and phosphites with fluoroalkyl substituents. Study of physical and chemical properties

Cyclic (five - and six-membered) phosphates and phosphite attract the attention of chemists as ligands for metal complexes [16]. It can be believed that it is in this class of compounds will be able to find new extractants that are even more effective than the existing ones. The most promising way to create such reagents is to develop technological methods for the synthesis of five-and six-membered heterocycles with fluoroalkyl groups and a detailed study of the structural and isomeric composition of the resulting heterocyclic molecules.

1.2.1 Synthesis of polyfluoroalkylated 1,3,2-dioxaphospholan-2-oxides and 1,3,2-dioxaphosphorinane-2-oxides

Peralkyldiphosphines 4a-b in interact with 1,2-arcangioli 5, 6 in the system of Py/diethyl ether (-10  25 ˚C, 5 h), forming a 2-polyporales-1,3,2-dioxaphospholane-2-oxides 7a-d with the yield of 69-79% (Table 3). Under similar conditions, the reaction of methyl dichlorophosphate 4d with 1,2-alkanediols 5, 6 proceeds less efficiently: the yield of the expected 2-methoxy-1,3,2-dioxaphospholanoxides 7f, g is 16-23% (figure 2, table 2).




Figure 2 - Scheme of the reaction of 2-chloro-1,3,2-dioxaphospholanes with 1,2-alkanediols

Table 2 - Synthesis of 1,3,2-dioxaphospholane-2-oxides

	Dichlorophosphate
	1,2-Alkanediol
	Phospholane
	Yield, %

	

4a
	

5
	

7a
	69

	

4b
	5
	

7b
	76




Continuation of Table 2 

	Dichlorophosphate
	1,2-Alkanediol
	Phospholane
	Yield, %

	

4b
	5
	

7b
	76

	4b
	

6
	

7c
	79

	

4c
	6
	
7d
	72

	4c
	6
	

7e
	72

	

4d
	5
	

7f
	23

	4d
	6
	

7g
	16



The higher reactivity of dichlorophosphates is 4а-c, having fluoroalkyl substituents, in comparison with methyldichlorophosphate 4d, is apparently associated with a higher electron-withdrawing ability of fluoroalkoxy groups, which contributes to an increase in the rate of nucleophilic substitution at the phosphorus atom.
Under similar conditions (–10  25˚C, 5 h, Py/Et2O system) fluoroalkyl dichlorophosphates 7а,b,8 react with 1,3-alkanediols 9, 10, forming 2-polyfluoroalkoxy-1,3,2-dioxaphosphorinan-2 -oxides 11a-d with a yield of 59, 32, 71 and 70%, respectively (Figure 3, Table 3). The low yield of phosphorinan 11b (which does not have a substituent in the ring) can be explained by its easier polymerization proceeding with ring opening, as well as due to the parallel polycondensation reaction of the starting reagents.
As expected, the reactivity of methyldichlorophosphate 4d is lower than the fluoroalkyl dichlorophosphates 7а,b, 8 the yield of 2-methoxy-1,3,2-dioxaphosphorinane oxide 11e is 25% (Table 3).




Figure 3 - Scheme of the reaction of fluoroalkyl dichlorophosphates with 1,3-alkanediols

[bookmark: _GoBack]Table 3 - Synthesis of 1,3,2-dioxaphosphorinane-2-oxides in the pyridine/diethyl ether system

	Dichlorophosphate
	1,3-Alkanediol
	Phosphorinane
	Yield,%

	

8
	

9
	

11a
	59

	

4a
	

10
	

11b
	32

	4a
	9
	

11c
	71


Continuation of Table 3 

	Dichlorophosphate
	1,3-Alkanediol
	Phosphorinane
	Yield,%

	
4b
	9
	

11d
	70

	

4d
	9
	

11e
	25



1.2.2 Synthesis of polyfluoroalkylated 1,3,2-dioxaphospholanes and 1,3,2-dioxaphosphorinanes

The construction of 2-polyfluoroalkoxy-1,3,2-dioxaphospholanes was realized by the interaction of 2-chloro-1,3,2-dioxaphospholanes with polyfluoroalkanols, whereas 2-polyfluoroalkoxy-1,3,2-dioxaphosphorinanes were obtained by two methods: based on the reaction of polyfluoroalkanols with 2-chloro-1,3,2-dioxaphosphorinans or from 1,3-alkanediols and polyfluoroalkyldichlorophosphites.
Experiments have shown that 2-chloro-1,3,2-dioxaphospholanes 12а, b interact with polyfluoroalkanols 13-15 under mild conditions (-10 ÷ 25оC, 5 h) in the triethylamine/hexane system, forming 2-polyfluoroalkoxy-1,3 , 2-dioxaphospholans 16а-c with a yield of 48-57% (Figure 4, Table 4).




Figure 4 - Scheme of the reaction of 2-chloro-1,3,2-dioxaphospholanes with polyfluoroalkanols


Table 4 - Synthesis of 2-polyfluoroalkoxy-1,3,2-dioxaphospholanes

	Chlorophospholane
	Fluoroalkanol
	Phospholane
	Yield,%

	

12a
	

13
	

16a
	53

	12a
	

14
	

16b
	48

	

12бb
	

15
	

16c
	57



Under the above conditions (Table 1), polyfluoroalkanols 13, 14 react with 2-chloro-1,3,2-dioxaphosphorinans 17а,b, forming 2-polyfluoroalkoxy-1,3,2-dioxaphosphorinans 18а-c with a yield of 48-72% (Figure 5, Table 5).




Figure 5 - Scheme of the reaction of 2-chloro-1,3,2-dioxaphospholanes with polyfluoroalkanols


Table 5 - Synthesis of 2-polyfluoroalkoxy-1,3,2-dioxaphosphorinanes

	Chlorophosphorinane
	Fluoroalkanol
	Phosphorinane
	Yield,%

	

17a
	13
	
18a
	72

	17a
	14
	
18b
	72

	

17b
	14
	
18c
	48



In addition, for the synthesis of polyfluorinated 1,3,2-dioxaphosphorinanes, another approach was used, including at the first stage the preparation of 2,2,3,3,4,4,5,5-octafluoropentyl dichlorophosphite 19, which then reacts with 1,3- alkanediols 20, 21 (Py / Et2O system, –10 ÷ 25оC, 5 h), forming dioxaphosphorinans 22а, b in 45 and 53% yield, respectively (Figure 6).




Figure 6 - Scheme of synthesis of 2-polyfluoroalkoxy-1,3,2-dioxaphosphorinanes

1.2.3 Study of physical and chemical properties

The structure of the synthesized functional phosphates and phosphites has been unambiguously proved by 1Н, 13C, 19F и 31Р NMR spectroscopy. The spectral characteristics of the synthesized phosphates were studied, their physical properties were determined: boiling point, density, refractive index (Appendix D)
Study of the isomeric composition of the synthesized polyfluoroalkylated 1,3,2-dioxaphospholane-2-oxides
According to the NMR (1Н, 31Р) data, the synthesized phospholans 7a-d (with one methyl group in the ring) exist in the form of two isomers with the cis- and trans-orientation of the alkoxy substituent at the phosphorus atom and the methyl group in the ring (ratio 1:1.1-1.2 respectively). The assignment of isomers was based on the 31P downfield chemical shift for the cis isomer (by 0.1–1.4 ppm) [17]. Phospholans 7e, g (with two methyl groups in the ring) exist in the form of three isomers (Figure 7): basic A, with the highest-field chemical shift 31P, has a trans-arrangement of methyl groups in the phospholane ring, the other two (meso forms B and C) - cis-arrangement of methyl groups. In one mesoform (isomer B, average in the content of the mixture), the methyl substituents are in trans, and in the other (minor product C) in the cis position with respect to the alkoxy group at the phosphorus atom. The ratio of these three isomers is 3-4 : 1.5-2: 1. The main isomer was identified on the basis that its 1H and 13C NMR spectra, in contrast to the mesoforms, each contain two signals of methyl and 4,5-CH groups. The assignment of the trans and cis isomers of the mesoforms was carried out on the basis of the weaker field 31P chemical shift for the cis isomer [17, 18].




Figure 7 - Isomeric structures of 4,5-dimethyl-2- (alkoxy) -1,3,2-dioxaphospholanoxides

For all studied compounds, it was noted that: a) the vicinal spin-spin coupling constant of phosphorus with the carbon of the methyl group in the trans position to the alkoxy substituent is slightly higher than with the carbon in the cis position (6.9-7.5 Hz and 5.5-6.1 Hz, respectively; b) geminal 2JР-О-С(4,5), on the contrary, in the trans-isomer is less than that in the cis-isomer (1.7-1.8 Hz and 2.1-2.4 Hz, respectively).
Study of the isomeric composition of the synthesized polyfluoroalkylated 1,3,2-dioxaphosphorinan-2-oxides
According to the NMR (1Н, 31Р) data, the synthesized phosphorinans 11a, 11c-d exist in the form of two isomers with the cis- and trans-arrangement of the alkoxy substituent at the phosphorus atom and the methyl group in the ring, the ratio 1.1-1.3 : 1). The assignment of isomers was based on the weaker-field 31P chemical shift for the cis-isomer [18], as well as the vicinal coupling constant of phosphorus with the carbon of the methyl group in the 4th position of the ring, which is somewhat lower for the cis-isomer (~ 6 Hz and ~ 9 Hz , respectively) [19].
Study of the isomeric composition of the synthesized 2-polyfluoroalkoxy-1,3,2-dioxaphospholanes
The isomeric composition of the synthesized phospholans 16a-b was studied by 1Н, 13C, 19F, 31Р, NMR spectroscopy, including two-dimensional homo- and heteronuclear NMR spectroscopy methods: COZY, HSQC, HMBC.
According to the NMR (1Н, 13C, 31Р) data, the synthesized phospholans 16a, b (with one methyl group in the ring) exist as two isomers with the cis- and trans-orientation of the alkoxy substituent at the phosphorus atom and the methyl group in the ring (ratio 1 : 1.5). The trans isomer is the main one due to its higher thermodynamic stability [20]. Phospholan 16b (with two methyl groups in the ring) exists in the form of three isomers (Figure 8): the main A - enantiomeric pair RR (SS) - has a trans-arrangement of methyl groups in the phospholan ring, the other two (meso forms B and C) are cis -location of methyl groups. In one mesoform (the average content in the mixture isomer B, RS-cis), the methyl substituents are in the cis-, and in the other (the minor product C, RS-trans) in the trans-position with respect to the fluoroalkoxy group at the phosphorus atom. The ratio of these three isomers is 5.9 : 1.1 : 1 (for 16c).




Figure 8 - Structure of 4,5-dimethyl-2- (polyfluoroalkoxy) -1,3,2-dioxaphospholanes

The significantly higher content of the A isomer (Figure 8) in the mixture is probably due to the higher thermodynamic stability of the isomer with the trans orientation of methyl substituents at positions 4 and 5 of the dioxaphospholane ring. Isomers were assigned based on the differences in 1Н, 13С, 31Р NMR spectroscopic parameters [20, 21]:
1) in monomethyl derivatives, the 31P chemical shift in the trans isomers is in a stronger field compared to cis isomers (by 3-4 ppm);
2) 31P chemical shifts in RS-trans-isomers (Figure 8, form C) are in a strong field (136-139 ppm), while the RR (S, S) isomer (Figure 2.1, form A) and The RS-cis isomer (Figure 8, form B) resonates at 140-144 ppm and 148-150 ppm, respectively;
3) the protons of the methyl groups in the trans position to the substituent on phosphorus resonate at 0.1 ppm. in a stronger field relative to the protons of methyl groups in the cis position;
4) the chemical shifts of the methine protons of the ring in the trans isomer are in a weaker field (by 0.3-0.4 ppm);
5) the vicinal spin-spin coupling constant of phosphorus (3-6 Hz) with the carbon of the methyl group in the trans position to the fluoroalkoxy substituent is greater than with the carbon of the methyl group in the cis position (~ 1 Hz).
Study of the isomeric composition of the synthesized 2-polyfluoroalkoxy-1,3,2-dioxaphosphorinans
According to the NMR (1Н, 13C, 31Р) data, phosphorinans 18а-c exist in the form of two isomers (with cis- and trans-arrangement of the alkoxy substituent at the phosphorus atom and methyl group in the ring) with a predominant content of the cis-isomer. Isomers were assigned based on the differences in their NMR spectra [22, 23]:
1) chemical shifts of 31P trans-isomers (axial orientation of the substituent at phosphorus) are in a stronger field compared to cis-isomers (by 4 ppm);
2) vicinal 3JP-C(5) in cis-isomers is significantly higher (12-16 Hz) compared to 3JP-C(5) in trans-isomers (5 Hz) [22, 23].
It is known [20, 23] that in 2-substituted 1,3,2-dioxaphosphorinans, in contrast to their carbon analogs, 1,3-dioxanes, the isomer with the axial orientation of the substituent on the phosphorus atom is more preferable. This is explained by the more favorable vicinal interaction of the LEP of oxygen atoms and the vacant antibonding orbital of the P-X bond. The predominance of cis-isomers with the equatorial orientation of the substituent on the phosphorus atom in the isomeric mixtures of the phosphorinans 18a-b obtained by us is probably explained by the length of the fluoroalkoxy substituent and the kinetic control of the ratio of the resulting isomers. The second assumption is confirmed by the slow isomerization of compound 18а with a relatively short alkoxy substituent in a CDCl3 solution: the cis: trans = 8 : 1 ratio after a few days was 1 : 1.3. A similar isomerization was noted in [23].
Thus, based on available compounds and under mild experimental conditions, new representatives of polyfluoroalkylated five- and six-membered heterocycles with three- and four-coordinated phosphorus atoms in the ring were synthesized and their isomeric composition was studied in detail.

1.3 Production of large batches of phosphates and phosphites and their testing for extraction properties in relation to heavy metals

The purpose of the research is to work out the optimal conditions for the scaled synthesis of phosphates and phosphites, to develop their enlarged batch and to study the extraction properties in the process of uranium extraction from uranium-containing solutions.

1.3.1 Production of large lots of phosphates and phosphites

According to this goal, optimal conditions for scaled synthesis have been developed and enlarged batches of acyclic phosphate have been developed: bis(2,2,2-trifluoroethyl)(2-cyanoethyl)phosphate 1a; cyclic phosphates: 4-methyl-2- (2,2,2-trifluoroethoxy)-1,3,2-dioxaphosphorinane-2-oxide 11a; 4,5-dimethyl-2- (2,2,2-trifluoroethoxy)-1,3,2-dioxaphospholane 16c; 5,5-dimethyl-2- (2,2,3,3,4,4,5,5-octafluoropentoxy)-1,3,2-dioxaphosphorinane 22b.
Synthesis of the target bis(2,2,2-trifluoroethyl)(2-cyanoethyl)phosphate (1а). A solution of 25.24 g (90 mmol) bis(2,2,2-trifluoroethyl)chlorophosphate in 180 ml of absolute diethyl ether was placed in a three-necked flask equipped with a reflux condenser and a dropping funnel. To the resulting solution was added dropwise with stirring a solution of 6.40 (90 mmol) 3-hydroxypropanonitrile and 7.12 g (90 mmol) of pyridine in 20 ml of diethyl ether for 1 h at room temperature, while the formation of a white precipitate of pyridinium hydrochloride was observed (Figure 9) . The reaction mixture was stirred at room temperature for an additional 8 h and left overnight. The precipitate of pyridinium hydrochloride was filtered off and washed with diethyl ether (3x30 ml). The solvent from the filtrate was distilled off under reduced pressure, the residue was distilled in a vacuum (Figure 19b). Received 21.5 g (yield 80%) bis(2,2,2-trifluoroethyl)(2-cyanoethyl)phosphate, transparent liquid, bp. 129-130 °C (1 mm Hg), lit. data 129 °C (1 mmHg), d420 1.5191. Found, %: C 26.34; H 2.27; F 36.49; N 4.39; P 10.11. C7H8F6NO4P. Calculated, %: C 26.68; H 2.56; F 36.18; N 4.45; P 9.83.
Synthesis of the target 4-methyl-2-(2,2,2-trifluoroethoxy)-1,3,2-dioxaphosphorinane-2-oxide (11а). In a three-necked flask equipped with a reflux condenser and a dropping funnel, a solution of 34.08 g (0.0153 mol) of 2,2,2-trifluoroethyl dichlorophosphate in 230 ml of diethyl ether (anhydrous) was added a solution of 14.6 g (0.0153 mol) of 1,3-butanediol and 24.84 g (0.314 mol) of pyridine in 30 ml of diethyl ether was added dropwise over 2 h at -10 ° + -5 °C (cooling: ice, NaCl) with vigorous stirring. During the process, a white precipitate of pyridine hydrochloride was observed (Figure 20a). The reaction mixture was stirred at room temperature for an additional 3 hours and then left overnight. Synthesis processing, vacuum distillation. Pyridine hydrochloride was filtered off and washed with diethyl ether (Figure 20b). The solvent was removed at atmospheric pressure. The residue (slightly yellowish liquid with a small amount of precipitate) was distilled under vacuum to obtain 20.55 g (yield 57%) of 4-methyl-2- (2,2,2-trifluoroethyloxy) -1,3,2-dioxaphosphinane-2-oxide in the form of two stereoisomers (in a ratio of 1.1 : 1 in accordance with 1H and 31P NMR), bp. 92.5 °C (0.035 mm Hg), d4201.4107, transparent colorless liquid, soluble in organic solvents. Distillation in vacuum, p ~ 0.35 mbar, 0.035 atm.
Synthesis of the target 4,5-dimethyl-2- (2,2,2-trifluoroethoxy) -1,3,2-dioxa-phospholane (16c).The solution of 31.34 g (0.204 mol) 4,5-dimethyl-2-chloro-1,3,2-dioxaphospholane in 30 ml of hexane was added dropwise to the solution of 20.408 g (0.204 mol) of 2,2,2-trifluoroethanol (M = 100.04) and 24.68 g (0.244 mol) of triethylamine (M = 101.19) in 240 ml of absolute hexane, with stirring. for 2 hours at a temperature of –10÷ –3 оС, while the formation of a white precipitate of triethylammonium hydrochloride was observed. The cooling was removed, the reaction mixture was stirred at room temperature for another 3 h, and left overnight.
Treatment of the synthesis of 4,5-dimethyl-2- (2,2,2-trifluoroethoxy) -1,3,2-dioxaphospholane, distillation of the product in vacuum. The precipitate of triethylammonium hydrochloride was filtered off and washed with hexane (3x25 ml) to obtain 19.4 g (57%). 31Р NMR spectrum of the filtrate, solvent hexane: main signals of three stereoisomers of cyclic phosphite and impurity signals in the phosphate region). The solvent from the filtrate was distilled off under reduced pressure (water-jet pump) (Figure 11), the residue (transparent liquid, with an unpleasant odor, 31Р NMR spectrum, solvent CDCl3: the main signals of three stereoisomers of cyclic phosphite and impurity signals in the phosphate region, the latter significantly increased) were distilled in vacuum (water jet pump).
Synthesis of the target 5,5-dimethyl-2- (2,2,3,3,4,4,5,5-octafluoropentoxy) -1,3,2-dioxaphosphorinane (22b). The solution of 0.1 mol of 2,2-dimethyl-1,3-propanediol and 7.9 g (0.1 mol) of pyridine in 30 ml of diethyl ether was added to the solution of 33.4 g (0.1 mol) of 2,2,3,3,4,4,5,5-octafluoropentyl dichlorophosphite in 230 ml of diethyl ether dropwise while stirring a for 2 h at a temperature of –10 ÷ –5 °C, while the formation of a white precipitate of pyridine hydrochloride was observed. The cooling was removed, the reaction mixture was stirred at room temperature for another 3 h, and left overnight. The precipitate was filtered off and washed with diethyl ether (3x20 ml). The solvent from the filtrate was distilled off under reduced pressure, the residue was distilled in vacuum. Received 14.6 g (53% yield) 5,5-dimethyl-2- (2,2,3,3,4,4,5,5-octafluoropentoxy) -1,3,2-dioxaphosphorinane, transparent liquid, bp. t. 82oC (1 mm Hg), d420 1.4467, nD20 1.3839. 
Spectral characteristics are identical to those synthesized earlier (Appendix D).
1.3.2 Tests of large lots of phosphates of phosphites for extraction properties in relation to heavy metals

Lots of bis(2,2,2-trifluoroethyl)(2-cyanoethyl)phosphate (extractant A-18), 4-methyl-2-(2,2,2-trifluoroethoxy)-1,3,2-dioxaphosphorinan-2-oxide (extractant B-18), 4,5-dimethyl-2-(2,2,2-trifluoroethoxy)-1,3,2-dioxaphospholane (extractant B-18), 5,5-dimethyl-2-( 2,2,3,3,4,4,5,5-octafluoropentoxy)-1,3,2-dioxaphosphorine (extractant G-18) have been successfully used as extractants in the process of uranium extraction from uranium-containing sulfuric acid and nitric acid solutions under factory conditions laboratories. To study the synergistic properties, uranium was extracted from a sulfuric acid solution using a mixture of bis(2,2,2-trifluoroethyl)(2-cyanoethyl)phosphate and a known extractant - bis(2-ethylhexyl)phosphate (extractant N) in a 1 : 1 ratio.
The sulfuric acid solution of a commercial uranium desorbate with a uranium concentration of 15.0 g/dm3 (the concentration of sulfuric acid in a commercial desorbate was 26.95 g/dm3), and the nitric acid solution of a commercial desorbate with a uranium concentration of 15.0 g/dm3 (the concentration of nitric acid in commercial desorbate 52.50 g/dm3) was used as a raw material. The content in the prepared solution from ZOU (uranium oxide-oxide): U - 10.3 g / dm3; HNO3 - 56.4 g/dm3. Content in uranium-containing solution prepared from HKPU (chemical concentrate of natural uranium): U - 10.6 g/dm3; H2SO4 - 25.7 g/dm3.
The uranium concentration was determined according to the standard procedure for aqueous solutions and the organic phase — titration with ammonium vanadate [24]. The test results are shown in Tables 6 and 7.

Table 6 - Results of uranium extraction from nitric acid solutions

	Extractant
	Mother solutions
	Organic phase of solution
	The extraction of uranium,%

	
	U, g/dm3
	HNO3, g/dm3
	V, sm3
	U, g/dm3
	V, sm 3
	

	А-18
	11.9
	56.4
	-
	63.9
	-
	20.7

	B-18
	9.70
	56.4
	96.0
	30.96
	≈ 0.4
	1.73

	C-18
	9.32
	56.3
	41.4
	25.8
	≈ 0.2
	1.42

	D-18
	8.91
	55.8
	24.5
	21.1
	≈ 2.3
	15.22



Table 7 - Results of uranium extraction from sulfuric acid solutions

	Extractant
	Mother solutions
	Organic phase of solution
	The extraction of uranium,%

	
	U, g/dm3
	H2SO4,, g/dm3
	V, sm3
	U, g/dm3
	V, sm3
	

	A-18
	12.2
	25.7
	-
	49.7
	-
	18.7

	A18+N
	6.45
	25.7
	-
	12.3
	-
	57

	B-18
	10.55
	25.3
	21.0
	0.09
	2.1
	0.47

	C-18
	8.8
	25.9
	38.0
	29.5
	1.6
	12.36

	D-18
	9.2
	25.4
	24.0
	17.31
	1.3
	9.43



The extraction of uranium was carried out by simultaneous contact of the synthesized extractants and aqueous solutions of sulfate or nitric acid commercial desorbate with constant stirring on a magnetic stirrer. The temperature in the production room is 24 °C, the contact time is 20 minutes. The study of the extraction properties of the compounds was carried out at the ratio O: B = 1: 20 when testing the extractant A-18 and a mixture of extractants A-18 and bis (2-ethylhexyl) phosphate; О: В = 1: 10 when testing extractants B-18, V-18, G-18.
At the final stage of testing the extraction properties, after contact of the extractants with solutions of commercial desorbate, in all cases, two phases were formed: organic and aqueous; during the formation of the third phase, the so-called "beard" did not occur. 

