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Phosphorylation of glycoluryl derivatives with phosphorus pentachloride

The paper presents the research results on the synthesis and study of new organophosphorus derivatives of
glycoluril, obtained on the basis of pentavalent phosphorus. New organoelement phosphorus derivatives
synthesized on the basis of N-acyl-substituted glycoluril have been obtained. They are of considerable interest
due to the presence of effective reaction centers. Tetraacetyl-substituted glycoluril — 2,4,6,8-tetraacetyl-
2,4,6,8-tetraazabicyclo[3,3,0]octane-3,7-dione was chosen as the initial synthon. The use of unsubstituted
glycoluril in the reaction of direct phosphorylation by the action of phosphorus trichloride or pentachloride is
not possible due to the absence of active phosphorylation centers. It was experimentally shown that the
reaction proceeds with prolonged heating for at least 48 hours in an argon. The initial acyl derivative of
glycoluril and phosphorus pentachloride in the ratio of 1:6 and leads to the formation of diphosphonic
complex of tetraacetylglycoluril — dihexachlorophosphorate 2,6-diacetyl-(4,8-diacetyl-2,4,6,8-tetraaza-
bicyclo[3.3.0]octane-3,7-dione)-2,6-di(chloroethenyltrichlorophosphonium). The obtained compound is a
white crystalline substance unstable in air. Decomposition of the diphosphonic complex was carried out using
benzaldehyde and proceeds with the formation of the corresponding dichlorophosphate derivative, also
unstable in air and rapidly decomposing at room temperature.

Keywords: glycoluril, bicyclic bisureas, phosphorus pentachloride, phosphorylation, N-acylation, phosphorus,
bicyclic, synthesis.

Introduction

Currently the synthesis of 2,4,6,8-tetraazabicyclo[3.3.0.]Joctane-3,7-dione (glycoluril) derivatives and
the study its properties remain one of the rapidly developing areas of modern chemistry of heterocyclic com-
pounds. This substance is a representative of the bicyclic bisureas class. Glycolurils find wide application in
various areas of industry: in particular, resins containing glycoluril are used for the manufacture of paints and
coatings; in the pulp and paper industry, the application of glycoluril is also known as an intermediate prod-
uct in the synthesis of antioxidants, detergents, disinfectants and bleaching agents [1-3].

All these properties of glycoluril make it a promising object among the researchers as this class of com-
pounds possesses with many undiscovered potential properties. The first reports on the interaction of
glycoluril and acetic anhydride with the formation of N-acetyl-substituted glycoluril derivatives date back to
the beginning of the last century [4-8]. Despite the diversity of the N-acetyl-substituted bicyclic bisureas
series, it was noted the N-acylation of glycoluril was limited by the synthesis of N,N-di- and N,N,N,N-
tetraacetylated derivatives. It is obvious the possibilities of the glycoluril acylation reaction are larger and
varied.

It is known N-substituted glycolurils have a wide spectrum of biological activity. Previously it was re-
ported about the neuroleptic, antidepressant and psychostimulating activity of glycoluril and its derivatives.
This property is the main reason that arouses a great interest in the syntheses of the new group compounds
capable to show various activities.

Organic phosphorus compounds are also used in a different areas of human life and the synthesis of
new organophosphorus derivatives with various biological activity continues to be a priority.

Experimental

Equipment. NMR spectra were recorded by a JeolECX-400 spectrometer for NMR (400 MHz) relative-
ly TMS, for P NMR (162 MHz) versus an external standard (85 % HsPO,) and for **C NMR (100 MHz)
versus an internal standard — TMS in DMSO-solutions. dg, CDCls, D,0O. IR spectra were recorded with the
FSM-1201 Fourier spectrometer from 450 cm™ to 4000 cm™ in KBr pellets. NMR spectra were recorded in

© 2021 The Authors. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/) 12


https://doi.org/10.31489/2021Ch1/12-18

Phosphorylation of glycoluryl derivatives ...

the medium of argon. Mass spectra were recorded by a MicroTOF instrument (ESI-TOFMS), Bruker. Melt-
ing points were determined by the MP50 MeltingPointSystem.

The reactions procedure and the compounds identity were monitored by thin layer chromatography on
standard Silufol UV-254 plates in the benzene: ethyl alcohol = 6:1 system. The plates were detected with
iodine vapor and a UV lamp.

