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NAS RK is pleased to announce that News of NAS RK. Series of chemistry and 

technologies scientific journal has been accepted for indexing in the Emerging Sources Citation 
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate 
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation 
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of 
Science offers to researchers, authors, publishers, and institutions sets it apart from other 
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in 
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant 
and influential content of chemical sciences to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Химия және 

технология сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы Emerging 
Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу барысында 
Clarivate Analytics компаниясы журналды одан әрі the Science Citation Index Expanded, the Social 
Sciences Citation Index және the Arts & Humanities Citation Index-ке қабылдау мәселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Химия және технология сериясы  Emerging 
Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті және беделді химиялық ғылымдар 
бойынша контентке адалдығымызды білдіреді.   

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия химии и технологий» был 

принят для индексирования в Emerging Sources Citation Index, обновленной версии Web of Science. 
Содержание в этом индексировании находится в стадии рассмотрения компанией Clarivate 
Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the Social 
Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает качество и 
глубину контента для исследователей, авторов, издателей и учреждений. Включение Известия 
НАН РК в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по химическим наукам для нашего сообщества. 
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NMR SPECTRA OF PHOSPHORYLATED CARBAMIDE-CONTAINING 

HETEROCYCLES: PECULIARITIES OF CHEMICAL SHIFTS  

FROM THE VALENCE STATE OF THE PHOSPHORUS  

AND THE SIZE OF THE CYCLE 
 

Abstract. The article discusses the results of using NMR spectroscopy to study the structure and flexibility of 

the skeleton of the analyzed molecules of phosphaze compounds and the electronic environment of nitrogen and 

phosphorus atoms. The authors carried out a cumulative system analysis of chemical shifts in the 31P and 13C NMR 

spectra of 89 phosphorus derivatives of carbamidecontaining heterocycles, which differ in the valence state of the 

phosphorus atom, the size of the cycle and the method of cycle junction. 

Key words: heterocyclic compounds, NMR spectroscopy, phosphazo compounds, phosphorylated carbamide 

containing heterocycles (PCCH), 3-coordinated phosphorus atom, 5-coordinated phosphorus atom. 

 

Introduction 

 

Phosphazaheterocycles containing an urea fragment and a phosphoryl group in the cyclic skeleton are 

attractive because these links of molecules, acting as the key structural elements of these compounds, give 

them a skeleton of the structure and contribute to the formation of multifunctional reaction centers. The 

simultaneous combination of urea fragments and phosphoryl groups in a molecule makes it possible to 

impart specific physicochemical and practically useful properties to the target substance, the investigation 

of which is the subject of many studies, including and using NMR spectroscopy. 

The use of NMR spectroscopy to study the structure of phosphaza compounds allows not only to 

identify the compounds, but also to judge the flexibility of the skeleton of the analyzed molecules and the 

electronic environment of nitrogen and phosphorus atoms. In addition, a generalized analysis of chemical 

shifts of an array of phosphazacycles helps to reveal their characteristics for the considered range of 

compounds. However, so far no attempts have been made of the cumulative analysis of an array of NMR 

spectral data of phosphorus-containing urea-containing heterocycles.  

In order to fill this gap, we carried out a cumulative system analysis of chemical shifts in the 31P and 

13C 89 NMR spectra of phosphorus-containing urea-containing heterocycles, which differ in the valence 

state of the phosphorus atom, the size of the cycle and the method of junction cycles. 

In a number of works [1–14] devoted to the synthesis of the corresponding phosphazacycles, the 31P 

NMR spectroscopy data was used to identify a larger number of different phosphorylated carbamide 

mailto:bakibaev@mail.ru
mailto:Zhumanovkb@mail.ru
mailto:janim_svetatusik@mail.ru
https://e.mail.ru/compose/?mailto=mailto%3agorbinsergey@gmail.com
mailto:khrebtova.darya@yandex.ru
mailto:malkov.vics@gmail.com
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containing heterocycles (PCCH). This paper summarizes the intervals of changes in chemical shifts (CS) 

of PCCH in the 31P NMR spectra, which are illustrated by the data given depending on the valence state of 

phosphorus, the size of the cycle and the method of junction. 

