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Study of acid catalyzed synthesis and analytical preparative separation
of the spatial isomers of N,N-dimethylglycoluril

Alkylglycolurils are promising class of organic compounds characterized by a wide spectrum of psychophar-
macological activity such as tranquilizing, neuroleptic, antidepressant and psychostimulating. However, there
are conflicting data on the methods of obtaining and identifying isomers of N,N’-dimethylglycoluril in the lit-
erature. Our aim is to study the reaction of glyoxal with N-methylurea in acid-catalyzed conditions in various
media, develop analytical, preparative separation and identify regioisomers. We developed a method for sepa-
rating the trans- and cis- isomers of N,N’-dimethylglycoluril by high-performance liquid chromatography. As
a result of this analysis, it was possible to separate the cis- and trans- isomers of N,N’-dimethylglycoluril with
retention times, namely, for trans it was 6.998 min and for cis- was 9.704 min. We proposed an alternative
method based on preliminary thin-layer chromatography control of the reaction mass to expand the prepara-
tive possibilities for the separation of regioisomers of dimethylglycoluril, and their subsequent separation by
column chromatography. Comparison of the samples of compounds 1a and 1b obtained by preparative high-
performance liquid chromatography and column chromatography showed complete identity of their physico-
chemical. It was also established that the reaction of glyoxal with N-methylurea under strong acid conditions
was completed mainly by formation of the trans-isomer, in some cases reaching 90 % of regiospecificity. In
addition, the combination of physicochemical studies of the cis- and trans- isomers of has made it possible to
reliably and unambiguously characterize these isomers.

Keywords: glycoluril, dimethylglycoluril, urea, heterocycles, cyclization, high-performance liquid chromatog-
raphy, column chromatography, preparative chromatography.

Introduction

N-methylglycolurls are known as neurotropic drugs and used in clinical practice (mebicar, albicar)
[1,2]. At the same time, their structural precursors N,N’-dimethylglycolurils (N,N’-DMGU) do not have
their own specific neurotropic activity but they can act as one of the probable metabolic products of mebicar.
N,N’-DMGU has the cis- and trans- isomer forms and therefore they are of interest to study their physical
and chemical properties. A number of studies [3—6] indicate that the bicyclization reaction of glyoxal with
N-methylurea in aqueous or alcoholic medium in the presence of hydrochloric acid leads to formation of
regioisomers la, 1b with a predominance of trans- isomer la (up to 75 %). But there is no study of this reac-
tion in acid-catalyzed conditions in various media and information about physico-chemical properties of
regioisomers la, 1b isolated by fractional crystallization is far from simple and often contradictory. In the
light of the foregoing, our aim is to study the reaction of glyoxal with N-methylurea in acid-catalyzed condi-
tions in various media, develop analytical, preparative separation and identify regioisomers la, 1b.

Experimental

2,4- and 2,6-dimethylglycoluril

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

Thin layer chromatography

Sorbfil plates on an aluminum substrate PTSX-AF-A were used to identify the dimethylglycoluril iso-
mers by the thin-layer chromatography method. The particle size of the sorbent was 5—17 pm. A benzene:
methylene chloride = 1: 1 elution system with the addition of 10 % methanol was used. Detection of spots
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was carried out with the help of a developer, which is phosphomolybdic acid with subsequent heating of the
plates for 2—3 min.

Preparative HPLC

The preparative separations were performed on Kromasil C18 column (250 x 20 mm, 5-pum particle
size), and the column temperature was set at 25 °C (£ 1 °C). The mobile phase consisted of water — acetoni-
trile (94:6). The flow rate was 5 mL/min in isocratic mode, and the detection wavelength of UV detector was
195 nm. Samples were dissolved in water (1:5).

Analytical HPLC

Substances la and 1b were separated on Target ODS-3 HD (250 x 4.6 mm, 5 pm particle size) and
Zorbax SB-Aq (150 x 4.6 mm, 5 pm particle size). Full selective separation of glycolurils were carried out
using Luna 5Su PFP (2) 100 A (150 x 4.6 mm, Sum particle size). The mobile phase consisted of water and
acetonitrile in gradient mode: 0 min — 5 % of acetonitrile, 1.5 min — 25 % of acetonitrile, 4 min — 25 % of
acetonitrile. Summary time was 4.5 min; temperature of column was 30°C; flow rate was 1.5 mL/min, the
detection wavelength of UV detector was 195 nm. Samples were dissolved in water at the ratio 1:1000.