Synthesis of 2,4,6,8-tetraacetyl-2,4,6,8-tetraazabicyclo[3,3,0] octane-3,7-dione (1)

153.0 g (1.5 mol) of acetic anhydride and 1 ml (0.01-0.02 mol) of 56 % perchloric acid were added to
the 35.0 g (0.25 mol) of glycoluril with stirring. The mixture was heated until self-heating began. After com-
plete homogenization, 20.0 g (0.2 mol) of sodium acetate was added to the reaction mixture and was boiled
for an hour. The reaction mixture was cooled, the precipitated crystals were filtered off and washed with ace-
tic anhydride and dried. Yield is 65.7 g (89 %), m.p. 244°C. IR spectrum (v, cm'): 1695 (C=0),
1780 (COCHj3). *H NMR spectrum (400 MHz, DMSO), &, ppm: 2.34 s (12H, COCH,), 6.33 s (2H, CH).
B3C NMR spectrum (CDClg): 59.95 (CH), 148.65 (CO), 167.57 (COCH;). Found, %: C 46.93, H 4.78,
N 18.28. C1,H14N,Os. Calculated, %: C 46.45, H 4.52, N 18.06.

Synthesis of hexachlorophosphorate of 2,6-di(4,8-diacetyl-2,4,6,8-tetraazabicyclo[3.3.0]octane-3,7-
dione)-2-hloroethenyltrichlorophosphonium (2)

2.0 g (0.0064 mol) of tetraacetylglycoluril in chloroform was added to 21.5 g (0.103 mol) of phospho-
rus pentachloride in chloroform and in argon, then was heated for 48 hours with stirring. In an inert atmos-
phere, the solvent was distilled off, the crystals decomposing in air were filtered off then dried in a vacuum.
Yield is 3.97 g (56 %), *'P NMR spectrum (162 MHz, CDCl,): 8, ppm.: 2.67 (PCl5"), —97.03 (PCly).

Synthesis of  2,6-di(2-chloroethynyl)-4,8-diacetyl-2,4,6,8-tetraazabicyclo[3.3.0]octane-3,7-dione
diphosphonic acid (3)

3.8 g (0.035 mol) of benzaldehyde was added to the suspension of 3.97 g (0.0035 mol) 2 and dry tolu-
ene in an argon. After complete dissolution, the mixture was heated at 80—-90 °C for 3 hours. The solvent and
low-boiling fractions were distilled off in a vacuum and the residue decomposed in air was recrystallized
with dichloromethane. Yield is 1.0 g (48 %). *H NMR spectrum (400 MHz, CDCls), &, ppm: 2.46 s (6H,
2(COCHs), 3.71-3.79 m (2H, 2C = CH), 5.70 s (2H, CHCH). *'P NMR spectrum (162 MHz, CDCl,), 3,
ppm: 5.29.

Results and discussion

A detailed analysis of the literature data shows the lack of related reports on the study in particular, the
phosphorylation of glycoluril and its derivatives. Previously there was a possibility of effective using
glycoluril phosphorus derivatives according to the classical scheme of the Arbuzov reaction, i.e. by the inter-
action of bisacetylbrom derivatives of glycoluril — 1,4-bis(bromoacetyl)tetra-hydroimidazo[4,5-d]-
imidazole-2,5(*H, *H)dione with triethylphosphate [9]. As a result of the reaction, {(2,5-dioxohexa-
hydroimidazo[4,5-d]imidazole-1,4-diyl)-bis(2-oxoethane-2,1-diyl) }-bis(diethylphosphonate) was obtained as
a non-distillable oil acid hydrolysis of which gave the corresponding {(2,5-dioxohexahydroimidazo[4,5-d]-
imidazole-1,4-diyl)-bis(2-oxoethane-2,1-diyl) }bisphosphonic acid.

Despite the wide range of possibilities for the chemical modification of trivalent phosphorus deriva-
tives, pentavalent phosphorus derivatives continue to attract the attention of organic chemists as important
synthons in the creating of new biologically active compounds.

The most promising reagent in the synthesis of trivalent phosphorus derivatives is undoubtedly phos-
phorus pentachloride. For the first time, the reaction of phosphorus pentachloride with methylene compounds
was described in the nineteenth century.

Subsequently, various derivatives of styrenes, dienes, unsymmetrical ethylenes and acetylenes, ethers
and esters of enols, as well as enamides were subjected to phosphorylation with phosphorus pentachloride.
Most of these reactions were carried out at room temperature [10-12].

Continuing research in this direction, we attempted to synthesize for the first time a new
organophosphorus compounds based on acylated derivatives of glycoluril. 2,4,6,8-Tetraacetyl-2,4,6,8-
tetraazabicyclo[3,3,0]octane-3,7-dione was chosen as an object in the phosphorylation reaction 1. The use of
unsubstituted glycoluril in the reaction of direct phosphorylation by the action of phosphorus trichloride or
pentachloride is not possible due to the absence of active centers for phosphorylation.

