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Abstract

Aim. To investigate the 4-X-phenylglyoxal (X = F, Cl, Br) interaction with N-alkoxy-N’-arylureas in acetic acid medium
at room temperature. Methods. Mass spectrometry, 1H and 13C NMR spectroscopy. Results. We have showed these
reaction type peculiarities and several different tendencies depending on the aryl glyoxal moiety structure. In this
article we have described the influence of this moiety at the stage of the hydantoin formation. It has been found that
the 4-fluorophenylglyoxal hydrate interacts with N-methoxy-N'-phenylurea in acetic acid during 99 h at 26 °Cyielding
the mixture of 5-(4-fluorophenyl)-cis-4,5-dihydroxy-3-methoxy-1-phenylimidazolidin-2-one, 5-(4-fluorophenyl)-
trans-4,5-dihydroxy-3-methoxy-1-phenylimidazolidin-2-one, and 5-(4-fluorophenyl)-3-methoxy-1-
phenylimidazolidine-2,4-dione. The 5-(4-fluorophenyl)-3-methoxy-1-phenylimidazolidine-2,4-dione is yielded
because of the additional exposure the products mixture in acetic acid during 260 h. The 4-chlorophenylglyoxal
hydrate reacts with N-ethoxy-N’-phenylurea in acetic acid at 26-27 °C during 219 h yielding the mixture of 5-(4-
chlorophenyl)-3-ethoxy-cis-4,5-dihydroxy-1-phenylimidazolidin-2-one and 5-(4-chlorophenyl)-3-ethoxy-1-
phenylimidazolidine-2,4-dione. After being processed by the p-toluenesulfonic acid this mixture is converted in pure
5-(4-chlorophenyl)-3-ethoxy-1-phenylimidazolidine-2,4-dione. 4-Bromophenylglyoxal hydrate interacts with N-n-
butyloxy-N’-phenylurea in acetic acid during 52 h at 26 °C yielding only the mixture of the diastereomers of 5-(4-
bromophenyl)-3-n-butyloxy-4,5-dihydroxy-1-phenylimidazolidin-2-one. The molar ratio of 5-(4-bromophenyl)-3-n-
butyloxy-cis-4,5-dihydroxy-1-phenylimidazolidin-2-one and 5-(4-bromophenyl)-3-n-butyloxy-trans-4,5-dihydroxy-
1-phenylimidazolidin-2-one is 91:9. The diastereomers of 5-(4-bromophenyl)-3-n-butyloxy-4,5-dihydroxy-1-
phenylimidazolidin-2-one were converted into 5-(4-bromophenyl)-3-n-butyloxy-1-phenylimidazolidine-2,4-dione
because of the p-toluenesulfonic acid action. As a conclusion we have proposed the possible mechanism of 3-alkoxy-
5-aryl-4,5-dihydroxy-1-phenylimidazolidin-2-ones conversion into 3-alkoxy-5-aryl-1-phenylhydantoins.
Conclusions. It has been found that the 4-halogenophenylglyoxal interaction with N-alkoxy-N’-phenylureas in acetic
acid at room temperature under the further processing by of p-toluenesulfonic acid is new way to synthetize 3-
alkoxy-5-(4-halohenophenyl)-1-phenylhydantoins. It has been shown that there is a certain tendency depending on
the 4-halogenophenyl substituent nature of the influence on the reaction.

Keywords: arylglyoxals; N-alkoxy-N'-arylureas; synthesis; 3-alkoxy-5-aryl-4,5-dihydroxy-1-phenylimidazolidin-2-ones; 3-
alkoxy-5-aryl-1-phenylimidazolidine-2,4-diones.

B3AEMO/IA 4-TAJIOTEHO®EHIITIIOKCAJIEN 3 N-AJTIKOKCU-N-APUJICEHOBUHAMU
Bacusb I'. lTam6ypr?!, Auapiit O. AHimenko?, Biktop B. llltam6ypr!?, CiT/1aHa B. KpaBueHko3,

Onekcangp B. Mazena#

1 JIBH3 «YkpaiHcobkuli deparcasHuli XiMiko-mexHoao02iuHull yHieepcumemy, np.. [azapiua, 8, m. []Hinpo, 49005, Ykpaina
2/lninposcbkull HayioHaabHull yHieepcumem imeHi Onecs l'onuapa, npocn.l'azapiua, 72, m. [JHinpo, 49050, Ykpaina
3/Jninpoecvkuli depicasHull azpapHo-eKoHOMIiYHUll yHigepcumem, 8ya.. Egppemosa., 25, m. [lninpo, 49600, Yxkpaina