Column chromatography

Silica gel Silpearl UV 254 (SP) was used as a sorbent to separate the isomers by column chromatog-
raphy. The eluent was mixture of benzene with methylene chloride in ratio 1:1 with the addition of 10 % of
methanol. Through the sorbent-filled chromatographic column, the eluent was allowed to swell until the
sorbent was completely swollen. 1.5 g Of a sample of N,N’-DMGU was dissolved in the eluent. A solution
of N,N’-DMGU was transferred to a chromatography column using a dispenser, then the eluent was added.
Fractions containing isomers were collected with Ry 0.75 and 0.25, spot detection was performed with
phosphomolybdic acid. The solvent was distilled off from the combined fractions, and the residue was dried.

NMR spectroscopy

The samples were analyzed on a Bruker AVANCE 400 III HD (400 MHz) NMR spectrometer. One-
dimensional spectra were recorded on the 'H (frequency 400.17 MHz) and "°C (frequency 100.63 MHz) nu-
clei to confirm structures of the samples studied. Dimethyl sulfoxide DMSO-d4 (mass fraction of deuterium
99.9 %) and D,0 were used as solvents.

Thermogravimetric analysis

Spectra were recorded on a STA 449 F1 (Netzsch) instrument combined with a quadrupole mass spec-
trometer QMS 403 D Aéolos (Netzsch). Measurement conditions were as follows heating rate — 10 °C/min,
working gas flow (Ar) 50 mL/min, shield gas flow (Ar) 20 mL/min. The measurements were carried out in
an aluminum crucible. The baseline correction was carried out before the measurements.

Results and Discussion

The synthesis of compounds 1a and 1b is represented by the following scheme:

i Mol )L )k
0
/ + HN N—Me ", solvent
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We should separate the mixture of regioisomers la and 1b, and also characterize these compounds. To

solve this problem, we developed a method for separating the trans- and cis- isomers of dimethylglycoluril
under HPLC analysis conditions (Fig. 1).
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Figure 1. HPLC of la and 1b

Accordingly, the regioisomers of DMGU la and 1b were effectively separated with retention times,
namely, 6.998 min for la and 9.704 min for 1b, as shown in Figure 1, under the investigated HPLC condi-
tions. The obtained results formed the basis for the subsequent development of more convenient preparative
HPLC separation of the isomers (the conditions are listed in Experimental). We proposed an alternative
method based on preliminary TLC control of the reaction mass, and their subsequent separation by column
chromatography to expand the preparative methods for separation of regioisomers of DMGU. Comparison of
la and 1b obtained by preparative HPLC and column chromatography showed complete identity of their
physicochemical properties (TLC, melting point, NMR spectra, TGA analysis).

Recognition of the regioisomers la and 1b was carried out by 'H and *C NMR spectroscopy. Analysis
of the "H NMR spectra showed that the protons of CH-CH groups of la were revealed as a singlet signal in
the 5.10 ppm range, whereas CH-CH groups of 1b are split in the form of AMX in the 5.10-5.19 ppm range
due to their nonequivalence, which indicates the asymmetry of this structure. Chemical shifts of NH protons
in trans- and cis- regioisomers appear as singlets at 7.57 ppm and 7.40 ppm, respectively, and the -CHj;
groups resonate in the region of 2.61 ppm for the trans- isomer 1a and 2.78 ppm for the cis-isomer 1b. In the
BC NMR spectra, we showed the presence of the equivalent CH-CH groups in the region of 67.39 ppm in
the trans- isomer la, C=0 in the 159.66 ppm region, and -CH; in the region of 27.42 ppm. Whereas 2-CH-
CH group of the cis-isomer is not equivalent and resonate in the 60.63 ppm and 75.63 ppm region, C=0 in
the region of 160.19 ppm, -CH; in the region of 27.43 ppm. The unambiguous assignment of signals in 'H
and >C NMR spectra of regioisomers allows them to be reliably recognized in the mixture.