The reaction proceeds on heating for 48 hours in an argon atmosphere in a dry chloroform medium, in
the ratio 1:6. The reaction resulted in diphosphonic complex tetraacetylglycoluril — dihexachlorophos-
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phorate 2,6-di-(4,8-diacetyl-2,4,6,8-tetraazabicyclo[3.3.0]octane-3,7-dione) — 2,6-di(chloroethenyltrichloro-
phosphonium) 2 according to the following scheme:
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Figure 1. Phosphorylation of 2,4,6,8-tetraacetyl-2,4,6,8-tetraazabicyclo[3,3,0]octane-3,7-dione
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The product is a white crystalline substance unstable in air.

Obviously, the reaction proceeds through the stage of phosphorus pentachloride addition to the oxygen
atom of the acetyl group, and the resulting adduct gradually decomposes to intermediate 1a, which is
dehydrochlorinated under the reaction conditions to unsaturated chlorine derivative 1b. Further, product 1b is
phosphorylated with phosphorus pentachloride forming the final product 2.

The structure of compound 2 was proved by spectral data. In particular the **P NMR spectrum contains
signals 2.67 (PCl;") and —97.03 (PCls). Structure 2 shows that phosphorylation of 1 proceeds with the partic-
ipation of two acetyl groups. The decomposition of the diphosphonic complex 2 was carried out using
benzaldehyde and proceeds according to the following scheme:
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Figure 2. Decomposition of the diphosphonic complex with benzaldehyde

The structure of compound 3 was proved by spectral data. The *"H NMR spectrum contains a signal of
2.46 ppm corresponding to the presence of six protons of two CH;CO groups, a multiplet signal in the region
of 3.71-3.79 ppm, corresponding to signals of two protons of C=CH groups, and a singlet in the region of
5.70 ppm., which characterizes the signal of protons of CHCH groups; in the *!P NMR spectrum there is a
signal of 5.29 ppm corresponding to the vibrations of the phosphorus atom.

Conclusion

The corresponding acylated derivatives of the bicyclic bisureas class i.e. glycoluril have been obtained
according to the reaction of phosphorylation with phosphorus pentachloride for the first time. It was shown
the reaction proceeds on heating for 48 hours in the argon and in dry chloroform with a sixfold excess of
PCls. The reaction leads to the formation of diphosphonic complex of tetraacetylglycoluril — dihexachloro-
phosphorate 2,6-di-(4,8-diacetyl-2,4,6,8-tetraazabicyclo[3.3.0]octane-3,7-dione)-2,6-di-(chloroethenyltri-
chlorophosphonium). This compound is a white crystalline substance unstable in air, the decomposition of
which under the action of benzaldehyde leads to the corresponding 2,6-di-(2-chloroethynyl)-4,8-diacetyl-
2,4,6,8-tetraazabicyclo[3.3.0]octane-3,7-dione diphosphonic acid.
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I'mukonypua TybIHABLIAPBIH (ochopabiH eHTaxJaopuaiMe gocdopaay

Maxkananga OecBaneHTTi (ochop Heri3iHAe anplHFAaH TIIHKONYPHIAIH JKaHa (ochOpOpraHuKaIIBIK
TYBIHJIBIIAPBIH aJly JKOHE OJIApJIbIH KYPaMbIH 3epTTey OOWBIHINA jKacalFaH FhUIBIMH JKYMBICTBIH HOTHKeJEpi
kenripinred. TuiMai peakust OpTaJbIKTaPBIHBIH OOMyBl ce0eOiHEH OTe JKOFaphl KBI3BIFYIIBUIBIK TYABIPATHIH
N-ammn anMmackaH TJAMKONYPHJI HETi3iHAE cuHTe3fenreH (GochOpAbIH KaHa dIEMEHTOPTraHUKAIBIK
TYBIH/BUIAPhl AJbIHFaH. AJIFAIIKbl CHHTOH PETiHJE TeTpaaleTH1 aJMackaH rimkonypun — 2,4,6,8-terpa-
arnetmi-2,4,6,8-terpaaszadunukio| 3,3,0]Jokran-3,7-11M0H aibIHABL, cebebi, ymr Hemece Oecxmopiibl pochop
acepiMeH TikeNed peakuMsChIHAA anMacharaH DIMKONYypWiIai Koijany (ocdopiayabiH — OenceHai
OpTanbIKTapbl OOJMaraHIbIKTaH MYMKiH OOnMaiipl. DKCIEPUMEHT HOTIKECIHIE peakuus ore Y3ak,
48 caraTTaH a3 eMeC YaKbIT apajbIFbIH/Ia, apTOH aTMOC(epachiH/ia aIFaIliKbl TTMKOTYPHIAIH allWJl TYBIH/BICHI
MeH Oecxiopnsl (pocdopasiH 1:6 KaTelHACBIHIA KBI3IBIPY apPKBUIBI iCKE acaThIHBI KepceTinmi. Peaxmms
HOTIDKECIHJC ayaja TYPAaKCh3, aK KPUCTANABI 3aT OOJAThIH TETPAALCTHITIHKONYPUIIIH — JHUreKca-
xmopodochopar  2,6-mu-(4,8-nmuanerni-2,4,6,8-rerpaazabumukio[3.3.0]okran-3,7-quon)-2,6- mu(xopare-
Huntpuxiopdochonns) anudochoHOIBl KOMIUIEKCT anbIHABL. JU(POCHOHOIBI KOMIUIEKCTIH BIABIPAYHI
OeH3anbIeru/ATi NaiijlallaHa OTHIPBII JKOHE ayaJa TYpakchl3 OoJaThiH, OeiMe TeMmIepaTypachlHia Te3
BIIBIPANTBIH, COMKec IUXI0pGHOCGhaTThl TYBIHIBIHBIH TY3UTyiMEH XKypei.