4 @izuko-ximivHutl incmumym imeni 0.B. boecamcvkozo HAH Ykpaiuu, 8ya.. Jncmdopgcvka dopoza, 86, m. Odeca, 65080,
Ykpaina

AHoTanjis

MeTa. [locaiagutu B3aemogiwo 4-X-deninraiokcanein (X = F, Cl, Br) 3 N-aikokcu-N’-apujice4OBUHAMU B OLTOBiH
KMCJI0Ti 3a KIMHaTHOI TeMnepatypu. Metoau. Mac-cnektpomertpis, 1H ta 13C IMP cnekrpockonis. PesyabtaTn. Hamu
NMOKa3aHo, 10 OCOGJIMBOCTI peakiiil gaHoro tTumy i geski iHmi oco6/iMBOCTI 3aJieXkaTh BiJ GYyA0OBU apUJILHOTO
3aMiCHUKa rJ1iokcaso. B mii craTti MU eMOHCTPY€EMO BIUIMB 3aMiCHMKA Ha CTaAil0 yTBOPEHHA rifaHTOiHy. 3HaliAeHo,
o rigpar 4-¢propodeniaraiokcasio pearye 3 N-MeTokcu-N'-QpeHi/iceH4OBHHOIO B OLTOBiN KMC/I0Ti Ha mpoTA3i 99 rog,.
3a 26 °C 3 yrBopeHHAM cymimi of yuc-4,5-aurigpokcu-3-meTokcu-1-¢eHin-5-(4-propodenin)imigazonigus-2-ony,
mpaHc-4,5-aurigpokcu-3-metokcu-1-gpeHnin-5-(4-propodenin)imigazonignn-2-ony Ta 3-metokcu-1-penin-5-(4-
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dropodenin)imigazonigun-2,4-gione. BHaciigoK A0AaTKOBOI BUTPUMKH L€l cymilli NpoAyKTiB B O TOBiM KHC/IOTI
Ha mpotasi 260 roa. yTBOPWETbC  3-MeTOKcHU-1-dpeHin-5-(4-propodenin)imigazonigun-2,4-gion. 4-
XnopodeHiaraiokcanbriapat pearye 3 N-eTokcu-N'-QpeHiICe4OBUHOIW B OLTOBiA KHCAOTI 3a 26-27 °C Ha nmpoTa3i
219 roA. 3 yTBOpeHHAM cyMmimi 3-eTokcH-yuc-4,5-aurigpokcu-1-¢enin-5-(4-xaopodenin)imigaszonigun-2-ony ta 3-
eToKcu-1-deHin-5-(4-x1opodenin)imigazonigun-2,4-aiony. Ilicass 06poGKU N-TOAYeHCYJAbPOKUCJIOTOKW LA CyMiln
NepeTBOPIOETHCA y 4YUCTUH 3-eTokcu-1-deHin-5-(4-x1opodenin)imigasonigun-2,4-aioH. 4-
BpomodeHninraiokcanbrizpat B3aemojie 3 N-H-6yTua0okcu-N"-peHi/ice4OBMHOI0 B OLTOBiil KUC/IOTiI HAa NMpoTA3i 52
roj. 3a 26 °C 3 yTBOpeHHsIM TiJIbKU cyMmimi fgiacrepeomepiB 5-(4-6pomodeHin)-3-H-6yTUn0KCcu-4,5-gurispokcu-1-
deninimigazonignH-2-oHy. MoJibHe cHiBBigHOIIEeHHA 5-(4-6poModeHin)-3-H-6yTUNOKCU-YuUc-4,5-aurigpokcu-1-
deninimigazonignu-2-ony i 5-(4-6pomodeHin)-3-H-6yTHIOKCH-mpaHc-4,5-auriapokcu-1-deninimigazonigna-2-oHy
craHoBUTb 91:9. Jliacrepeomepu 5-(4-6pomModeHin)-3-H-6yTUN0KCU-4,5-aurigpokcu-1-dpeninimMigasonigua-2-oHy
6y nepetBopeHi y  5-(4-6pomodeHin)-3-H-6yTHa0KCcu-1-deHinimMigazoniagun-2,4-aioH Aielo  n-
TOJYyeHCYJAbPOKHCIOTH. MM 3anpomoHyBajJii MOMJIMBHM MeXaHi3M mNepeTBOpPeHHA 3-a/IKOKCU-5-apui-4,5-
auriapokcu-1-geninimMigazoniguH-2-oHiB y 3-ajJKokcu-5-apui-1-geHinrizanroinu. BucHoBku. 3HaiijeHo, M0
B3aeMoJia 4-rajoreHodeHiaraiokcasein 3 N-ankokcu-N-PeHisiceuoBUHAMH B OLTOBiii Kucia0TIi 3a KiMHaTHOL
TeMnepaTypyu 3 MNOAAIbIIOI OGPOGKOI0 N-TOJYEeHCYJbQOKHUCJAOTOI0 € HOBHMM CHHTEe30M 3-aJIKOKCH-5-(4-
ranoreHodeHin)-1-peninrigantoinis. [lokazaHo BIUIMB 4-rajioreHo¢deHi/IbHOr0 3aMiCHUKa Ha nepeo6ir uiei peakuii.