DSC-MS analyzed the individual compounds in the temperature range of 50450 °C for the first time to
study the thermal behavior of trans- and cis-isomers 1a and 1b. The data are presented in Figures 2 and 3.
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It can be seen from the DSC curve in Figure 2 that there is a transition at 278 °C, which indicates the
melting of compound la, whereas the next phase transition at 300 °C indicates the decomposition of the sub-
stance due to the presence of thermal decomposition products CO,, H,O, N, in the mass spectra.
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Figure 3. Thermal analysis of Compound 1b

The data of DSC curve of compound 1b (Fig. 3) show that the phase transition at 291 °C corresponds to
the melting process of the substance, and then the transition at 300 °C indicates the decomposition of the
substance, since there are thermal decomposition products CO,, H,O, N, in the mass spectra.

Since we succeeded in developing reliable methods for the control and identification of isomers 1a and
1b, in the next stage of our work we studied the reactions of N-methylurea with glyoxal under conditions of
strong acid catalysis, which was previously neglected. Thus, in a series of experiments, we showed that the
predominant formation of isomer la under the conditions found agrees with the literature data [3—8], when
this process was carried out in water and alcohols, but not in methanol. But, at the same time, attention is
drawn to the fact that the use of perchloric acid (see Table, synthesis 3, 5) or in a separate case of methanol
(Table, synthesis 2) significantly increases the regiospecificity of the formation of isomer la.

Table
Conditions of N,N’-dimethylglycoluril synthesis
No. Solvent Catalyst la 1b Yield, %
1 CH;0H HCI 64.75 35.25 29
2 CH;0H H,SO,4 91.94 8.05 30
3 CH;0H HCIO,4 89.37 10.62 33
4 CH;COOH H,SO,4 65.12 34.88 42
5 CH;COOH HCIO,4 93.15 6.85 26

Known mechanisms for the formation of glycolurils from urea and glyoxal in the presence of acids im-
ply consideration of sequential and sometimes parallel processes of a-ureidoalkylation and cyclization of
intermediate mono- and diureidocarbinols [4-9] or acid catalysis of cyclization of ureas with 1,2-dicarbonyl
compounds according to Butler [10].
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Figure 4. The probable chemical behavior of 1a and 1b

According to the above scheme (Fig. 4), the predominant formation of one or the other isomer la and
1b depends primarily on the propensity to form intermediate bisureidocarbinols Ila and IIb, the formation of
which is critically important for the possibility of a competitive nucleophilic attack of C=0 of glyoxal groups
on —-NH and —NH, in methylurea. In view of the foregoing, under the conditions of synthesis studied, the
overwhelming regiospecific formation of isomer 1a in syntheses 2, 3 and 5 is most likely determined by two
reasons: the suppression of the nucleophilicity of the secondary NH group due to its probable protonation
under strongly acidic conditions on the one hand and the parallel steric inhibitory effect of CH;-groups on
processes of cyclization of intermediate Illa and IIIb.

Conclusions

The HPLC conditions of analysis allow efficiently separating the regioisomers of DMGU 1la and 2b
with retention times, namely, 6.998 min for 1a and 9.704 min for 1b. To expand the preparative possibilities
for the separation of regioisomers of DMGU, we proposed an alternative method based on preliminary TLC
control of the reaction mass, and their subsequent separation by column chromatography (conditions are giv-
en in the experimental part). Comparison of the samples of compounds la and 1b obtained by preparative
HPLC separation and column chromatography showed complete identity of their physicochemical properties
(TLC, mp, NMR spectra, TGA analysis).

Thus, in this work it was established that the reaction of glyoxal with N-methylurea under strong acid
conditions was completed mainly by the formation of trans-isomer la, in some cases reaching 90 %
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regiospecificity. In addition, the set of physical and chemical studies of regioisomers la and 1b made it pos-
sible to reliably and unambiguously characterize these isomers.
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B.P. Kymep6aeBa, A.A. bakub6aes, /[.A. Kypraues,
A.F. )Kakcri6aeBa, B.C. ManbkoB, O.A. KoTelbHUKOB

N,N-IuMeTHITITHKOJYPHJ KEeHICTIKTIK H30MepJiePiHiH KbIKbLIAbI-KATAJIU3AeY i
CHHTE3i MeH aHAJIMTHKAJIBIK Npenapartbl 06JIiHYyiH 3epTTey

