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Abstract
Aim. The investigation of the reaction of 4-carboxyphenylglyoxal with N-hydroxyurea, different N-alkoxy-N’-
arylureas and N-propyloxy-N'-methylurea in acetic acid medium and the product structure. Methods.1H and 13C
NMR, mass spectra and XRD study. Results. 3-Alkoxy-4,5-dihydroxyimidazolidin-2-ones are the only products of N-
alkoxy-N’-alkyl(aryl)ureas interaction with 4-carboxyphenylglyoxal. The possibility of obtaining such dominating
products as 3-alkoxy-1-aryl-5-(4-carboxyphenyl)-4,5-dihydroxyimidazolidin-2-ones and 3-alkoxy-1-alkyl-5-(4-
carboxyphenyl)-4,5-dihydroxyimidazolidin-2-ones with cis orientation of 4-HO- and 5-HO-groups to each other has
been proved in the experimental way. The product structure was revealed by the 1H and 13C NMR, mass spectra and
XRD study. Also the structure of 5-(4-carboxyphenyl)-4S,5S-dihydroxy-1-methyl-3-propyloxyimidazolidin-2-one is
discussed in this article. In this compound the endocyclic C(2)-C(3) bond is elongated to 1.562(2) A) as compared to
the average length of C(sp3)-C(sp3) ordinary bond. The N(1) atom has almost planar configuration whereas the N(2)
atom has pyramidal configuration. The N(1)-C(1) bond is shorter than the N(2)-C(1) bond. 4-Carboxyphenylglyoxal
reacts with N-hydroxyurea in acetic acid at room temperature with the selective formation of 5-(4-carboxyphenyl)-
3-hydroxyimidazolidine-2,4-dione. Conclusions. 4-Carboxyphenylglyoxal reacts with N-propyloxy-N’-methylurea
and N-alkoxy-N-arylureas in acetic acid at room temperature selectively producing 5-(4-carboxyphenyl)-4,5-
dihydroxy-1-methyl-3-propyloxyimidazolidin-2-one and 3-alkoxy-1-aryl-5-(4-carboxyphenyl)-4,5-dihydro-
xyimidazolidin-2-ones with cis orientation of 4-HO- and 5-HO-groups towards each other. In the same conditions 4-
carboxyphenylglyoxal interacts with N-hydroxyurea yielding only 5-(4-carboxyphenyl)-3-hydroxyimidazolidine-
2,4-dione.
Keywords: 3-alkoxy-1,5-bis(aryl)-4,5-dihydroxyimidazolidin-2-ones; 3-alkoxy-1-alkyl-5-aryl-4,5-dihydroxyimidazolidin-2-
ones; synthesis; structure.

B3AEMOJIA 4-KAPBOKCUPEHUIT/IIOKCAJIIO 3 N-TIAPOKCUCEYOBHUHOIO TA N-
AJIKOKCHU-N’-AJIKIJI(APUJI)CEHOBUHAMM. BY/10BA 4,5-AUT'1IIPOKCH-5(4-
KAPBOKCHU®EHLI)-1-METHUJI-3-ITPONIJIOKCUIMIZA3O0IANH-2-0HY
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AHoTaria
MeTta. JlocinigkeHHsA B3aeMojAii 4-kKapG6okcudeHiariaiokcaaw 3 N-riJpokcuce4oBHHOW, pisHUMHM N-aJIKOKcH-N’-
apuiice4oBMHaMH i N-nponijiokcu-N’-MeTU/ICE4OBHUHOIO B OI[TOBil KUC/JI0TI Ta BCTAHOBJIEHHSA CTPYKTYPH NPOAYKTIB.
MeToa. CnexTpockomnist IMP 1H i 13C, mac-cieKTpOMeTpis Ta MeTOA PeHTreHOCTPYKTYpHOI Audpakuii. PesyabTaTu.
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3HailjeHo, 0 3-aJKOKCHU-4,5-AUriApoOKCcUiMiga30/1iNH-2-0HU € €JUHUMHU NPOAYKTaMu B3aeMoAii N-aikokcu-N’-
apujice4oBUH i N-ankokcu-N’-ajIKiJicedoBUH 3 4-Kap6oKcudeHiarjaiokcajsieM Yy OLTOBid KHUC/IOTI 3a KiMHaTHOIL
Temneparypu. [o/JIOBHMMHM i mNepeBaXHUMM NPOAYKTaMU peaknii € Taki Jaiacrepeomepu 3-ajakokcu-4,5-
AUTigpoKcHiMiza3oniguH-2-0HiB, fKi MawTbhb yYuc-opieHTaniw 4-HO- i 5-HO-rpyn BigmoBigHO oaHa iHIIIN.
Jiactrepeomepu 3 mpaHc-opieHTaniewo 4-HO- i 5-HO-rpyn BignmoBigHO ojHa iHIIiINI yTBOPHIOTHCS Yy BeJbMHU
He3Ha4yHoi KijbKocTi. By0By NpoAyKTIB A0BeJeHO B CYKyHmHOCTI 3a gomomorow cnektpiB 1H i 13C AMP, mac-
CIEeKTPiB, a TaKoX METOJOM PEeHTreHOCTPYKTypHoi audpaxuii gocaigxeHo 6yaoBy 4S5,5S-aurigpokcu-5-(4-
Kap6okcudeHnin)-1-meTni-3-nponijiokcuiMigazonignH-2-ody. HaBoauTbca 06ropopeHHsi ii  0coGJiMBOCTel.
BcTaHoBJIEHO, 10 B MOJIeKYJIi 45,5S-auriapokcu-5-(4-kap6okcudenin)-1-meTun-3-nponijiokcuimMigasosrigzuH-2-oHy
eHJONMK/IiYHMi 3B’a30K C(2)-C(3) mogomxeHnuii g0 1.562(2) A nopiBHaHO i3 cepeanbo10 BesmuuHo0 1.540 A a1a
oguHapHoro 3B’a3Ky C(sp3)-C(sp3). Atom Hitporeny N(1) mae maibxke miaHapHy KoH@irypaniio, cyma BaJIleHTHUX
KyTiB cksiagae 354.4(1)°. Arom HitporeHy N(2) mae nmipamizanbHy KoHirypanilo, cyma BaJIeHTHUX KYTiB CKJIaja€
335.2(1)°). 38’a30k N(1)-C(1) kopormmii (1.357(2) A), mix 38’a30k N(2)-C(1) (1.393(2) A). ¥ Tux xe ymoBax 4-
Kap6okcudeHinraiokcanb pearye 3 N-Ti[pOKCHCEYOBHHOI0 3 CeJIEKTUBHMM YTBOPEeHHAM 3-riipokcu-5-(4-
Kap6okcudenin)imigasonignn-2,4-aiony.