Karwuosi  cnoea:  apuirJiokcani;

N-ankokcu-N'-apu/ce4oBUHY;

CUHTE3;  3-aJIKOKCH-5-apui-4,5-gurigpokcu-1-

deHiniMifazonifUH-2-0HYU; 3-aNKOKCH-5-apui-1-peninimMinazonignn-2,4-gioHu.

Introduction

Hydantoins are widely used in the
pharmaceutical industry [1-8]. Their role is
difficult to underestimate as they are used in
target oriented syntheses as well as
anticonvulsants, muscle relaxants, anti-androgen
and antibacterial pharmaceuticals [4]. Also, N-
hydroxyurea and it derivatives are valuable
pharmaceutical materials [9]. We are deeply
convinced that N-hydroxyhydantoins and N-
alkoxyhydantoins may bring a huge practical
value in the field of pharmaceutical and medical
industries as well. Our recent research in the

arylglyoxals [10] has shown a completely new way
to receive the N-hydroxyhydantoins [11-14] and
N-alkoxyhydantoins [12-21]. We would like to
continue discussing these research results in this
article.

Earlier we had studied the interaction of thien-
2-ylglyoxal and phenylglyoxal hydrates with
different kinds of N-alkoxy-N’-arylureas in acetic
acid medium at room temperature [16].

As it is shown at the image below thien-2-
ylglyoxal reacts with N-alkoxy-N’-phenylureas
selectively forming 3-alkoxy-1-phenyl-5-(thien-2-
yl)hydantoins 1-6 [16] (Scheme 1).

HO H O
PhNHC(O)NHOR R' /
R' H - 7%
OH
\O AcOH, r.t. Ph/N\/N\ OR
R' = thien-2-yl (1-6), Ph (7-9) 1-9 o}

Scheme 1. Thien-2-ylglyoxal and phenylglyoxal interaction with the N-alkoxy-N’-phenylurea [16].
A.R’=2-C4H3S, R=Me (1), Et (2), n-Pr (3), i-Pr (4), n-Bu (5), CH2CHzPh (6); B. R’=Ph, R=Et (7), n-Bu (8), (CHz)7Me (9)

Phenylglyoxal reacts with the most of N-
alkoxy-N’-phenylureas in the same way with a
selective formation of 3-alkoxy-1,5-
bis(phenyl)hydantoins 7-9 [16] (Scheme 1).

The interaction of phenylglyoxal hydrate with
N-methoxy-N"-phenylurea yields the mixture of
4,5-dihydroxy-3-methoxy-1,5-bis(phenyl)imidaz-
olidin-2-ones 10a,b and N-methoxyhydantoin 11.
The separation of these products faced many
difficulties. However, their mixture is converted
into pure N-methoxyhydantoin 11 under the after
being processed by the trifluoroacetic acid [16]. At
the same time 3-methoxy-1,5-bis(phe-
nyl)hydantoin 11 has been obtained by the one-
step synthesis from N-methoxy-N’-phenylurea
and phenylglyoxal with the further addition of

only TsOH-H,O to the reaction mixture [16]
(Scheme 2).

Also, it has been found that phenylglyoxal
interacts with N-benzyloxy-N’-(4-bromo-
phenyl)urea and N’-4-bromophenyl-N-
propyloxyurea in acetic acid at room temperature,
selectively forming the mixture of the
diastereomers of 3-benzyloxy-1-(4-
bromophenyl)-4,5-dihydroxy-5-phenylimidazoli-
din-2-one 12a,b and 1-(4-bromophenyl)-4,5-
dihydroxy-5-phenyl-3-propyloxyimidazolidin-2-
one 13a,b [16] (Scheme 3). Compounds 12, 13
have been easily converted in the proper N-
alkoxyhydantoins after being processed by the
trifluoroacetic acid or p-toluenesulphonic acid
[16].
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Scheme 2. Phenylglyoxal interaction with N-methoxy-N"-phenylurea. The synthesis of 3-methoxy-1,5-
bis(phenyl)hydantoin (11) [16]

