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Study of hydrolytic stability of glycolurils under alkaline conditions

This article is devoted to the hydrolytic stability of glycoluryls, which are a promising class of organic com-
pounds characterized by a wide spectrum of psychopharmacological activity. Hydrolysis of glycoluril and a
mixture of N,N-dimethylglycoluryls was carried in alkaline conditions in water at reflux. The hydrolysis of a
mixture of N,N-dimethylglycoluril was carried out for 5 days before the complete decomposition of the mix-
ture of isomers. Quantitative and qualitative analysis of the hydrolyzates was carried out by high-performance
liquid chromatography, thin layer chromatography, and gas chromatography / mass spectrometry. The mix-
ture of N,N-dimethylglycoluril practically did not undergo hydrolysis during the first three days. The rate of
hydrolysis of cis and trans isomers of N,N-dimethylglycoluril is the same. It means that the destruction of
heterocycles occurs through the stages of successive hydrolytic cleavage of the C-N bond in the initial
glycolyls and hydantoins: the glycolurils form anions which rearrange themselves into hydantoins by elimi-
nating the corresponding ureas in alkaline conditions. The final products of hydrolysis of glycoluril and a
mixture of the cis- and trans- isomers of N,N-dimethylglycoluril are hydantoic acids. The hydrolysis of
glycoluril, as well as mixtures of the cis and trans isomers of N,N-dimethylglycoluril considered in the article
can be used to evaluate hydrolytic stability, which in turn will give some information on the mechanisms of
their action in the body.

Keywords: glycoluril, N-alkylglycoluril derivatives, hydantoin, glyoxal, biologically active compounds, hy-
drolysis, hydantoic acid, heterocycle.

Introduction

Glycolurils attract attention by their polyfunctionality, due to which a lot of practically valuable sub-
stances were obtained on the basis of them, namely, bleach activators [1], explosives [2, 3], additives to vari-
ous polymers [4], supramolecular compounds [5, 6] and others [7]. In recent decades, an intensive search for
new biologically active compounds has been carried out among the glycoluril derivatives [8, 9], and some of
them have already been used as medications of neurotropic action, namely, mebicar and albicar.

Investigation of the hydrolytic stability of biologically active compounds gives certain information
about the mechanisms of their action in the body. It is known that glycolurils are sufficiently stable with re-
spect to acid hydrolysis, as it is clearly illustrated by the example of mebicar (tetramethylglycoluril), which
decomposes on boiling in 25 % sulfuric acid for more than 50 hours [10]. At the same time, the hydrolytic
properties of glycolurils under alkaline conditions are much less studied. The aim of this research is to study
ability of glycolurils 1, 2, 3 to hydrolytic decomposition under alkaline conditions to understand the hydro-
lytic stability of glycolurils in more detail.

Experimental

Synthesis of 2,4- and 2,6-dimethylglycoluril (2,4-DMGU and 2,6-DMGU) (2, 3)

Mixture of isomers 2, 3 was synthesized by reaction of glyoxal with methylurea [3]. There were ob-
tained white crystals with mp 250 °C. Yield was 26-42 %. 2: NMR 'H (DMSO-d¢), 8 ppm: 7.57 (s, 2H),
5.10 (s, 2H), 2.60 (s, 6H). NMR “C (DMSO-dg), & ppm: 27.42 (-CH;), 67.39 (-CH<), 159.66 (>C=0).
3: NMR 'H (DMSO-dg), & ppm: 7.397 s (2H, NH), 5.18 d (1H, CH), 5.15 d (1H, CH), 2.78 s (6H, CH3).
PC NMR (DMSO-dg), & ppm: 27.43 (-CHs), 67.39 (-CH<), 75.63 (-CH<), 160.19 (>C=0).

Synthesis of glycoluril

Glycoluril was synthesized by condensation of urea with glyoxal [7]. Melting point is about 300 °C.
NMR 'H (DMSO-dy), 8 ppm: 7.16 (s, 2H), 5.24. (s, 2H). NMR "°C (DMSO-dy), & ppm: 64.6 (-CH<), 160.30
(>C=0).

Hydrolysis of regioisomers of DMGU in alkaline medium

Hydrolysis was carried out in a one-necked flask. There was added 1 g of mixture of 2, 3 with 10 mL of
water. After 2.5 g of sodium hydroxide was charged. The solution was heated up to 100 °C.
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Analytical HPLC
Solutions were analyzed by HPLC on LUNA 5u PFP (2) (150 x 4.6 mm, 5 um particle size). The mo-
bile phase consisted of water with acetonitrile in gradient mode. Summary time was 12 min. Temperature of

column was 40 °C; flow rate was 0.5 mL/min, the detection wavelength of UV detector was 195 nm. Sam-
ples were dissolved in water at the ratio 1:1000.