Karwouosi ca08a: 3-ankokcu-1,5-6uc(apui)-4,5-gurigpoxkcuimigazonigin-2-ouuy; 3-ankokcu-1-ankin-5-apui-4,5-
JUTipoKcHiMinazoniiiH-2-0HU; cUHTe3; 6ya0Ba.

B3AUMO/IEVCTBHE 4-KAPBOKCUPEHUITIAOKCAJIA C N-TUIPOKCUMOYEBUHOM
N N-AJIKOKCHU-N"-AJIKWJI(APUI)MOYEBUHAMM. CTPOEHHME 4,5-IUT'HIPOKCH-5(4-
KAPBOKCU®EHUWI)-1-METUJI-3-ITPOIMUJIOKCUUMU/IA30/IUIUH-2-OHA

Bacuauii I'. lllTam6ypr?, Buktop B. lllTam6ypr?, Auapeit A. AHUILleHKOZ, Dayap/ b. PycaHoBs3,

Ceetsiana B. KpaBueHnko#, Anekcanzap B. Masena’

1I'BY3 «YkpauHckuii 2ocydapcmeeHHblll XUMUKO-mexHo/102uveckull yHusepcumemy», npocn. I'azapuHa, 8, 2. /[nenp, 49005,

Ykpauna
2/THenpogckull HAYUOHANbLHLILU yHUBepcumem umeHu Oaecsi F'owvapa, l'azapuna, 72, 2. [Jnenp, 49050, Ykpauna
3HHcmumym opzaHuveckoli xumuu HAH Ykpaumvl, y. MypmaHckasi., 5, Kues, 02660, Ykpauna

4/THenpoackuli 2ocydapcmeeHHblll azpapHo-3koHomu4eckull yHugepcumem, y4. Cepzesit Efppemosa, 25, 2. lnenpr, 49600,

Ykpauna
S@usuko-xumuueckuli uHcmumym umeHnu A.B. Boezamckozo HAH Ykpauhul, ya. Jllocmdogckas dopoeza, 86, 2. Odecca, 65080,