1.4 Generalization and evaluation of research results 

At the first stage of research, all the tasks set for the development of methods for the synthesis of functional asymmetric phosphates and phosphites with fluoroalkyl and cyanoethyl groups; development and testing of large lots of the most effective extractants were completed. The following results were obtained: 
1. Developed original methods for the synthesis of acyclic asymmetric phosphates with functional groups (fluoroalkyl and cyanoethyl). 
- acyclic unsymmetrical phosphates containing both fluoroalkyl and cyanoethyl substituents were synthesized by the interaction of bis(fluoroalkyl)chlorophosphates with 3-hydroxypropanonitrile. 
2. Convenient ways of synthesis of new polyfluoroalkylated heterocyclic phosphorus-containing compounds have been developed: 
- based on the reaction of polyfluoroalkanols with 2-chloro-1,3,2-dioxaphospholanes and with 2-chloro-1,3,2-dioxaphosphorinanes in the Et3N/hexane system, the corresponding 2-polyfluoroalkoxy-1,3,2- dioxaphospholanes and 2-polyfluoroalkoxy-1,3,2-dioxaphosphorinans; 
- 2-polyfluoroalkoxy-1,3,2-dioxaphosphorinans were also synthesized from 1,3-alkanediols and polyfluoroalkyldichlorophosphites in the presence of pyridine; 
- the reaction of polyfluoroalkyldichlorophosphates with 1,2- or 1,3-alkanediols was realized, proceeding in the Py / diethyl ether system and leading to the corresponding 2-polyfluoroalkoxy-1,3,2-dioxaphospholane-2-oxides and 2-polyfluoroalkoxy-1,3 , 2-dioxaphosphorinan-2-oxides; 
- the synthesized heterocyclic compounds containing a methyl substituent in the ring exist mainly in the form of cis-, trans-isomers with a predominant content of the trans-isomer for dioxaphospholanes and the cis-isomer for dioxaphosphorinanes. - by methods of 1H, 13C, 19F, 31P NMR spectroscopy, IR spectroscopy and elemental analysis, their isomeric, structural and elemental composition was studied in detail. 
3. Enlarged lots of phosphates of phosphites have been produced and tested for extraction properties relative to heavy metals: 
- enlarged lots of acyclic phosphate with fluoroalkyl and cyanoethyl groups 1a (extractant A-18), polyfluoroalkylated 1,3,2-dioxaphosphorinan-2-oxide 11a (extractant B-18); polyfluoroalkylated 1,3,2-dioxaphospholane 16c (extractant B-18); polyfluoroalkylated 1,3,2-dioxaphosphorinane 22b (extractant G-18) were developed under optimal conditions for scaled synthesis. 
- tests of extractants A-18, B-18, C-18 and D-18 for extraction properties with respect to uranium in nitric acid and sulfuric uranium-containing solutions were carried out under the conditions of a factory laboratory. Test investigation of the extraction properties of new extractants in the process of uranium extraction were carried out in two modes: on uranium nitrate solution prepared from ZOU (uranium oxide-oxide) and on a uranium-containing solution prepared from CCNU (chemical concentrate of natural uranium deoxidized with sulfuric acid. Studies have shown that the use in the production process of uranium extraction with compounds 1a, 11a, and 22b (extractants A-18, B-18, and D-18, respectively) makes it possible to extract up to 21%, 12% and 15% of uranium from these technological solutions, respectively.
 Thus, functional phosphites and phosphates synthesized at this stage of research work exhibit pronounced extraction properties and are promising for use in the hydrometallurgy of Kazakhstan.

2 Synthesis of acyclic phosphates with fluoroalkyl and propargyl groups and phosphites with fluoroalkyl and allyl groups to create new extractants of heavy metals on their basis

2.1 Synthesis of acyclic phosphates with fluoroalkyl and propargyl groups and phosphites with fluoroalkyl and allyl groups

The purpose of this stage of research is the development of convenient technological methods for the directed synthesis of new phosphates with fluoroalkyl and propargyl groups and phosphites with fluoroalkyl and allyl groups - promising extractants of heavy metals, primarily uranium and related metals..

2.1.1 Synthesis of acyclic phosphates with fluoroalkyl and propargyl groups

Functional phosphates containing both fluoroalkyl and propargyl groups were synthesized as a result of the reaction of 2,2,2-trifluoroethyl- and 2,2,3,3-tetrafluoropropyl dichlorophosphates 8 and 4а with propargyl alcohol 23 in the pyridine / toluene system. The process under study was monitored by 31Р NMR spectroscopy based on the disappearance of signals from the starting dichlorophosphates 1а, b in the range of 9-10 ppm and the appearance of signals from the target bis (2-propynyl) polyfluoroalkyl phosphates 24а, b at -1 ÷ 0 ppm. and the appearance of signals of target bis (2-propynyl) polyfluoroalkyl phosphates 24a, b at -1 ÷ 0 ppm. Carrying out the reaction at indoor temperature for 2 h provides a conversion of fluoroalkyl dichlorophosphates 8 and 4а of about 80%. To achieve their complete conversion, it is advisable to additionally heat the reaction mixture at 60-62 °C for 1 hour (Figure 9).




Figure 9 - Scheme for the synthesis of bis (2-propynyl) polyfluoroalkyl phosphates of bis (2-propynyl) polyfluoroalkyl phosphates

Under the developed conditions (22-62оС, 3 h, pyridine / toluene system), the yield of phosphates 24а, b is close to quantitative (data from 31Р NMR spectra). However, the isolation of phosphates 24a, b from the reaction mixture and especially their purification by distillation in vacuum leads to a significant decrease in the preparative yield (up to 36-41%) of the target compounds due to their transformation into resinous polymer products.
The conditions found also turned out to be suitable for the synthesis of bis (2-propynyl) ethyl- and bis (2-propynyl) propyl phosphates 24c, d from ethyl (or propyl) dichlorophosphates 1c, d and propargyl alcohol (preparative yield of compounds 24c, d 38 and 42%, respectively).
By the example of dipropargyl phosphates 24a, b, d preliminary results were obtained on the possibility of using the synthesized compounds in the reaction of azide-alkyne cycloaddition. Thus, phosphates 24a, b, d react with benzyl azide (generated from sodium azide and benzyl chloride in situ) as terminal diacetylenes, forming bis (1-benzyl-1H-1,2,3-triazol-4-yl) alkyl phosphates 25a, b, g. The reaction proceeds at room temperature in 4 h (for fluorinated propargyl phosphates 24a, b) or in 7 h (in the case of bis (2-propynyl) propyl phosphate 24g when using the traditional catalytic system CuSO4 / sodium ascorbate / Et3N [25, 26] in an aqueous acetonitrile (Figure 10). Without triethylamine, all other things being equal, the reaction does not occur. The structure of the synthesized triazoles 4 has been reliably proven by 1H, 13C, 15N, 19F, 31P NMR, including the use of two-dimensional NMR spectroscopy (COZY, HSQC, HMBC).
This process also produces triethylammonium hydrochloride and triethylbenzylammonium chloride (TEBAH). Attempts to purify target compounds 25 from the indicated salts (flash chromatography on Al2O3 or on silica gel, eluent - chloroform, dichloromethane, acetone) did not lead to the desired result. Moreover, triazoles 25 in these solvents are unstable and undergo transformations, possibly polymerization, since broadened unresolved signals appear in the 1H and 31P NMR spectra. 




Figure 10 - Scheme of the reaction of azide-alkyne cycloaddition

It is known [27] that propargyl compounds (for example, propargyl ethers, N-propargylpyrroles, N-propargylimidazole, N-propargyl-1,2,4-triazole) in the presence of strong bases (t-BuOK, KOH / DMSO) easily (with 20-45 °C) undergo prototropic isomerization. At the same time, it turned out that the synthesized dipropargyl phosphates 24 (shown by the example of compounds 24b, d) upon heating (97-98oC, 3 h) in the t-BuOK (30 mol%) / DMSO-d6 system are stable and do not undergo any changes (1H and 31P NMR data).

2.1.2 Synthesis of acyclic phosphites with fluoroalkyl and allyl groups

The purpose of this stage of the study is to develop a convenient method for the synthesis of previously unknown diallylpolyfluoroalkylphosphites based on the reaction of polyfluoroalkyldichlorophosphites with allyl alcohol.
Experiments have shown that polyfluoroalkyldichlorophosphites 26а-с interact with allyl alcohol 28 under mild conditions (-10 ÷ 22˚C, 1.5-2 h, Et2O or CH2Cl2) in the presence of triethylamine, forming diallylpolyfluoroalkylphosphites 27а-в in a yield of 75-77% (Figure 11).




Figure 11 - Scheme of synthesis of diallylpolyfluoroalkylphosphites

The reaction proceeds chemoselectively: the possible prototropic isomerization of the allyl fragment to the 1-propenyl fragment was not observed under these conditions (31Р NMR data). Compounds 27 are stable when stored in an inert atmosphere (cold) and do not undergo symmetrization to form triallyl and trifluoroalkyl phosphites.
The developed method also makes it possible to synthesize trialkyl phosphites containing two polyfluoroalkyl groups from ethyldichlorophosphite and fluoroalkanols. The reaction proceeds in the Et3N-СН2Сl2 system at –10 ÷ 22оС for 2-3 hours, forming bis (polyfluoroalkyl) ethyl phosphites 28a-b in a preparative yield of 56-82% (Figure 12).




Figure 12 - Scheme of the reaction of ethyldichlorophosphite with fluoroalkanols in the presence of triethylamine 

Thus, convenient methods have been developed for the synthesis of previously unknown phosphites with fluoroalkyl and allyl groups based on the reaction of polyfluoroalkyldichlorophosphites with allyl alcohol under mild conditions (–10 ÷ –22˚C, 1.5–2.5 h, Et2O or CH2Cl2) in the presence of triethylamine in a preparative yield 70-77%.

2.1.3 Description of methods for the synthesis of acyclic phosphates with fluoroalkyl and propargyl groups

General procedure for the synthesis of bis (2-propynyl) alkyl phosphates 24a-d. To a solution of dichlorophosphate 4a, 8 (0.04 mol) in 80 mL of toluene was added dropwise with stirring a solution of propargyl alcohol (0.08 mol, 4.49 g) and pyridine (0.09 mol, 7.12 g) in 15 mL of toluene at room temperature within 1 h. A white precipitate of pyridine hydrochloride was formed. The reaction mixture was stirred for another 1 h at room temperature and then for another 1 h at 60‒62°C and kept overnight. The organic layer was decanted and filtered, the toluene from the filtrate was distilled off under reduced pressure. The residue was dissolved in 30 mL of dichloromethane. The precipitate (pyridine hydrochloride) remaining after decantation of the organic layer was dissolved in 30 mL of water, the aqueous solution was extracted with dichloromethane (5 × 20 mL). The dichloromethane solutions were combined, washed successively with a saturated aqueous solution of NaHCO3 (5 × 20 mL) and water (5 × 20 mL), dried over Na2SO4. Dichloromethane was distilled off under reduced pressure, and the residue was distilled in vacuum.
General procedure for the synthesis of bis(1-benzyl-1H-1,2,3-triazol-4-yl) alkyl phosphates (25a-c). To a solution of bis(2-propynyl) alkylphosphate 3 (0.85 mmol) in 2 mL of acetonitrile were successively added benzyl chloride (1.7 mmol,0.215 g), sodium azide (1.7 mmol, 0.11 g), CuSO4·5H2O (0.05 mmol, 0.01 g), sodium ascorbate (0.18 mmol) and  triethylamine (1.7 mmol, 0.172 g). Sodium ascorbate was used in the form of a freshly prepared aqueous solution, which was obtained from ascorbic acid (0.18 mmol, 0.32 g), NaOH (0.18 mmol, 0.07 g), and 0.2 mL of H2O. The reaction mixture was stirred under nitrogen at room temperature for 25 (25a, 25b) or 7 h (25d), then filtered. The solvent was distilled off under reduced pressure, and the residue was dried in vacuum and analyzed. According to NMR spectroscopy (1H, 13C, 15N, 19F, 31P), the resulting product was a mixture of bis(1-benzyl-1H-1,2,3-triazol-4-yl) alkyl phosphate 25, triethylammonium hydrochloride and triethylbenzylammonium chloride (were identified by 1H and 15N NMR spectroscopy using authentic samples). 

2.1.4 Description of methods for the synthesis of acyclic phosphites with fluoroalkyl and allyl groups

Procedure for the synthesis of diallyl (2,2,2-trifluoroethyl) phosphite 27a. A solution of 40.3 mmol of diallyl (2,2,2-trifluoroethyl) phosphite in 20 mL of dichloromethane was added dropwise with stirring for 1 h at –10–7°C to a solution of 89.5 mmol (6.45 g) of allyl alcohol and 93.9 mmol (9.5 g) of triethylamine in
60 mL of anhydrous dichloromethane. The formation of a white precipitate of triethylamine hydrochloride was room temperature, then 100 mL of hexane was added and the resulting mixture was kept overnight. Triethylamine hydrochloride was filtered off, washed with hexane (5 × 30 mL). Washings and the fi ltrate were combined, the solvents were distilled off under reduced pressure, and the residue was distilled in vacuum. 
Procedure for the synthesis of diallyl (2,2,3,3-tetrafluoropropyl) phosphite (27b). To a solution of 2,2,3,3-tetrafluoropropyl dichlorophosphite (21.28 g, 91.3 mmol) in 20 mL of dry diethyl ether was added dropwise (over 2.5 h , at a temperature of -13 ÷ -11) with stirring, a solution of allyl alcohol (15.92 g, 274.1 mmol) and triethylamine (36.98 g, 365.0 mmol) in 100 ml of dichloromethane, while the formation of a white precipitate of trimethylammonium hydrochloride was observed. The cooling was removed, the reaction mixture was stirred at room temperature for an additional 1 h, hexane (100 ml) was added and left overnight. The precipitate was filtered off and washed with hexane (5x30 ml). The solvent from the filtrate was distilled off under reduced pressure, the residue was distilled in vacuum).
Procedure for the synthesis of diallyl (2,2,3,3-tetrafluoropropyl) phosphite (27b). To a solution of 2,2,3,3-tetrafluoropropyl dichlorophosphite (21.28 g, 91.3 mmol) in 20 mL of dry diethyl ether was added dropwise (over 2.5 h, at a temperature of -13 ÷ -11) with stirring, a solution of allyl alcohol (15.92 g, 274.1 mmol) and triethylamine (36.98 g, 365.0 mmol) in 100 ml of dichloromethane, while the formation of a white precipitate of trimethylammonium hydrochloride was observed. The cooling was removed, the reaction mixture was stirred at room temperature for an additional 1 h, hexane (100 ml) was added and left overnight. The precipitate was filtered off and washed with hexane (5x30 ml). The solvent from the filtrate was distilled off under reduced pressure, the residue was distilled in vacuum).

2.1.5 Study of physical and chemical properties

The structure of the synthesized acyclic phosphates with fluoroalkyl and propargyl groups and phosphites with fluoroalkyl and allyl groups has been unambiguously proved by 1H, 13C, 19F, and 31P NMR spectroscopy. The spectral characteristics of the synthesized phosphates and phosphites were studied, their physical properties were determined: boiling point, density, refractive index (Appendix D).

2.2 Production of enlarged lots of acyclic phosphates and phosphites with the best extraction properties

The purpose of this stage of research is to work out the optimal conditions for the synthesis of large batches of acyclic phosphates with fluoroalkyl and propargyl groups and phosphites with fluoroalkyl and allyl groups and to study the extraction properties in the process of uranium extraction from uranium-containing solutions.
The target bis(2-propynyl)(2,2,2-trifluoroethyl) - and bis(2-propynyl) (2,2,3,3-tetrafluoropropyl)phosphates were obtained by the interaction of 2,2,2-trifluoroethyl- and 2,2 , 3,3-tetrafluoropropyldichlorophosphates with propargyl alcohol in the pyridine/toluene system (Figure 9).
The target diallyl(2,2,2-trifluoroethyl)phosphite and diallyl(2,2,3,3-tetrafluoropropyl)phosphite are obtained by the interaction of polyfluoroalkyldichlorophosphites with allyl alcohol (Figure 11).

General procedure for the synthesis of bis (2-propynyl) alkyl phosphates 24a, b. To a solution of dichlorophosphate 1 (0.16 mol) in 330 ml of toluene, a solution of propargyl alcohol (0.32 mol, 17.95 g) and pyridine (0.36 mol, 28.47 g) in 60 ml of toluene was added dropwise (over 1 h, room temperature), the formation of a white precipitate of pyridine hydrochloride was observed. The reaction mixture was stirred for an additional 1 h at room temperature and then for an additional 1 h at 60-62 ° C and left overnight. The organic layer was decanted and filtered, toluene from the filtrate was distilled off under reduced pressure, the residue was dissolved in 120 ml of dichloromethane. The precipitate (pyridine hydrochloride), remaining after decantation of the organic layer, was dissolved in 120 ml of water, the aqueous solution was extracted with dichloromethane (20x80 ml). The dichloromethane solutions were combined, washed successively with saturated aqueous NaHCO3 (20x80 ml) and water (20x80 ml), dried with Na2SO4, dichloromethane was distilled off under reduced pressure, the residue was distilled in vacuum.
General procedure for the synthesis of diallylpolyfluoroalkylphosphites 27a, b. To a solution of 0.36 mol of allyl alcohol and 0.38 mol of triethylamine in 200 ml of dry dichloromethane (or diethyl ether), a solution of 0.16 mol of polyfluoroalkyldichlorophosphite 7а, b in 20 ml of dichloromethane (or diethyl ether) was added dropwise with stirring for 1 h at temperature –20 oC (dry ice / acetone). The formation of a white precipitate of triethylammonium hydrochloride was observed. The reaction mixture was stirred for 1 h at room temperature, 400 ml of hexane was added and left overnight. The precipitate (triethylammonium hydrochloride) was filtered off, washed with hexane (20x120 ml). Wash hexane solutions and the solvent from the filtrate were combined, the solvents were distilled off under reduced pressure, and the residue was distilled in a vacuum. For the synthesis of phosphites 7а, СН2Сl2 was used as a solvent, for 7b diethyl ether (Figure 11).

2.3 Extended tests of the most effective extractants for extraction properties in relation to heavy metals

Batch of bis(2-propynyl)(2,2,2-trifluoroethyl)phosphate (extractant A-19), bis(2-propynyl)(2,2,3,3-tetrafluoropropyl)phosphate (extractant B-19), diallyl(2,2,2-trifluoroethyl)phosphite (extractant B-19), diallyl(2,2,3,3-tetrafluoropropyl)phosphite (extractant G-19) were tested as extractants in the process of uranium extraction from uranium-containing sulfate and nitric acid solutions in a factory laboratory.
A sulfuric solution of commercial desorbate of uranium production with a uranium concentration of 15.0 g/dm3 (concentration of sulfuric acid in a commercial desorbate was 26.95 g/dm3), as well as a nitric solution of a commercial desorbate with a uranium concentration of 15.0 g/dm3 (concentration of nitric acid in a commercial desorbate was 52.50 g/dm3) were used as the starting raw materials. The content in the prepared solution from ZOU (uranium oxide-oxide): U - 10.3 g / dm3; HNO3 - 56.4 g / dm3. Uranium solution prepared from CCNU (chemical concentrate of natural uranium) contained U (10.6 g/dm3) and H2SO4 (25.7 g/dm3).
The uranium concentration was determined according to the standard procedure for aqueous solutions and the organic phase, i.e. by titration with ammonium vanadate [24].
The tests were carried out under various conditions for organizing the extraction process in the parameters as close as possible to the production ones. The tests were carried out under various conditions for organizing the extraction process in the parameters as close as possible to the production ones. The extraction of uranium was carried out by the single contact of the synthesized extractants and aqueous solutions of sulfate or nitric commercial desorbate upon constant stirring on a magnetic stirrer. The temperature in the production room was 23 °C; the contact time was 20 min. The study of the extraction properties of the compounds performed at a ratio of O : B = 1 : 10. The test results are shown in tables 8, 9. 

Table 8 - Results of uranium extraction from nitric acid solutions 

	Extractant
	Mother liquor 
	Organic phase 
	Uranium extraction, %

	
	U, g/m3 
	HNO3, g/m3 
	V, cm3
	

	A-19
	22.7
	56.2
	50.64
	36.47

	B-19
	13.96
	56.4
	33.06
	23

	C-19
	2.08
	56.1
	31.2
	64.15



Table 9 - The results of the extraction of uranium from sulfuric acid solutionsв 

	Extractant
	Mother liquor 
	Organic phase 
	Uranium extraction, %

	
	U, г/дм3
	H2SO4, г/дм3
	U, г/дм3
	

	A-19
	21.3
	25.5
	21.3
	22.49

	B-19
	16.00
	26.89
	27.33
	27.33

	C-19
	8.3
	36.78
	18.9
	10.9



At the final stage of testing the extraction properties, after contact of the extractants with solutions of commercial desorbate, in all cases, two phases were formed: organic and aqueous; during the formation of the third phase, the so-called "beard" did not occur. The extractant G-19 was dissolved in the nitric acid solution of the desorbate by 97%.

2.4 Synthesis and evaluation of research results

At the second stage of research, all the tasks set for the development of methods for the synthesis of previously unknown polyfluoroalkyl phosphates with propargyl substituents and phosphites with allyl substituents were completed, their physicochemical properties were studied, and enlarged batches of the most effective extractants were developed and tested.
The following results were obtained:
1. Developed original methods for the synthesis of polyfluoroalkyl phosphates with propargyl substituents:
- polyfluoroalkylphosphates with propargyl substituents were synthesized by the interaction of 2,2,2-trifluoroethyl- and 2,2,3,3-tetrafluoropropyldichlorophosphates with propargyl alcohol in the pyridine/toluene system. Carrying out the reaction at room temperature for 2 hours provides a conversion of dichlorophosphates of the order of 80%.
2. Developed original methods for the synthesis of phosphites with allyl substituents:
- polyfluoroalkyl phosphites with allyl substituents were synthesized by the interaction of polyfluoroalkyldichlorophosphites and allyl alcohol under mild conditions (–10 ÷ 22оC, 1.5–2 h, Et2O or CH2Cl2) in the presence of triethylamine in 70–77% yield. The reaction proceeds chemoselectively: a possible prototropic isomerization of the allyl fragment to the 1-propenyl fragment was not observed under these conditions (31Р NMR data).
3. According to the task, the physicochemical properties of synthesized polyfluoroalkylphosphites with allyl substituents and polyfluoroalkylphosphates with propargyl substituents were studied.
The structure of the obtained dipropargyl (polyfluoroalkyl) phosphates and diallyl (polyfluoroalkyl) phosphites was proved by 1H, 13C, 19F, 31P and IR NMR spectroscopy. To assign signals in the 1H, 13C NMR spectra, two-dimensional homo- and heteronuclear NMR spectroscopy methods were used: COZY, HSQC, HMBC. The composition of the compounds was confirmed by elemental analysis data.
It was found that the synthesized dipropargyl (trifluoroethyl) - and dipropargyl (tetrafluoropropyl) phosphates are stable and do not undergo prototropic isomerization (and other transformations) not only under the synthesis conditions (20 ÷ 62 ° C), but also at a higher temperature (97 ÷ 98 ° C, 3 h ) in the superbasic system t-BuOK (30 mol%) / DMSO-d6 (1H and 31P NMR data). Diallyl (trifluoroethyl) -, diallyl (tetrafluoropropyl) - and diallyl (octafluoropentyl) phosphites are stable during long-term storage (6-20 °C): the formation of possible products of their prototropic isomerization (transition of the allyl substituent to the 1-propenyl group) or symmetrization was not recorded (NMR data 1H and 31P).
4. The optimal conditions for the synthesis of large batches of acyclic phosphates with fluoroalkyl and propargyl groups and phosphites with fluoroalkyl and allyl groups have been worked out.
Enlarged batches were developed for further testing for extraction properties:
- target bis(2-propynyl)(2,2,2-trifluoroethyl)- and bis(2-propynyl)(2,2,3,3-tetrafluoropropyl)phosphates, diallyl(2,2,2-trifluoroethyl)- and diallyl(2,2,3,3-tetrafluoropropyl)phosphites;
 - starting 2,2,2-trifluoroethyldichlorophosphite, 2,2,2-trifluoroethyl and (2,2,3,3-tetrafluoropropyl)dichlorophosphates.
5. Tests have been carried out on bis(2-propynyl)(2,2,2-trifluoroethyl)phosphate, bis(2-propynyl)(2,2,3,3-tetrafluoropropyl)phosphate, diallyl(2,2,2-trifluoroethyl)phosphite, diallyl(2,2,2-trifluoroethyl)phosphite, (extractants A-19, B-19, V-19, G-19, respectively) on the extraction properties with respect to uranium in nitric acid and sulfuric uranium-containing solutions under the conditions of a factory laboratory. Test investigation of the extraction properties of new extractants in the process of uranium extraction were carried out in two modes: on uranium nitrate solution prepared from ZOU (uranium oxide-oxide) and on a uranium-containing solution prepared from CCNU (chemical concentrate of natural uranium deoxidized with sulfuric acid.
Studies have shown that the use of extractants A-19, B-19, and V-19 in the production process of uranium extraction makes it possible to extract from these technological solutions up to 36%, 27% and 64% of uranium, respectively.

3 Synthesis of amidophosphites with fluoroalkyl and allyl groups for the creation of new extractants of heavy metals on their basis

Amido and diamidophosphites are widely used as ligands for metal complexes [28-29], starting compounds for nucleotide synthesis [30, 31] and biomedical materials [32], and also as building blocks for organic synthesis [33, 34]. Amidopolyfl uoroalkylphosphites are also used as components for the creation of innovative materials, for example, as eff ective non-combustible and oxidative additives to electrolytes for Li-ion chemical current sources [8, 9]. Of special interest are fl uorine-containing organic phosphites, which are promising extractants of valuable metals. In this regard, the development of convenient methods for the preparation of amido- and diamidophosphites containing polyfluoroalkyl substituents is an urgent task.

The purpose of this stage of research is the development of convenient technological methods for the directed synthesis of new amidophosphites with fluoroalkyl and allyl groups - promising extractants of heavy metals, primarily uranium and associated metals.

3.1 Synthesis of acyclic amidophosphites with fluoroalkyl and allyl groups

For the synthesis of new representatives of bis(polyfluoroalkyl)diorganylamidophosphites, we proposed two approaches based on the reaction of diorganylamidodichlorophosphites with polyfluoroalkanols and the reaction of bis(polyfluoroalkyl)chlorophosphites with secondary amines. 
Thus, diallylamidodichloro- and diphenylamidodichlorophosphites 1a, 1b reacted with 2,2,2-trifl uoro-1-ethanol 15 (molar ratio of reactants is 1 : 2) in the presence of triethylamine at a low temperature (from –25 to –22°C, 2 h, CH2Cl2) to form bis(2,2,2-trifluoroethyl)diallylamido- and bis(2,2,2-trifluoroethyl)diphenylamidophosphites 30a and 30b with a yield of 60 and 56%, respectively (figure 13). Triethylamine hydrochloride was also isolated from the reaction mixture.