Makana ncuxo(apMaKoIOTHSIIBIK OEICeHIUTIKTIH KeH CIEKTPiH CHIATTAaiTBIH OPTaHMKAIBIK KOCHUIBIC-
TapAbIH THEPCHEeKTUBTI CHIHBIOBI OOJIBIN TAOBUIATHIH AJKWITIMKONypHigepre apHamraH. N,N-auMeTwi-
TJIMKOJTYPHWJI KEHICTIKTIK HM30MEpJIepAiH CHHTE3IH KaTanu3atopnapiabl (KYKipT KbIIIKbUIBL, TY3 KbIILIKBUIbI,
XJIOp KBIIIKBUIBI) MaianaHy MeH opTypiii epiTiHainepae (METaHOI, CiNTi KbIIKBUIBI, KYMBIPCKA KBIIIKBLIbL)
OTKi3/i. PeakumsiblK KOCHAHBIH CaHABIK JKOHE camajibl KYPaMblH JKOFapbl THIMII CYHBIKTBIK XpOMAaToO-
rpaduAchl, KyKakabarTel-xpomaTorpadus kemeriMeH jxysere achipzbl. N,N-IHMETHITTHKOIYPHIIIIH KEKe
KEHICTIKTIK U30MepiIepiH 0oyl IpenapaTuBTi )KOFapbl THIMAI CYHBIKTHIK XpoMaTorpadus skoHe OaraHalbl
xpomarorpadust omicTepi MeH OpBIHAaAbl. berinm anblHFaH Keke H30MepiiepAiH  (QU3HKa-XUMUSIIBIK
KacHeTTepi SIPOJIBIK-MarHUTTI  CIIEKTPOCKONHSHBIH, TEPMOTPaBUMETPHSIBIK TaJAAayIblH KeMeTiMeH
ommenai. N,N-IUMETHINTUKONYPWINIH mpaHc- KOHE yuc-W30MEpIIepiH JKOFapbl THIMII CYHBIKTHIK
XpoMatorpausHbIH SKaFlaiblHAA AHAIMTHKAIBIK aHBIKTAy OMici JabIHIANIbI, YCTAy YaKbITBI: MpAHC-
yuria — 6,998 muH, yuc- yuria — 9,704 mun. N,N’- TUMeTHIITIIMKOIYPUILABIH YiC- )KOHE mpaHCc-n30MepIiepi
oNapablH (U3MKAIBIK-XUMUSUIBIK KACHETTEPiHIH TOJIBIK COWKECTIriH aHbIKTaabl. KaTThl ciiTini skaFaaiaapaa
TIIHOKcanbAiH N-METMIMOYEBHHAMEH DEaKLUsIChl mpaHc-U30MEPIiH, >KekenereH sxarmaitmapaa 90 %-msl
peruocnenuuKanbIKTBl 0acklM Ty3iyl MeH asKTanaTbliHbl Oenrimi. [Juc- xoHE mpaHc-n30MepliepiHiH
(DM3UKANBIK-XUMISUIBIK,  KUBIHTBIFBIH 3€PTT€Yy OCHl HM30MEpIEPIiH (DU3UKAIBIK-XUMUSUIBIK KAacCHETTepiH
CeHIMI xoHe Oip MarbIHANIBI CHIIATTayFa MYMKIHAIK Oepi.

Kinm ces3dep: TIVKOIYpWI, AUMETHITIUKOIYPHI, MOYEBHHA, TETEPOLMKICD, LUKIACHY, XKOFaphl THIMAI
CYHMBIKTHIK XpoMaTorpadus, 6araHaisl Xxpomarorpadus, IpernapaTiuBTi XpoMarorpagus.
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B.P. KymepbaeBa, A.A. bakubaes, /[.A. Kypraues,
A.T". Xakcri0aesa, B.C. Manbkos, O.A. KoTeIbHUKOB

HccnenoBanne KUCJI0THO-KATAJIUZHUPYEMOr0 CHHTE3a U AHAJTUTHYECKOI0
NpenapaTuBHOrO pa3jiejieHus MPOCTPAHCTBEHHBIX H30MEPOB
N,N-AuMeTHITrINKOJIypHIa