Ykpauna

AHHoTauga

Ilesb. UcciieaoBaHue B3aMMOAEHCTBHA 4-KapGOKCHPEHUITIHOKCANAA ¢ N-THAPOKCUMOYEBUHOM, Pa3IUYHBIMU N-
a/IKOKCU-N’-apuJMo4YeBUHaMU M N-IPONMUJIOKCH-N'-METH/IMOYEBHHOKW B YKCYCHOH KHCJIOTe U YyCTaHOBJIEHHE
CTPYKTYpbl MNpoAayKToB. MeTtoa. Conektpockomusa fAMP 1H wu 13C, Macc-CHeKTpOMETpUA U MeTOj
PEeHTTeHHOCTPYKTYypHO! auddpakuun. PesyabTaThl. HaiijeHo, YTO e AUHCTBEHHbIMH NIPOAYKTAMHU B3aUMOAECTBUA
N-ankokcu-N’-apuiMoyeBUH U N-aJIKOKCU-N’-aJIKUJIMOYEBHUH C 4-Kap6oKcHPpeHWITIUOKCca/IeM B YKCYCHOM KUCJIOTe
NP4 KOMHATHOM TeMmmepaType ABJAAKTbCA 3-aJKOKCU-4,5-AUrHJPOKCUMMUAA30IUAUH-2-0Hbl. [J1IaBHBIMM H
NpeuMylecTBEHHbIMU NpPOJyKTaMH peaxkuuu ABJISIOTCA JMacrepeoMepsbl 3-askokcu-4,5-
AUTHUAPOKCUMMMAA30/IUMH-2-0H0B, UMeiue yuc-opueHTanyuw 4-HO- u 5-HO-rpynn oTHOCUTE/IBHO ApPYr Apyra.
Jdunacrepeomepsl ¢ mpaHc-opueHTanuei 4-HO- u 5-HO-rpynn 0oTHOCUTE/IBHO ApPYyr Apyra o6pasylTcs B cjieJ0BbIX
KosinyecTBax. CTPYKTypy NIPOAYKTOB peaKiuM A0Ka3aHo ¢ noMo1bio cieKTpoB AMP 1H u 13C IMP, macc-cnekTpoB, a
TaKKe MeTOJAOM PpEHTreHOCTPYKTYpHOH Jaudpakuuu uccjieJoBaHO CcTpoeHue 4S,55-aurnjpokcu-5-(4-
Kap6okcudeHna)-1-MeTui-3-1ponuIoKCUMMHAA30IUAUH-2-0Ha. [IpuBoaguTCcs o06GCyXKaeHHe eé 0COGeHHOCTeil.
HaiigeHo, yTo B MoJsiekyJie 45,55-AurnapoKcu-5-(4-kap6okcupenni)-1-meTni-3-nponua0KCMUMHIJa30IUANH-2-0Ha
3HJONMKAMYecKas cBA3b C(2)-C(3) yaiuneHHa a0 1.562(2) A no cpaBHenuwo ¢ cpeaHeii Besmunnoii 1.540 A gna
oauHapHoii cBsa3M C(sp3)-C(sp3). Atom asora N(1) uMeeT MOYTH NJIOCKYI0 KOHPUTypaLyIo, CyMMa BaJleHTHBIX YTJI0B
coctaBaser 354.4(1)°. Atom asora N(2) uMeeT NuUpaMHJAa/IbHYI0 KOHQHIrypamuio, CyMMa BaJIEeHTHBIX YIJIOB
cocraBser 335.2(1)°). Ceass N(1)-C(1) kopoue (1.357(2) A), yem cBasn N(2)-C(1) (1.393(2) A). B Tex ke ycaoBusax
4-xap60KcUPeHNITINOKCAIb pearyeT ¢ N-THAPOKCUMOYEBUHOIO C CeJIEKTUBHbIM 06pa3oBaHueM 3-THJPOKCcHU-5-(4-
Kap6oKcudeHn/ 1) UMHJa30IUgUH-2,4- 1MOHA.

Kawuesvle caoea: 3-ankokcu-1,5-6uc(apui)-4,5-1UrupoKCHUMHUIA30UUH-2-0Hbl;  3-aJIKOKCH-1-anKua-5-apui-4,5-
AI/IFI/IApOKCI/II/IMI/IL[aBOJII/IAI/IH-Z-OHI)I; CHUHTE3; CTPOEHHUE.

produced by this reaction. As we have proved

Introduction: some of the products transform into others.

As it was shown in our previous publications The following products can be obtained from
[1-6] the arylglyoxals’ interaction with N- this reaction: substituted ureas 1, diastereomers
hydroxyurea and N-alkoxyureas is a very ©f 3,4,5-trihydroxy-5-arylimidazolidin-2-ones or
promising way to get valuable pharmaceutical 3-alkoxy-4,5-dihyd_roxy-5—arylimidazolidin—2-
materials. Three types of products can be Ones 2,3 respectively and 3-hydroxy- or 3-

alkoxyhydantoins 4 respectively.
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Scheme 1. The products of arylglyoxals’ interaction with N-hydroxyurea or N-alkoxyureas

The mechanism of this interaction cannot be
completely proved because of the lack of
experimental evidence. In any case the formation
pattern of each product type is valuable. It is
important to know this pattern not only in order
to determine the reaction mechanism, but also to
get further perspective synthones for the organic
synthesis.

The relevance of the products which can be
obtained by the arylglyoxals interaction with N-
hydroxyurea or N-alkoxyureas is significant
because of the importance of imidazolidin-2-ones
and imidazolidine-2,4-diones among the nitrogen
containing heterocycles [7-21]. Arylglyoxals are
widely used in synthesis of these biologically
active nitrogen containing heterocycles [22; 23],
too.

Despite the differences between the products
of the arylglyoxals interaction with N-
hydroxyurea or N-alkoxyureas we have observed
several patterns in their formation. In fact, the
type of the interaction product strongly depends
on the glyoxal’s reagent.

However, when we use arylglyoxals with
electron-donating groups in aryl moiety the
substituted ureas 1 might not be the only
products of this reaction [1]. As usual the first
type products, substituted wureas 1, forms
imidazolidin-2-ones 2,3, which further
transformation into hydantoins 4.

Nevertheless, it is possible to obtain only the
substituted ureas 5 in this interaction. For this
result the strong intramolecular effects should
take place in the compounds 5 [2; 6] (Scheme 2).

Ph
j /@ e
OH Br ~— ™ Br
Ph + H H
H HN N OH

R = CH,Ph,Et

“OR }H\ITN\OR
o)

5

Scheme 2. The substituted ureas’ formation as the only product in the interaction of arylglyoxals with N-alkoxyureas
[2, 6]

The second type products mixture of 4,5-
dihydroxyimidazolidin-2-ones 2,3, and the third
type products, hydantoins 4, are obtained in all
the other cases. This fact serves as a clear
evidence that the substituted ureas 1 cyclization
into 5-arylimidazolidin-2-ones 2 is an easy
process. This process could be retarded by
intramolecular effect or steric factor [1; 2; 4-6].

Very often the second type products, 4,5-
dihydroxyimidazolidin-2-ones 2,3, turn into the
third type products, hydantoins 4 [1; 6], but not
always.