OH oH Ph oH
HO  ANHC(O)NHOR Ph- / \/ HO . / \/
> \H + \H
Ph \\ Og AcOH, r.t. Ar/N\(N\OR Ar— N\/N OR
0 0
12a,13a 12b,13b (94:6)
CF,CO,H
_ H
Ar=p-BrC,H ArNHC(O)NHOR; oh //o
RECHPh 12,14 v AcOH, 1t b)TsOH N; N
R=Pr 13,15 Ar— N _NTOR
o 14,15

Scheme 3. Phenylglyoxal interaction with N-benzyloxy-N’-(4-bromophenyl)urea and N’-4-bromophenyl-N-
propyloxyurea [16].

Phenylglyoxal interacts with N-benzyloxy-N"-
(4-nitrophenyl)urea and N-(3-methylbutyloxy)-
N’-(4-nitrophenyl)urea in acetic acid at room
temperature, selectively forming 3-benzyloxy-cis-
4,5-dihydroxy-1-(4-nitrophenyl)-5-phenylimid-
azolidin-2-one 16 and the mixture of the
diastereomers of 4,5-dihydroxy-3-(3-
methylbutyloxy)-1-(4-nitrophenyl)-5-phenyl-
imidazolidin-2-one 17a,b, respectively (Scheme
4). The molar ratio 17a:17b is 95:5. Thien-2-

ylglyoxal interacts with N-n-octyloxy-N"-4-
nitrophenylurea in acetic acid at room
temperature  selectively  forming  cis-4,5-

dihydroxy-3-n-octyloxy-1-(4-nitrophenyl)-5-(2-
thienyl)imidazolidin-2-one 18 [16].

4-Nitrophenylglyoxal interacts with N-alkoxy-
N’-phenylureas yielding 3-alkoxy-4,5-dihydroxy-
5-aryl-1-phenylimidazolidin-ones 19a,b and
20a,b [17] (Scheme 5).
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Scheme 4. Phenylglyoxal and thien-2-ylglyoxal interaction with N-alkoxy-N’-(4-nitrophenyl)ureas [16].
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Scheme 5. 4-Nitrophenylglyoxal [17] and 4-oxaldehydoylbenzoic acid [15] interaction with the N-alkoxy-N"-
phenylureas [15]. X=NOz, 19,20 Ar=Ph, R=Me(a), Et(b), Bn(c); Ar=4-MeC¢H4, R=Me(d), Bu(e); Ar=4-BrCsHas, R=Et(f),
Bu(g); X=CO:zH, 21a,b Ar=Ph, R=Bu; 22a,b Ar=4-MeCsH4, R=Me

In the same way N-alkoxy-N’-arylureas react
with 4-oxaldehydoylbenzoic acid yielding the
mixtures of diastereomers of 3-alkoxy-1-aryl-5-
(4-carboxyphenyl)-4,5-dihydroxyimidazolidin-2-
ones 21a,b, 22a,b [15] (Scheme 5). In both cases
the main product is the diastereomer 19a-g, 21a
or 22a with 4-hydroxyl- and 5-hydroxyl groups in
the cis-conformation to each other (91-98 %).

But the interaction of other kinds of
arylglyoxals with N-alkoxy-N’-arylureas remains
unexplored. To determine the peculiarities of the
reaction was extremely important because N-
alkoxyhydantoins may bring as pharmaceutically
relevant building blocks.

Thus, the goal of our present research was to
investigate the 4-X-phenylglyoxal (X = F, Cl, Br)
interaction with N-alkoxy-N’-phenylureas in
acetic acid medium at room temperature. The
novelty of this work lies in its investigation of the
influence of the 4-X-phenyl moiety at the reaction
stage of the hydantoin formation. We used ureas
with different N-alkoxy groups to determine their
effect on the reaction.

Experimental

'H NMR spectra were recorded on a VARIAN
VNMRS 400 spectrometer (400 MHz). 13C NMR
spectra were recorded ona VARIAN VNMRS 400
spectrometer (100 MHz). The solvent DMSO-ds
was used. 1H NMR chemical shifts relative to the
residual solvent protons as an internal standard
[(CD3).SO: 2.500 ppm] were reported. Solvent
carbon atoms served as an internal standard for
13C NMR spectra [(CD3)2S0: 39.52 ppm; CDCl3
77.16 ppm]. Mass spectra were recorded on a VG
70-70EQ mass spectrometer in fast atom
bombardment mode (FAB). Melting points were
determined in a capillary with a PTOP sulfuric acid
apparatus. The solvents were purified and dried
according to the standard procedures.