Figure 13 - Scheme of the reaction of diorganamidodichlorophosphites with polyfluoroalkanols

The process under study was monitored by 31Р NMR spectroscopy by the disappearance of signals from the starting dichlorophosphites 29 (at 163.1 ppm for 29а and at 150.4 ppm for 29b) and the appearance of signals from the final amidophosphites 30 at (at 151.3 ppm for 30а and at P 141.8 ppm for 30b).
Under similar conditions (from –25 to –22°C, 3 h, CH2Cl2), bis(2,2,2-trifl uoroethyl)chlorophosphite 31 reacted with an excess of dimethylamine 32, which is involved into this process not only in the formation of bis(2,2,2-trifluoroethyl)dimethylamidophosphite 32 (yield 42%), but is also a dehydrochlorinating agent (figure 13).
The starting dimethylamine was generated in a separate flask from dimethylamine hydrochloride and aqueous KOH and was used to synthesize amidophosphite 33 as a solution in CH2Cl2.




Figure 14 - Scheme of the reaction of bis (2,2,2-trifluoroethyl) chlorophosphite
with an excess of dimethylamine

The use of polyfluoroalkyldichlorophosphites 26а-c in the reaction with secondary amines 32,34,35 led to the formation of bis (diorganamido) polyfluoroalkylphosphites 36а-e. The process is realized in the triethylamine / dichloromethane system (–40 ÷ 22оC, 1-3 h), the yield of diamidophosphites 36а-f is up to 74% (Figure 15).



Figure 15 - Scheme of the reaction of polyfluoroalkyldichlorophosphites with secondary amines

The process under study was monitored by 31P NMR spectroscopy by the disappearance of signals from the starting dichlorophosphites 26 in the 180-182 ppm region and the appearance of signals from the final diamidophosphites 36 at 137-142 ppm.
It should be noted that the interaction of polyfluoroalkyldichlorophosphites 26а-c with secondary amines 32,34,35 (Figure 15), as well as the reaction of amidodichlorophosphites 29а, b with trifluoroethanol 15 (Figure 13) proceed selectively and practically quantitatively, as evidenced by the data of 31Р NMR spectra of reaction mixtures. Further processing of the latter and the isolation of products 26 and 31 by vacuum distillation leads to a decrease in their preparative yield.
Thus, convenient methods for the synthesis of previously unknown functional organic phosphites with amido and polyfluoroalkyl substituents have been developed.

3.1.2 Description of synthesis procedures

General procedure for the synthesis of bis(2,2,2-trifluoroethyl)organylamidophosphites 30а,б. A solution of 0.1 mol of diorganylamidodichlorophosphite 29a, b in 50 mL of CH2Cl2 was added dropwise with  stirring over 1 h at a temperature from –25 to –20°C (dry ice–acetone) to a solution of 0.2 mol (20.01 g) of 2,2,2-trifluoro-1-ethanol 2 and 0.2 mol (20.24 g) of triethylamine in 20 mL of CH2Cl2. In this case, a white precipitate was formed (triethylammonium hydrochloride). Cooling was removed, the reaction mixture was stirred at room temperature for another 1 h, then 100 mL of hexane was added. The resulting mixture kept overnight, after which it was analyzed by 31P NMR. The spectra record the disappearance of signals of the starting dichlorophosphites 29 (at 163.1 ppm for 29a and at 150.4 ppm for 29b) and the appearance of signals of the fi nal reaction products 30a, b. Triethylammonium hydrochloride was fi ltered off and washed with hexane (5 × 30 mL). Hexane washing solution and the solvent from the fi ltrate were combined, the solvents were distilled off under reduced pressure, the residue was distilled in vacuum.
Synthesis of bis (2,2,2-trifluoroethyl) dimethylamidophosphite 32. To a solution of bis (2,2,2-trifluoroethyl) chlorophosphite 31 (0.08 mol, 21.16 g) in 120 ml CH2Cl2, cooled to –25 ÷ –20oC (dry ice / acetone), a freshly prepared solution of dimethylamine 32 (0.44 mol, 19.84 g) in 60 ml of CH2Cl2 was added for 1 h with stirring. The reaction mixture was then stirred for another 1 h at –20 °C and for 1 h at room temperature, and left overnight. Dimethylamine hydrochloride was filtered off and washed with CH2Cl2 (30 ml). The wash solutions and the solvent from the filtrate were combined, CH2Cl2 was removed under reduced pressure, the residue was distilled in a vacuum to give 9.18 g (42% yield) of bis(2,2,2-trifluoroethyl)dimethylamidophosphite 32.
General procedure for the synthesis of bis (diorganamido) -polyfluoroalkylphosphites 36a-e. A solution of 0.25 mol of secondary amine 32,34,35 and 0.25 mol (25.30 g) of triethylamine in 50 ml of CH2Cl2 was cooled to –40  –35oC (in the case of diethylamine), to –25  –20oC (when using dimethylamine) and to –10  –5oC (when diallylamine was added to the reaction). To the resulting solutions at the indicated temperature, solutions of 0.125 mol of polyfluoroalkyldichlorophosphite 26а-c in 20 ml of CH2Cl2 were added dropwise for 20 min (when using trifluoroethyl dichlorophosphite 26а or octafluoropentyldichlorophosphite 26c) and for 1 h (for tetrafluoropropylphosphite 26b). The formation of a precipitate of triethylamine hydrochloride was observed. The reaction mixture was then brought to room temperature for 1 h with stirring, 100 ml of hexane was added and left overnight, after which it was analyzed by 31P NMR. The spectra show the disappearance of signals from the starting dichlorophosphites 26а-в in the region of 180-182 ppm and the appearance of signals from the final products 36а-e at 137-142 ppm. The precipitate was filtered off and washed with hexane (5x30 ml). The hexane wash solutions were combined with the solvent from the filtrate. The solvents were distilled off under reduced pressure, the residue was distilled under vacuum.

3.2 Study of the physicochemical properties of acyclic amidophosphites with fluoroalkyl and allyl groups

The structure of the synthesized acyclic amidophosphites with fluoroalkyl and allyl groups has been unambiguously proved by 1H, 13C, 15N, 19F, and 31P NMR spectroscopy. The spectral characteristics of the synthesized phosphates were studied, their physical properties were determined: boiling point, density, refractive index (Appendix D).

3.3 Production of enlarged lots of acyclic amidophosphites with fluoroalkyl and allyl groups with the best extraction properties

The purpose of this stage of research is to work out the optimal conditions for the synthesis of large batches of acyclic amidophosphites with fluoroalkyl and allyl groups to study the extraction properties during the extraction of uranium from uranium-containing solutions.

Synthesis of amidophosphites with fluoroalkyl and allyl groups. The target bis (2,2,2-trifluoroethyl) diallylamidophosphite 30а was obtained in 47% yield by the reaction of diallylamidodichlorophosphite with 2,2,2-trifluoro-1-ethanol at a temperature of -30 ÷ 22 oС for 2.5 h in the presence of triethylamine in dichloromethane (Figure 16).

 

Figure 16 - Scheme of the reaction of diallylamidodichlorophosphite with 2,2,2-trifluoro-1-ethanol

Procedure for the synthesis. A solution of diallylamidodichlorophosphite (159 mmol ) in 20 ml of CH2Cl2 for 1.5 h at a temperature of -25 ÷ -20 ° C. During the process, the formation of a white precipitate of triethylammonium hydrochloride was observed. The cooling was then removed, the reaction mixture was stirred at room temperature for an additional 1 h, and 100 ml of hexane was added. The reaction mixture was left overnight. Triethylammonium hydrochloride was filtered off and washed with hexane (30 ml x 5). The solvent was removed in vacuo, the residue was fractionated in vacuo. Yield 24.39 g (47%), bp. 53-53 °C (1 mmHg), d420 1.3918, nD20 1.2514, clear colorless liquid. Spectral characteristics are identical to those synthesized earlier (Appendix D).
The target bis (2,2,2-trifluoroethyl) dimethylamidophosphite 33 was obtained by the interaction of bis (2,2,2-trifluoroethyl) chlorophosphate and dimethylamine in 42% yield (Figure 17).




Figure 17 - Scheme of the reaction of bis(2,2,2-trifluoroethyl)chlorophosphate and dimethylamine

Synthesis technique. A freshly prepared solution of dimethylamine (0.88 mol, 39.68 g) was added to a solution of bis(2,2,2-trifluoroethyl)chlorophosphite (0.16 mol, 42.32 g) in 120 ml of CH2Cl2, cooled to –25 ÷ –20oC (dry ice / acetone) in 60 ml of CH2Cl2 for 1 h with stirring. The reaction mixture was stirred for another 1 h at –20 ° C, then the cooling was removed and stirred for another 1 h at room temperature, and left overnight. Dimethylamine hydrochloride was filtered off and washed with 60 ml CH2Cl2. The wash solutions and the solvent from the filtrate were combined, CH2Cl2 was removed under reduced pressure, the residue was distilled in vacuo to give 18.4 g (42% yield) of bis(2,2,2-trifluoroethyl)dimethylamidophosphite 33, clear liquid, bp. 24-25 oC (1 mm Hg), nD20 1.3820 (nD20 1.3823. Spectral characteristics are identical to those synthesized earlier (Appendix D). The target bis (N, N-diallylamido)isopropyl phosphite 38 was obtained in 73% yield by the reaction of isopropyldichlorophosphite 37 with diallylamine 35 at a temperature of -12 ÷ -5 oС (Figure 18).





Figure 18 - Scheme of the reaction of isopropyldichlorophosphite with diallylamine

To a mixture of diallylamine 35 (28.0 g, 288 mmol) and triethylamine (29.0 g, 287 mmol) in 200 ml of dichloromethane at a temperature of -12  -5 ° C was added dropwise a solution of isopropyl dichlorophosphite 37 (20.63 g, 128 mmol) in 20 ml of dichloromethane with stirring for 20 min. During the process, the formation of a white precipitate of triethylammonium hydrochloride was observed. Then, 50 ml of hexane was added to the reaction mixture. The reaction mixture was left overnight. Triethylammonium hydrochloride was filtered off and washed with hexane (30 ml x 5). The hexane extracts and filtrate were combined. The hexane wash solutions were combined with the solvent from the filtrate. The solvents were distilled off under reduced pressure, the residue was distilled under vacuum. Received 26.48 g (yield 73%) bis (N, N-diallylamido) isopropyl phosphite 38, bp 103-105 °C (1 mm Hg), d420 0.9160, nD20 1.4789, transparent colorless liquid soluble in organic solvents.
Thus, the optimal conditions for the synthesis of large batches were worked out and enlarged batches of acyclic amidophosphites with fluoroalkyl and allyl groups 30а, 33 and 38 were developed for further study of their extraction properties in the process of uranium extraction from uranium-containing solutions.

3.4 Extended tests of the most effective extractants for extraction properties with respect to heavy metals

Large batches of synthesized bis (2,2,2-trifluoroethyl) diallylamidophosphite (extractant A-20), bis (2,2,2-trifluoroethyl) dimethylamidophosphite (extractant B-20) and bis (N, N-diallylamido) isopropyl phosphite (extractant B-20) were successfully tested as extractants in the process of uranium extraction in a factory laboratory.
 A sulfuric solution of commercial desorbate of uranium production with a uranium concentration of 15.0 g/dm3 (concentration of sulfuric acid in a commercial desorbate was 26.95 g/dm3), as well as a nitric solution of a commercial desorbate with a uranium concentration of 15.0 g/dm3 (concentration of nitric acid in a commercial desorbate was 52.50 g/dm3) were used as the starting raw materials. The content in the prepared solution from ZOU (uranium oxide-oxide): U - 10.3 g / dm3; HNO3 - 56.4 g / dm3. Uranium solution prepared from CCNU (chemical concentrate of natural uranium) contained U (10.6 g/dm3) and H2SO4 (25.7 g/dm3).
The uranium concentration was determined according to the standard procedure for aqueous solutions and the organic phase, i.e. by titration with ammonium vanadate [24].
The extraction of uranium was carried out by simultaneous contact of the synthesized extractants and aqueous solutions of sulfate or nitric acid commercial desorbate with constant stirring on a magnetic stirrer. The temperature in the production room is 23 ° C, the contact time is 20 minutes. The study of the extraction properties of the compounds was carried out at a ratio of O: B = 1: 10.
Testing the extraction properties of the extractant A-20. After contacting the extractant and the nitric acid solution of the uranium-containing commercial desorbate, two phases were formed: organic and aqueous. The organic phase changed its color from colorless to yellow. The uranium content in the process of extraction from the nitric acid solution in the extraction mother liquor is 0.59 g / dm3, and in the organic phase - 95.78 g / dm3, the uranium extraction was 94.69%. The uranium content during extraction from the sulfuric acid solution in the extraction mother liquor is 1.06 g / dm3, and in the organic phase - 136.0 g / dm3, the uranium extraction was 89.42% (Table 10).

Table 10 - Results of uranium extraction from nitric acid and sulfuric acid uranium-containing solutions with extractant A-20

	Маточник раствора
	Органическая фаза раствора
	Извлечение урана из раствора, %

	U, г/дм3
	HNO3, г/дм3
	V, см3
	U, г/дм3
	V, см3
	

	0.59
	56.1
	35.2
	95.78
	≈ 3.8
	94.69

	U, г/дм3
	H2SO4, г/дм3
	V, см3
	U, г/дм3
	V, см3
	89.42

	1.06
	25.1
	55.0
	136.0
	2.2
	



Testing of the extraction properties of the extractant B-20. As a result of the process of uranium extraction with the B-20 extractant in a nitric acid solution, two phases were obtained with the uranium content in the extraction mother liquor - 0.77 g / dm3, in the organic phase - 93.54 g / dm3, the uranium extraction was 92.11%. At the same time, the organic phase changed its color from colorless to yellow, the phase separation boundary is clear, pronounced, the formation of an emulsion - the third phase, the so-called "beard" is not observed (Table 11).
During the extraction of uranium with the B-20 extractant on a sulfuric acid solution, phase separation into organic and aqueous phases occurred. The uranium content in the extraction mother liquor is 1.36 g / dm3, in the organic phase - 126.1 g / dm3 (Table 11), the uranium extraction was 86.78%.

Table 11 - Results of uranium extraction from nitric acid and sulfuric acid uranium-containing solutions with extractant B-20

	Mother liquor
	Organic phase
	Extraction, %

	U, g/dm3 
	HNO3, g/dm3 
	V, cm3
	U, g/dm3
	V, cm3
	

	0.77
	55.8
	44.3
	93.54
	≈ 3.8
	92.11

	U, g/dm3
	H2SO4, g/dm3
	V, см3
	U, g/dm3
	V, cm3
	86.78

	1.36
	25.9
	34.0
	126.1
	2.3
	




Testing of the extraction properties of the extractant B-20. As a result of contacting the extractant V-20 and the nitric acid solution of the uranium-containing commercial desorbate, two phases were formed: organic and aqueous. The organic phase changed its color from colorless to yellow. The uranium content in the process of extraction from nitric acid solution in the extraction mother liquor is 0.4 g/dm3, and in the organic phase - 96.89 g/dm3, the uranium extraction was 96.28%. The uranium content during extraction from the sulfuric acid solution in the extraction mother liquor is 6.6 g /dm3, and in the organic phase - 60.0 g/dm3, the uranium extraction was 35.24% (Table 12).

Table 12 - Results of the extraction of uranium from nitric acid and sulfuric uranium-containing solutions with the extractant B-20

	Mother liquor
	Organic phase
	Extraction, %

	U, g/dm3 
	HNO3, g/dm3 
	V, cm3
	U, g/dm3
	V, cm3
	

	0.42
	56.1
	48.70
	96,89
	≈ 5.0
	96.28

	U, g/dm3
	H2SO4, g/dm3
	V, см3
	U, g/dm3
	V, cm3
	35.24

	6.6
	25.0
	52.0
	60.1
	3.0
	



The results of the study showed that all three synthesized acyclic amidophosphites exhibit pronounced extraction properties. Amidophosphites containing fluoroalkyl groups are capable of extracting uranium with high efficiency both from nitric acid (up to 95%) and from sulfuric acid (up to 89%) uranium-containing solutions of commercial desorbate. The extraction of uranium by amidophosphite, which does not contain fluorine, from the nitric acid solution was almost 97%, which is the highest result, while the extraction of uranium by the same compound from the sulfuric acid solution of the commercial desorbate is less efficient, only 35%. It is natural to assume that the presence of fluoroalkyl groups enhances the extraction properties of acyclic amidophosphites. The high extraction ability of the synthesized amidophosphites is due to the presence of two coordination centers in the compound at once: phosphorus and nitrogen.

3.5 Generalization and evaluation of research results

At the third final stage of the research, all the tasks set for the development of methods for the synthesis of amidophosphites with fluoroalkyl and allyl groups were completed; development and testing of large batches of the most effective extractants. The following results were obtained:
1. Developed original methods for the synthesis of acyclic amidophosphites with fluoroalkyl and allyl groups.
- the interaction of diorganamidodichlorophosphites with polyfluoroalkanols in the presence of triethylamine obtained bis(polyfluoroalkyl)diorganamidophosphites in good yield;
- bis (polyfluoroalkyl)diorganamidophosphites are also synthesized from bis(polyfluoroalkyl)chlorophosphite and dialkylamines;
- the reaction of polyfluoroalkyldichlorophosphites with secondary amines in the presence of triethylamine leads to the formation of bis (diorganamido) polyfluoroalkylphosphites.
2. The physicochemical properties were studied: their structural and elemental composition was studied in detail by the methods of NMR spectroscopy on nuclei 1H, 13C, 15N, 19F and 31P, IR spectroscopy and elemental analysis.
3. Enlarged lots of amidophosphites have been developed and tested for extraction properties with respect to heavy metals.
- enlarged lots of bis (2,2,2-trifluoroethyl)diallylamidophosphite (extractant A-20), bis (2,2,2-trifluoroethyl)dimethylamidophosphite (extractant B-20) and bis (N, N-diallylamido)isopropylphosphite (extractant B-20) were developed under optimal conditions of scaled synthesis.
- The extractants A-20, B-20, V-20 and G-20 were tested for extraction properties with respect to uranium in nitric acid and sulfuric uranium-containing solutions in a factory laboratory.
Test investigation of the extraction properties of new extractants in the process of uranium extraction were carried out in two modes: on uranium nitrate solution prepared from ZOU (uranium oxide-oxide) and on a uranium-containing solution prepared from CCNU (chemical concentrate of natural uranium deoxidized with sulfuric acid.
The results of the study showed that all three synthesized acyclic amidophosphites exhibit pronounced extraction properties and are capable of extracting uranium from these technological solutions up to 95%, 92%, and 96%, respectively.

CONCLUSION

The implementation of this project for the development of original convenient methods for the synthesis and study of the properties of new organophosphorus compounds capable of selectively extracting heavy metals, in particular uranium and associated metals, is a solution to important problems of hydrometallurgy and an urgent area of research in the field of extraction chemistry in general.
Development of convenient technological directed synthesis methods of a new functional acyclic and cyclic phosphites and phosphates - promising extractants of heavy metals, primarily - uranium and foreign-metal impurities.
The main result of the research is the creation of convenient approaches to the synthesis of previously unknown functional polyfluoroalkyl phosphites and -phosphates - practically important classes of fluorine- and phosphorus-containing organoelement compounds.
Based on the reaction of bis (polyfluoroalkyl) chlorophosphates with 3-hydroxypropanonitrile in the pyridine/diethyl ether system, functional polyfluoroalkyl phosphates with nitrile substituents were obtained.
New functional representatives of phosphorus-containing heterocyclic compounds have been synthesized - 2-polyfluoroalkoxy-1,3,2-dioxaphospholanes and 2-polyfluoroalkoxy-1,3,2-dioxaphosphorinanes (and their 2-oxides), which are easily formed from polyfluoroalkanols and 2-chloro-1 , 3,2-dioxaphospholanes or 2-chloro-1,3,2-dioxaphosphorinanes in the Et3N / hexane system and also from alkanediols and polyfluoroalkyldichlorophosphites or -phosphates in the presence of a base. The resulting five- and six-membered heterocycles exist predominantly in the form of two isomers with the cis- and trans-arrangement of the perfluoroalkoxy substituent at the phosphorus atom and the methyl group in the ring.
It has been shown that polyfluoroalkyldichlorophosphites under mild temperature conditions (Et3N/organic solvent system) react with allyl and propargyl alcohols to form the corresponding diallylpolyfluoroalkyl- or dipropargylpolyfluoroalkylphosphites. An easy prototropic and phosphite-phosphonate isomerization of dipropargylpolyfluoroalkylphosphites to the corresponding polyfluoroalkyl (1-propynyl) (2-propynyl) phosphonates was found.
Based on the reaction of polyfluoroalkyldichlorophosphates with propargyl alcohol in the pyridine/toluene system, bis(2-propynyl)polyfluoroalkylphosphates have been synthesized - reactive building blocks for organoelement synthesis, in particular, for the synthesis of bis (1-benzyl-1H-1,2,3- triazol-4-yl) polyfluoroalkyl phosphates.
Two approaches to the synthesis of polyfluoroalkylamido and diamidophosphites have been developed. Diorganamidophosphites were synthesized by the interaction of bis(polyfluoroalkyl)chloro- and polyfluoroalkyldichlorophosphites with secondary amines. Bis(polyfluoroalkyl)diorganamidophosphites can also be readily prepared from diorganamidichlorophosphites and trifluoro-1-ethanol in the presence of triethylamine.
Physicochemical and extraction properties of synthesized organic phosphates and phosphites have been studied in detail.
Bis(2,2,2-trifluoroethyl)(2-cyanoethyl)phosphate, 4-methyl-2-(2,2,2-trifluoroethoxy)-1,3,2-dioxaphosphorinane-2-oxide, 4,5-dimethyl-2-(2,2,2-trifluoroethoxy)-1,3,2-dioxaphospholane, 5,5-dimethyl-2-(2,2,3,3,4,4,5,5-octafluoropentoxy) -1,3,2-dioxaphosphorine, bis(2-propynyl)(2,2,2-trifluoroethyl)phosphate, bis(2-propynyl)(2,2,3,3-tetrafluoropropyl)phosphate, diallyl(2,2 , 2-trifluoroethyl)phosphite, diallyl(2,2,2-trifluoroethyl)phosphite, bis(2,2,2-trifluoroethyl)diallylamidophosphite, bis(2,2,2-trifluoroethyl)dimethylamidophosphite and bis(N, N-diallylamido)isopropylphosphite was tested for its with respect to uranium on solutions of commercial desorbate of hydrometallurgical production in Kazakhstan in a factory laboratory.
This work makes a significant contribution to the development of the chemistry of organic phosphites and phosphates and enriches organoelement synthesis with convenient preparative methods for the synthesis of new (or previously inaccessible) representatives of important classes of organic phosphorus compounds.
Recommendations for the application of the results obtained. Test studies of the extraction properties of new extractants in the process of uranium extraction, conducted in two modes:  on the uranium nitrate solution prepared from ZO (nitrous-oxide of uranium) and the uranium bearing solution prepared from NUC (chemical concentrate of natural uranium), raskalennoy sulfuric acid, showed that among the synthesized phosphates and phosphites are extractants with high extraction ability in relation to uranium.
Acyclic amidophosphites of bis (2,2,2-trifluoroethyl) diallylamidophosphite (A-20), bis (2,2,2-trifluoroethyl) dimethylamidophosphite (B-20) and bis (N, N-diallylamido) isopropyl phosphite (B-20) exhibit pronounced extraction properties and are capable of extracting uranium from the specified technological solutions up to 95%, 92% and 96%, respectively. All three compounds do not dissolve in acidic solutions, while they are highly soluble in organic solvents, in particular, in kerosene, which is widely used in hydrometallurgy as a diluent in the extraction process. A diluent in the process of extraction of metals is necessary to increase the rate of phase separation, the efficiency of separation of the organic and aqueous phases, to reduce the loss of the extractant, as well as to accelerate the extraction process and stabilize the extractants, since its absence leads to a significant loss of extractants, and the possible phase inversion generally makes the extraction process impossible. 
The presence of functional groups (polyfluoroalkyl, allyl, propargyl and amide) in the molecules of synthesized amiphosphites increases both the efficiency of their extraction activity and some other practically useful properties of these extractants. For example, the presence of two coordination centers (phosphorus and nitrogen) at once, the introduction of double bonds (additional formation of sigma and π-complexes) enhance the extraction properties of these compounds. The introduction of polyfluoroalkyl groups improves their incombustibility, and also changes the hydrophilic-hydrophobic balance of extractants (increases their lipophilicity and hydrophobicity), which will lead to an increase in extraction activity due to better solubility in hydrocarbon diluents. The advantages of these extractants include high selectivity, hydrodynamic stability, the ability to work in acidic media, which is especially important for the hydrometallurgical industry in Kazakhstan, the extraction of valuable components is carried out from sulfur, nitric and perchloric acid solutions, while widely used commercial extractants lose their activity as the acidity of technical solutions increases.
Thus, the new extractants of heavy metals developed during the implementation of this project can be recommended for use and find wide application in the extraction processes for the extraction, concentration and separation of metals (uranium and accompanying metals) in the hydrometallurgical industry not only in Kazakhstan, but also in other countries.Taking into account the volumes of minerals mined in Kazakhstan, the creation of domestic import-substituting extractants of heavy metals with improved technical characteristics isassumed of great importance in the metallurgical complex development.
Based on the research results for 2020, 5 articles were published: 2 articles in foreign scientific journals indexed in Scopus databases, 2 articles in foreign scientific journals with a nonzero IF, 1 article in a domestic scientific publication with a nonzero IF, as well as abstracts of 1 report on International conference. Over the entire period of the project's tasks (2018-2020), 9 articles were published: 5 articles in foreign scientific journals indexed in Scopus databases, 3 articles in foreign scientific journals with a nonzero IF, 1 article in a domestic scientific publication with a nonzero IF, as well as abstracts of 4 reports at International conferences.
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3 List of published works in 2020