For now, the most convenient method of
getting the third type product only is to use acetic
acid as a solvent for the reaction of arylglyoxals
with N-hydroxyurea or N-alkoxyureas. The
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products are only 3-hydroxyhydantoines 6 or 3-

alkoxyhydantoines 7 respectively [3] (Scheme 3).

N A

0 HN_  N_ r 0
[ on - T R wr

Ar/\ﬁ
H

OH

(0]
AcOH, r.t.

N—

O 6,7

Ar =p-XC.H,, X=H(a), F(b), Cl(c), Br(d)

R=H(6), Me, Et, Bu(7)

Scheme 3. The products of arylglyoxals interaction with N-hydroxyurea or N-alkoxyureas in acetic acid [3]

Only the second type products were fixed in
the reactions of 4-nitrophenylglyoxal with N-
hydroxyurea [4] or N-alkoxy-N-arylureas [5]. In
fact, 4-nitrophenylglyoxal reacts with N-
hydroxyurea producing only the mixture of 5-
aryl-3,4,5-trihydroxyimidazolidin-2-ones 8a and
8b in molar ratio approximately 3:1 [4] (Scheme

OH
0 . RHN. N
S o or
o)

O,N

AcOH, r.t.

NO,

R=R'=H (8)
R=Alk, R'=Ar (9)
R=R'=AlK (10)

4). Also, 4-nitrophenylglyoxal reacts with N-
alkoxy-N’-arylureas in acetic acid at room
temperature mainly producing 3-alkoxy-1-aryl-
4S§,55-dihydroxy-5-(4-nitrophenyl)imidazoleidin-
2-ones 9a [5] (Scheme 4). These compounds have
4-hydroxyl and 5-hydroxyl groups in the cis-
conformation to each other.

O,N
1;1\ H 4+ no/ \nH
' N —~
0 0
8a,9a,10a 8b,9b,10b

Scheme 4. The products of 4-nitrophenylgyoxal interaction with N-hydroxyurea [4] and N-alkoxy-N’-
alkyl(aryl-)ureas [5]

It has been shown that the reaction of 4-
nitrophenylglyoxal =~ with  N-n-propyloxy-N"*-
methylurea in acetic acid leads mainly to the
formation of  3-n-propyloxy-1-methyl-4S,55-
dihydroxy-5-(4-nitrophenyl)imidazolidin-2-one
10a (10a:10b=99: 1) [5] (Scheme 4).

The diastereomers of 5-aryl-4,5-
dihydroxyimidazolidin-2-one 8a,9a,10a with cis
orientation of 4-HO- and 5-HO-groups to each
other prevailed over the trans isomers in all the

experiments.
To sum up all the information about
arylglyoxals interaction with N-hydroxyurea

derivatives we should note that the experimental
investigation of the second type products 2,3
formation overall pattern needs to be continued.
For this reason, we have chosen to explore the
reaction of 4-carboxyphenylglyoxal with the N-
hydroxyurea, the different N-alkoxy-N’-arylureas
in acetic acid medium and for at least one case to
change this alkoxyurea’s reagent to the one of the
N-alkoxy-N’-alkylureas.

Experimental

'H NMR spectra were recorded on a Varian
VXP-300 spectrometer (300 MHz) and VARIAN
VNMRS 400 spectrometer (400 MHz). 13C NMR
spectra were recorded on a Varian VXP-300
spectrometer (75 MHz) and VARIAN VNMRS 400
spectrometer (100 MHz). The solvents DMSO-ds
and CDClz were used. 'TH NMR chemical shifts
relative to the residual solvent protons as an
internal standard [(CD3).SO: 2.500 ppm, CDCls:
7.260 ppm] were reported. Solvent carbon atoms
served as an internal standard for 13C NMR
spectra [(CD3).SO: 39.52 ppm]. Mass spectra
were recorded on a VG 70-70EQ mass
spectrometer in fast atom bombardment mode
(FAB). The solvents were purified and dried
according to the standard procedures.

4-Carboxyphenylglyoxal hydrate was obtained
according to the standard procedure by 4-
acetylbenzoic acid oxidation by SeO; pink
powder, unstable. tH NMR (400 MHz, DMSO-de):
8 =5.672 (1H, s, CH); 6.885 (2H, br. s, OH); 8.051
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(2H, d, 3/ = 8.0 Hz, Ar); 8.161 (2H, d, 3] = 8.0 Hz,
Ar); 13.321 (1H, br. s, COOH).