4-Fluorophenylglyoxal interaction with N-
methoxy-N’-phenylurea. A. 5-(4-Fluorophenyl)-3-
methoxy-1-phenylimidazolidine-2,4-dione (24). 4-
Fluorophenylglyoxal hydrate (68 mg, 0.397 mmol)
was dissolved in the solution of N-methoxy-N'-
phenylurea (60 mg, 0.361 mmol) [22] in acetic
acid (4 ml). The obtained solution was maintained
at 26 °C during 99 h. Then acetic acid was
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evaporated under vacuum (2 mmHg), the residue
was washing by water (10 ml). Then the residue
was dried under vacuum (2 mmHg), yielding 108
mg white viscous oil. According to 1H NMR, this
product is a mixture of 5-(4-fluorophenyl)-cis-4,5-
dihydroxy-3-methoxy-1-phenylimidazolidin-2-
one 23a, 5-(4-fluorophenyl)-trans-4,5-dihydroxy-
3-methoxy-1-phenylimidazolidin-2-one 23b, and
5-(4-fluorophenyl)-3-methoxy-1-phenylimidazo-
lidine-2,4-dione 24 in the ratio 23a:23b: 24 =
39.3:6.0:5 4.7 (mol. %). This product (105 mg)
was dissolved in acetic acid (4 ml). The obtained
solution was maintained at 26 °C during 260 h.
Then acetic acid was evaporated under vacuum (4
mmHg), the obtained residue was extracted by
water (7 ml) at 11°C during 20h. Then the water
extract was eliminated, the residue was dried
under vacuum (2 mmHg), yielding 5-(4-
fluorophenyl)-3-methoxy-1-phenylimidazolidine-
2,4-dione 24 (58 mg, 53.5 %), as white amorphous
solid. tH NMR (400 MHz, (CD3).SO, ppm): 6 =3.949
(3H, s, NOMe); 6.026 (1H, s, C(H) Hydantoin);
7.110 (1H,t,3/=7.6 Hz, C(4)H, Ph); 7.188 (2H, t, 3/
= 7.6Hz, C(3)H, C(5)H Ph); 7.323 (2H, dd, 3] = 8.2
Hz.3] = 8.4 Hz, C(2)H C(6)HCsH4F); 7.450-7.523
(4H, m, C(2)H, C( 6)H Ph and C(3)H, C(5)H CsH4F).
13C NMR (100 MHz, (CD3).SO, ppm): 8§ = 60.81
C(H), Hydantoin; 65.00 NOMe; 115.93 d, ¢/ = 22.0
Hz, C(3)H, C(5)H Ce¢H4F; 121.18 C(2)H, C(6)H Ph;
12492 C(4)H Ph; 12890 C(3)H, C(5)H Ph;
129.015d,%F] = 3.0 Hz, C(1) CeH4F; 129.79 d,¢F] =
8.0 Hz, C(2)H, C(6)H Ce¢HsF; 135.70 C(1) Ph;
150.47 N(C=0)N; 162.26 d,CF] = 244.0 Hz, C(4)-F
CeH4F; 164.64d,5F] = 1.0 Hz, C=0. Mass spectrum
(FAB), m/z(le,%): 301 [M+H]+ (100); 123 (10).
Anal. Calc. fOI‘ C16H13FN203 OA): C 6400, H 436, N
9.33. Found, %: C 63.87; H 4.58; N 9.12.
B.5-(4-Fluorophenyl)-cis-4,5-dihydroxy-3-meth-
oxy-1-phenylimidazolidin-2-one (23a) 4-
Fluorophenylglyoxal hydrate (68.7 mg, 0.404
mmol) was dissolved in the solution of N-
methoxy-N'-phenylurea (61 mg, 0.367 mmol) in
acetic acid (4 ml). The obtained solution was
maintained at 22-24 °C during 9 h, then acetic acid
was quickly evaporated under vacuum (2 mmHg),
the obtained residue was extracted by water (7
ml) at 10°C during 20 h. Then the water extract
was eliminated, the residue was dried under
vacuum (2 mmHg), yielding 5-(4-fluorophenyl)-
cis-4,5-dihydroxy-3-methoxy-1-
phenylimidazolidin-2-one 23a (81 mg, 69 %),
white solid, mp. 59-62°C. tH NMR (400 MHz,
(CD3).SO, ppm): 6 = 3.814 (3H, s, NOMe); 4.876
(1H, d, 3/ = 6.8 Hz, CHOH); 6.975 (1H, s, C-OH);
7.010 (1H, d, 3/ = 6.8 Hz, CHOH); 7.057 (1H, t, 3/ =
7.6 Hz, C(4)H Ph); 7.110 (2H, t, 3/ = 8.6 Hz, C(3)H,