1 Malysheva S.F., Gusarova N.K., Belogorlova N.A., Nalibayeva A.M., Yasko S.V., Chernysheva N.A., Verkhoturova S.I., Bishimbayeva G.K., Trofimov B.A.  Synthesis of Amido- and Diamidophosphites with Polyfluoroalkyl Substituents // Russian Journal of General Chemistry. – 2020. – V. 90. – P. 229–234. DOI:10.1134/S1070363220020103 ((Percentile - 0.33 Scopus database, Q4 quartile of Web of Science database) (in English)
2 Gusarova N.K., Malysheva S.F., Belogorlova N.A., Verkhoturova S.I., Oparina L.A., Arbuzova S.N., Chernysheva N.A., Trofimov B.A., Nalibayeva A.M., Bishimbayeva G.K., Yas’ko S.V. Synthesis of Non-Symmetric Functionalized Polyfluoroalkyl Phosphites // Russian Journal of General Chemistry. – 2020. – V.90, N 5. – P. 839–844. DOI: 10.1134/S1070363220050138 (Percentile - 0.33 Scopus database, Q4 quartile of Web of Science database) (in English)
3 Nalibayeva A.M., Bishimbayeva G.K., Saidullayeva S.A., Kopbayeva M.P., Verkhoturova S.I., Arbuzova S.N., Gusarova N.K. Bis(2,2,2-trifluoroethyl)(2-cyanoethyl) phosphate – a new uranium extragent // News of NAS RK. Series of Chemistry and Technology. – 2020. – №1. – P. 109–115. DOI: 10.32014/2020.2518-1491.14 (IF 0.251 KazBC) (in Russian)
4 Malysheva S.F., Gusarova N.K., Belogorlova N.A., Nalibayeva A.M., Yasko S.V., Chernysheva N.A., Verkhoturova S.I., Bishimbayeva G.K., Trofimov B.A. Synthesis of amido- and diamidophosphites with polyfluoroalkyl substituents // Journal of General Chemistry. – 2020. – Vol.90, Iss. 2. – P. 250–256. (IF 0.752 RSCI) (in Russian)
5 Gusarova N.K., Malysheva S.F., Belogorlova N.A., Verkhoturova S.I., Oparina L.A., Arbuzova S.N., Chernysheva N.A., Nalibaeva A.M., Bishimbaeva G K., Yasko SV, Trofimov BA Synthesis of asymmetric functionalized polyfluoroalkylphosphites // Journal of General Chemistry. – 2020. – Vol. 90, Iss. 5. – P. 744–750. (IF 0.752 RSCI) (in Russian)
6 Nalibaeva A.M., Gusarova N.K., Bishimbaeva G.K., Verkhoturova S.I., Abdikalykov E.N., Trofimov B.A. Synthesis of polyfluoroalkylated phosphites and phosphates: design of new extractants of heavy metals // VI scientific readings dedicated to the memory of academician A.E. Favorsky: Abstracts of the school-conference of young scientists with international participation. – Irkutsk, Russia. – 2020. – P. 46. (in Russian)
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APPENDIX 1.6
To this agreement
No.__ dated "___" _______ 2018

TECHNICAL SPECIFICATIONS AND
CALENDAR WORK PLAN
Under contract No.__ dated "___" _______ 2018

1. Joint Stock Company “Institute of Fuel, Catalysis and Electrochemistry named after D.V. Sokolsky"

1.1 By priority: Rational use of natural resources, including water resources, geology, processing, new materials and technology, safe products and structures.
1.2 By sub-priority: Basic and applied research in the field of chemical science. (Basic research).
1.3 On the topic of the project: IRN AR05134152 "New phosphorus-containing extractants of heavy metals"
1.4 The total amount of the project is 33,220,000 (Thirty-three million two hundred twenty thousand) tenge, including with a breakdown by years, for the performance of work in accordance with paragraph 3:
- for 2018 - in the amount of 11,000,000 (Eleven million) tenge;
- for 2019 - in the amount of 11,099,000 (Eleven million ninety-nine thousand) tenge;
- for 2020 - in the amount of 11,121,000 (Eleven million one hundred twenty one thousand) tenge.

2. Characteristics of scientific and technical products by qualification characteristics and economic indicators
2.1 Direction of work: Directed synthesis of new functional compounds with improved extraction properties to create a domestic market for competitive phosphorus-containing extractants of uranium and related metals.
2.2 Application: Extraction processes for the extraction, concentration and separation of metals (uranium and associated metals) in the hydrometallurgical industry.
2.3 End result:
- for 2018: Methods for the synthesis of functional asymmetric phosphates and phosphites with fluoroalkyl and cyanoethyl groups will be developed. 2 articles will be submitted for publication, including 1 article in a peer-reviewed foreign publication in the Web of Science or Scopus database with a non-zero impact factor and, 1 article in a peer-reviewed foreign publication with a non-zero impact factor.
- for 2019: Methods for the synthesis of acyclic phosphates with fluoroalkyl and propargyl groups and phosphites with fluoroalkyl and allyl groups will be developed. Enlarged batches of the most efficient extractants will be developed and tested. 1 article will be submitted for publication in a peer-reviewed foreign publication in the Web of Science or Scopus database with a non-zero impact factor.
- for 2020: Methods for the synthesis of amidophosphites with fluoroalkyl and allyl groups will be developed. Enlarged batches of the most effective extractants will be developed and tested. 1 article will be submitted for publication in a peer-reviewed foreign publication in the Web of Science or Scopus database with a non-zero impact factor. 1 article will be published in a peer-reviewed Russian scientific journal with a non-zero impact factor.
2.4 Patentability: Not patentable.
2.5 Scientific and technical level (novelty): consists in the development of new technological methods for the synthesis of previously unknown or difficult to access functional organic phosphites and phosphates - new extractants of heavy metals.
2.6 The use of scientific and technical products is carried out: by the Customer and the Contractor.
2.7 Type of use of the result of scientific and (or) scientific and technical activities: Based on the results of the research carried out within the framework of the project, 3 articles will be published in peer-reviewed scientific journals, indexed in the Scopus database with a non-zero impact factor, and 2 publications will be sent to print in peer-reviewed foreign and domestic scientific publications with a non-zero impact factor.

3. Name of work, terms of their implementation and results

	№ п/п
	The name of tasks, activities for the implementation of project tasks
	Deadlines
	Expected effect

	
	
	start
	end
	

	2018

	1.
	Synthesis of functional asymmetric phosphates and phosphites with fluoroalkyl and cyanoethyl groups to create based on them new extractants of heavy metals
	January 2018
	to November 1
2018
	Methods for the synthesis of functional asymmetric phosphates and phosphites with fluoroalkyl and cyanoethyl groups will be developed.
Enlarged lots of the most effective extractants will be produced and tested.

	1.1
	Synthesis of acyclic functional phosphates with fluoroalkyl and cyanoethyl groups.
	January 01.01.2018
	March 30.04.2018
	Methods for the synthesis of acyclic, unsymmetrical phosphates with fluoroalkyl and cyanoethyl groups will be developed.

	1.2
	Synthesis of cyclic (five- and six-membered) phosphates and phosphites with fluoroalkyl substituents. Study of physical and chemical properties..
	July
2018
	September 2018
	Methods for the synthesis of cyclic (five- and six-membered) phosphates with fluoroalkyl groups will be developed. Physico-chemical properties will be studied.

	1.3
	The production of enlarged batches of phosphates phosphites with and their test for extraction properties to heavy metals. 
	July 
2018
	to November 1
2018
	Will be enlarged lots of acyclic and cyclic phosphates and cyclic phosphites. They will be tested for extraction properties  to heavy metals. 2 articles will be submitted for publication, including 1 article in a peer-reviewed foreign publication in the Web of Science or Scopus database with a non-zero impact factor and, 1 article in a peer-reviewed foreign publication with a non-zero impact factor. 

	2019

	2
	Synthesis of acyclic phosphates with fluoroalkyl and propargyl groups and phosphites with fluoroalkyl and allyl groups to create based on thesenew extractants of heavy metals.
	January 2019
	to November 1
2019
	Methods for the synthesis of acyclic phosphates with fluoroalkyl and propargyl groups and phosphites with fluoroalkyl and allyl groups will be developed. Enlarged batches of the most effective extractants will be produced and tested.

	2.1
	Synthesis of acyclic phosphates with fluoroalkyl and propargyl groups and phosphites with fluoroalkyl and allyl groups 
	January 2019
	June 
2019
	Methods for the synthesis of acyclic phosphates with fluoroalkyl and propargyl groups and phosphites with fluoroalkyl and allyl groups will be developed. Their physical and chemical properties will be studied.

	2.2
	The production of enlarged batches of acyclic phosphates and phosphites with the best extraction properties.
	July 
2019
	September 2019
	Enlarged batches of acyclic phosphates and phosphites with the best extraction properties will be produced.

	2.3
	Extended tests of the most effective extractants on extractionproperties to heavy metals.
	September 2019
	to November 1
2019
	Extensive tests of the most effective extractants on extraction properties with respect to heavy metals will be carried out. 1 article will be submitted for publication in a peer-reviewed foreign publication in the Web of Science or Scopus database with a non-zero impact factor.

	2020

	3
	Synthesis of amidophosphites with fluoroalkyl and allyl groups and for the creation based on them  new extractants of heavy metals.
	January
2020
	to November 1
2020
	Methods for the synthesis of amidophosphites with fluoroalkyl and allyl groups will be developed. Enlarged batches of the most effective extractants will be produced and tested.

	3.1
	Synthesis of acyclic amidophosphites with fluoroalkyl and allyl groups to create based on them  new extractants of heavy metals. 
	July
2020
	September 2020
	Methods for the synthesis of amidophosphites with fluoroalkyl groups and allyl groups will be developed. 

	3.2
	The study of physical and chemical properties of acyclic amidophosphites with fluoroalkyl and allyl groups.
	July
2020
	to November 1
2020
	The physical and chemical properties of acyclic amidophosphites with fluoroalkyl and allyl groups will be study.

	3.3
	The development of enlarged batches of acyclic amidophosphites with the best extraction properties.
	July
2020
	to November 1
2020
	Enlarged batches of of acyclic amidophosphites with the best extraction properties will be produced.properties 

	3.4
	Extended tests of the most effective extractants on extraction properties to heavy metals. Preparation of the final report.
	September
2020
	to November 1
2020
	The most effective extractants will be tested for extraction properties  to heavy metals. A final report will be prepared.



	From customer
Chairman of the State Institution "Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan"
____________________B.S. Abdrasilov
	From the Contractor:
General Director of JSC "Institute of Fuel, Catalysis and Electrochemistry named after D.V. Sokolsky "
__________________Zhurinov M