5-(4-Carboxyphenyl)-3-hydroxyimidazolidine-
2,4-dione (11). The solution of N-hydroxyurea (74
mg, 0.970 mmol) in acetic acid (8 mL) was added
to the mixture of 4-carboxyphenylglyoxal hydrate
(166 mg, 0.845 mmol) and acetic acid (10 mL) at
stirring. The reaction mixture was stirred during
23 h at 20°C, then the negligible precipitate was
filtered off, the filtrate was evaporated under
vacuum (4 mmHg) at 20°C, the residue was
washed by water (7 mL) and dried under vacuum
(4 mmHg), giving 145 mg (67 %) of 5-(4-
carboxyphenyl)-3-hydroxyimidazolidine-2,4-
dione monohydrate 11, white powder. TH NMR
(400 MHz, DMSO-ds): 6 = 5.360(1H, s, CH); 7.468
(2H, d,3/ = 8.0 Hz, C(2)H, C(6)H Ar); 7.984 (2H, d,
3] = 8.0 Hz, C(3)H, C(5)H Ar); 8.799 (1H, s, NH);
10.632 (1H, s, NOH); 13.062 (1H, s, COOH). 13C
NMR (100 MHz, DMSO-d¢): § = 57.34 (CH);
126.99 C(2)H, C(6)H Ar; 129.69 C(3)H, C(5)H Ar;
13093 C(1) Ar; 140.00 C(4) Ar; 154.28
[N(C=0)N]; 166.89 COOH; 167.19 C=0. MS (FAB)
m/z 237 [M+H]* (87); 88 (100). Anal. Calc. for
C10HsN205¢H20, %: C 47.24; H 3.96; N 11.02.
Found, %: C47.01; H 4.06; N 10.97.

The aqueous filtrate was evaporated under
vacuum (4 mmHg) at 20°C, the residue was
extracted by ethyl acetate (8 mL), the extract was
evaporated under vacuum additionally yielding
41 mg (19 %) compound 11.

N-n-Butyloxy-N’-phenylurea. The solution of
phenylisocyanate (1.240g, 10.413 mmol) in
benzene (5 mL) was added to the solution of n-
butyloxyamine (0.975 g, 10.933 mmol) in
benzene (8 mL), the reaction mixture was kept at
602C during 30 min, then the solvent was
evaporated under vacuum (20 mmHg), hexane (8
mL) was added. After keeping at -52C during 20 h
the obtained precipitate was filtered off, washed
by cold (-52C ) hexane, dried under vacuum (5
mmHg), giving 1.843 g (85 %) of N-n-butyloxy-N"-
phenylurea, colorless crystals, mp. 77-79 2C. 'H
NMR (300 MHz, DMSO-ds): 6 = 0.900 (3H, t, 3/ =
7.5 Hz, NO(CHz)sMe); 1.356 (2H, sex, 3] = 7.5 Hz,
NOCH.CH;CH;Me); 1.608 (2H, quint, 3/ = 7.2 Hz,
NOCH.CH,CH;Me); 3.765 (2H, t, 3/ = 7.2 Hz
NOCHz); 6.983 (1H, t,3/ = 7.8 Hz, C(4)H Ph); 7.257
(2H, t, 3/ = 7.8 Hz, C(3)H, C(5)H Ph); 7.551 (2H, t,
3] = 7.8 Hz, C(2)H, C(6)H Ph); 8.665 (1H, s, NH);
9.431 (1H, s, NHO). MS (FAB) m/z 209 [M+H]*
(100). Calc. for C11H16N202: C 63.44; H 7.74; N
13.45. Found: C 63.31; H7.56; N 7.15.

3-n-Butyloxy-4,5-dihydroxy-5-(4-carboxyphen-
yl)-1-phenylimidazolidin-2-one (12). 4-
Carboxyphenylglyoxal hydrate (71.2 mg, 0.3634