C(5)H Ph); 7.197 (2H, dd, 3/ = 8.8 Hz,F] = 8.0 Hz,
C(3)H, C(5)H C¢H4F); 7.365 (2H, d, 3/ = 8.0 Hz,
C(2)H, C(6)H Ph); 7.494 (2H, dd, 3/ = 8.8 Hz, Hf] =
5.6 Hz, C(2)H, C(6)H CsH4F). Mass spectrum (FAB),
m/z(Ire,%): 341 [M+Na]* (30); 319 [M+H]*(50);
301 [M+H-H20]*(16); 182 (100); 123 (66).
4-Chlorophenylglyoxal interaction with N-
ethoxy-N’-phenylurea. A. 4-Chlorophenylglyoxal
hydrate (85 mg, 0.458 mmol) was dissolved in the
solution of N-ethoxy-N-phenylurea (75 mg,
0.416 mmol) in acetic acid (5 ml). The obtained
solution was maintained at 25 °C during 5 h, then
acetic acid was evaporated under vacuum (4
mmHg), the obtained residue was extracted by
water (8 ml). Then the aqueous extract was
eliminated, the residue was dried under vacuum
(2 mmHg) yielding 140 mg of white amorphous
solid. According to 'H NMR, this product is a
mixture of 5-(4-chlorophenyl)-3-ethoxy-cis-4,5-
dihydroxy-1-phenylimidazolidin-2-one 25a, 5-(4-
chlorophenyl)-3-ethoxy-trans-4,5-dihydroxy-1-
phenylimidazolidin-2-one  25b  and  5-(4-
chlorophenyl)-3-ethoxy-1-phenylimidazolidine-
2,4-dione 26 in the molar ratio 84.7:10.2:5.1 (in
CDCl3), 81.3:10.6 : 8.1 [in (CD3)2S0)].
5-(4-Chlorophenyl)-3-ethoxy-cis-4,5-dihydroxy-
1-phenylimidazolidin-2-one 25a, white
amorphous solid. 1H NMR (400 MHz, (CD3)2SO,
ppm): & = 1.222 (3H, t, 3/ = 7.4 Hz, NOCH;Me);
3.960-4.089 (2H, m, NOCH2); 4.832 (1H, d,3/=6.8
Hz; CHOH); 6.980 (1H, s, C-OH); 7.001 (1H,d, 3/ =
6.8 Hz; CHOH); 7.052 (1H, t,3/ = 7.6 Hz, C(4)H, Ph);
7.200 (2H, t, 3/ = 7.8 Hz, C(3)H, C(5)H Ph); 7.353
(2H, das, 3] = 9.2 Hz, C(2)H, C(6)H CeH4Cl);
7.373(2H, d, 3] = 8.4 Hz, C(2)H, C(6H Ph); 7.474
(2H, dag, 3/ =9.2 Hz, C(3)H, C(5)H CsH4Cl). 3C NMR
(100 MHz, CDCl;, ppm): 6 = 14.00 Me; 72.63
NOCH2; 87.28 CHOH; 87.50 C-OH; 124.48 C(2)H,
C(6) PhN; 126.02 C(4)H PhN; 127.92 C(3)H,
C(%)H CeH4CL; 128.74 C(2)H, C(6)H CeH4Cl;
128.94 C(3)H, C(5)H PhN; 134.95 C(1) CeH4Cl;
135.28 C(1) PhN; 137.23 C(4)-Cl CeH4Cl; 157.99
C=0. Mass spectrum (FAB, m/z(Il..,%)): 333
[M+H]* (30); 331 [M+H]* (100). Mass spectrum
(FAB), m/z(Ie,%): 373 [M+Na]* (4); 371 [M+Na]*
(13); 351 [M+H]*(17); 349 [M+H]*(53); 333
[M+H-H:0]*(6); 331 [M+H-H:0]*(17); 214 (37);
212 (100); 141 (19); 139 (80).
4-Chlorophenylglyoxal interaction with N-