Familiarized with:
Scientific supervisor of the project

__________________Borangazieva A.K.
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APPENDIX D

NMR and IR spectroscopic data of acyclic functional phosphates with fluoroalkyl and cyanoethyl groups (Sections 1.1.1 and 1.2.3)
Bis(2,2,2-trifluoroethyl)(2-cyanoethyl)phosphate (3а). Yield 7.2 g (76%), transparent liquid, bp. 129°C (1 mmHg), d420 1.5191, nD20 1.3672. NMR spectrum 1Н, δ, ppm: 2.78 t. d. (2H, CH2CN, 3JHH 6.0 Hz, 4JHP 0.7 Hz), 4.3H2CH2O, 3JHH 6.0 Hz, 3JHP 8.0 Hz), 4.41 d. d. d and 4.43 d. d. d (4H, CF3CH2O, 2JHH 12.8 Hz, 3JHF 8.2 Hz, 3JHP 8.0 Hz). NMR spectrum 13С, δС, ppm: 19.6 d (CH2CN, 3JCP 7.7 Hz), 63.1 d (CH2CH2O, 2JCP 5.0 Hz), 64.2 q. d (CF3CH2O, 2JCF 38.6 Hz, 2JCP 4.6 Hz), 115.9 (CN); 122.1 q. d (CF3, 1JCF 278.4 Hz, 3JCP 9.2 Hz). NMR spectrum 19F, δ, ppm: -75.4 t (CF3, 3JHF 8.2 Hz). NMR spectrum 31P: δР -2.1 ppm IK spectrum, ν, cm-1: 3184 w, 3093 w, 3066 w, 2962 m, 2888 w, 2793 w, 2735 w, 2618 w, 2571 w, 2442 w, 2409 w, 2383 w, 2240 w, 2116 m, 2005 w, 1941 m, 1867 w, 1783 w, 1724 w, 1592 s, 1491 s, 1454 m, 1411 m, 1284 s, 1196 s, 1063 s, 1025 m, 1002 w, 961 s, 861 s, 816 m, 7722 m, 690 s, 656 m, 614 m, 592 m, 548 m, 499 m. Found, %: С 26.37; H 2.29; F 36.47; N 4.42; P 10.13. C7H8F6NO4P. Calculated, %: С 26.68; H 2.56; F 36.18; N 4.45; P 9.83.
Bis(2,2,3,3-tetrafluoropropyl)(2-cyanoethyl)phosphate (3b). Yield 6.6 g (58%), transparent liquid, bp. 174-175 ° C (1 mmHg), d420 1.6076, nD20 1.3773. NMR spectrum 1Н, δ, ppm: 2.74 t. d. (2H, CH2CN, 3JHH 6.1 Hz, 4JHP 0.9 Hz), 4.27 and. t (2H, CH2CH2O, 3JHH 6.1 Hz, 3JHP 8.0 Hz), 4.41 t.d. (4H, CF2CH2O, 3JHF 12.6 Hz, 3JHP 7.8 Hz), 5.91 t. t (2H, CHF2, 2JHF 52.9 Hz, 3JHF 3.8 Hz). NMR spectrum 13С, δС, ppm: 19.4 and (CH2CN, 3JCP 7.3 Hz), 62.0 and (CH2CH2O, 2JCP 5.0 Hz), 63.52 t.d. (CF2CH2O, 2JCF 29.8 Hz, 2JCP 4.6 Hz), 109.1 t. t (CHF2, 1JCF 250.5 Hz, 2JCF 36.3 Hz), 113.5 t. t.d. (CF2, 1JCF 250.1 Hz, 2JCF 28.3 Hz, 3JCP 8.4 Hz), 116.1 (CN). NMR spectrum 19F, δ, ppm: -139.7 and (CHF2, 2JHF 52.9 Hz), -126.5 t (CF2, 3JHF 11.3 Hz). NMR spectrum 31P: δР -2.2 ppm. IR spectrum, ν, cm-1: 3012 m, 2977 s, 2921 m, 2356 w, 2259 m, 1959 w, 1630 w, 1459 m, 1417 m, 1293 s, 1261 m, 1238 s, 1214 m, 1106 s, 1011 m, 951 s, 893 s, 835 s, 766 m, 734 m, 676 s, 647 m, 617 w, 582 m, 549 s, 493 s, 435 m. Found, %: С 28.61; H 2.32; F 40.42; N 3.67; P 8. 50. C9H10F8NO4P. Calculated, %: С 28.51; H 2.66; F 40.09; N 3.69; P 8.17.
Diethyl (2-cyanoethyl) phosphate (3c). Yield 4.8 g (77%), transparent liquid, bp. 152-153°C (1 mm Hg), d420 1.1876, nD20 1.4251. NMR spectrum 1Н, δ, ppm: 1.28 t (6H, Me, 3JHH 7.3 Hz), 2.71 t (2H, CH2CN, 3JHH 6.3 Hz), 4.08 and. к (4H, MeCH2O, 3JHH 7.3 Hz, 3JHP 7.9 Hz), 4.17 and. t (2H, CH2CH2O, 3JHH 6.3 Hz, 3JHP 7.9 Hz). NMR spectrum 13С, δС, ppm: 15.6 and (Me, 3JCP 6.9 Hz), 19.2 and (CH2CN, 3JCP 7.2 Hz), 61.4 and (CH2CH2O, 2JCP 5.2 Hz), 63.92 and (MeCH2O, 2JCP 6.0 Hz), 116.4 (CN). NMR spectrum 31P: δР -0.9 ppm IR spectrum, ν, cm-1: 2986 s, 2936 m, 2913 m, 2874 m, 2778 w, 2748 w, 2347 w, 2254 s, 1848 m, 1768 m, 1479 m, 1446 m, 1395 s, 1370 m, 1338 m, 1275 s, 1167 s, 1034 s, 980 s, 799 s, 744 m, 584 m, 514 s, 471 m. Found, %: С 40.62; H 6.52; N 6.74; P 15.25. C7H14NO4P. Calculated, %: C 40.58; H 6.81; N 6.76; P 14.95.
NMR and IR spectrumscopy data of polyfluoroalkylated 1,3,2-dioxaphospholane-2-oxides (Sections 1.2.1 and 1.2.3)
4-Methyl-2- (2,2,3,3-tetrafluoropropoxy) -1,3,2-dioxaphospholane-2-oxide (7а), a mixture of cis-, trans-isomers in the ratio 1: 1.2 (according to 1H and 31P NMR). Yield 8.65 g (69%), transparent liquid, bp. 116 oC (1 mmHg), d420 1.5279, nD20 1.3880. NMR spectrum 1Н, δ, ppm for trans isomer: 1.42 and (3H, CH3 3JHH 6.2 Hz), 3.89 m (1H, CH2), 4.44 m (1H, C5H2), 4.44 m (2H, CH2CF2), 4.74 m (1H, C4H), 5.88 t. t (1H, CHF2, 2JHF 53.1 Hz, 3JHF 4.0 Hz); for cis isomer: 1.46 d (3H, CH3, 3JHH 6.2 Hz), 3.99 m (1H, C5H2), 4.39 m (1H, C5H2), 4.43 m (2H, CH2CF2), 4.82 m (1H, CH-4), 5.88 t. t (1H, CHF2, 2JHF 53.1 Hz, 3JHF 3.8 Hz). NMR spectrum 13С, δ, ppm for trans isomer: 18.9 and (CH3, 3JCP 6.9 Hz), 63.6 t. t (CH2CF2, 2JCF 29.8 Hz, 3JCF 4.7 Hz), 72.2 d (C5, 2JCP 1.7 Hz), 75.7 d (C4, 2JCP 2.4 Hz), 109.0 t. t (HCF2, 1JCF 250.3 Hz, 2JCF 35.9 Hz), 113.6 t. t (CF2, 1JCF 250.4 Hz, 2JCF 28.0 Hz); for cis isomer: 19.0 d (CH3, 3JCP 6.1 Hz), 63.6 t. t (CH2CF2, 2JCF 29.8 Hz, 3JCF 4.7 Hz), 72.1 d (C5, 2JCP 2.1 Hz), 76.0 d (CH-4, 2JCP 2.5 Hz), 109.1 t. t (HCF2, 1JCF 250.4 Hz, 2JCF 36.2 Hz), 113.7 t. t (CF2, 1JCF 250.3 Hz, 2JCF 27.9 Hz). NMR spectrum 19F, δ, ppm for trans isomer: -138.0 d (CHF2, 2JHF 55.7 Hz), -125.2 m (CF2); for cis isomer: -137.8 and (CHF2, 2JHF 54.6 Hz), -125.1 m (CF2). NMR spectrum 31P, δ, ppm: 17.2 for trans isomer, 17.4 for cis isomer. IR spectrum, ν, cm-1: 2989 s, 2941 m, 2915 m, 1478 m, 1459 s, 1391 s, 1346 s, 1294 s, 1260 m, 1237 m, 1211 m, 1105 s, 1016 s, 960 m, 924 m, 897 m, 868 m, 840 m, 780 m, 735 w, 677 w, 647 w, 577 w, 545 w, 530 w, 506 m (491 pl), 453 w, 430 m. Found, %: C 28.88; H 3.88; F 29.86; P 12.00. C6H9F4O4P. Calculated, %: C 28.59; H 3.60; F 30.14; P 12.29.
4-Methyl-2-(2,2,3,3,4,4,5,5-octafluoropentyloxy)-1,3,2-dioxaphospholane-2-oxide (7b), a mixture of cis-, trans-isomers in the ratio 1: 1.1 (according to 1H and 31P NMR). Yield 13.39 g (76%), transparent liquid, bp. 129 оС (1 mm Hg), d420 1.7003, nD20 1.3695. NMR spectrum 1Н, δ, ppm for trans isomer: 1.41 d (3H, CH3, 3JHH 6.4 Hz), 3.89 m (1H, C5H2), 4.48 m (1H, C5H2), 4.53 m (2H, CH2CF2), 4.81 m (1H, 4-CH), 6.03 t. t (1H, CHF2, 2JHF 51.7 Hz, 3JHF 5.5 Hz); for cis isomer: 1.45 and (3H, CH3, 3JHH 6.3 Hz), 3.98 m (1H, C5H2), 4.38 m (1H, C5H2), 4.52 m (2H, CH2CF2), 4.72 m (1H, 4-CH), 6.05 t. t (1H, CHF2, 2JHF 52.0 Hz, 3JHF 5.6 Hz). NMR spectrum 13С, δ, ppm for trans isomer: 18.8 d (CH3, 3JCP 7.5 Hz), 63.6 t. t (CH2CF2, 2JCF 27.6 Hz, 3JCF 6.0 Hz), 72.2 and (C5, 2JCP 1.8 Hz), 75.7 and (C4, 2JCP 2.5 Hz), 107.5 t. t (HCF2, 1JCF 254.3 Hz, 2JCF 31.1 Hz), 107.6 t. q (CF2CF2H, 1JCF 253.9 Hz, 2JCF 30.0 Hz), 109.9 m (CF2CF2CH2), 114.0 t. t . d. (CF2СН2, 1JCF 257.4 Hz, 2JCF 30.7 Hz, 3JCP 7.1 Hz); for cis isomer: 18.9 d (CH3, 3JCP 6.1 Hz), 63.6 t. t (CH2CF2, 2JCF 27.6 Hz, 3JCF 6.0 Hz), 72.0 d (C5, 2JCP 2.4 Hz), 76.1 and (4-C, 2JCP 2.5 Hz), 107.5 t. t (HCF2, 1JCF 254.3 Hz, 2JCF 31.1 Hz), 107.6 t. q (CF2CF2H, 1JCF 253.9 Hz, 2JCF 30.0 Hz), 109.9 m (CF2CF2CH2), 114.0 t. t. d. (CF2СН2, 1JCF 257.4 Hz, 2JCF 30.7 Hz, 3JCP 7.1 Hz). NMR spectrum 19F, δ, ppm for both isomers: -137.4 d (HCF2, 2JHF 52.6 Hz), -130.0 m (CF2CF2H), -125.3 m (CF2CF2CH2), -121.1 m (CF2CH2). NMR spectrum 31P, δ, ppm: 17.4 for trans isomer, 17.6 for cis isomer. IR spectrum, ν, cm-1: 2992 s, 2945 w, 2915 w, 1459 s, 1402 w, 1391 s, 1360 w, 1343 w, 1291 s, 1227 w, 1205 w, 1174 m, 1131 m, 1071 w, 1017 m, 961 m, 923 w, 899 m, 869 m, 844 w, 808 m, 786 w, 753 w, 732 w, 710 w, 691 w, 676 w, 629 w, 609 m, 572 w, 545 m, 520 w, 496 m, 456 w, 433 w. Found, %: C 27.14; H 2.82; F 43.45; P 8.52. C8H9F8O4P. Calculated, %: C 27.29; H 2.58; F 43.16; P 8.80.
4,5-Dimethyl-2- (2,2,3,3,4,4,5,5-octafluoropentyloxy) -1,3,2-dioxaphospholane-2-oxide (7c) mixture of three stereoisomers in the ratio 4: 2 : 1 (according to 1H and 31P NMR). Yield 14.5 g (79%), clear liquid, b.p. 127 оС (1 mmHg), d420 1.5584, nD20 1.4357. Compound 3с crystallizes during storage (~ 8˚C), transparent crystals, mp ~30˚C. NMR spectrum 1Н, δ, ppm for isomer (Fig. 1, structure A): 1.39 and (3H, CH3, 3JHH 6.2 Hz), 1.42 and (3H, CH3, 3JHH 6.2 Hz), 4.25 m, 4.33 m (2H, C4H, C5H), 4.53 m (2H, CH2), 6.03 t. t (1H, CHF2, 2JHF 51.9 Hz, 3JHF 5.4 Hz); for isomer (Fig. 1, structure B): 1.37 and (6H, 2CH3, 3JHH 6.3 Hz), 4.57 m (2H, CH2), 4.70 m (2H, 4-CH, 5-CH), 6.03 t. t (1H, CHF2, 2JHF 51.9 Hz, 3JHF 5.4 Hz); for isomer (Fig. 1, structure C): 1.33 and (6H, 2CH3, 3JHH 5.9 Hz), 4.02 t. m (2H, CH2, 3JHF 14.4 Hz), 4.79 m (2H, C4H, C5H), 6.05 t. t (1H, CHF2, 2JHF 52.0 Hz, 3JHF 5.6 Hz). NMR spectrum 13С, δ, ppm for isomer (Fig. 1, structure A): 17.9 and (CH3, 3JCP 9.2 Hz), 18.1 and (CH3, 3JCP 7.4 Hz), 63.6 t (CH2, 2JCF 26.9 Hz), 81.7 and (C4H, C5H, 2JCP 2.1 Hz), 82.2 and (C4H, C5H, 2JCP 1.5 Hz), 107.6 t. t (CF2H, 1JCF 254.5 Hz, 2JCF 31.2 Hz), 107.7 t. q (CF2CF2H, 2JCF 30.2 Hz), 110.8 t. t (CF2CF2CH2, 1JCF 265.0 Hz, 2JCF 32.9 Hz), 114.1 t. t.d. (CF2СН2, 1JCF 257.5 Hz, 2JCF 31.1 Hz, 3JCP 7.4 Hz); for isomer (Fig. 1, structure B): 15.4 and (2CH3, 3JCP 6.3 Hz), 63.8 t (CH2, 2JCF 26.6 Hz), 78.5 and (C4H, C5H, 2JCP 1.4 Hz), 107.6 t. t (CF2H, 1JCF 254.5 Hz, 2JCF 31.2 Hz), 107.7 t. q (CF2CF2H, 2JCF 30.2 Hz), 110.8 t.t (CF2CF2CH2, 1JCF 265.0 Hz, 2JCF 32.9 Hz), 114.1 t. t.d. (CF2СН2, 1JCF 257.5 Hz, 2JCF 31.1 Hz, 3JCP 7.4 Hz); for isomer (Fig. 1, structure C): 15.0 and (2CH3, 3JCP 5.2 Hz), 60.1 t (CH2, 2JCF 25.8 Hz), 78.9 and (C4H, C5H, 2JCP 2.0 Hz), 107.6 t. t (CF2H, 1JCF 254.5 Hz, 2JCF 31.2 Hz), 107.7 t. q (CF2CF2H, 2JCF 30.2 Hz), 110.8 t. t (CF2CF2CH2, 1JCF 265.0 Hz, 2JCF 32.9 Hz), 114.1 t. t.d. (CF2СН2, 1JCF 257.5 Hz, 2JCF 31.1 Hz, 3JCP 7.4 Hz). NMR spectrum 19F, δ, ppm for three isomers: -137.3 and (HCF2, 2JHF 52.6 Hz), -130.0 m (CF2), -125.3 m (CF2), -120.97 m (CF2). NMR spectrum 31P, δ, ppm: 15.1 for isomer (Fig. 1, structure A), 15.4 for isomer (Fig. 1, structure B) and 16.7 for isomer (Fig. 1, structure C). IR spectrum, ν, cm-1: 2992 s, 2944 m, 2881 w, 2767 w, 2292 m, 2184 w, 1688 s, 1459 s, 1448 m, 1391 s, 1361 w, 1248 s, 1171 s, 1092 w, 1017 s, 945 m, 914 m, 848 m, 807 m, 784 s, 755 m, 711 s, 692 s, 677 s, 598 m, 567 m, 544 m, 490 m, 458 m. Found, %: C, 29.08; H, 3.26; F, 41.96; P, 8.02. C9H11F8O4P. Calculated, %: C, 29.52; H, 3.03; F, 41.51; P, 8.46.
4-Methyl-2- (2,2,3,3,4,4,5,5,6,6,7,7-dodecafluoroheptyloxy) -1,3,2-dioxaphospholane-2-oxide (7d) mixture of cis- , trans-isomer s in a ratio of 1: 1.2 (according to 1H and 31P NMR). Yield 16.28 g (72%), clear liquid, b.p. 143 оС (1 mmHg), d420 1.6613, nD20 1.3609. NMR spectrum 1Н, δ, ppm for trans isomer: 1.40 and (3H, CH3, 3JHH 6.3 Hz), 3.91 m (1H, C5H2), 4.42 m (1H, C5H2), 4.52 m (2H, CH2CF2), 4.80 m (1H, C4H), 6.02 t. t (1H, CHF2, 2JHF 52.0 Hz, 3JHF 5.4 Hz); for cis isomer 1.44 and (3H, CH3, 3JHH 6.3 Hz), 4.00 m (1H, C5H2), 4.43 m (1H, C5H2), 4.52 m (2H, CH2CF2), 4.73 m (1H, C4H), 6.02 t. t (1H, CHF2, 2JHF 52.0 Hz, 3JHF 5.4 Hz). NMR spectrum 13С, δ, ppm for trans isomer: 18.8 and (CH3, 3JCP 7.0 Hz), 63.9 t.d. (CH2CF2, 2JCF 27.5 Hz, 2JCP 6.0 Hz), 72.2 and (C5, 2JCP 1.8 Hz), 75.7 and (C4, 2JCP 2.6 Hz), 107.6 t. t (HCF2, 1JCF 254.1 Hz, 2JCF 31.5 Hz), 110.0 m (CF2), 110.4 m (CF2), 110.5 m (CF2), 110.9 m (CF2), 114.1 m (CF2); for cis isomer: 18.9 and (CH3, 3JCP 5.5 Hz), 63.7 t.d. (CH2CF2, 2JCF 27.9 Hz, 2JCP 5.9 Hz), 72.0 and (C5, 2JCP 2.2 Hz), 76.1 and (C4, 2JCP 2.6 Hz), 107.6 t. t (HCF2, 1JCF 254.1 Hz, 2JCF 31.5 Hz), 110.0 m (CF2), 110.4 m (CF2), 110.5 m (CF2), 110.9 m (CF2), 114.1 m (CF2). NMR spectrum 19F, δ, ppm for both isomers: -137.3 and (HCF2, 2JHF 48.9 Hz), -129.6 m (CF2), -122.6 m (CF2), -122.5 m (CF2), -122.3 m (CF2), -120.9 m (CF2). NMR spectrum 31P, δ, ppm: 17.3 for trans isomer, 17.6 for cis isomer. IR spectrum, ν, cm-1: 2992 s, 2916 m, 1460 s, 1402 m, 1392 m, 1294 s, 1268 m, 1248 w, 1200 s, 1172 m, 1141 s, 1071 s, 1020 s, 961 m, 925 m, 894 m, 866 s, 833 m, 796 m, 780 w, 769 m, 741 m, 715 m, 692 m, 675 w, 655 w, 609 m, 574 m, 542 m, 496 m, 454 w, 432 w. Found, %: C 26.54; H 2.16; P 6.50. C10H9F12O4P. Calculated, %: C 26.56; H 2.01; P 6.85.
4,5-Dimethyl-2- (2,2,3,3,4,4,5,5,5,6,6,7,7-dodecafluoroheptyloxy) -1,3,2-dioxaphospholane-2-oxide (7e), a mixture of three stereoisomers in a ratio of 3: 1.5: 1 (according to 1H and 31P NMR). Yield 16.69 g (72%), clear liquid, b.p. 151-152 оС (1 mmHg), mp 42-43 оС, transparent crystals. NMR spectrum 1Н, δ, ppm for isomer (Fig. 1, structure A): 1.38 and (3H, CH3, 3JHH 6.2 Hz), 1.41 and (3H, CH3, 3JHH 6.2 Hz), 4.24 m, 4.32 m (2H, C4H, C5H), 4.53 t.d. (2H, CH2, 3JHF 13.1 Hz, 3JHP 10.8 Hz), 6.04 t. t (1H, CHF2, 2JHF 52.0 Hz, 3JHF 5.1 Hz); for isomer (Fig. 1, structure B): 1.35 and (6H, 2CH3, 3JHH 6.2 Hz), 4.53 t.d. (2H, CH2, 3JHF 13.1 Hz, 3JHP 10.8 Hz), 4.70 m (2H, C4H, C5H), 6.04 t. t (1H, CHF2, 2JHF 52.0 Hz, 3JHF 5.1 Hz); for isomer (Fig. 1, structure C): 1.32 and (6H, 2CH3, 3JHH 6.1 Hz), 4.53 t.d. (2H, CH2, 3JHF 13.1 Hz, 3JHP 10.8 Hz), 4.79 m (2H, C4H, C5H), 6.04 t. t (1H, CHF2, 2JHF 52.0 Hz, 3JHF 5.1 Hz). NMR spectrum 13С, δ, ppm for isomer (Fig. 1, structure A): 17.9 and (CH3, 3JCP 8.8 Hz), 18.0 and (CH3, 3JCP 7.4 Hz), 63.6 t.d. (CH2, 2JCF 27.6 Hz, 2JCP 4.1 Hz), 81.8, 82.2 (4-CH, C5H), 107.6 t. t (CF2H, 1JCF 254.7 Hz, 2JCF 31.3 Hz), 109.7 m (CF2), 110.7 m (CF2), 110.9 m (CF2), 111.0 m (CF2), 114.2 m (CF2СН2, 1JCF 260.6 Hz, 2JCF 30.6 Hz, 3JCP 5.9 Hz); for isomer (Fig. 1, structure B): 15.4 and (2CH3, 3JCP 6.3 Hz), 63.6 t.d. (CH2, 2JCF 27.6 Hz, 2JCP 4.1 Hz), 78.5 (C4H, C5H), 107.6 t. t (CF2H, 1JCF 254.7 Hz, 2JCF 31.3 Hz), 109.7 m (CF2), 110.7 m (CF2), 110.9 m (CF2), 111.0 m (CF2), 114.2 m (CF2СН2, 1JCF 260.6 Hz, 2JCF 30.6 Hz, 3JCP 5.9 Hz); for isomer (Fig. 1, structure C): 15.1 and (2CH3, 3JCP 4.8 Hz), 63.9 t.d. (CH2, 2JCF 27.6 Hz, 2JCP 4.1 Hz), 78.9 (C4H, C5H), 107.6 t. t (CF2H, 1JCF 254.7 Hz, 2JCF 31.3 Hz), 109.7 m (CF2), 110.7 m (CF2), 110.9 m (CF2), 111.0 m (CF2), 114.2 m (CF2СН2, 1JCF 260.6 Hz, 2JCF 30.6 Hz, 3JCP 5.9 Hz). NMR spectrum 19F, δ, ppm for three isomers: -137.2 and (HCF2, 2JHF 52.3 Hz), -129.6 m (CF2), -123.5 m (CF2), -123.4 m (CF2), -122.3 m (CF2), -120.8 m (CF2). NMR spectrum 31P, δ, ppm: 15.1 for isomer (Fig. 1, structure A), 15.4 for isomer (Fig. 1, structure B) and 16.7 for isomer (Fig. 1, structure C). IR spectrum, ν, cm-1: 2996 s, 2943 m, 2927 w, 2887 w, 2857 w, 1460 s, 1449 m, 1407 m, 1390 s, 1339 m, 1308 w, 1292 s, 1266 m, 1197 s, 1170 m, 1141 s, 1017 m, 1067 m, 1045 m, 1021 m, 998 m, 965 s, 918 m, 868 m, 840 s, 810 w, 797 m, 776 w, 761 m, 747 m, 714 m, 691 m, 654 m, 610 m, 573 m, 542 m, 507 m, 480 m, 449 w, 416 w. Found, %: C 28.58; H 2.40; P 6.64. C11H11F12O4P. Calculated, %: C 28.34; H 2.38; P 6.64.
4-Methyl-2-(methoxy)-1,3,2-dioxaphospholane-2-oxide (7е), mixture cis-, trance -isomers in relation to 1 : 1.1 (according to 1H and 31P NMR). Exit 1.78 g (23%), clear liquid, b.p. 97 оС (1 mmHg), (93 оС (1 mmHg) [33]), d420 1.3288, nD20 1.4251. NMR spectrum 1Н, δ, ppm for trans isomer: 1.36 and (3H, CH3, 3JHH 6.2 Hz), 3.76 and (3H, OCH3, 3JHP 11.7 Hz), 3.82 m (1H, C5H2), 4.40 m (1H, C5 H2), 4.74 m (1H, C4H); for cis isomer: 1.40 and (3H, CH3, 3JHH 6.2 Hz), 3.77 and (3H, OCH3, 3JHP 11.8 Hz), 3.94 m (1H, C5H2), 4.33 m (1H, C5H2), 4.64 m (1H, C4H). NMR spectrum 13С, δ, m. and for trans isomer: 18.9 and (CH3, 3JCP 7.7 Hz), 54.9 and (OCH3, 2JCP 6.2 Hz), 71.8 (C5), 75.1 and (C4, 2JCP 2.6 Hz); for cis isomer: 19.0 and (CH3, 3JCP 7.3 Hz), 54.8 and (OCH3, 2JCP 6.2 Hz), 71.7 (C5), 75.0 and (C4, 2JCP 2.6 Hz). NMR spectrum 31P, δ, ppm: 18.3 for trans isomer and 18.5 for cis isomer. IR spectrum, ν, cm-1: 2961 s, 2912 w, 2858 m, 1459 s, 1388 s, 1344 m, 1283 s, 1188 m, 1137 w, 1109 w, 1055 s, 1014 s, 958 m, 922 m, 890 m, 856 s, 831 m, 764 m, 695 w, 610 m, 562 m, 514 w, 497 m, 473 m, 453 w, 433 m. Found, %: C 31.50; H 5.91; P 19.89. C4H9O4P. Calculated, %: C 31.59; H 5.96; P 20.37.
4,5-Dimethyl-2-(methoxy)-1,3,2-dioxaphospholane-2-oxide (7g), mixture three stерео isomers in relation to 3 : 1.5 : 1 (according to 1H and 31P NMR). Exit 1.33 g (16%), clear liquid, b.p. 92 оС (1 mmHg) (85 оС (1 mmHg) [33]), d420 1.2555, nD20 1.4274. NMR spectrum 1Н, δ, ppm for isomer (Fig. 1, structure A): 1.31 and (3H, CH3, 3JHH 6.0 Hz), 1.34 and (3H, CH3, 3JHH 6.0 Hz), 3.74 and (3H, OCH3, 3JHP 11.7 Hz), 4.13 m, 4.23 m (2H, C4H, C5H); for isomer (Fig. 1, structure B): 1.29 and (6H, 2CH3, 3JHH 6.3 Hz), 3.73 and (3H, OCH3, 3JHP 11.6 Hz), 4.60 m (2H, 2CH); for isomer (Fig. 1, structure C): 1.25 and (6H, 2CH3, 3JHH 6.3 Hz), 3.76 and (3H, OCH3, 3JHP 11.8 Hz), 4.69 m (2H, 2CH). NMR spectrum 13С, δ, ppm for isomer (Fig. 1, structure A): 17.5 and (CH3, 3JCP 8.8 Hz), 17.6 and (CH3, 3JCP 8.1 Hz), 54.5 and (OCH3, 2JCP 6.6 Hz), 81.0 (2CH); for isomer (Fig. 1, structure B): 15.1 and (2CH3, 3JCP 5.9 Hz), 54.4 and (OCH3, 2JCP 7.3 Hz), 77.5 and (2CH, 2JCP 2.2 Hz); for isomer (Fig. 1, structure C): 14.8 and (2CH3, 3JCP 5.1 Hz), 54.9 and (OCH3, 2JCP 5.9 Hz), 81.0 (2CH). NMR spectrum 31P, δ, ppm: 15.9 for isomer (Fig. 1, structure A), 16.4 for isomer (Fig. 1, structure B) and 17.7 for isomer (Fig. 1, structure C). IR spectrum, ν, cm-1: 2985 s, 2961 w, 2939 w, 2857 w, 2749 w, 1649 m, 1457 s, 1387 s, 1338 w, 1267 s, 1188 m, 1169 w, 1020 s, 965 m, 911 m, 845 m, 798 w, 767 w, 754 w, 597 m, 567 w, 525 w, 493 m, 458 w. Found, %: C 35.85; H 6.63; P 18.39. C5H11O4P. Calculated, %: C 36.15; H 6.67; P 18.65.
NMR and IR spectrumscopy data of polyfluoroalkylated 1,3,2-dioxaphosphorinan-2-oxides (Sections 1.2.1 and 1.2.3)
4-Methyl-2- (2,2,2-trifluoroethoxy) -1,3,2-dioxaphosphorinane-2-oxide (11а), mixture cis-, trance-isomers in relation to 1. : 1 (according to 1H and 31P NMR in solution С6D6). Exit 10.55g (59%), clear liquid, b.p. 92.5 оС (0.03 mmHg), d420 1.4107. NMR spectrum 1Н, δ, ppm for cis isomer: 0.89 d. d (3H, CH3, 3JHH 6.4 Hz, 4JHP 1.7 Hz), 0.98 m, 1.11 m (2H, CH25), 3.72 m, 3.79 m (2H, CH26), 4.07 m (2H, CH2O), 4.15 m (1H, CH4); for trans isomer: 0.85 d. d (3H, CH3, 3JHH 6.2 Hz, 4JHP 2.7 Hz), 0.61 m, 1.22 m (2H, CH25), 3.61 m, 3.68 m (2H, CH26), 3.94 m (1H, CH4), 4.07 m (2H, CH2O). NMR spectrum 13С, δ, ppm for cis isomer: 21.1 (CH3), 31.6 (CH25), 63.57 (CF3CH2), 66.7 (CH26), 77.0 (CH4), 123.6 (CF3); for trans isomer: 21.8 (CH3), 32.6 (CH25), 63.58 (CF3CH2), 68.2 (CH26), 77.6 (CH4), 123.6 (CF3). NMR spectrum 19F, δ, ppm for cis isomer: -75.19 t (CF3, 3JHF 8.2 Hz); for trans isomer: -75.12 t (CF3, 3JHF 8.2 Hz). NMR spectrum 31P δ, ppm for cis isomer: -5.75; for trans isomer: -7.56. IR spectrum, ν, cm-1: 3551 m, 3499 m, 3222 w, 2985 s, 2933 s, 2745 w, 2593 w, 2131 w, 2013 w, 1939 w, 1727 w, 1645 w, 1478 s, 1454 s, 1425 s, 1389 s, 1284 s, 1175 s, 1103 s, 1069 s, 1038 s, 995 s, 967 s, 903 s, 869 s, 841 s, 813 s, 740 s, 657 s, 602 s, 557 s, 507 s, 481 s, 439 s. Found, %: C 30.42; H 4.71. C6H10F3O4P. Calculated, %: C 30.78; H, 4.31.