mmol) was added to the solution of N-n-butyloxy-
N’-phenylurea (75.9 mg, 0.364 mmol) in acetic
acid (5 mL), the reaction mixture was stirred
during 29 h at 22°C, then the negligible
precipitate was filtered off, the filtrate was
evaporated under vacuum (4 mmHg) at 20°C, the
residue was washed by water and dried under
vacuum (4 mmHg), giving 134 mg (91 %) of
monohydrate of 3-n-butyloxy-4,5-dihydroxy-5-
(4-carboxyphenyl)-1-phenylimidazolidin-2-one
12, colorless crystals, mp. 108-111°C. tH NMR
(300 MHz, DMSO-ds): 6 = 0.899 (3H, t,3/ = 7.2 Hz,
NO(CHz)sMe); 1.399 (2H, sex, 3] = 7.2 Hz
NOCH:CH2CH;Me); 1.611 (2H, quint, 3/ = 7.2 Hz,
NOCH:CH;CH:Me); 3.999 (2H, t, 3/ = 6.0 Hz,
NOCH?); 4.856 (1H, d, 3/ = 6.3 Ty, CHOH); 6.987-
7.082 (3H, m, OH, CHOH u C(4)H Ph); 7.188 (2H,
t, 3/ = 7.5 Hz, C(3)H, C(5)H Ph); 7.385 (2H, d, 3/ =
7.5 Hz, C(2)H, C(6)H Ph); 7.586 (2H, d, 3/ = 8.4 Hz,
C(2)H, C(6)H C¢Hs); 7.855 (2H, d, 3/ = 8.4 Hz,
C(3)H, C(5)H Ce¢H4); 12.977 (1H, s, COOH). H
NMR (300 MHz, CD3CN): 6 = 0.938 (3H, t,3/=7.35
Hz, NO(CHz):Me); 1.440 (2H, sex, 3] = 7.35 Hz,
NOCH2CH2CH;Me); 1.663 (2H, quint, 3/ = 7.1 Hz,
NOCH,CH,CH;Me); 4.031 (2H, t, 3] = 6.1 Hgz,
NOCH3); 4.975 (1H, s, CHOH); 7.095 (1H, t,3/=7.5
Hz, C(4)H Ph); 7.214 (2H, t, 3] = 7.5 Hz, C(3)H,
C(5)H Ph); 7.387 (2H, d, 3] = 7.5 Hz, C(2)H, C(6)H
Ph); 7.619 (2H, d, 3/ = 8.4 Hz, C(2)H, C(6)H CsHa4);
7.914 (2H, d, 3] = 8.4 Hz, C(3)H, C(5)H C¢Ha4). 13C
NMR (75 MHz, DMSO-d¢): 6 = 13.87 (Me); 18.66
(CHz2); 30.14 (CH2); 75.67 (NOCH:2); 87.35
(CHOH); 88.12 (COH); 124.71; 125.19; 127.01;
128.26; 129.29; 130.53; 136.29 (C Ar); 144.83
[C(1) PhN]; 157.05 [NC(=0)N]; 166.99 (COOH).
MS (FAB) m/z 387 [M+H]* (22); 369 [M+H-H,0]*
(9); 250 (26); 209 (100); 149 (49). Anal. Calc. for
C20H22N206.H20, 0/0: C 59.40; H 5.98; N 6.93.
Found, %: C 59.07; H 6.13; N 6.85.
4,5-Dihydroxy-5-(4-carboxyphenyl)-3-methoxy-
1-(4-methylphenyl)imidazolidin-2-one  (13). 4-
Carboxyphenylglyoxal hydrate (97.9 mg, 0.499
mmol) was added to the solution of N-methoxy-
N’-4-methylphenylurea [5] (89.9 mg, 0.499
mmol) in acetic acid (8 mL), the reaction mixture
was stirred during 38 h at 20°C, then the
negligible precipitate was filtered off, the filtrate
was evaporated under vacuum (2 mmHg) at 20°C,
yielding 175 mg (93 %) the mixture of the
diastereoisomers 13a and 13b in molar ratio
91:9 (*H NMR spectrum). This mixture was
extracted by water (4 mL) at 4°C during 23 h,
then the obtained precipitate was filtered off,
dried under vacuum, giving 118 mg (63 %) of
monohydrate of 4,5-dihydroxy-5-(4-
carboxyphenyl)-3-methoxy-1-(4-methylphenyl)
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imidazolidin-2-one 13a, white solid, mp. 81-83
°C.1H NMR (300 MHz, DMSO-ds): 6 = 2.164 (3H, s,
Me); 3.817 (3H, s, NOMe); 4.891 (1H, d, 3/ = 5.4
Hz, CHOH); 6.991 (2H, d, 3] = 8.7 Hz, C(3)H, C(5)H
Ce¢HsMe); 7.017-7.076 (2H, m, CHOH and OH);
7.241 (2H, d, 3] = 8.7 Hz, C(2)H, C(6)H CsHsMe);
7577 (2H, d, 3 = 8.1 Hz C(2)H, C(6)H
Ce¢H4sCOOH); 7.842 (2H, d, 3] = 8.1 Hz, C(3)H,
C(5)H CsH4COOH); 12.952 (1H, br. s, COOH). 13C
NMR (75 MHz, DMSO-d¢): 6 = 20.40 (Me); 63.95
(NOMe); 87.23 (CHOH); 87.90 (COH); 125.13,
127.00, 128.70, 129.08, 130.45, 133.41, 134.63 (C
Ar); 144.67 [ C(1) CeHsMe; C-N]; 156.92
(NC(=O)N); 166.90 (COOH). MS (FAB) m/z 359
[M+H]* (41); 341 [M+H-H20]* (10); 256 (7); 238
(9); 208 (100); 181 (37); 149 (76); 133 (28); 121
(8), 106 (19) Calc. for CigH1gN20¢*H20, %: C
57.44; H 5.35; N 7.44. Found, %: 55.78; H 5.54; N
7.42.
5-(4-Carboxyphenyl)-4S,5S-dihydroxy-1-methyl-
3-propyloxyimidazolidin-2-one (14). 4-
Carboxyphenylglyoxal hydrate (74.6 mg, 0.380
mmol) was added to the solution of N-propyloxy-
N’-methylurea [5] (55.7 mg, 0.421 mmol) in
acetic acid (5 mL), the reaction mixture was
stirred during 26 h at 22°C, then the negligible
precipitate was filtered off, the filtrate was
evaporated under vacuum (2 mmHg) at 20°C. The
residue was dissolved in water (5 mL), the
aqueous solution was filtered and evaporated
under vacuum (2 mmHg) at 20°C. The obtained
residue was washed by Et,0 (2 mL), dried under
vacuum (2 mmHg), yielding 104 mg (84 %) of
monohydrate of 5-(4-carboxyphenyl)-4S,55-
dihydroxy-1-methyl-3-propyloxyimidazolidin-2-
one 14, colorless crystals, mp. 124-127°C (with
decomp.). 'TH NMR (300 MHz, DMSO-ds): § =
0.898 (3H, t, 3] = 7.2 Hz, NO(CH2)Me); 1.597 (2H,
sex, 3] = 6.9 Hz, NOCHCH;Me); 2.465 (3H, s,
NMe); 3.831-3.910 (2H, m, NOCH>); 4.645 (1H, d,
3] = 7.8 Hz, CHOH); 6.569 (1H, s, OH); 6.609 (1H,
d, 3/ = 7.8 Hz, CHOH); 7.529 (2H, d, 3] = 8.7 Hz,
C(2)H, C(6)H Ce¢H4+COOH); 7.970 (2H, d, 3/ = 8.7
Hz, C(3)H, C(5)H C¢H4COOH); 12.997 (1H, br. s,
COOH). 13C NMR (75 MHz, DMSO-d¢): 6 =10.35
(Me); 21.39 (CH2); 25.17 (NMe); 77.44 (NOCHz);
85.97 (CHOH); 88.63 (COH); 126.76, 129.50 [C(H)
CeH4]; 130.75 [C(4) CeHa]; 144.62 [C(1) CeHas, C-
N]; 158.94 [NC(=0)N]; 167.08 (COOH). MS (FAB)
m/z 311 [M+H]* (77); 293 [M+H-H:0]* (36); 235
(83); 209 (59); 149 (100). Anal. Calc. for