Results and Discussion

The qualitative and quantitative composition of hydrolysates of glycoluril 1 and DMGU 2, 3 was studied
using TLC and HPLC control and using GC-MS data. In the course of our studies, we showed that the hydroly-
sis of glycoluril 1 and its dimethyl derivatives 2, 3 in aqueous solutions of sodium hydroxide is accompanied by
the formation of the corresponding hydantoins 4, 5 and the corresponding hydantoic acids of 6, 7:
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We have established that the hydrolysis of glycoluril 1 to hydantoin at 100 °C was quick (10 min.). Hy-
drolysis of hydantoin 4 under alkaline conditions leads to formation of hydantoic acid 6. Similarly, dimethyl
derivatives of glycoluril 2, 3 were used. We studied alkaline hydrolysis of the mixture of the regioisomers 2,
3 in conditions of the HPLC control.

The hydrolysis of the regioisomers 2 and 3 was carried out in alkaline conditions for 5 days. Concentra-
tions of DMGU 2, 3 remained practically unchanged upon boiling during the first two days (Fig. 1). Un-
known peaks 8, 9, 10 were revealed on the chromatograms (Fig. 1-3), indicating destruction of the

regioisomers 1, 3 in 5 days. The rates of hydrolysis of 2 and 3 were equal, because we saw the same trends in
concentration of DMGU over time.
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Figure 2. HPLC of DMGU hydrolysis in 3 days
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Figure 3. HPLC of DMGU hydrolysis in 5 days

A simplified scheme of hydrolysis of glycolurils 1-3 to hydantoins 4, 5 and hydantoic acids 6, 7 under
alkaline conditions based on chromatogram data can be represented as follows:
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Glycolurils 1-3 form anion A under alkaline conditions in the initial phase through the elimination of
the corresponding ureas, which are rearranged to hydantoins 4, 5, and that are easily hydrolyzed to hydantoic
acids 6, 7.

Conclusions

Such studies as had been carried out showed that glycoluril 1 and DMGU 2, 3 are expected to undergo
hydrolysis under alkaline conditions than in acid. Destruction of the heterocycles 1-3 occurs through the
stages of consequential hydrolytic cleavage of the C-N bond in the initial glycolurils 1-3 and hydantoins
4, 5. Final products of glycolurils hydrolysis are hydantoic acids 6, 7.
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L'imkonypunaepain ciatinai xaraaiiapaarsl
TUAPOJIMTHKAJIBIK TYPAKTBUIBIFBIH 3epTTEY

Makana ncuxohapMakoJOTHsUIBIK OCJICEHIUTIKTI CUMATTaiThIH OPraHUKAaNbIK KOCBUIBICTAPABIH OoJaars
CBHIHBIOBI TJIMKOJIYPHIIAEPAIH THIPOIUTHKANBIK TYPAaKThUIBIFbIHA apHAFaH. [mukomypun meH N,N-numeru-
TIMKONYPWJIIH THAPOJHU3IH CUITUI cyla KaWHary sKarnmaibiana oTkizmi. N,N-IHMEeTHITIHKOIYPHIIIH
KOCIIaCBIHBIH THAPOJIM3IH 5 KYH OOHBI M30MEpIEepAiH KOCHAChl TONBIK BIABIPAaraHIla IKaIFacTBIPABL.
I'mppormu3aTTapIblH CaHIBIK XKOHE Calajibl TaIIAayblH XXOFAphl THIMAI CYMBIKTBIK XPOMAaTOTPa(dHSCHIHBIH,
KyKa KabaTThl XpOMaTorpadusHbIH HKOHE Ta3[bl-XpoMaTorpadus/Macc-CIieKTPOMETPHUSHBIH KOMeriMeH
otKi3i. N,N-ANMeTHINTHKOIYypHI KOCHACHl aFallKbl YII KYH JETHAPOJIM3re Myijae yisipamansl. N,N-au-
METHITJIMKOIYPUII M30MEPIIEPiHIH yuc- NeH mpaHc-KocTaaapbl THIPOIU3IHIH KbUIAAMIBIKTapbl Oiplei.
Harmxkecinge, rerepounkinaepain 6y3putybl C-N KOCBUIBICTApBIHBIH Ti30€KTi THAPOIUTHKAIBIK BIABIPAYHI Ca-
TBICHI ApKBUIBI OacTanKbl TIMKOIYPHJIEp MEH THIAHTOMHIEPJE KYpeli: ITHKOIypHIIAEp AaHHOHIAPIIBI
TY3€i, oJap CLITLI >kaFaaiiiap/ia THICTI MOYEBHHAIAP/IBIH JIACTaybI KOJIBIMEH THIaHTOMHAEPTe TONTATIAIbL.
I'muxomypun meH N,N-IUMETIITIMKOIYPUII H30MEPIIEPIiHIH yuc- TIeH mpaHc-KOCTIaChIHAH alIbIHATHIH OHIM
THJAHTOMH/I KBIIKBII OO TaObutagsl. Makanana KapajFaH TNIMKONYPHIIIH THAPONU3i, COHBIMEH Karap
N,N-AUMEeTHITIUKOIYPHI HU30MEpJIEPiHiH yuc- KOHE mpaHC-KOCHANAPBIHBIH T'HAPOIMTHKAIBIK TYPaKThI-
JBIFBIH Oaranay YIIiH KOJIaHbUTYbl MYMKIH, 011, ©3 Ke3eriHIe, OJapAblH aF3aja ocep eTy MexaHu3Maepi Typa-
761 6enrini 6ip aknaparTbl 6epe anajbl.