2-(2,2,3,3-Tetrafluoropropoxy)-1,3,2-dioxaphosphorinane-2-oxide (11b). Exit 4.06 g (32%), clear liquid, b.p. 143 оС (1 mmHg), d420 1.5343, nD20 1.3973. Compound 5а crystallizes during storage (~8оС), transparent crystals, mp ~30 оС. NMR spectrum 1Н, δ, ppm: 1.84 d. d . t. t (1H, CH2, He, 2JHH 15.0 Hz, 4JHP 2.7 Hz, 3JHH 2.6 Hz, 3JHH 2.5 Hz), 2.34 m (1H, CH2, Ha), 4.39-4.54 m (6H, CH2O), 5.93 t. t (1H, CHF2, 2JHF 52.9 Hz, 3JHF 3.8 Hz). NMR spectrum 13С, δ, ppm: 25.8 and (CH2, 3JCP 7.3 Hz), 62.4 t.d. (CH2CF2, 2JCF 29.3 Hz, 2JCP 4.0 Hz), 69.3 and (CH2O, 2JCP 7.3 Hz), 109.2 t. t (HCF2, 1JCF 250.5 Hz, 2JCF 36.7 Hz), 113.8 t. t.d. (CF2, 1JCF 250.3 Hz, 2JCF 28.4 Hz, 3JCP 9.0 Hz). NMR spectrum 19F, δ, ppm: -137.4 and (CHF2, 2JHF 53.0 Hz), -124.7 t. d. (CF2, 3JHF 12.6 Hz, 3JHF 3.8 Hz). NMR spectrum 31P, δ, ppm: -7.5. IR spectrum, ν, cm-1: 3022 m, 2980 s, 2947 m, 2917 s, 2850 w, 2803 w, 2751 w, 2613 w, 2427 w, 2250 w, 2213 w, 2198 w, 1952 w, 1903 w, 1804 w, 1736 w, 1698 w, 1656 w, 1545 w, 1471 s, 1430 s, 1402 s, 1382 s, 1357 m, 1300 s, 1259 s, 1238 s, 1211 m, 1180 s, 1141 s, 1108 s, 1048 s, 974 s, 935 s, 888 s, 857 m, 832 s, 761 m, 718 m, 673 m, 646 w, 613 w, 595 m, 581 m, 552 m, 488 s, 461 s, 440 s. Found, %: C 28.91; H 3.64; F 29.83; P 12.23. C6H9F4O4P. Calculated, %: C 28.59; H 3.60; F 30.14; P 12.29.
4-Methyl-2-(2,2,3,3-tetrafluoropropoxy)-1,3,2-dioxaphosphorinane-2-oxide (11c), mixture cis-, trance-isomers in relation to 1.1 : 1 (according to 1H and 31P NMR). Exit 9.41 g (71%), clear liquid, b.p. 140оС (1 mmHg), d420 1.7203, nD20 1.3994. NMR spectrum 1Н, δ, ppm for cis isomer (diequatorial arrangement of the methyl group and fluorinated substituent on phosphorus): 1.40 d. d (3H, CH3, 3JHH 6.3 Hz, 4JHP 1.9 Hz), 1.98 m (2H, C5H2), 4.30-4.56 m (4H, 2CH2O), 4.76 m (1H, C4H), 5.90 t. t (1H, CHF2, 2JHF 52.9 Hz, 3JHF 4.0 Hz); for trans isomer : 1.37 d. d (3H, CH3, 3JHH 6.2 Hz, 4JHP 2.8 Hz), 1.75 m, 1.97 m (2H, C5H2), 4.30-4.56 m (4H, 2CH2O), 4.57 m (1H, C4H), 5.89 t. t (1H, CHF2, 2JHF 52.8 Hz, 3JHF 4.3 Hz). NMR spectrum 13С, δ, ppm for cis isomer: 21.4 and (CH3, 3JCP 5.8 Hz), 32.0 and (C5H2, 3JCP 8.0 Hz), 63.1 t.d. (CH2CF2, 2JCF 30.0 Hz, 2JCP 4.8 Hz), 68.4 and (C6H2, 2JCP 7.1 Hz), 78.0 and (C4H, 2JCP 7.2 Hz), 109.0 t. t (HCF2, 1JCF 250.3 Hz, 2JCF 35.4 Hz), 113.8 m (CF2, 1JCF 250.1 Hz, 2JCF 27.8 Hz); for trans isomer : 22.0 and (CH3, 3JCP 9.4 Hz), 32.9 and (C5H2, 3JCP 5.8 Hz), 62.2 t.d. (CH2CF2, 2JCF 29.7 Hz, 2JCP 4.6 Hz), 67.0 and (C6H2, 2JCP 6.1 Hz), 77.2 and (C4H, 2JCP 7.2 Hz), 109.2 t. t (HCF2, 1JCF 250.2 Hz, 2JCF 36.5 Hz), 113.8 m (CF2, 1JCF 250.1 Hz, 2JCF 27.8 Hz). NMR spectrum 19F, δ, ppm for cis isomer: -138.2 and (CHF2, 2JHF 52.9 Hz), -125.3 m (CF2); for trans isomer : -137.3 and (CHF2, 2JHF 52.8 Hz), -124.6 m (CF2). NMR spectrum 31Р, δ, ppm: -7.5 for trans isomer and -5.6 for cis isomer. IR spectrum, ν, cm-1: 2988 s, 2939 m, 2916 w, 1480 m, 1459 s, 1451 m, 1428 m, 1392 s, 1343 w, 1294 s, 1254 m, 1236 m, 1211 m, 1186 s, 1159 m, 1136 m, 1102 s, 1063 s, 1036 s, 996 s, 976 s, 960 s, 902 s, 869 s, 835 s, 813 s, 745 m, 720 m, 675 m, 648 m, 606 m, 581 m, 548 m, 507 s, 489 s, 473 m, 429 s, 398 m. Found, %: C 31.67; H 4.14; F 28.85; P 11.34. C7H11F4O4P. Calculated, %: C 31.59; H 4.17; F 28.56; P 11.64.
4-Methyl-2-(2,2,3,3,4,4,5,5-octafluoropentyloxy)-1,3,2-dioxaphosphorinane-2-oxide (11d), mixture cis-, trance-isomer s in relation to 1.1 : 1 (according to 1H and 31P NMR). Exit 12.84 g (70%), clear liquid, b.p. 153оС (1 mmHg), d420 1.5936, nD20 1.3800. NMR spectrum 1Н, δ, ppm for cis isomer : 1.39 d. d (3H, CH3, 3JHH 6.4 Hz, 4JHP 1.7 Hz), 1.90 m (1H, C5H2), 2.01 m (1H, C5H2), 4.30 m (1H, C6H2), 4.37 m (1H, C6H2), 4.46 m (2H, CH2CF2), 4.75 m (1H, C4H), 6.04 t. t (1H, CHF2, 2JHF 51.8 Hz, 3JHF 5.2 Hz); for trans isomer : 1.36 d. d (3H, CH3, 3JHH 6.2 Hz, 4JHP 2.8 Hz), 1.76 m (1H, C5H2), 2.01 m (1H, C5H2), 4.32 m (1H, C6H2), 4.41 m (1H, C6H2), 4.43 m (2H, CH2CF2), 4.56 m (1H, C4H), 6.03 t. t (1H, CHF2, 2JHF 51.8 Hz, 3JHF 5.3 Hz). NMR spectrum 13С, δ, ppm for cis isomer : 21.7 and (CH3, 3JCP 5.2 Hz), 32.7 and (C5H2, 3JCP 8.9 Hz), 62.3 t (CH2CF2, 2JCF 29.5 Hz), 68.4 and (C6H2, 2JCP 7.0 Hz), 77.9 and (C4H, 2JCP 7.0 Hz), 107.5 t. t (HCF2, 1JCF 253.9 Hz, 2JCF 31.0 Hz), 109.9 m (CF2CF2H), 114.1 m (CF2CF2CH2); for trans isomer : 20.9 and (CH3, 3JCP 9.6 Hz), 31.5 and (C5H2, 3JCP 5.9 Hz), 62.8 t (CH2CF2, 2JCF 28.0 Hz), 66.8 and (C6H2, 2JCP 7.4 Hz), 77.4 and (C4H, 2JCP 7.0 Hz), 107.5 t. t (HCF2, 1JCF 253.9 Hz, 2JCF 31.0 Hz), 109.9 m (CF2CF2H); 114.1 m (CF2CF2CH2). NMR spectrum 19F, δ, ppm for cis isomer : -137.6 and (HCF2, 2JHF 51.5 Hz), -130.1 m (CF2), -125.2 (CF2), -121.1 m (CF2); for trans isomer : -137.6 and (HCF2, 2JHF 51.5 Hz), -130.2 m (CF2), -125.3 m (CF2), -121.1 m (CF2). NMR spectrum 31Р, δ, ppm: -7.5 for trans isomer and -5.8 for cis isomer . IR spectrum, ν, cm-1: 2999 s, 2941 m, 2916 w, 2224 w, 1852 w, 1775 w, 1639 w, 1481 m, 1459 m, 1428 w, 1393 m, 1297 s, 1175 s, 1068 s, 997 m, 996 m, 961 m, 903 s, 868 m, 806 m, 758 m, 711 m, 675 w, 629 w, 601 m, 563 w, 546 m, 506 m, 483 m, 433 m, 399 m. Found, %: C 29.73; H 3.05; F 42.00; P 8.19. C9H11F8O4P. Calculated, %: C 29.52; H 3.03; F 41.51; P 8.46.
4-Methyl-2- (methoxy) -1,3,2-dioxaphosphorinane-2-oxide (11e), mixture cis-, trance-isomer s in relation to 1.3 : 1 (according to 1H and 31P NMR). Exit 2.05 g (25%), clear liquid, b.p. 133 оС (1 mmHg), (90 оС (0.8 mmHg) for mixes cis-, trance-isomer s in relation to 1 : 5.7 [34]), d420 1.2726, nD20 1.4386, (nD20 1.4390 for mixes cis-, trance-isomers in relation to 16 : 1 [34]). NMR spectrum 1Н, δ, ppm for cis isomer : 1.29 d. d (3H, CH3, 3JHH 6.3 Hz, 4JHP 1.9 Hz), 1.84 m (2H, C5H2), 3.67 and (3H, OCH3, 3JHP 10.9 Hz), 4.27 m (1H, C6H2), 4.34 m (1H, C6H2), 4.64 m (1H, C4H); for trans isomer : 1.27 d. d (3H, CH3, 3JHH 6.2 Hz, 4JHP 2.7 Hz), 1.65 m (1H, C5H2), 1.86 m (1H, C5H2), 3.66 and (3H, OCH3, 3JHP 11.4 Hz), 4.20 m (1H, C6H2), 4.26 m (1H, C6H2), 4.43 m (1H, C4H). NMR spectrum 13С, δ, ppm for cis isomer : 21.5 and (CH3, 3JCP 6.6 Hz), 32.4 and (C5H2, 3JCP 6.6 Hz), 54.5 and (OCH3, 2JCP 6.6 Hz), 66.4 and (C6H2, 2JCP 5.5 Hz), 75.9 and (C4H, 2JCP 5.9 Hz); for trans isomer : 22.0 and (CH3, 3JCP 9.5 Hz), 33.0 and (C5H2, 3JCP 5.5 Hz), 53.3 and (OCH3, 2JCP 5.5 Hz), 67.7 and (6-CH2, 2JCP 6.6 Hz), 76.9 and (C4Н, 2JCP 7.0 Hz). NMR spectrum 31Р, δ, ppm: -5.3 for trans isomer and -3.7 for cis isomer, (-6.4 for trans isomer and -5.1 for cis isomer (without solvent) [34]). IR spectrum, ν, cm-1: 2982 s, 2960 s, 2936 m, 2911 w, 2856 m, 1476 w, 1451 s, 1428 m, 1390 s, 1381 w, 1340 w, 1286 s, 1253 m, 1228 w, 1186 s, 1159 s, 1136 m, 1118 m, 1080 m, 1051 s, 1035 s, 993 s, 973 s, 956 s, 899 s, 859 m, 830 s, 807 s, 736 m, 727 m, 708 w, 652 w, 603 m, 590 w, 529 w, 512 s, 501 s, 471 m, 460 m, 446 m, 426 s, 401 w, 390 w. Found, %: C 35.86; H 6.47; P 18.35. C5H11O4P. Calculated, %: C 36.15; H 6.67; P 18.65.
NMR and IR spectrum data of polyfluoroalkylated 1,3,2-dioxaphospholanes (Sections 1.2.2 and 1.2.3)
4-Methyl-2- (2,2,3,3-tetrafluoropropoxy) -1,3,2-dioxaphospholane (16а), mixture cis-, trance-isomer s in relation to 1 : 1.5 (according to 1H and 31P NMR). Exit 6.3 g (53%), clear liquid, b.p. 93-94оC (24 mmHg). IR spectrum, ν, cm-1: 2984 s, 2936 m, 2901 m, 1457 m, 1385 m, 1303 m, 1289 m, 1231 s, 1207 s, 1127 s, 1107 s, 1076 s, 1066 s, 989 s, 938 m, 916 m, 864 s, 833 s, 785 s, 750 s, 668 m, 622 m, 544 s, 484 m. NMR spectrum 1H, , ppm for trans isomer : 1.33 and (3H, CH3, 3JHH 6.2 Hz), 3.57 t.d. (1H, CH2-5, 2JHH 8.3 Hz, 3JHH = 3JPH 7.4 Hz), 4.16 and 4.07 AB - d. d . t (2H, CH2CF2, 2JHH 6.0 Hz, 3JHF 1.5 Hz, 3JHP 12.4 Hz), 4.30 d. d. d(1H, CH2-5, 2JHH 8.3 Hz, 3JHH 6.7 Hz, 3JHP 2.8 Hz), 4.59 d. d . к (1H, CH-4, 3JHH 7.4 Hz, 3JHH 6.7 Hz, 3JHH 6.2 Hz), 5.88 t. t (1H, CHF2, 2JHF 53.2 Hz, 3JHF 4.7 Hz); for cis isomer : 1.44 and (3H, CH3, 3JHH 6.2 Hz), 3.70 t (1H, CH2-5, 2JHH = 3JHH 8.9 Hz), 4.16 and 4.07 AB - d. d . t (2H, CH2CF2, 2JHH 6.0 Hz, 3JHF 1.5 Hz, 3JHP 12.4 Hz), 4.21 d. d. d(1H, CH2-5, 2JHH 8.9 Hz, 3JHH 6.5 Hz, 3JHP 13.2 Hz), 4.34 m (1H, CH), 5.88 t. t (1H, CHF2, 2JHF 53.2 Hz, 3JHF 4.7 Hz). NMR spectrum 19F, F, ppm for trans isomer: -139.6 and (CHF2, 2JFH 53.2 Hz), -125.9 m (CF2); for cis isomer: -139.4 and (CHF2, 2JFH 53.2 Hz), -125.8 m (CF2). NMR spectrum 31P: P 140.3 ppm for trans isomer, P 143.7 ppm for cis isomer. Found, %: C, 30.12; H, 4.13; P, 12.63. C6H9F4O3P. Calculated, %: C, 30.52; H, 3.84, P, 13.12.
4-Methyl-2- (2,2,3,3,4,4,5,5-octafluoropentyloxy) -1,3,2-dioxaphospholane (16b), mixture cis-, trance-isomer s in relation to 1 : 1.5 (according to 1H, and 31P NMR). Exit 8.1 g (48%), clear liquid, b.p. 106-108оC (17 mmHg), d420 1.5240, nD20 1.3712. IR spectrum, ν, cm-1: 2985 s, 2939 m, 2904 m, 1475 w, 1458 s, 1402 m, 1386 s, 1360 m, 1291 s, 1266 m, 1243 m, 1223 m, 1204 m, 1172 s, 1131 s, 1093 m, 1070 m, 1046 m, 1014 m, 990 s, 961 m, 944 m, 902 s, 864 s, 808 s, 772 s, 754 s, 733 m, 713 m, 689 m, 675 w, 620 m, 607 m, 573 w, 560 w, 545 m, 520 w, 492 m. NMR spectrum 1H, , ppm for trans isomer: 1.33 and (3H, CH3, 3JHH 6.2 Hz), 3.57 d. d. d(1H, CH2-5, 2JHH 8.5 Hz, 3JHH 7.1 Hz, 3JHP 7.7 Hz), 4.19 m (2H, CH2CF2), 4.30 d. d. d(1H, CH2-5, 2JHH 8.5 Hz, 3JHH 6.6 Hz, 3JPH 2.7 Hz), 4.61 d. d . к (1H, CH-4, 3JHH(5) 7.1 Hz, 3JHH(5) 6.6 Hz, 3JHH(Me) 6.2 Hz), 6.047 t. t (1H, CHF2, 2JHF 52.1 Hz, 3JHF 5.4 Hz); for cis isomer : 1.44 and (3H, CH3, 3JHH 6.2 Hz), 3.72 d. d (1H, CH2-5, 2JHH = 3JHH 8.9 Hz), 4.19 m (2H, CH2CF2), 4.22 m (1H, CH2-5), 4.34 m (1H, CH-4), 6.051 t. t (1H, CHF2, 2JHF 52.0 Hz, 3JHF 5.5 Hz). NMR spectrum 13С, С, ppm for trans isomer : 19.5 and (CH3, 3JCP 4.0 Hz), 59.7 t.d. (CH2CF2, 2JCF 26.4 Hz, 2JCP 17.2 Hz), 70.4 and (C5, 2JCP 7.7 Hz), 72.7 and (C4, 2JCP 8.1 Hz), 107.7 t. t (HCF2, 1JCF 254.6 Hz, 2JCF 30.8 Hz), 110.2 t.q (CF2CHF2, 1JCF 264.5 Hz, 2JCF 31.3 Hz), 111.0 t. q (CF2CF2CH2, 1JCF 264.8 Hz, 2JCF 33.0 Hz), 114.9 t. t.d. (CF2СН2, 1JCF 255.7 Hz, 2JCF 30.5 Hz, 3JCP 3.7 Hz); for cis isomer : 19.6 (CH3), 59.8 t.d. (CH2CF2, 2JCF 26.8 Hz, 2JCP 18.7 Hz), 69.7 and (CH2-5, 2JCP 7.3 Hz), 74.8 and (CH-4, 2JCP 9.5 Hz), 107.7 t. t (CHF2, 1JCF 254.6 Hz, 2JCF 30.8 Hz), 110.2 t. q (CF2CHF2, 1JCF 264.5 Hz, 2JCF 31.3 Hz), 111.0 t. q (CF2CF2CH2, 1JCF 264.8 Hz, 2JCF 33.0 Hz), 114.9 t. t.d. (CF2СН2, 1JCF 255.7 Hz, 2JCF 30.5 Hz, 3JCP 3.7 Hz). NMR spectrum 19F, F, ppm: -137.5 and (CHF2, 2JFH 52.0), -130.4 m (CF2CHF2), -125.4 m (CF2CF2CHF2), -120.5 m (CH2CF2). NMR spectrum 31P, P, ppm: 142.0 t (4JPF 6.9 Hz) for trans isomer and P 145.1 t (4JPF 6.9 Hz) for cis isomer . Found, %: C, 28.30; H, 2.58; F, 44.94; P, 8.92. C8H9F8O3P. Calculated, %: C, 28.59; H, 2.70; F 45.22; P, 9.22.
4,5-Dimethyl-2- (2,2,3,3,4,4,5,5-octafluoropentyloxy) -1,3,2-dioxaphospholane (16b), mixture three stеreo isomers in relation to 7 : 2 : 1 (according to 1H and 31P NMR). Exit 11.0 g (63%), clear liquid, b.p. 115-116оC (10 mmHg), d420 1.4917, nD20 1.3765. IR spectrum, ν, cm-1: 2986 s, 2937 s, 1457 s, 1445 s, 1386 s, 1332 m, 1302 m, 1289 s, 1264 m, 1244 m, 1173 s, 1132 s, 1093 s, 1076 s, 1060 s, 1043 s, 1020 m, 993 m, 960 m, 932 s, 900 m, 870 m, 855 m, 808 m, 785 s, 767 s, 713 m, 689 w, 674 w, 618 m, 545 m, 525 w, 471 w, 457 w, 438 m. NMR spectrum 1H, , ppm for R,R(S,S)-isomer (Fig. 1, structure A): 1.32 and (3H, CH3, 3JHH 6.0 Hz), 1.38 and (3H, CH3, 3JHH 6.0 Hz), 3.78 and. q. d(1H, CH, 3JHH 8.5 Hz, 3JHH 6.0 Hz, 3JHP 3.8 Hz), 4.04 and. q (1H, CH, 3JHH 8.5 Hz, 3JHH 6.0 Hz), 4.19 t.d. (2H, CH2, 3JHF 13.8 Hz, 3JHP 8.4 Hz,), 6.03 t. t (1H, CHF2 1JHF 52.0 Hz, 3JHF 5.4 Hz); for R,S-cis isomer (Fig. 1, structure B): 1.32 and (6H, 2CH3, 3JHH 6.0 Hz), 4.22 t.d. (2H, CH2, 3JHF 13.8 Hz, 3JHP 8.4 Hz), 4.38 q. d. d (2H, 2CH, 3JHH 6.0 Hz, 3JHP 4.5 Hz, 3JHH 2.0 Hz), 6.03 t. t (1H, CHF2 1JHF 52.0 Hz, 3JHF 5.4 Hz); for R,S-trans isomer (Fig. 1, structure C): 1.19 and (6H, 2CH3, 3JHH 6.0 Hz), signals of protons CH2 groups are masked by more intense signals from other isomers, 4.53 m (2H, 2CH), 6.03 t. t (1H, CHF2 1JHF 52.0 Hz, 3JHF 5.4 Hz). NMR spectrum 13С, С, ppm for R,R(S,S)-isomer (Fig. 1, structure A): 17.9 and (CH3, 3JCP 5.5 Hz), 18.8 (CH3), 59.6 t.d. (CH2, 2JCF 26.5 Hz, 2JCP 19.5 Hz), 78.5 and (CH, 2JCP 7.4 Hz), 80.7 and (CH, 2JCP 8.1 Hz), 107.5 t. t (CHF2, 1JCF 254.0 Hz, 2JCF 31.0 Hz), 110.0 t. q (CF2CHF2, 1JCF 264.3 Hz, 2JCF 31.0 Hz), 110.8 t. q (CF2CF2CH2, 1JCF 265.0 Hz, 2JCF 31.3 Hz), 114.7 t. t.d. (CF2СН2, 1JCF 256.2 Hz, 2JCF 30.6 Hz, 3JCP 4.1 Hz); for R,S-cis isomer (Fig. 1, structure B): 16.5 (2CH3), 59.5 t.d. (CH2, 2JCF 26.5 Hz, 2JCP 18.4 Hz), 76.4 and (CH, 2JCP 8.5 Hz), 107.5 t. t (CHF2, 1JCF 254.0 Hz, 2JCF 31.0 Hz), 110.0 t. q (CF2CHF2, 1JCF 264.3 Hz, 2JCF 31.0 Hz), 110.8 t. q (CF2CF2CH2, 1JCF 265.0 Hz, 2JCF 31.3 Hz), 114.7 t. t.d. (CF2СН2, 1JCF 256.2 Hz, 2JCF 30.6 Hz, 3JCP 4.1 Hz); for R,S-trans isomer (Fig. 1, structure C): 15.7 and (2CH3, 3JCP 3.3 Hz), the CH2 groups multiplet is masked by more intense signals from other isomers, 74.8 and (CH, 2JCP 7.4 Hz), 107.5 t. t (CHF2, 1JCF 254.0 Hz, 2JCF 31.0 Hz), 110.0 t. q (CF2CHF2, 1JCF 264.3 Hz, 2JCF 31.0 Hz), 110.8 t. q (CF2CF2CH2, 1JCF 265.0 Hz, 2JCF 31.3 Hz), 114.7 t. t.d. (CF2СН2, 1JCF 256.2 Hz, 2JCF 30.6 Hz, 3JCP 4.1 Hz). NMR spectrum 19F, F, ppm for three isomer s: -137.4 and (CHF2, 1JFH 52.0), -130.4 m (CF2CHF2), -125.4 m (CF2CF2CHF2), -120.4 m (CH2CF2). NMR spectrum 31P, P, ppm: 139.5 t (4JPF 7.2 Hz) for R,S-trans isomer ; 144.1 t (4JPF 6.9 Hz) for R,R(S,S)-isomer ; 149.7 (4JPF 8.6 Hz) for R,S-cis isomer . Found, %: C, 30.64; H, 2.92; F, 43.36; P, 8.58. C9H11F8O3P. Calculated, %: C, 30.87; H, 3.17; F, 43.41; P, 8.85.
4,5-Dimethyl-2- (2,2,2-trifluoroethoxy) -1,3,2-dioxaphospholane (16c) Exit 9.7 g (57%), clear liquid, b.p. 57-59°C (5 mm. рt. сt.), d420 1.2579. mixture three stерео isomers in relation to 1.1 : 5.9 : 1. NMR spectrum 31P: δР 139.64, 144.14 and 149.43. 
According to 1Н, 31Р NMR data, the purity of 4,5-dimethyl-2 (2,2,2-trifluoroethoxy) -1,3,2-dioxaphospholane is ~ 93% for fractions 2 and 3 (impurities in the range of stereoisomer s of the corresponding cyclic phosphates are 4 , 5-dimethyl-2-(2,2,2-trifluoroethoxy)-1,3,2-dioxaphospholane-2-oxides.
According to NMR (1H, 31P) data, the purity of the synthesized cyclic phosphite is ~ 93%, impurities in the range of δP = 15-20 ppm. probably refer to the isomer s of the corresponding cyclic phosphate - 4,5-dimethyl-2- (2,2,2-trifluoroethoxy) -1,3,2-dioxaphospholane-2-oxide.
NMR and IR spectrumscopy data of polyfluoroalkylated 1,3,2-dioxaphospholanes and 1,3,2-dioxaphosphorinans (sections 1.2.2 and 1.2.3)
4-Methyl-2- (2,2,3,3-tetrafluoropropoxy) -1,3,2-dioxaphosphorinane (18а), mixture cis-, trance-isomer s in relation to 8 : 1 (according to 1H and 31P NMR). Exit 9.0 g (72%), clear liquid, b.p. 67оC (1 mmHg), d420 1.2936, nD20 1.4039. IR spectrum, ν, cm-1: 2980 s, 2937 s, 2904 m, 1476 m, 1457 m, 1413 w, 1386 s, 1351 w, 1337 w, 1253 s, 1233 s, 1209 m, 1106 s, 1066 s, 1034 s, 1005 m, 981 m, 966 m, 923 s, 886 m, 832 m, 748 s, 668 m, 653 w, 611 w, 583 w, 547 m, 523 m, 501 w, 487 w, 464 w, 398 w. NMR spectrum 1H, , ppm for cis isomer (e,e): 1.40 and (3H, CH3, 3JHH 6.6 Hz), 1.96 and. d. d. d (1He, CH2-5, 2JHH 14.9 Hz, 3JHeHa 10.8 Hz, 3JHeHa 7.3 Hz, 4JHP 4.0 Hz), 2.12 m (1Ha, CH2-5), 3.96 t.d.. and (1Ha, CH2-6, 2JHH ~ 3JHaHa 11.3 Hz, 3JHaHe 7.3 Hz, 3JHP 4.2 Hz), 4.11 t.d. (2H, CH2CF2, 3JHF 12.6 Hz, 3JHP 7.1 Hz), 4.31 m (1He, CH2-6), 4.34 m (1H, CH-4), 5.92 t. t (1H, CHF2, 2JHF 53.3 Hz, 3JHF 4.4 Hz); for trans isomer (e,a): 1.22 and (3H, CH3, 3JHH 6.3 Hz), 1.62 and. q (1He, CH2-5, 2JHH 14.1 Hz, 3JHeHe(4) ~ 3JHeHe(6) ~ 4JHP ~ 3JHeHa(6) ~ 2.3 Hz), 2.08 m (1Ha, CH2-5), 3.83 t.d.. and (1Ha, CH2-6, 2JHH ~ 3JHaHa 10.7 Hz, 3JHaHe 4.5 Hz, 3JHP 1.8 Hz), 4.11 t.d. (2H, CH2CF2, 3JHF 12.6 Hz, 3JHP 7.1 Hz), 4.42 d. d . t (1He, CH2-6, 2JHH 10.7 Hz, 3JHeP 13.1 Hz, 3JHeHe ~ 3JHeHa 2.3 Hz), 4.55 m (1H, CH-4), 5.93 t. t (1H, CHF2, 2JHF 53.3 Hz, 3JHF 4.4 Hz). NMR spectrum 13С, С, ppm for cis isomer (e,e): 22.8 (CH3), 32.8 and (C5, 3JCP 11.4 Hz), 58.8 and (C6, 2JCP 2.6 Hz), 59.6 t.d. (CH2CF2, 2JCF 29.6 Hz, 2JCP 18.7 Hz), 69.9 and (C4, 2JCP 4.9 Hz), 109.2 t. t (HCF2, 1JCF 249.5 Hz, 2JCF 34.9 Hz), 114.8 t. t.d. (CF2, 1JCF 253.3 Hz, 2JCF 27.0 Hz, 3JCP 6.5 Hz); for trans isomer (e,a): 22.7 (CH3), 35.4 and (C5, 3JCP 5.0 Hz), 60.0 t.d. (CH2CF2, 2JCF 29.5 Hz, 2JCP 19.9 Hz), 60.2 and (C6, 2JCP 2.6 Hz), 66.5 and (C4, 2JCP 2.1 Hz), 109.3 t. t. (HCF2, 1JCF 249.7 Hz, 2JCF 35.3 Hz), 114.8 t. t.d. (CF2, 1JCF 250.0 Hz, 2JCF 27.2 Hz, 3JCP 6.5 Hz). NMR spectrum 19F, F, ppm for cis isomer (e,e): -138.9 and (CHF2, 2JFH 52.6 Hz), -125.4 m (CF2); for trans isomer (e,a): -139.1 and (CHF2, 2JFH 56.4 Hz), -125.6 m (CF2). NMR spectrum 31P: P 129.8 ppm for trans isomer (e.a) and P 133.6 ppm for cis isomer (e,e). Found, %: C, 33.59; H, 4.45; F, 30.78; P, 11.91. C7H11F4O3P. Calculated, %: C, 33.61; H, 4.43; F, 30.38; P, 12.38.
4-Methyl-2- (2,2,3,3,4,4,5,5-octafluoropentyloxy) -1,3,2-dioxaphosphorinane (18b), mixture cis-, trance-isomer s in relation to 18 : 1 (according to 1H and 31P NMR). Exit 12.6 g (72%), clear liquid, b.p. 98оC (2 mmHg), d420 1.4660, nD20 1.3804. IR spectrum, ν, cm-1: 2981 s, 2938 m, 2904 w, 1475 w, 1459 w, 1444 m, 1429 w, 1402 w, 1388 m, 1377 w, 1361 w, 1334 w, 1289 m, 1252 m, 1226 m, 1173 s, 1132 s, 1097 m, 1074 s, 1034 s, 982 m, 966 m, 925 s, 901 m, 887 m, 842 m, 809 m, 767 m, 752 s, 728 m, 629 w, 609 m, 573 w, 561 w, 546 m, 538 w, 520 w, 508 w, 487 w. NMR spectrum 1H, , ppm for cis isomer (e,e): 1.39 and (3H, CH3, 3JHH 6.3 Hz), 2.04 and. d. d. d(1Hе, CH2-5, 2JНН 14.3 Hz, 3JНeНa 10.8 Hz, 3JНеНа 7.3 Hz, 4JHP 4.0 Hz), 2.15 m (1Hа, CH2-5), 3.97 t. t.d. (1Hа, CH2-6, 2JНН ~ 3JНaНa 11.3 Hz, 3JНaНe 7.7 Hz, 3JHP 4.4 Hz), 4.25 t.d. (2H, CH2CF2, 3JHF 14.0 Hz, 3JHP 7.5 Hz), 4.33 m (1Hе, CH2-6), 4.35 m (1Н, СН-4), 6.04 t. t (1H, CHF2, 2JHF 52.0 Hz, 3JHF 5.5 Hz); for trans isomer (e,a): 1.20 and (3H, CH3, 3JHH 6.3 Hz), 1.61 and q(1Hе, CH2-5, 2JНН 14.3 Hz, 3JНeНe(4) ~ 3JНeНe(6) ~ 4JHP ~ 3JНeНa(6) ~ 2.2 Hz), 2.06 m (1Hа, CH2-5), 3.83 t.d.. and (1Hа, CH2-6, 2JНН ~ 3JНaНa 10.8 Hz, 3JНaНe 4.7 Hz, 3JHP 1.9 Hz), 4.42 d. d. t (1Hе, CH2-6, 2JНН 10.6 Hz, 3JНP 13.0 Hz, 3JНeНe ~ 3JНeНa 2.1 Hz), 4.55 m (1H, CH-4), signals of protons CH2CF2 and CHF2 groups are masked by more intense signals of cis isomer. NMR spectrum 13С, С, ppm for cis isomer (e,e): 22.7 (CH3), 32.8 and (C5, 3JCP 11.8 Hz), 58.8 and (C6, 2JCP 2.6 Hz), 59.7 t.d. (CH2CF2, 2JCF 26.5 Hz, 2JCP 21.4 Hz), 70.1 and (C4, 2JCP 5.2 Hz), 107.7 t. t (HCF2, 1JCF 254.3 Hz, 2JCF 30.6 Hz), 110.0 t. q (HCF2CF2, 1JCF 254.1 Hz, 2JCF 30.5 Hz), 111.0 t. q (CF2CF2CH2, 1JCF 265.0 Hz, 2JCF 30.2 Hz), 115.2 t. t.d. (CF2CH2, 1JCF 256.9 Hz, 2JCF 30.6 Hz, 3JCP 5.5 Hz); for trans isomer (e,a): 21.2 and (CH3, 3JCP 4.9 Hz), 35.4 and (C5, 3JCP 4.8 Hz), 60.3 and (C6, 2JCP 2.0 Hz), 66.6 (C4), signals 13С HCF2CF2CF2CH2 fragments are masked by more intense signals cis isomer. NMR spectrum 19F, F, ppm for cis isomer (e,e): -137.5 and. m (CHF2, 2JFH 52.0 Hz), -130.4 m (CF2CHF2), -125.4 m (CF2CF2CHF2), -120.5 m (CH2CF2). NMR spectrum 31P, P, ppm: 130.7 t (4JPF 5.7 Hz) for trans isomer and 134.2 t (4JPF 5.7 Hz) for cis isomer. Found, %: C, 30.61; H, 3.16; F, 43.62; P, 9.12. C9H11F8O3P. Calculated, %: C, 30.87; H, 3.17; F, 43.41; P, 8.85.