 

Results and discussion 

 

CHEMICAL SHIFTS OF 3-COORDINATED PHOSPHORUS ATOM IN PCCH NMR 

SPECTRA 

 

Analyzed PCCH containing 3 valence phosphorus atom are represented by 4-membered 

phosphazacycles (diazaphosphetidinediones 1-6), 5-membered phosphazacycles (diaza-

phospholidinediones 7-10) and 6-membered phosphazacycles (triazaphosphorinandiones 11-25). 

A comparative analysis of CSphosphetidinediones1-2 [1] and 3-6 [2] shows that, for all other equal 

structural parameters, the electronegativity of the substituent, directly attached to the phosphorus atom,has 

a decisive influence on CS. In other words, in the series of phosphetidinediones1-6 alkoxy groups 

(compounds 3-6) cause pronounced disshielding of the phosphorus atom (10 ppm), rather than amino 

groups (compounds 1-2) 

 

 
 

As one can see from the above data, the formation of N, N-P-N and N, N-P-O units in the 4-

membered PCCH cycle of the compounds 1-6 contributes to the appearance ofCSof phosphorus atoms in 

the positive spectral region in the interval 81.9-95.2 ppm. 

The CS values of 5-membered PCCH 7-10 [3] correspond to the interval from 24.2 to 38.3 ppm, 

which indicate a significant screening of the phosphorus atom in the diazaphospholidinediones 7-10 

compared to the 4-membered phosphetidinones1-6. In this case, the strong-field shift of phosphorus atoms 

in compounds 7–10 compared with phosphazacycles 1–6 is due to the isolation of the second urea nitrogen 

atom by the carbonyl group at the 5th position of the cycle, which excludes its direct electronegative effect 

on the phosphorus atom. At the same time, a similar effect of the carbonyl group, as can be seen from the 

comparison of CS, is not comparable with the influence of the nitrogen atom. 

Thus, the formation of the N, C-P-C = O link in PCCH 7-10, compared with FCSG 1-6, causes a 

significant strong-field shift (by 50 ppm) of phosphorus. 

 

 
 

Turning to the 6-membered PCCH 11-25 [4-6], it should be noted that the influence of substituents 

(R) in the N, N> P-R unit on the CS of the 31P nucleus appears in the interval of 66.7-106.9 ppm. 
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At the same time, in the series of triazaphosphorinandiones of the general formula 11-25 CS of the 

phosphorus atom bound to the R group, depending on the nature of the substituent in the P-R link, shifts to 

a weaker field in the series: P-C (compounds 19, 21-23 [6]) <P-N (Compounds 11-15 [6], 18 [4], 25 [6]) 

<P-O (compounds 16, 17 [5]) - P-Cl (compounds 20, 24 [6]). The established order of CS change in 

phosphazacycles 11-25 is in accordance with the electronegativity of the substituent R, directly attached to 

the phosphorus atom. The displacement of electrons by the R substituent from the phosphorus atom in 

these compounds contributes to the localization of the lone electron pair at the skeletal carbamide nitrogen 

atoms, thereby causing an additional contribution to the weak-field shift of phosphorus atoms. 

From the CS data presented, it is clear that the effect of the distribution of electrons in the carbamide 

unit of the heterocyclic fragment of molecules 11–25 is worse than the direct displacement of electrons 

within the P – R sigma bond in the considered phosphazocycles. It is quite well established that CS of the 

three-coordinated phosphorus atom in PCCH 1-25 locate in the positive spectral region within 24.2-106.9 

ppm and in the given corridor, the CS values depend on the chemical environment of the phosphorus 

atom. 

 

 

CHEMICAL SHIFTS OF THE 5-COORDINATED PHOSPHORUS ATOM IN PCCH NMR 

SPECTRA 

 

A general analysis of the changes in 31P CS in PCCH shows that 3-coordinated phosphazacycles 1–25 

exhibit CS in the positive spectral region, whereas for 5-coordinated phosphazacycles this property is 

mixed. In other words, CH for 5-coordinated phosphazacycles 26–49 [7, 8] is characteristic both in the 

positive spectral region and in the negative region with a clear tendency toward the latter. 