ethoxy-N’-phenylurea. B. Chlorophenylglyoxal
hydrate (107 mg, 0.573 mmol) was dissolved in
the solution of N-ethoxy-N’-phenylurea (94 mg,
0.522 mmol) [16; 17] in acetic acid (5 ml). The
obtained solution was maintained at 27-28 °C
during 29 h, then acetic acid was evaporated
under vacuum (4 mmHg), the obtained residue
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was extracted by water (8 ml). Then the aqueous
extract was eliminated, the residue was dried
under vacuum (2 mmHg), yielding 208 mg of
white amorphous solid. Accordingly 1H NMR, this
product is a mixture of the compounds 25a, 25b
and 26 in the molar ratio18.3:3.0:75.2. This
product (184 mg) was dissolved in acetic acid
(4 ml). The obtained solution was maintained at
26 °C during 190 h. Then acetic acid was
evaporated under vacuum (4 mmHg), the
obtained residue was extracted by water (5 ml),
the aqueous extract was eliminated. The residue
was dried under vacuum (2 mmHg) yielding the
mixture compounds 25a and 26 in the molar ratio
12.3:87.7. This product was dissolved in acetic
acid (5 ml), TsOHeH;0 (66 mg) was added. The
obtained solution was maintained at 26 °C during
60 h, after that AcONa (200 mg) was added. Then
acetic acid was evaporated under vacuum (4
mmHg), the obtained residue was extracted by
water (8 ml), the aqueous extract was eliminated.
The residue was dried under vacuum (2 mmHg)
giving 5-(4-chlorophenyl)-3-ethoxy-1-phenyl-
imidazolidine-2,4-dione 26 (115 mg, 66 %), white
solid, mp. 28-312C. 'H NMR (400 MHz, (CD3).SO,
ppm): § = 1.265 (3H, t, 3/ = 7.0 Hz, NOCH;Me);
4.112-4.263 (2H, m, NOCHz); 6.051 (1H, s; CH
Hydantoin); 7.069-7.157 (1H, m, C(4)H, Ph);
7.267-7.363 (2H, m, C(3)H, C(5)H Ph); 7.392-
7.5321 (6H, m, C(2)H, C(6)H Ph; C(2)H, C(6)H,
C(3)H, C(5)H C¢H4Cl). 3C NMR (100 MHz,
(CD3).SO, ppm): &6 = 13.43 Me; 60.75 C(H)
Hydantoin; 73.12 NOCH; 121.06 C(2)H, C(6) PhN;
124.92 C(4)H PhN; 128.95 C(3)H, C(%)H CsH4Cl;
129.08 C(2)H, C(6)H CeH4Cl; 129.43 C(3)H, C(5)H
PhN; 131.98 C(1) C¢H4Cl; 133.71 C(1) PhN; 135.76
C(4)-Cl CeH4Cl; 150.84 NC(=O)N; 164.96 C=0.
Mass spectrum (FAB), m/z(le, %) : 333 [M+H]*
(30); 331 [M+H]* (100). Anal. Calc. for
C17H15C1N203 OA): C 61.73; H 4.57; N 8.47. Found, %:
C 61.80; H4.76; N 8.23.