4,4,6-Trimethyl-2-(2,2,3,3,4,4,5,5-octafluoropentyloxy)-1,3,2-dioxaphosphorinane (18c), mixture cis-, trance-isomer s in relation to 2 : 1 (according to 1H and 31P NMR). Exit 9.14 g (48%), clear liquid, b.p. 78-79оC (1 mmHg), d420 1.4029, nD20 1.3874. IR spectrum, ν, cm-1: 2982 s, 2938 s, 2880 m, 2832 m, 1459 m, 1383 s, 1374 s, 1336 m, 1307 s, 1289 s, 1281 s, 1245 m, 1229 m, 1206 m, 1173 s, 1132 s, 1089 s, 1045 s, 979 s, 963 s, 934 s, 901 s, 879 m, 827 m, 809 s, 764 s, 752 s, 726 m, 707 m, 688 w, 629 w, 606 m, 574 w, 563 w, 546 m, 538 w, 520 m, 478 w, 458 w, 393 w, 379 w. NMR spectrum 1H, , ppm for cis isomer (e,e): 1.29 and (3H, CH3C6, 3JHH 6.0 Hz), 1.35 s (3H, CH3C4), 1.39 s (3H, CH3C4), 1.68 d. d. d(1He, CH2-5, 2JHH 14.5 Hz, 3JHeHa = 4JHP 3.4 Hz), 2.44 d. d (1Ha, CH2-5, 2JHH 14.5 Hz, 3JHaHa 13.1 Hz), 4.20 t.d. (2H, CH2CF2, 3JHF 13.6 Hz, 3JHP 7.0 Hz), 4.36 and. к. d. d . (1Ha, CH-6, 3JHaHa 13.1 Hz, 3JHаH 6.0 Hz, 3JHаHе 3.4 Hz, 3JHP 2.8 Hz), 6.06 t. t (1H, CHF2, 2JHF 52.0 Hz, 3JHF 4.7 Hz); for trans isomer (e,a): 1.25 and (3H, CH3C6, 3JHH 6.2 Hz), 1.29 s (3H, CH3C4), 1.50 s (3H, CH3C4), 1.63 d. d. d(1He, CH2-5, 2JHH 13.9 Hz, 3JHeHa 3.2 Hz, 4JHP 2.0 Hz), 1.84 d. d (1Ha, CH2-5, 2JHH 13.9 Hz, 3JHaHa 11.6 Hz), 4.19 t.d. (2H, CH2CF2, 3JHF 14.2 Hz, 3JHP 7.2 Hz), 4.62 and. к. d. d (1Ha, CH-6, 3JHaHa 11.6 Hz, 3JHaH 6.2 Hz, 3JHaHe 3.2 Hz, 3JHP 2.8 Hz), 6.06 t. t (1H, CHF2, 2JHF 52.0 Hz, 3JHF 5.6 Hz). NMR spectrum 13С, С, ppm for cis isomer (e,e): 23.6 (CH3C6), 28.2 and (CH3aC4, 3JCP 1.5 Hz), 31.7 (CH3eC4), 43.6 and (C5, 3JC-P 16.1 Hz), 59.7 and. t (CH2CF2, 2JC-F = 2JC-P 26.5 Hz), 67.8 and (C6, 2JC-P 6.1 Hz), 75.9 and (C4, 2JC-P 6.1 Hz), 107.6 t. t (HCF2, 1JCF 254.3 Hz, 2JCF 31.4 Hz), 110.4 t. t (HCF2CF2, 1JCF 264.0 Hz, 2JCF 30.6 Hz), 111.0 t. t (CF2CF2CH2, 1JCF 265.0 Hz, 2JCF 30.0 Hz), 115.2 t. t.d. (CF2CH2, 1JCF 255.8 Hz, 2JCF 31.0 Hz, 3JCP 7.3 Hz); for trans isomer (e,a): 22.7 and (CH3eC6, 3JCP 3.2 Hz), 28.0 (CH3aC4), 32.6 and (CH3eC4, 3JCP 4.1 Hz), 46.1 and (C5, 3JC-P 5.5 Hz), 59.9 and. t (CH2CF2, 2JC-F 26.0 Hz, 2JC-P 24.9 Hz), 62.8 and (C6, 2JC-P 2.9 Hz), 76.6 and (C4, 2JC-P 7.4 Hz), 107.6 t. t (HCF2, 1JCF 254.3 Hz, 2JCF 31.4 Hz), 110.4 t. t (HCF2CF2, 1JCF 264.0 Hz, 2JCF 30.6 Hz), 111.0 t. t (CF2CF2CH2, 1JCF 265.0 Hz, 2JCF 30.0 Hz), 115.2 t. t.d. (CF2CH2, 1JCF 255.8 Hz, 2JCF 31.0 Hz, 3JCP 7.3 Hz). NMR spectrum 19F, F, ppm for cis isomer (e,e): -137.4 and. m (CHF2, 2JFH 52.0 Hz), -130.4 m (CF2CHF2), -125.3 m (CF2CF2CHF2), -120.2 m (CH2CF2); for trans isomer (e,a): -137.4 and. m (CHF2, 2JFH 52.0 Hz), -130.4 m (CF2CHF2), -125.4 m (CF2CF2CHF2), -120.5 m (CH2CF2). NMR spectrum 31P, P, ppm: 130.5 t (4JPF 6.3 Hz) for trans isomer and 131.4 t (4JPF 6.3 Hz) for cis isomer. Found, %: C, 34.76; H, 4.13; F, 40.04; P, 8.01. C11H15F8O3P. Calculated, %: C, 34.93; H, 4.00; F, 40.19; P, 8.19.
2-(2,2,3,3,4,4,5,5-Octafluoropentyloxy)-1,3,2-dioxaphosphorinane (22а). Exit 7.6 g (45%), clear liquid, b.p. 73-74оC (1 mmHg), d420 1.5228, nD20 1.3804. IR spectrum, ν, cm-1: 2975 s, 2940 m, 2902 s, 2846 w, 1674 w, 1638 w, 1541 w, 1480 w, 1466 w, 1431 w, 1402 w, 1373 w, 1361 w, 1331 w, 1302 w, 1290 m, 1280 m, 1264 m, 1240 s, 1172 s, 1132 s, 1095 s, 1056 s, 1016 w, 992 m, 958 m, 938 s, 902 m, 891 m, 867 s, 809 m, 770 s, 745 s, 729 s, 689 m, 675 w, 629 w, 602 m, 574 w, 562 w, 547 m, 539 m, 522 w, 505 m, 449 w, 411 m, 395 m. NMR spectrum 1H, , ppm: 1.61 and. t. t.d. (1Hе, CH2-5, 2JНН 14.4 Hz, 3J НeНa 4.5 Hz, 3JНeНe 2.0 Hz, 4JHP 2.0 Hz), 2.47 and. t. t (1Hа, CH2-5, 2JНН 14.4 Hz, 3JНaНа(4,6) 12.8 Hz, 3JНaНе(4,6) 4.5 Hz), 3.85 and. d. d. d(2Hе, 2CH2-4(6), 2JHH 12.8 Hz, 3JHP 10.0 Hz, 3JНeНа(5) 4.5 Hz, 3JНeНe 2.0 Hz), 4.27 t.d. (2H, CH2CF2, 3JHF 13.8 Hz, 3JHP 7.4 Hz), 4.48 уш. t (2Hа, 2CH2-4(6), 2JHH 12.8 Hz, 3JНaНa(5) 12.8 Hz), 6.07 t. t (1H, CHF2, 2JHF 52.1 Hz, 3JHF 5.6 Hz). NMR spectrum 13С, С, ppm: 28.2 and (C5, 3JCP 5.5 Hz), 59.9 and (C4,6, 2JCP 1.8 Hz), 60.1 t.d. (CH2CF2, 2JCF 26.7 Hz, 2JCP 21.3 Hz), 107.7 t. t (HCF2, 1JCF 254.4 Hz, 2JCF 31.0 Hz), 110.1 t. t (HCF2CF2, 1JCF 264.6 Hz, 2JCF 30.8 Hz), 111.0 t. t (HCF2CF2CF2, 1JCF 264.5 Hz, 2JCF 31.6 Hz), 115.2 t. t.d. (CF2CH2, 1JCF 256.7 Hz, 2JCF 30.4 Hz, 3JCP 6.1 Hz). NMR spectrum 19F, F, ppm: -137.4 and m (CHF2, 2JFH 52.1 Hz), -130.3 m (CF2CHF2), -125.3 m (CF2CF2CHF2), -120.5 m (CH2CF2). NMR spectrum 31P: P 132.2 ppm Found, %: C, 28.30; H, 2.50; F, 45.50; P, 9.39. C8H9F8O3P. Calculated, %: C, 28.59; H, 2.70; F, 45.22; P, 9.22.
5,5-Dimethyl-2-(2,2,3,3,4,4,5,5-octafluoropentyloxy)-1,3,2-dioxaphosphorinane (22bd). Exit 9.7 g (53%), clear liquid, b.p. 82оC (1 mmHg), d420 1.4467, nD20 1.3839. IR spectrum, ν, cm-1: 2965 s, 2939 s, 2912 m, 2889 s, 1722 w, 1674 w, 1632 w, 1475 s, 1464 s, 1399 s, 1372 m, 1331 m, 1309 s, 1303 s, 1290 s, 1246 s, 1224 s, 1173 s, 1133 s, 1098 s, 1052 s, 1009 s, 964 s, 944 s, 910 s, 902 s, 867 w, 809 s, 793 s, 784 s, 754 s, 704 s, 689 s, 674 m, 624 s, 608 m, 573 m, 563 m, 546 m, 538 m, 522 w, 506 w, 461 m, 415 m, 383 m. NMR spectrum 1H, , ppm: 0.75 s (3H, Me), 1.25 s (3H, Me), 3.37 t (2Hе, 2CH2-4(6), 2JHH 10.8 Hz, 3JHP 10.8 Hz), 4.13 and (2Hа, 2CH2-4(6), 2JHH 10.8 Hz), 4.24 t.d. (2H, CH2CF2, 3JHF 13.9 Hz, 3JHP 7.3 Hz), 6.06 t. t (1H, CHF2, 2JHF 52.1 Hz, 3JHF 5.5 Hz). NMR spectrum 13С, С, ppm: 22.2 (CH3), 22.5 (CH3), 32.6 and (C5, 3JCP 4.4 Hz), 60.0 t.d. (CH2CF2, 2JCF 26.4 Hz, 2JCP 21.6 Hz), 69.3 (C4,6), 107.7 t. t (HCF2, 1JCF 254.3 Hz, 2JCF 31.0 Hz), 110.1 t. t (HCF2CF2, 1JCF 265.2 Hz, 2JCF 31.0 Hz), 111.0 t. t (CF2CF2CH2, 1JCF 265.6 Hz, 2JCF 30.4 Hz), 115.1 t. t.d. (CF2CH2, 1JCF 256.4 Hz, 2JCF 30.6 Hz, 3JCP 6.3 Hz). NMR spectrum 19F, F, ppm: -137.4 and. m (CHF2, 2JFH 52.1 Hz), -130.4 m (CF2CHF2), -125.4 m (CF2CF2CHF2), -120.6 m (CH2CF2). NMR spectrum 31P, P, ppm: 123.6 t (4JPF 5.7 Hz). Found, %: C, 33.21; H, 3.72; F, 42.02; P, 8.62. C10H13F8O3P. Calculated, %: C, 32.98; H, 3.60; F, 41.74; P, 8.51. 
NMR and IR spectrum data of bis (2-propynyl) polyfluoroalkyl phosphates (sections 2.1.1 and 2.1.4)
Bis (2-propynyl) (2,2,2-trifluoroethyl) phosphate (24а). Exit 4.2 g (41%), clear liquid, b.p. 62-64оC (0.4 mmHg), d420 1.3470, nD20 1.4098. IR spectrum, ν, cm-1: 3303 s, 3246 s, 3008 m, 2973 m, 2955 m, 2889 m, 2829 w, 2744 w, 2596 w, 2440 w, 2413 w, 2256 w, 2132 s, 1992 w, 1915 w, 1807 w, 1624 w, 1455 m, 1423 m, 1376 m, 1276 s, 1178 s, 1109 m, 1033 s, 994 m, 886 m, 777 m, 689 m, 658 m, 505 m. NMR spectrum 1H (CDCl3), , ppm: 2.65 t (2H, CH≡, 4JHH 2.3 Hz), 4.41 q (2H, CF3CH2, 3JHF 8.0 Hz, 3JHP 8.0 Hz), 4.74 d. d (4H, ≡CCH2, 3JHP 10.7 Hz, 4JHH 2.3 Hz). NMR spectrum 13С (CDCl3), С, ppm: 56.0 and (≡CCH2, 2JCP 4.9 Hz), 63.8 q. d(CF3CH2, 2JCF 38.2 Hz, 2JCP 4.4 Hz), 76.6 and (-C≡, 3JCP 7.1 Hz), 76.9 (CH≡), 122.4 q. d(CF3, 1JCF 277.6 Hz, 3JCP 10.5 Hz). NMR spectrum 19F (CDCl3), F, ppm: -75.0 t (CF3, 3JHF 8.0 Hz). NMR spectrum 31P (CDCl3): P -0.9 ppm Found, %: C 37.32; H 3.24; F 22.24; P 11.78. C8H8F3O4P. Calculated, %: C 37.52; H 3.15; F 22.25; P 12.09.
Bis(2-propynyl)(2,2,3,3-tetrafluoropropyl)phosphate (22b). Exit 4.1 g (36%), clear liquid, b.p. 85-87оC (0.4 mmHg), d420 1.3802, nD20 1.4128. IR spectrum, ν, cm-1: 3305 s, 3246 m, 3005 w, 2964 w, 2889 w, 2853 w, 2440 w, 2132 w, 1984 w, 1913 w, 1806 w, 1657 w, 1455 w, 1414 w, 1376 w, 1286 s, 1237 m, 1213 m, 1189 m, 1109 m, 1034 s, 994 m, 949 m, 886 m, 833 m, 778 m, 733 m, 677 m, 647 m, 549 m, 510 m. NMR spectrum 1H (CDCl3), , ppm: 2.65 t (2H, CH≡, 4JHH 2.4 Hz), 4.43 t.d.. t (2H, CF2CH2O, 3JHF 12.1 Hz, 3JHP 7.0 Hz, 4JHF 1.3 Hz), 4.74 d. d (4H, ≡CCH2O, 3JHP 10.9 Hz, 4JHH 2.4 Hz), 5.96 t. t (1H, CHF2, 2JHF 53.1 Hz, 3JHF 4.3 Hz). NMR spectrum 13С (CDCl3), С, ppm: 56.0 and (≡CCH2O, 2JCP 4.7 Hz), 63.4 t.d. (CF2CH2O, 2JCF 30.2 Hz, 2JCP 4.7 Hz), 76.4 and (-C≡, 3JCP 6.9 Hz), 77.0 (CH≡), 109.0 t. t (CHF2, 1JCF 250.4 Hz, 2JCF 34.9 Hz), 113.7 t. t.d. (CF2, 1JCF 251.3 Hz, 2JCF 27.3 Hz, 3JCP 9.5 Hz). NMR spectrum 19F (CDCl3), F, ppm: -138.4 and (CHF2, 2JHF 53.1 Hz), -125.2 m (CF2). NMR spectrum 31P (CDCl3): P -0.8 ppm Found, %: C 37.35; H 3.19; F 26.30; P 10.60. C9H9F4O4P. Calculated, %: C 37.52; H 3.15; F 26.37; P 10.75.
Bis(2-propynyl)ethylphosphate (24c). Exit 3.1 g (38%), clear liquid, b.p. 85-87оC (0.4 mmHg), d420 1.1560, nD20 1.4500 (nD20 1.4488 [21]). IR spectrum, ν, cm-1: 3295 s, 3229 s, 2987 s, 2945 m, 2913 m, 2883 m, 2826 w, 2779 w, 2747 w, 2636 w, 2529 w, 2438 w, 2127 s, 2080 w, 2024 w, 1899 w, 1783 w, 1637 w, 1479 m, 1451 m, 1395 m, 1374 m, 1277 s, 1166 m, 1031 s, 995 s, 857 s, 851 s, 754 m, 688 m, 649 m, 560 m. NMR spectrum 1H (CDCl3), , ppm: 1.32 t (3H, Me, 3JHH 7.1 Hz), 2.56 t (2H, CH≡, 4JHH 2.4 Hz), 4.15 q (2H, MeCH2O, 3JHH 7.1 Hz, 3JHP 7.1 Hz), 4.64 d. d (4H, ≡CCH2O, 3JHP 10.2 Hz, 4JHH 2.4 Hz). NMR spectrum 13С (CDCl3), С, ppm: 15.5 and (Me, 3JCP 6.9 Hz), 54.7 and (≡CCH2O, 2JCP 4.3 Hz), 64.2 and (MeCH2O, 2JCP 6.0 Hz), 75.7 (CH≡), 76.9 and (-C≡, 3JCP 7.7 Hz). NMR spectrum 31P (CDCl3): P -0.3 ppm Found, %: С 47.82; H 5.47; P 15.13. C8H11O4P. Calculated, %: C 47.53; H 5.48; P 15.32.
Bis(2-propynyl)propyl phosphate (24g). Exit 3.6 g (42%), clear liquid, b.p. 87-89оC (0.4 mmHg), d420 1.1206, nD20 1.4511 (nD20 1.4512 [21]). IR spectrum, ν, cm-1: 3295 s, 3228 s, 2972 s, 2942 m, 2901 m, 2882 m, 2743 w, 2689 w, 2438 w, 2128 s, 1922 w, 1817 w, 1623 w, 1455 m, 1394 m, 1375 m, 1351 m, 1277 s, 1153 m, 1029 s, 994 s, 944 s, 910 m, 873 m, 782 m, 688 m, 648 m, 558 m, 383 m. NMR spectrum 1H (CDCl3), , ppm: 0.95 t (3H, Me, 3JHH 7.5 Hz), 1.71 sextet (2H, MeCH2, 3JHH 7.1 Hz), 2.56 t (2H, CH≡, 4JHH 2.3 Hz), 4.05 and. к (2H, EtCH2O, 3JHH 6.9 Hz, 3JHP 6.9 Hz), 4.67 d. d (4H, ≡CCH2O, 3JHP 10.1 Hz, 4JHH 2.3 Hz). NMR spectrum 13С (CDCl3), С, ppm: 10.0 (Me), 23.6 and (MeCH2, 3JCP 7.2 Hz), 55.2 and (≡CCH2O, 2JCP 4.9 Hz), 70.1 and (EtCH2O, 2JCP 6.1 Hz), 76.1 (CH≡), 77.5 and (-C≡, 3JCP 7.8 Hz). NMR spectrum 31P (CDCl3): P -0.2 ppm Found, %: C 50.05; H 6.12; P 14.05. C9H13O4P. Calculated, %: C 50.01; H 6.06; P 14.33. 
Bis(1-benzyl-1H-1,2,3-triazol-4-yl)(2,2,2-trifluoroethyl) phosphate (25а). NMR spectrum 1H (CDCl3), , ppm: 4.05 and. к (2H, CF3CH2, 3JHP 6.3 Hz, 3JHF 8.9 Hz), 4.91 and (4H, triazole -CH2O, 3JHP 8.1 Hz), 5.38 ы (4Н, PhCH2), 7.14-7.27 m (10Н, Ph), 7.55 c (2H, H triazole). NMR spectrum 13С (CDCl3), С, ppm: 53.9 (PhCH2), 59.1 and (triazole -CH2O, 2JCP 5.4 Hz), 62.5 q. d(CF3CH2, 2JCF 35.5 Hz, 2JCP 4.3 Hz), 123.9 q. d(CF3, 1JCF 278.0 Hz, 3JCP 10.9 Hz), 123.0 (С5triazole), 128.0 (Сo), 128.5 (Сп), 128.9 (Сm), 134.6 (Cипсо), 146.0 and (С4 triazole, 3JCP 7.9 Hz). NMR spectrum 15N (CDCl3), N, ppm: -132.0 (N1), -32.0 (N3), -20.0 (N2). NMR spectrum 19F (CDCl3), F, ppm: -74.9 t (CF3, 3JHF 8.8 Hz). NMR spectrum 31P (CDCl3): P -1.0 ppm the mass spectrum, m/z (Iоtн, %): 522 (0.2) [M]+.
Bis(1-benzyl-1H-1,2,3-triazol-4-yl)(2,2,3,3-tetrafluoropropyl)phosphate (25b). NMR spectrum 1H (CDCl3), , ppm: 4.07 t.d. (2H, CF2CH2O, 3JHF 12.7 Hz, 3JHP 5.7 Hz), 4.94 and (triazole -CH2O, 3JHP 7.0 Hz), 5.41 s (4Н, PhCH2), 5.94 t. t (1H, CHF2, 2JHF 52.0 Hz, 3JHF 5.8 Hz), 7.17-7.45 m (10Н, Ph), 7.57 s (2H, Htriazole). NMR spectrum 13С (DMСО-d6), С, ppm: 53.0 (PhCH2), 59.1 and (triazole -CH2O, 2JCP 5.0 Hz), 62.4 m (CF2CH2O), 110.3 t. t (CHF2, 1JCF 247.5 Hz, 2JCF 32.3 Hz), 116.4 t. t.d. (CF2, 1JCF 248.9 Hz, 2JCF 25.4 Hz, 3JCP 9.3 Hz), 124.9 (С5triazole), 128.9 (Сo), 129.7 (Сm), 131.1 (Сп), 137.1 (Cипсо), 146.2 and (С4triazole, 3JCP 8.5 Hz). NMR spectrum 15N (DMСО-d6), N, ppm: -130.1 (N1), -28.3 (N3), -18.5 (N2). NMR spectrum 19F (DMСО-d6), F, ppm: -139.7 and. t (CHF2, 2JHF 52.2 Hz, 3JFF 6.6 Hz), -126.0 m (CF2). NMR spectrum 31P (CDCl3): P -0.9 ppm
Bis(1-benzyl-1H-1,2,3-triazol-4-yl)propylphosphate (25g). NMR spectrum 1H (CDCl3), , ppm: 0.81 t (3H, Me, 3JHH 7.4 Hz), 1.51 sextеt (2H, MeCH2, 3JHH 7.4 Hz), 3.72 and. t (2H, EtCH2O, 3JHH 7.4 Hz, 3JHP 7.0 Hz), 4.97 and (triazole -CH2O, 3JHP 6.9 Hz), 5.43 s (4Н, PhCH2), 7.20-7.48 m (10Н, Ph), 7.62 s (2H, Htriazole). NMR spectrum 13С (DMСО-d6), С, ppm: 11.3 (Me), 24.5 and (MeCH2, 3JCP 7.3 Hz), 53.7 (PhCH2), 59.0 and (triazole -CH2O, 2JCP 4.8 Hz), 66.9 and (EtCH2O, 2JCP 5.8 Hz), 124.9 (С5triazole), 128.9 (Сo), 129.7 (Сm), 133.6 (Сп), 137.1 (Cипсо), 146.2 and (С4triazole, 3JCP 8.4 Hz). NMR spectrum 15N (DMСО-d6), N, ppm: -130.1 (N1), -27.8 (N3), -18.6 (N2). NMR spectrum 31P (CDCl3): P 0.2 ppm
NMR and IR spectrum data of diallylpolyfluoroalkylphosphites (sections 2.1.2 and 2.1.4)
Diallyl (2,2,2-trifluoroethyl) phosphite (27а). Exit 7.4 g (75%), clear liquid, b.p. 38-39оC (1 mmHg), d420 1.1649, nD20 1.4013, η 1.37 cP. IR spectrum, ν, cm-1: 3089 m, 3020 w, 2986 m, 2940 m, 2879 m, 1649 m, 1456 m, 1424 m, 1410 m, 1339 w, 1283 s, 1168 s, 1089 s, 1068 s, 1023 s, 988 s, 963 s, 924 s, 846 m, 794 s, 656 w, 558 w, 512 w. NMR spectrum 1H, , ppm: 4.12 d. q (2H, CF3CH2, 3JHP 7.1, 3JHF 8.4 Hz), 4.36 d. d (4H, CH2CH=, 3JНР 8.1, 3JHH 5.4 Hz), 5.19 and (2H, =CH2, Hcis, 3Jcis 10.4 Hz), 5.30 and (2H, =CH2, Htrance, 3Jtrance 18.2 Hz), 5.90 d. d . t (2H, CH=, 3Jtrance 18.2, 3Jcis 10.4, 3JHH 5.4 Hz). NMR spectrum 13С, С, ppm: 59.0 q. d(CF3CH2, 2JCF 36.2, 2JCP 8.6 Hz), 63.6 and (CH2CH=, 2JCP 12.1 Hz), 116.8 (CH2=), 123.4 q. d(CF3, 1JCF 278.0, 3JCP 6.0 Hz), 133.8 and (CH=, 3JCP 5.2 Hz). NMR spectrum 19F: F −75.3 ppm NMR spectrum 31P: P 139.7 ppm Found, %: C 39.12; H 4.78; F 23.48; P 12.48. C8H12F3O3P. Calculated, %: C 39.36; H 4.95; F 23.34; P 12.69.
Diallyl(2,2,3,3-tetrafluoropropyl)phosphite (27b). Exit 8.6 g (77%), transparent colorless liquid, b.p. 59-60°C (1 mmHg), d420 1.2067, nD20 1.4076, η 1.80 cP. IR spectrum, ν, cm-1: 3089 m, 3020 m, 2988 s, 2946 s, 2880 s, 1650 m, 1458 s, 1425 s, 1416 m, 1380 m, 1359 m, 1282 s, 1265 s, 1230 s, 1210 s, 1130 s, 1105 s, 1051 s, 1022 s, 989 s, 932 s, 835 s, 793 s, 680 m, 673 w, 645 w, 583 w, 549 m, 385 w. NMR spectrum 1H, , ppm: 3.96 t.d.. t (2H, CH2CF2, 3JHF 12.7, 3JHP 6.2, 4JHF 1.6 Hz), 4.17 d. d . t (4H, CH2CH=, 3JHP 8.4, 3JHH 5.3, 4JHH 1.6 Hz), 5.03 and. m (2H, =CH2, Hcis, 3Jcis 10.5 Hz), 5.20 d. d . t (2H, =CH2, Htrance, 3Jtrance 17.1, 2JHH 1.7, 4JHH 1.6 Hz), 5.52 t. t.d. (1H, CF2H, 2JHF 53.1, 3JHF 4.9, 5JHP 1.5 Hz), 5.75 d. d . t (2H, CH=, 3Jtrance 17.1, 3Jcis 10.5, 3JHH 5.3 Hz). NMR spectrum 13С, С, ppm: 58.8 t.d. (CH2CF2, 2JCF 29.5, 2JCP 7.9 Hz), 63.6 and (CH2CH=, 2JCP 12.1 Hz), 109.5 t. t (НCF2, 1JCF 249.3, 2JCF 34.4 Hz), 115.2 t. t.d. (CH2CF2, 1JCF 249.7, 2JCF 26.7, 3JCP 5.0 Hz), 117.4 (CH2=), 134.5 and (CH=, 3JCP 5.1 Hz). NMR spectrum 19F, F, ppm: −139.2 and. t (CF2H, 2JHF 53.1, 3JFF 4.6 Hz), −125.7 m (CF2). NMR spectrum 31P: P 139.5 ppm Found, %: C 39.12; H 4.85; F 27.65; P 11.38. C9H13F4O3P. Calculated, %: C 39.14; H 4.74; F 27.52; P 11.22.
Diallyl (2,2,3,3,4,4,5,5-octafluoropentyl) phosphite (27c). Exit 11.4 g (75%), transparent colorless liquid, b.p. 70-72°C (1 mmHg), d420 1.3534, nD20 1.3882, η 3.63 cP. IR spectrum, ν, cm-1: 3090 m, 3021 m, 2988 m, 2954 m, 2889 m, 1650 m, 1459 m, 1426 m, 1411 m, 1360 m, 1287 s, 1263 s, 1173 s, 1132 s, 1023 s, 988 s, 928 s, 904 s, 806 s, 689 w, 673 w, 628 m, 609 m, 546 m, 506 m. NMR spectrum 1H, , ppm: 4.24 t. d. t (2H, CH2CF2, 3JHF 14.0, 3JHP 6.5, 4JHF 1.4 Hz), 4.36 and. d. d. d(4H, CH2CH=, 3JHP 8.4, 3JHH 5.4, 4JHH 1.4, 4JHH 0.7 Hz), 5.19 and. d. d. d(2H, =CH2, Hcis, 3Jcis 10.4, 2JHH 1.5, 4JHH 1.4, 4JHH 0.7 Hz), 5.28 d. d. t (2H, =CH2, Htrance, 3Jtrance 17.1, 2JHH 1.5, 4JHH 1.4 Hz), 5.91 d. d . t (2H, CH=, 3Jtrance 17.1, 3Jcis 10.4, 3JHH 5.4 Hz), 6.03 t. t (1H, CF2H, 2JHF 51.9, 3JHF 5.4 Hz). NMR spectrum 13С, С, ppm: 58.4 t.d. (CH2CF2, 2JCF 26.3, 2JCP 8.2 Hz), 63.9 and (CH2CH=, 2JCP 12.1 Hz), 107.7 t. t (CF2H, 1JCF 254.0, 2JCF 31.0 Hz), 110.1 t. q (CF2CF2H,1JCF 250.0, 2JCF 29.0 Hz), 110.9 t. q (CF2CF2CF2H, 1JCF 264.7, 2JCF 30.6 Hz), 115.1 t. t.d. (CF2CH2, 1JCF 256.5, 2JCF 31.0, 3JM 3.5 Hz), 117.0 (CH2=), 134.1 and (CH=, 3JCP 5.2 Hz). NMR spectrum 19F, F, ppm: −137.2 and (CF2H, 2JHF 51.9 Hz), −130.2 m (CF2CF2H), −125.3 m (CF2CF2CF2H), −120.4 m (CF2CH2). NMR spectrum 31P: P 140.8 ppm Found, %: C 35.10; H 3.47; F 40.18; P 8.10. C11H13F8O3P. Calculated, %: C 35.12; H 3.48; F 40.40; P 8.23.
Bis(2,2,2-trifluoroethyl)ethylphosphite (28а). Exit 9.9 g (56%), transparent colorless liquid, b.p. 23°C (1 mmHg), d420 1.3743, nD20 1.3022, η 1.92 m. IR spectrum, ν, cm-1: 2980 m, 2950 m, 2921 m, 2880 w, 2854 w, 1806 w, 1483 m, 1458 m, 1424 s, 1400 m, 1375 m, 1273 s, 1174 s, 1083 s, 1041 s, 965 s, 894 s, 842 s, 769 m, 661 s, 559 m, 510 m, 483 m. NMR spectrum 1H, , ppm: 1.28 t (3H, CH3, 3JHH 7.1 Hz), 3.95 and. к (2H, CH3CH2, 3JHP 8.4, 3JHH 7.1 Hz), 4.13 q (4H, CF3CH2, 3JHF = 3JHP 8.4 Hz). NMR spectrum 13С, С, ppm: 16.4 and (CH3, 3JCP 5.2 Hz), 59.5 q. d(CF3CH2, 2JCF 36.9, 2JCP 9.6 Hz), 59.9 and (CH3CH2, 2JCP 12.5 Hz), 123.4 q. d(CF3, 1JCF 277.9, 3JCP 5.9 Hz). NMR spectrum 19F, F, ppm: −75.5 t.d. (CF3, 3JFH 8.4, 4JFP 4.5 Hz). NMR spectrum 31P: P 139.5 ppm Found, %: C 26.08; H 3.51; F 41.33; P 11.50. C6H9F6O3P. Calculated, %: C 26.29; H 3.31; F 41.59; P 11.30.
Bis(2,2,2-trifluoroethyl)ethylphosphite (28a). Exit (82%), transparent colorless liquid, b.p. 67°C (1 mm Hg), d420 1.3605, nD20 1.400, η 3.790 cP. IR spectrum, ν, cm-1: 2987 s, 2965 m, 2896 m, 1480 m, 1458 m, 1394 m, 1354 w, 1288 m, 1255 m, 1234 s, 1209 s, 1034 s, 1109 s, 1046 s, 1029 s, 948 s, 935 s, 834 s, 812 m, 786 s, 763 m, 671 m, 645 w, 583 m, 548 s, 531 w, 483 w, 453 w. NMR spectrum 1H, , ppm: 1.28 t (3H, CH3, 3JHH 7.1 Hz), 3.93 d. q (2H, СН3CH2, 3JHH 7.1, 3JHP 8.4 Hz), 4.14 t. d. (4H, CF2CH2, 3JHP 6.7, 3JHF 12.7 Hz), 5.89 t. t (2H, НCF2, 2JHF 53.1, 3JHF 4.7 Hz). NMR spectrum 13С, С, ppm: 16.6 and (CH3, 3JCP 5.2 Hz), 59.0 t. d. (CF2CH2, 2JCF 30.0, 2JCP 9.2 Hz), 60.0 and (CH3CH2, 2JCP 14.4 Hz), 109.3 t. t (НCF2, 1JCF 249.7, 2JCF 35.2 Hz), 114.6 t. t.d. (CF2, 1JCF 249.7, 2JCF 27.2, 3JCP 5.2 Hz). NMR spectrum 19F, F, ppm: -139.3 and (НCF2, 2JHF 53.1 Hz), -125.8 m (CF2). NMR spectrum 31P: P 139.5 ppm Found, %: C 28.38; H 3.51; F 44.63; P 9.30. C8H11F8O3P. Calculated, %: C 28.42; H 3.28; F 44.95; P 9.16.
Bis(2,2,3,3,4,4,5,5-octafluoropentyl)ethylphosphite (28c). Exit 22.6 g (65%), transparent colorless liquid, b.p. 105°C (1 mmHg), d420 1.3466, nD20 1.5876, η 9.49 cP. IR spectrum, ν, cm-1: 2989 m, 2950 m, 2897 m, 1481 w, 1457 m, 1402 m, 1395 m, 1361 m, 1331 m, 1291 s, 1172 s, 1133 s, 1058 s, 1030 s, 991 s, 958 s, 940 s, 904 s, 873 m, 806 s, 717 m, 690 m, 674 w, 629 m, 609 m, 546 m, 523 m, 453 w, 446 w. NMR spectrum 1H, , ppm: 1.30 t (3H, CH3, 3JHH 7.1 Hz), 3.98 and. к (2H, CH3CH2, 3JHP 8.4, 3JHH 7.1 Hz), 4.27 t.d. (4H, CF2CH2, 3JHF 13.5, 3JHP 6.6 Hz), 6.05 t. t (2H, CF2H, 2JHF 52.2, 3JHF 5.5 Hz). NMR spectrum 13С, С, ppm: 16.6 and (CH3, 3JCP 5.2 Hz), 58.9 t.d. (CF2CH2, 2JCF 26.4, 2JCP 9.2 Hz), 60.2 and (CH3CH2, 2JCP 13.2 Hz), 107.8 t. t (CF2H, 1JCF 253.7, 2JCF 31.2 Hz), 111.1 t. q (CF2CF2CF2CF2H, 1JCF 265.2, 2JCP 31.2 Hz), 115.0 t. t.d. (OCH2CF2, 1JCF 256.8, 2JCF 31.6, 3JCP 4.4 Hz). NMR spectrum 19F, F, ppm: −137.4 and. m (CF2H, 2JHF 52.0 Hz), −130.3 m (CF2CF2H), −125.5 m (CF2CF2CF2H), −120.7 m (CH2CF2). NMR spectrum 31P: P 139.8 ppm Found, %: C 26.68; H 2.11; F 56.33; P 5.55. C12H11F16O3P. Calculated, %: C 26.78; H 2.06; F 56.48; P 5.76.