The change in cholesterol 31P CS in a series of thiylateddiazaphosphophetidinone derivatives 26-49 is 

very interesting. So, if thionic phosphetidinones 27-34 [7] exhibit 31P CS in the positive spectral region 

(58.5–83.1 ppm), regardless of the nature of the R substituent, then thiylatedchlorophosphetidinones 35-46 

(-44.0; -49.6 ppm) and alkoxyphosphetidinone 26, (-39.9 ppm) show negative CS values [8]. 
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In the series of phosphetidinones 26-49 in the first approximation, the carbamide group of the 

heterocycle is equivalent in its effect on the phosphorus atom. Consequently, when comparing СS of the 

phosphorus atoms in these phosphazacycles, their positive shift is provided by the sp2 hybridized state of 

the thionic group, and the negative shift of CS, along with other groups, is mainly due to the shielding 

effect of the thiol group, since chlorine atoms and alkoxy groups are present in all compounds 26–49. 

One of the interesting features in the data analysis 31P NMR spectra of phosphazacycles 50-53 [9] and 

54-57 [10] is that the location of CS of phosphorus atom significantly depends on the hybridization of the 

P = X bond. So, for example, a distinct dependence of the CS shift to the negative region in the series P = 

N <P = O <P = S in compounds 50-57 is revealed. 
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The effect of other substituents at the phosphorus atom in these compounds on the screening of the P 

atom is not as obvious as the change of the heteroatom in the P = X fragment of the PCCH examined. 

For the series of spiro compounds 58-75 with the nodal phosphorus atom CS 31P become more 

characteristic. All PCCH with the nodal phosphorus atom in the spiro compounds 58-62 [11] and 63-75 

[12] give only negative CS 31P values (from -64.3 ppm to -79.9 ppm). For example, in phosphazacycles 

58, 59 there are two CH 31Ps (wherein in different valence states), however, CS of the nodal atom of 

phosphorus can be clearly recognized due to its strong negative shift (-64.3; -69.0 ppm), while the three-

coordinated atom P gives positive CH in the region of 1.9-6.3 ppm. 

 

 
The intervals of CS 31P changes for spiro compounds 63-75 [12] are largely determined by the direct 

influence of the substituents R at the phosphorus atom, and their oscillation range varies from -51.4 ppm 

to -119.1 ppm Attention is drawn to the fact that by varying halogen-containing substituents R for 

spirocycles 63-66 CS 31P become more negative in the series: F <Cl <Br <I. The observed order of CS 

change of the nodal atom of phosphorus in compounds 63-66 is in full accordance with the electronegative 

properties of halogens. The phenyl group in the spirocycle 60-62, 70, 72 sensitively screens the 

phosphorus atom compared with the methyl derivatives 68, 69, 71, 73-75, which is most likely due to the 

anisotropic effect of the aromatic core. 

 

 
 

One of the factors affecting the location of CS 31P in the PCCH is the possibility of molecular 

flexibility of a heterocycle that is not directly related to the phosphorus atom. So, in imidazolidone 76-85, 
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this possibility leads to shielding, and for imidazolidones 86-89 – to unshielding of the phosphorus atom 

compared to phosphoric acid itself or its esters, as indicated by the significantly strong-field shift of 

cholesterol, observed on going to compounds 76-85 and weak-field shift on going to compounds 86-89. 

 
 

 
 

 

Conclusion 

 

Comparative consideration of CS of the phosphorus atom in PCCH with five-coordinated phosphorus 

shows that they undergo a negative shift, and their location mainly depends on the hybrid state of P atom 

in the cycle and the junction type of the cycles 

An attempt to make a comparative analysis of CS of the carbonyl group (C = O) in PCCH did not 

reveal significant differences due to their changes in a narrow range of values (151-156 ppm), regardless 

of the valence state of the phosphorus atom in the cycle and the method of junction of cycles (for example, 

in the spiro compounds and bicycles 58-75). Only some shielding of C = O-group in PCCH compared 

with urea itself (159.5 ppm) [15] and the bicyclic bisurea of octane series - glycoluril (161.9 ppm) [15] is 

of interest. The observed effect appears to be determined by an increase in steric stresses (compression) in 

PCCH due to the limitations in the flexibility of their skeleton, and, as a consequence, by strengthening the 

order of the amide bond. The informational content of the NMR spectra analysis of PCCH is somewhat 

reduced due to the absence of CS data of the NH groups. But this circumstance is due to the fact that 

almost all synthesized and identified PCCH given in [1-14] contain substituents at the nitrogen atoms. 

The dependences of chemical shifts on the structure of bicyclic bimocarbons and spiro compounds 

obtained can be used to study the properties of macromolecular nitrogen-containing systems, as shown by 

the example of some nitrogenous alkaloids [16]. 
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