C14H18N206°H20 %: C 51.22; H 6.14; N 853
Found, %: 50.98; H 6.35; N 8.26.

The crystals of compound 14 were grown
from ethanol, EtOH, triclinic, C14H1sN206¢C2H¢O,
M = 356.37, space group P-1,a =8.1633(3), b =
10.5552(4), ¢ = 11.6150(4)A, a =76.899(2), B =
84.240(2), y = 70.272(2)°, V=917.24(6)A3,Z = 2,
dc = 1.290, pn 0.102 mm-1, F(000) 380, crystal size
ca. 0.21 x 0.31 x 0.39 mm. All crystallographic
measurements were performed at 173K on a
Bruker Smart Apex Il diffractometer operating in
the ® scans mode. The intensity data were
collected for reflections within Omax < 26.5° using
Mo-K, radiation (A = 0.71078 A). The intensities
of 16552 reflections were collected (3787 unique
reflections, Rmerg = 0.0306). The structure was
solved by with direct methods and refined with
the full-matrix least-squares technique in the
anisotropic approximation for non-hydrogen
atoms using the Bruker SHELXTL program
package [24]. The solvate ethanol molecule is
disordered in two positions A and B with
occupancies 0.36 and 0.64 respectively. All the
CH hydrogen atoms were placed at calculated
positions and refined as ‘riding’ model. The
hydrogen atoms that supported hydroxyl and
carboxylate groups were found in DF synthesis
and refined isotropically. The convergence was
obtained at R1 = 0.0452 and wR2 = 0.1143 for
2907 observing reflections with 1 > 2g(I), R1 =
0.0616 and wR2 = 0.1236, GOF = 1.047 for 3787
independent reflections, 265 parameters, 8
restraints, the largest and minimal peaks in the
final difference map 0.29 and - 0.20 e/Az3.

The atomic coordinates, molecular geometry
parameters, and crystallographic data of
compound 14 were deposited to the Cambridge
Crystallographic Data Center, 12 Union Road,
CB2, 1EZ UK [fax:+44-1223-336033, e-mail:
deposit@ccdc.cam.ac.uk and is available on
request quoting the deposit number CCDC
2064374.

Results and discussion

We have found that N-hydroxyurea reacts
with 4-carboxyphenylglyoxal in acetic acid
medium at room temperature yielding only 5-(4-
carboxyphenyl)-3-hydroxyimidazolidine-2,4-
dione 11 (Scheme 5).

The N-hydroxyhydantoin 11 structure was
revealed by the 'H and 133C NMR, and mass
spectrum. In the same manner the other
arylglyoxals react with N-hydroxyurea [3].
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Scheme 5. The interaction of 4-carboxyphenylglyoxal with N-hydroxyurea

We have found that N-alkoxy-N’-arylureas
react with 4-carboxyphenylglyoxal in acetic acid
medium at room temperature yielding the
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mixtures of diastereomers of 3-alkoxy-1-aryl-5-
(4-carboxyphenyl)-4,5-dihydroxyimidazolidin-2-
ones 12, 13 (Scheme 6).

HO,C
OH q_<
Ar\N
O
12a, 132 12b, 13b

Scheme 6. The products of 4-carboxyphenylglyoxal interaction with N-alkoxy-N’-arylureas

We assume, that likewise 4-
nitrophenylgyoxal’s interaction with N-alkoxy-N"-
arylureas [5], that the main product in both cases
is similar. In this case it is the diastereomer 12a
or 13a with 4-hydroxyl- and 5-hydroxyl groups in
the cis-conformation to each other. Their
percentage in the products’ mixtures is
approximately 91-98%. The trans diastereomers
12b,13b have been observed in reaction products
in the trace amount as well. Firstly, the cis
orientation of 4-HO- and 5-HO-groupe has been
proposed for the compounds 12a,13a based on
their 'H NMR spectra. For the compounds

0. CH(OH),

+ MeNHC(O)NHOPr

CO,H

12a,13a the doublet of CHOH proton is situated
in the higher field [4.856 ppm (12a); 4.891 ppm
(13a)], then the doublet of CHOH proton of trans
diastereomers [5.132 ppm (12b); 5.154 ppm
(13b)]. Earlier it has been demonstrated for 5-
aryl-3,4,5-trihydroxyimidazolidin-2-ones 8a and
8b [4], 3-alkoxy-1-aryl-4,5-dihydroxy-5-(4-
nitrophenyl)imidazolidin-2-ones 9,10 [5].

In a similar way the N-propyloxy-N'-
methylurea’s interaction with 4-
carboxyphenylglyoxal produces only 5-(4-

carboxyphenyl)-4S,5S-dihydroxy-1-methyl-3-
propyloxyimidazolidin-2-one 14 (Scheme 7).