8 NMR and IR spectrumscopy data for amido and diamidophosphites with polyfluoroalkyl substituents (Sections 3.1 and 3.2)
Bis(2,2,2-trifluoroethyl)diallylamidophosphite (30а). Exit 19.6 g (60%), clear liquid, b.p. 53°C (1 mmHg), d420 1.3918, nD20 1.2514. IR spectrum, ν, cm-1: 3085 m, 2995 s, 2936 s, 2918 m, 2865 m, 1643 m, 1455 m, 1444 m, 1419 s, 1360 m, 1300 s, 1282 s, 1168 s, 1100 m, 1074 s, 994 m, 965 s, 927 s, 890 m, 848 s, 795 m, 772 s, 730 m, 652 m, 588 m, 553 m, 536 m, 509 w, 435 m, 422 m. NMR spectrum 1H, , ppm: 3.63 d. d. t (4H, NCH2, 3JHP 9.4, 3JHH 6.2, 4JHH 1.0 Hz), 3.98 and 4.07 d. d . к (4H, OCH2, 2JHН 12.4, 3JHP 6.6, 3JHF 8.8 Hz), 5.15 d. d . t (2H, CH2=, Htrance, 3JНН 16.8, 2JHH 1.5, 4JHH 1.0 Hz), 5.17 and. m (2H, CH2=, Hcis, 3JНН 10.6 Hz), 5.67 d. d . t (2H, CH=, 3JHH 16.8, 3JHH 10.6, 3JHH 6.2 Hz). NMR spectrum 13C, С, ppm: 46.2 and (CH2N, 2JСP 20.1 Hz), 61.5 q. d (CH2O, 2JCF 36.1, 2JM 16.1 Hz), 117.7 (CH2=), 123.9 q. d (CF3, 1JCF 278.1, 3JCP 8.7 Hz), 135.3 and (CH=, 3JCP 2.7 Hz). NMR spectrum 19F, F, ppm: –75.5 t.d. (CF3, 3JFН 8.8 Hz, 4JFР 6.1 Hz). NMR spectrum 31P: P 151.3 ppm Found, %: C 37.08; H 4.61; F 35.23; N 4.53; P 9.50. C10H14F6NO2P. Calculated, %: C 36.93; H 4.34; F 35.05; N 4.31; P 9.52.
Bis(2,2,2-trifluoroethyl)-N, N-diphenylamidophosphite (30b). Exit 22.2 g (56%), clear liquid, b.p. 103-104°C (1 mmHg). IR spectrum, ν, cm-1: 3402 m, 3087 w, 3039 m, 2938 m, 2888 w, 1594 s, 1510 m, 1490 s, 1451 m, 1416 m, 1301 s, 1281 s, 1258 m, 1168 s, 1096 s, 1067 s, 1030 m, 1007 w, 964 s, 915 w, 889 m, 847 m, 797 m, 751 s, 693 s, 655 m, 611 w, 555 m, 532 m, 487 w. NMR spectrum 1H, , ppm: 4.10 and 4.14 d. d . к (4H, OCH2, 2JHН 12.4, 3JHP 6.0, 3JHF 8.4 Hz), 7.24 m (4H, o-Ph), 7.36 m (4H, m-Ph), 7.33 m (2H, п-Ph). NMR spectrum 13C, С, ppm: 61.9 q. d(CH2O, 2JCF 36.3, 2JCP 16.8 Hz), 123.4 q. d(CF3, 1JCF 278.4, 3JCP 8.0 Hz), 125.2 (Cп), 125.9 and (Cо, 3JCP 6.9 Hz), 129.3 (Cm), 143.6 and (Cипсо, 2JCP 10.3 Hz). NMR spectrum 19F, F, ppm: –75.0 t.d. (CF3, 3JFH 8.4, 4JFP 6.5 Hz). NMR spectrum 31P: P 141.8 ppm Found, %: C 48.54; H 3.38; F 28.55; N 3.37; P 7.68. C16H14F6NO2P. Calculated, %: C 48.38; H 3.55; F 28.69; N 3.53; P 7.80.
Bis(2,2,2-trifluoroethyl)dimethylamidophosphite 33. Exit 9.18 g (42%) clear liquid, b.p. 24-25oC (1 mmHg) (b.p. 25°C (1 mmHg), nD20 1.3820 (nD20 1.3823). NMR spectrum 1H, , ppm: 2.67 and (6H, Me, 3JHP 9.2 Hz), 3.99 q (2H, CH2, 3JHF = 3JHP 8.4 Hz), 4.00 q (2H, CH2, 3JHF = 3JHP 8.7 Hz). NMR spectrum 31P, P, ppm: 51.0. Found, %: C 26.17; H 3.44; F 41.91; P 11.12. C6H10F6NO2P. Calculated, %: C 26.39; H 3.69; F 41.74; P 11.34.
Bis(diethylamido)-2,2,2-trifluoroethylphosphite (36а). Exit 19.2 g (56%), colorless liquid, b.p. 78-80°C (1 mmHg). Compound 31а crystallizes during distillation, colorless crystals, mp 56-69оС. IR spectrum, ν, cm-1: 2971 s, 2934 s, 2871 s, 2726 w, 1463 s, 1415 m, 1377 s, 1345 w, 1281 s, 1190 m, 1189 m, 1162 s, 1100 s, 1074 s, 1024 s, 1011 s, 965 s, 923 m, 845 m, 789 m, 768 w, 672 m, 649 w, 560 w, 533 w, 526 w, 496 w, 479 w. NMR spectrum 1H, , ppm: 1.02 t (12H, Me, 3JHH 7.1 Hz), 2.93 and 3.05 d. d . к (8H, NCH2, 2JHH 16.6, 3JHP 9.7, 3JHH 7.1 Hz), 3.86 and. к (2H, CH2O, 3JHP 7.7, 3JHF 8.8 Hz). NMR spectrum 13C, С, ppm: 14.6 and (Me, 3JCP 2.3 Hz), 38.9 and (NCH2, 2JCP 19.5 Hz), 61.9 q. d(CH2O, 2JCF 35.2, 2JCP 21.0 Hz), 124.3 q. d(CF3, 1JCF 278.4, 3JCP 10.7 Hz). NMR spectrum 19F, F, ppm: –75.2 t.d. (CF3, 3JFH 8.8, 4JFР 6.8 Hz). NMR spectrum 31P: P 140.7 ppm Found, %: C 43.54; H 8.18; F 20.55; N 10.07; P 11.38. C10H22F3N2OP. Calculated, %: C 43.79; H 8.09; F 20.78; N 10.21; P 11.29.
Bis(diallylamido)-2,2,2-trifluoroethylphosphite (36b). Exit 26.9 g (67%), colorless liquid, b.p. 82-83°C (1 mmHg), d420 1.0981, nD20 1.4520. IR spectrum, ν, cm-1: 3080 m, 3009 w, 2981 m, 2903 m, 2848 m, 1640 m, 1439 m, 1417 s, 1349 m, 1280 s, 1162 s, 1095 s, 1049 m, 993 s, 921 s, 846 m, 759 s, 648 w, 585 w, 555 m. NMR spectrum 1H, , ppm: 3.46 d. d. d(4H, NCH2, 2JHH 15.2, 3JHP 8.9, 3JHH 6.1 Hz), 3.61 d. d. d(4H, NCH2, 2JHH 15.2, 3JHP 8.4, 3JHH 6.1 Hz), 3.92 and. k (2H, CH2O, 3JHР 8.2, 3JHF 8.7 Hz), 5.10 and (4H, CH2=, Htrance, 3JНН 17.9 Hz), 5.10 and (4H, CH2=, Hcis, 3JНН 9.7 Hz), 5.67 d. d. t (4H, CH=, 3JНН 17.9, 3JНН 9.7, 3JHH 6.1 Hz). NMR spectrum 13C, С, ppm: 47.7 and (NCH2, 2JCP 18.4 Hz), 62.4 q. d(CH2O, 2JCF 35.6 Hz, 2JCP 20.8 Hz), 117.0 (CH2=), 124.1 q. d(CF3, 1JCF 278.0, 3JCP 10.8 Hz), 136.0 and (CH=, 3JCP 2.4 Hz). NMR spectrum 19F, F, ppm: –75.1. NMR spectrum 31P: P 139.7 ppm Found, %: C 52.02; H 6.78; F 17.48; N 8.54; P 9.98. C14H22F3N2OP. Calculated, %: C 52.17; H 6.88; F 17.68; N 8.69; P 9.61.
Bis(dimethylamido)-2,2,3,3-tetrafluoropropylphosphite (36c). Exit 16.3 g (52%), colorless liquid, b.p. 30-31°C (1 mmHg), d420 1.1619, nD20 1.4067. IR spectrum, ν, cm-1: 2994 m, 2972 m, 2923 s, 2884 s, 2839 s, 2795 s, 1484 m, 1462 s, 1454 s, 1409 w, 1352 w, 1277 s, 1229 s, 1201 s, 1134 m, 1121 s, 1082 s, 976 s, 955 s, 832 s, 771 s, 685 s, 659 m, 584 w, 548 s, 532 w, 506 w, 456 w, 409 m. NMR spectrum 1H, , ppm: 2.52 and 2.55 s (12H, Me), 3.87 t. d. t (2H, CH2, 3JHF 12.6, 3JHP 6.9, 4JHF 1.6 Hz), 5.90 t. t (1H, HCF2, 2JHF 53.3, 3JHF 5.1 Hz). NMR spectrum 13C, С, ppm: 36.2 and 36.4 (Me), 61.4 t. d. (CH2, 2JCF 29.5, 2JCP 17.6 Hz), 109.2 t. t (HCF2, 1JCF 249.3, 2JCF 34.80 Hz), 115.2 t. t.d. (CF2, 1JCF 249.9, 2JCF 26.4, 3JCP 8.5 Hz). NMR spectrum 19F, F, ppm: –149.3 and (HCF2, 2JHF 53.3 Hz), –126.3 (CF2). NMR spectrum 31P: P 142.0 ppm Found, %: C 33.59; H 6.13; F 30.58; N 11.09; P 12.33. C7H15F4N2OP. Calculated, %: C 33.61; H 6.04; F 30.38; N 11.20; P 12.38.
Bis(diallylamido)-2,2,3,3-tetrafluoropropylphosphite (36g). Exit 30.1 g (68%), light yellow viscous liquid, b.p. 98-99°C (1 mmHg), d420 1.1390, nD20 1.4527. IR spectrum, ν, cm-1: 3082 m, 3009 m, 2982 m, 2917 m, 2858 m, 2793 w, 2732 w, 2670 w, 2423 w, 1679 w, 1642 m, 1442 m, 1419 s, 1359 m, 1280 s, 1259 s, 1231 s, 1207 s, 1109 s, 993 s, 1049 m, 993 s, 927 s, 833 m, 762 m, 670 w, 548 m. NMR spectrum 1H, , ppm: 3.47 d. d. d(4H, NCH2, 2JHH 15.2, 3JHP 9.0, 3JHH 6.1 Hz), 3.60 d. d. d(4H, NCH2, 2JHH 15.2, 3JHP 8.7, 3JHH 6.4 Hz), 3.92 t.d. (2H, CH2O, 3JHF 12.5 Hz, 3JHP 6.1 Hz), 5.12 and (4H, CH2=, Htrance, 3JHH 17.9 Hz), 5.13 and (4H, CH2=, Hcis, 3JHH 9.4 Hz), 5.68 m (4H, CH=), 5.92 t. t (1H, HCF2, 2JHF 53.3, 3JHF 5.4 Hz). NMR spectrum 13C, С, ppm: 47.8 and (NCH2, 2JCP 18.8 Hz), 61.9 t.d. (CH2O, 2JCF 30.3, 2JCP 19.9 Hz), 109.2 t. t (HCF2, 1JCF 249.6, 2JCF 34.3 Hz), 115.2 t. t.d. (CF2, 1JCF 250.0, 2JCF 26.5, 3JCP 10.2 Hz), 116.8 (CH2=), 136.0 (CH=). NMR spectrum 19F, F, ppm: –139.9 and (HCF2, 2JHF 53.3 Hz), –125.9 (CF2). NMR spectrum 31P: P 137.5 ppm Found, %: C 50.81; H 6.53; F 21.40; N 7.89; P 8.71. C15H23F4N2OP. Calculated, %: C 50.85; H 6.54; F 21.45; N 7.91; P 8.74.
Bis(diallylamido)-2,2,3,3,4,4,5,5-octafluoropentylphosphite (36d). Exit 42.0 g (74%), yellow liquid, b.p. 123-124°C (1 mmHg), d420 1.2302, nD20 1.4318. IR spectrum, ν, cm-1: 3082 m, 3010 m, 2983 m, 2909 m, 2852 m, 1641 m, 1441 m, 1419 s, 1359 m, 1289 m, 1259 m, 1233 m, 1172 s, 1132 s, 1094 m, 1046 m, 993 s, 923 s, 905 m, 848 w, 808 m, 763 m, 672 w, 547 m. NMR spectrum 1H, , ppm: 3.46 and 3.59 d. d. D (8H, NCH2, 2JHH 15.3 Hz, 3JHP 8.3, 3JHH 6.1, 3JHH 6.6 Hz), 4.02 t.d.. t (2H, CH2O, 3JHF 14.0, 3JPH 6.8, 4JHF 1.4 Hz), 5.10 уш. and (4H, CH2=, Htrance, 3JHH 17.7 Hz), 5.10 уш. and (4H, CH2=, Hcis, 3JHH 9.5 Hz), 5.65 and. d. d. d(4H, CH=, 3JHH 17.7, 3JHH 9.5, 3JHH 6.1, 3JHH 6.6 Hz), 6.03 t. t (1H, HCF2 2JHF 52.0, 3JHF 5.6 Hz). NMR spectrum 13C, С, ppm: 47.7 and (NCH2, 2JCP 19.0 Hz), 61.6 t.d. (CH2O, 2JCF 25.9, 2JCP 21.6 Hz), 107.7 t. t (HCF2, 1JCF 253.5, 2JCF 31.0 Hz), 109.9 m (CF2CF2CF2), 111.0 t. q (HCF2CF2, 1JCF 264.2, 2JCF 30.6 Hz), 115.6 t. t.d. (CF2CH2, 1JCF 256.5, 2JCF 30.2, 3JCP 9.5 Hz), 116.9 (CH2=), 136.0 and (CH=, 3JCP 2.6 Hz). NMR spectrum 19F, F, ppm: –137.2 and. m (2F, HCF2, 2JHF 51.9 Hz), –130.3 m (2F, HCF2CF2), –125.2 m (2F, HCF2CF2CF2), –120.0 m (2F, CF2CH2). NMR spectrum 31P: P 139.8 ppm Found, %: C 44.83; H 5.09; F 33.18; N 6.04; P 6.76. C17H23F8N2OP. Calculated, %: C 44.94; H 5.10; F 33.45; N 6.17; P 6.82.
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