CraTbs NOCBSIICHA ATKUITIMKOIYPUIaM, SIBISIOIUMCS NEPCICKTUBHBIM KJIACCOM OPraHU4EeCKUX COCIHHE-
HUH, XapaKTepHU3yIOMNXCs MHUPOKUM CIIEKTPOM Icuxodapmakonorndeckoil akTuBHOcTH. CHHTE3 IIPOCTpaH-
CTBEHHBIX M30MepoB N,N-IHMETHITINKOIYpIIIa IIPOBOIMIN B PA3IIMIHBIX PACTBOPUTEISX (METaHOIN, yKCyC-
Hasl, MypaBbHHasl KHCIOTHI) C UCIIOIB30BAHUEM KaTaIN3aTOPOB (CEPHOI, CONIHOU, XJIOpHOH KucaoT). Komu-
YECTBEHHBI U KaYeCTBEHHBIH COCTAB PEAaKIMOHHOH CMECH MPOBOAMIIM C MOMOIIBIO BBICOKOI(D(PEKTHBHON
JKHJKOCTHOIM Xpomarorpaduu, TOHKOCIOWHO# xpomarorpadun. BeigeneHie HHANBHIYAIBHBIX TPOCTPAHCT-
BEHHBIX n30MepoB N,N-INMETHITINKOIYpHIa HPOBOAWIM C IIOMOIIBIO NPENapaTHBHOH BbICOKOI(D(EKTUB-
HOU >KMJKOCTHOH Xpomartorpaduy M KOJIOHOYHOH xpomarorpaduu. DU3HKO-XHMHYIECKHE CBOWCTBA BEIIE-
JICHHBIX MHIMBHAYaJIbHO U30MEPOB OBUIM M3MEPEHHI C IIOMOIIBIO SIAEPHO-MarHUTHOH CIIEKTPOCKOIHH, Tep-
MOTPaBUMETPUUECKOr0 aHaiIn3a. Pa3paboTan MeTos aHATMTHYECKOTO ONPENENeHUs mpanc- U yuc-n30MepoB
N,N-AnMeTHIrIIIKOIypriIa B YCIOBHAX BBHICOKOA((EKTHBHOI XKUAKOCTHOH XpoMaTrorpaguu ¢ BpeMEHAMH
yAepXKHUBaHUM: mng mpanc- — 6,998 muH, ana yuc- — 9,704 mun. VHauBuayanbHO BBIOENCHBI yuc- U
mpanc-u3omepsbl N,N’-numetunriaukonypuaa. CpaBHeHHe 00pasIoB yuc- U mpanc-u30MepoB, TOTYIEeHHBIX C
MOMOILBIO TIPETIapaTUBHON BBICOKOA(G(PEKTHBHOMN KUAKOCTHOH XpoMarorpaduu ¥ KOJIOHOYHOU XpoMaTorpa-
(bun, OKa3aJI0 MOJIHYIO HISHTUYHOCTD UX (HPU3MKO-XUMHUYECKHX CBOWCTB. Y CTaHOBJICHO, YTO PEaKLHs TIIHOK-
cans ¢ N-MEeTHJIMOUCBHHOH B CHIIBHOKHCIIOTHBIX YCIOBHSIX 3aBEpIIACTCS MPEHMYIIECTBEHHO ¢ 00pa3oBaHH-
eM mpanc-u30Mepa, B OTACNBHEIX ciaydasx pocturas 90 %-uoi pernocnernupuanoctd. COBOKYIHOCTH (HU3H-
KO-XUMUYECKUX HCCIEJOBAaHUI yuc- U mpaHc-I30MEpOB M03BOIMIIA HAJEKHO U OJHO3HAYHO OXapaKTepU30-
BaTh (PU3UKO-XMMHIUYECKUE CBOIICTBA JAaHHBIX H30MEPOB.

Knioueswvie cnosa: TIMKOITYpHII, TUMETHITITUKOIYPHI, MOUSBHHA, TETEPOLIUKIIBI, IIKIH3AIHS, BRICOKOd(dexk-
THBHAs XKMAKOCTHAsl XpoMaTorpadus, KOJOHOYHas XpoMaTorpadus, npenapatuBHas XxpoMarorpadpus.
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