HO OH

AcOH, r.t. HO,C @ - H H

Me— WN\O-PI‘
(0]
14

Scheme 7. 4-Carboxyphenylglyoxal’s interaction with N-propyloxy-N’-methylurea

In this interaction the only one diastereomer
14 is formed. It became clear that it has cis
orientation of 4-HO- and 5-HO-groups in the cis-
conformation to each other. So, the result is
similar to the 4-nitrophenylgyoxal’s interaction
with N-propyloxy-N"-methylurea [5].

The structure of 5-(4-carboxyphenyl)-4S,55-
dihydroxy-1-methyl-3-propyloxyimidazolidin-2-
one 14 has been proved by XRD study (Figures 1,
2, Table 1).

In the molecule of compound 14 the
imidazolidinone cycle is non planar and has
envelope conformation. Thus, the C(1), C(2),
N(1), and N(2) atoms occupy position at the same
plane with rms deviation of the fitted atoms
0.0274 A. The C(2), C(3), and N(2) atoms plane
makes with previous plane the dihedral angle
which is equal to 35.1(1).
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Fig. 1. Molecular structure of 5-(4-carboxyphenyl)-4S,55-dihydroxy-1-methyl-3-propyloxyimidazolidin-2-
one 14 with atoms represented by thermal vibration ellipsoids at 50 % probability level

The C(2)-0(2)H and C(3)-0(3)H hydroxyl
groups are cis-oriented to each other (the 0(2)-
C(2)-C(3)-0(3) torsion angle is 38.68(17)°).

The N(1) atom has almost planar
configuration (the sum of bond angles (Z£f) is
354.4(1)°) whereas the N(2) atom has pyramidal
configuration (Zf is equal 335.2(1)°).

The N(1)-C(1) bond is shorter (1.357(2) A)
than N(2)-C(1) bond (1.393(2) A). This length
difference indicates the stronger conjugation
between lone pair of the N(1) atom and the
C(1)=0(1) carbonyl compared to conjugation
between the lone pair of N(2) atom and the
C(1)=0(1) carbonyl bond.

The endocyclic C(2)-C(3) bond (the length is
1.562(2) A) in the molecule 14 is elongated as
compared to the average length of C(sp3)-C(sp3)
ordinary bond (1.540 A [25]) . This phenomenon
has been observed in the polycyclic 3-hydroxy-
and 3-alkoxyimidazolidin-2-ones [26], as well.
And vice versa, the exocyclic C(5)-C(6) bond
(1.491(2) A) and C(6)-C(7) bond (1.519(3)A) is
shortened to the average length of C(sp3)-C(sp3)
ordinary bond. This phenomenon has been
observed in 3-ethoxy-5-phenylimidazolidine-2,4-
dione [3].

In the crystal the molecules of the compound
14 are linked by the four O-H::-O hydrogen bonds

(Figure 2, Table 1).
Table 1

The hydrogen bonds in the crystal of compound 14

D-H---A (symmetry operation) d(D-H), A d(D--A), A angle(DHA), °
02-H(20)---07 (1x,y, z+1) 0.855(9) 2.6180(16) 175(2)
03-H(30)---02 (1-x, 1-y, 2-2) 0.845(10) 2.8118(16) 145(2)
05-H(50)---01 (x, 5, z-1) 0.842(9) 2.6588(15) 167(2)
07-H(70)---06 0.845(10) 2.7307(18) 171(2)

Fig. 2. Molecular packing of compound 14 in the crystal
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Thus, the formation pattern of the second type
products, 3-alkoxy-4,5-dihydroxyimidazolidin-2-
ones, in the arylglyoxals reaction with N-
alkoxyureas has been clarified. It is necessary to
use arylglyoxals with a strong electron-
withdrawing substituent in 4-position of aryl’s
moiety to obtain these products.

Conclusions

We have proved that 4-carboxyphenylglyoxal
reaction with N-alkoxy-N’-arylureas in acetic acid
at room temperature produces only 3-alkoxy-1-
aryl-5-(4-carboxyphenyl)-4,5-
dihydroxyimidazolidin-2-ones. Using N-
propyloxy-N-methylurea as a urea’s reagent in
this reaction leads to 5-(4-carboxyphenyl)-4S5,5S-
dihydroxy-1-methyl-3-propyloxyimidazolidin-2-
one. The structure of 5-(4-carboxyphenyl)-4S,55-
dihydroxy-1-methyl-3-propyloxyimidazolidin-2-
one 14 has been proved by the XRD study. It
means that 4-carboxyphenylglyoxal reacts with
N-propyloxy-N’-methylurea and N-alkoxy-N-
arylureas in acetic acid at room temperature
selectively producing 5-(4-carboxyphenyl)-4S,5S-
dihydroxy-1-methyl-3-propyloxyimidazolidin-2-
one 14 and 3-alkoxy-1-aryl-5-(4-carboxyphenyl)-
4S,55-dihydroxyimidazolidin-2-ones 12a,13a. In
these compounds the hydroxyl groups are cis-
oriented towards each other. We have found that
4-carboxyphenylglyoxal reaction with N-
hydroxyurea in acetic acid at room temperature
produces only the 5-(4-carboxyphenyl)-3-
hydroxyimidazolidine-2,4-dione 11
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