Kinm co30ep: rmukonypui, N-alKWITIHKOMYPUIAIH TYBIHIBUIAPE!, THAAHTOUH, THIAHTOMH KBILIKBUIBL, TeTe-
POLIMKII, TIIMOKCAIb, MOYECBHHA, OMOJIOTHUSUIBIK OCIICEH I KOCBUTBICTAp, THIPOIIU3.
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HccaenoBanue FH}:{pOJ’IHTH‘ICCKOﬁ yCTOﬁqHBOCTH INIMKOJIYPUJIOB
B IICJJOYHBIX YC/JIOBUAX

CraTbs HOCBAILEHA TUAPOIUTUYECKOH yCTOMYMBOCTU INIMKOJIYPUIIOB, KOTOPBIC SIBISIOTCS HNEPCIEKTUBHBIM
KJIaCCOM OPTaHMYECKUX COEAUHEHHH, XapaKTepU3YIOIIXCS MHPOKUM CHEKTPOM ICHXO0()apMaKoIOTHIecKOn
akTuBHOCTU. ['Maponus rmukomypuna u cMecd N,N-AMMETUINIUKOIYPUIOB IPOBOAMIN B ILEIOUYHBIX YCIO-
BUSIX B BOZIE NpH KuIistaeHuy. ['uapomms cmecr N,N-ANMETHITIIHKOIYpPHIOB ObLI TPOBEAEH B TeUEHHE 5 THEi
JI0 TIOJTHOTO Pa3JIoKEeHUsl cMecH n3oMepoB. KonmuecTBeHHBIN 1 Ka4eCTBEHHBIH aHAIN3 THAPOIU3aTOB MPOBO-
JUAJIM C IOMOIIBIO BEICOKOI((GEKTUBHOMN KUIKOCTHON XpoMarorpaduu, TOHKOCIIOitHON XpoMarorpaduu u ra-
30B0H xpomatorpadun/macc-criekrpomerpun. Cmech N,N-IUMETHITIINKOIYpHIIa IPAKTHYECKH HE MOJBEpra-
Jach TUAPONIH3Y B TEeYeHHE MEPBBIX Tpex AHeid. CKopocTh ruaponusa yuc- u mpauc-uzomepoB N,N-
JUMETHITAMKOIypHIa oquHaKkoBa. ClenaH BBIBOA O TOM, YTO Pa3pylleHHE FeTePOLUKIOB IIPOUCXOIUT Yepes
CTaJUHU IIOCJIECI0BATEILHOIO TUIPOIUTHYECKOro paciuerieHus cBa3d C-N B UCXOIHBIX TIMKOIypHIaX U TH-
JaHTOMHAX: TIIMKOIYPIIIBI 00Pa3yloT aHHOHBI, KOTOPHIC B IIETOYHBIX YCIOBHUSX ITyTE€M SIMMHUHHPOBAHUS CO-
OTBETCTBYIOLIMX MOYEBUH IEPErpyNIUpPOBBIBAIOTCA B TMAAHTOMHBL. KOHEUHBIMM MpOAyKTaMu THIpOIU3a
TIIUKONIypUNIa U CMECH yuc- U mparc-u3oMepoB N,N-THUMETMITIUKOIYpUIa SABISAIOTCS TMIAHTOMHOBBIE KH-
croThl. PaccMOTpeHHBIM B cTaTbe THAPOIM3 TJIMKOIYpHIIA, a TakkKe CMECH yuc- U mpanc-u30MepoB
N,N-IUMETUITIMKOIYpUIa MOTYT ObITh MCTIOIB30BAHBI ISl OLIEHKH THAPOIUTUIECKON YCTOMYHUBOCTH, KOTO-
pasi, B CBOIO 04epe/b, OyJIeT JaBaTh ONpeIeIeHHYI0 HHPOPMALUIO O MEXaHU3MaX UX ACHCTBUS B OpraHu3Me.

Kniouesvie cnosa: TJIMKOJIypuJI, IPOU3BOJAHBIC N-aJIKI/IHFIII/IKOIIypI/IJIa, TUJAHTOWH, TMAaHTOMHOBAA KUCJIOTA,
TeTEepOLUKII, IIIMOKCaJlb, MOYE€BHHA, OHOJIOTUYECKH aKTHBHBIC COCANHCHUS, THAPOJINUS.
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