Kinm ce3dep: tinukomypun, OucMoueBHHA, (ochoprnenTaxmopumi, ¢ochopuay, N-ammnmey, docdop,
OMIIMKIII, CHHTES.

JLK. CanbkeeBa, A.A. Mypat6ekoBa, E.B. Munaesa, [1. Bolituuek,
E.K. Taitmu6ekoBa, A.P. [loctanoBa, A.b. TateeBa, A.K. CanbkeeBa

DochopuaupoBaHue NPOU3BOAHBIX MNIMKOJIYPHIIA NEHTAXJA0puaoM (pocdopa

B cratbe npencTaBiieHbl pe3yIbTaThl HAYYHBIX UCCICAOBAHHMMI 10 CHHTE3Y M UCCIIET0BAaHHUIO CTPOCHHS HOBBIX
(dochopoprannueckux MPOU3BOAHBIX TIIMKOJIYpHIA, TOJNYYEHHBIX Ha OCHOBE MsATHBajleHTHOro docdopa.
CuHTE3UpOBaHbI HOBBIE JJIEMEHTOOPTaHWYECKHE MPOU3BOIHBIE (ochopa Ha ocHOBe N-ammizaMemeHHBIX
TIIUKOJIYPUIJIOB, TIPEJCTABISIIONINX 3HAYMTENbHBIN HHTepec Onaromaps Hamuuuio 3(PQEeKTHBHBIX peak-
[MOHHBIX [IEHTPOB. B KauecTBe MCXOJHOTO CHHTOHA OBUT BBIOpPAH TeTpaaleTHI3aMEIEHHbINA TITHKOIYPUIT —
2,4,6,8-rerpaanernn-2,4,6,8-rerpaazadburukino|3,3,0JokraH-3,7-IMOH, TaK KaK HCIOJh30BaHHE HE3aMEIICH-
HOTO TIIMKOJIypHJIa B PEaKkIuy mpsiMoro (GochopunupoBanus AHCTBEEM TpeX- WM MSTHXIOPHCTOro docdo-
pa He MPEeACTABISETCS BO3MOXKHBIM M3-32 OTCYTCTBHSI aKTHBHBIX IIEHTPOB (OCHOpPUINpPOBAHUS. DKCIEpH-
MEHTAJILHO OBLIO MMOKAa3aHO, YTO PEaKIIMs MPOTEKACT MPH JUTUTSIHLHOM HarpeBaHUH B TCUCHHE HE MeHee 48 u
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B aTMoc(epe aproHa MCXOIHOTO ALMINPOM3BOAHOTO TIIMKOIYPHIA U ISITHXIOPUCTOro (dochopa B COOTHO-
meHnn 1:6 U IpUBOAUT K 00pa30BaHKIO IH(POCHOHOBOrO KOMIUIEKCA TETPAALeTHINIMKONYpHIa — JUreKca-
xnopodochopar  2,6-mu-(4,8-ananerun-2,4,6,8-rerpaazabuimkino3.3.0]okran-3,7-1uoH)-2,6-au(xaopare-
HUITPUXIOPPochOHNUS), PEICTABISIONIEr0 co00i HEYCTOHYNBOE HAa BO3AyXe 0enoe KPHCTAILIHYECKOE Be-
mectBo. Pasnoxkenue nuhocOHOBOrO KOMILIEKCa OBUIO MPOBEICHO C HCIOJb30BaHHEM OCH3albJAerHaa U
HPOTEKaJIo ¢ 00pa30BaHUEM COOTBETCTBYIOIIETO AUXJIOPGHOCHATHOrO IPOU3BOAHOTO, TAK K& HEYCTOWYHBOTO
Ha BO3/lyXe U OBICTPO pa3iararomierocsi IpH KOMHATHOW TeMIieparype.

Knioueswie crnosa: rnukonypui, OUucMo4eBHHA, neHTaxiuopua Gocdopa, pochopumrposanue, N-aunnuposa-
Hue, pocdop, OUUKINIECKHE, CHHTES.
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