4-Bromophenyglyoxall interaction with N-n-
butyloxy-N’-phenylurea. A. 5-(4-Bromophenyl)-3-n-
butyloxy-4,5-dihydroxy-1-phenylimidazolidin-2-
one (27). 4-Bromophenylglyoxal hydrate (96 mg,
0.413 mmol) was dissolved in the solution of N-n-
butyloxy-N’-phenylurea (82 mg, 0.394 mmol)
[14; 16] in acetic acid (5 ml). The obtained
solution was maintained at 26 °C during 52 h, then
acetic acid was evaporated under vacuum
(4 mmHg). The obtained residue was extracted by
water (10 ml), the aqueous extract was
eliminated. The residue was dried under vacuum
(2 mmHg) yielding 5-(4-bromophenyl)-3-n-
butyloxy-4,5-dihydroxy-1-phenylimidazolidin-2-
one 27 (206 mg) as white amorphous solid.

According to 'H NMR, this product is mixture of 5-
(4-bromophenyl)-3-n-butyloxy-cis-4,5-dihydro-
xy-1-phenylimidazolidin-2-one 27a and 5-(4-
bromophenyl)-3-n-butyloxy-trans-4,5-dihydroxy-
1-phenylimidazolidin-2-one 27b in the molar
ratio 27a: 27b=91: 9 mol.%.
5-(4-Bromophenyl)-3-n-butyloxy-cis-4,5-dihyd-
roxy-1-phenylimidazolidin-2-one (27a), white
amorphous solid. H NMR (400 MHz, (CD3)2SO,
ppm): 8 = 0.899 (3H, t, 3] = 7.6 Hz, NO(CHz)3 Me);
1.398 (2H, sex, 3] = 7.6 Hz, NO(CH:). CH2Me); 1.604
(2H, quint, 3/ = 6.8 Hz, NOCH,CH;CH:Me); 3.939-
4.027 (2H, m, NOCHz); 4.828 (1H, d, 3/ = 6.0 Hz;
CHOH); 6.968-7.005 (2H, m, C-OH, CHOH); 7.052
(1H, t, 3/ = 7.6 Hz, C(4)H, Ph); 7.198 (2H, t, 3] =
7.6 'y, C(3)H, C(5)H Ph); 7.355-7.391 (2H, m,
C(2)H, C(6)H Ph); 7.406 (2H, das, 3/ = 8.8 Hz, C(2)H,
C(6)H C¢H4Br); 7.488 (2H, das, 3/ = 8.8 'y, C(3)H,
C(5)H Ce¢H4Br). tH NMR (400 MHz,CDCl3, ppm): § =
0.922 (3H, t, 3] = 7.4 Hz, NO(CHz)3 Me); 1.405 (2H,
sex,3]/=7.4 Hz,NO(CHz): CH.Me); 1.657 (2H, quint,
3] = 7.4 Hz, NOCH, CH.CH:Me); 4.012-4.066 (2H,
m, NOCH2); 4.946 (1H, s; CHOH); 7.088 (1H, t,3/ =
7.8 Hz, C(4)H, Ph); 7.197 (2H, t, 3/ = 7.8 Hz, C(3)H,
C(5)H Ph); 7.348 (2H, das, 3/ = 8.8 Hz, C(2)H, C(6)H
CeH4Br); 7.365-7.403 (2H, m, C(2)H, C(6)H Ph);
7.451 (2H, das, 3/ = 8.8 Hz, C(3)H, C(5)H C¢H4Br).
Mass spectrum (FAB), m/z(l:e,%): 445
[M+Na]+(25); 443 [M+Na]*(32); 423 [M+H]+*(64);
421 [M+H]*(68); 405 [M+H-H:0]*(18); 403
[M+H-H20]*(21); 286 (82); 284 (79); 185 (93);
183 (10). Anal. Calc. for C19H21BrN204 %: C 54.17;
H 5.02; N 6.65. Found, %: C 53.91; H 5.35; N 6.52.
5-(4-Bromophenyl)-3-n-butyloxy-1-phenylimid-
azolidine-2,4-dione (28). 5-(4-Bromophenyl)-3-n-
butyloxy-cis-4,5-dihydroxy-1-phenylimidazoli-
din-2-one 27a (86 mg, 0.204 mmol)) was
dissolved in the solution of TsOHeH,0 (39 mg,
0.205 mmol) in acetic acid (4 ml). The obtained
solution was maintained at 282C during 93 h, then
AcONa (82 mg, 0.1 mmol) was added. Then acetic
acid was evaporated under vacuum (4 mmHg), the
obtained residue was extracted by water (11 ml),
the aqueous extract was eliminated. The residue
was dried under vacuum (2 mmHg) yielding 5-(4-
bromophenyl)-3-n-butyloxy-1-phenylimidazoli-
dine-2,4-dione 28 (80 mg, 97 %), as yellowish
amorphous solid. tH NMR (400 MHz, (CD3).SO,
ppm): 8§ =0.906 (3H, t, 3] = 7.2 Hz, NO(CHz)3 Me);
1.430 (2H, sex, 3/ = 7.2 Hz, NO(CH2).CH:Me); 1.634
(2H, quint, 3] = 6.9 Hz, NOCH, CH,CH;Me); 4.085-
4201 (2H, m, NOCH:); 6.028 (1H, s, CH,
Hydantoin); 7.109 (1H, t, 3/ = 7.2 Hz, C(4)H, Ph);
7.322 (2H, t, 3] = 7.8 Hz, C(3)H, C(5)H Ph); 7.396
(2H, das, 3/ = 8.8 Hz, C(2)H, C(6)H CsH4Br); 7.490
(2H, d,3/ = 7.6 HzC(2)H, C(6)H Ph); 7.560 (2H, das,
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3] = 8.8 Hz, C(3)H, C(5)H C¢H4Br). 13C NMR (100
MHz, (CD3)2SO, ppm): 6 = 13.56 Me; 18.32, 29.48
CHgz; 60.75 C-H, Hydantoin; 77.04 NOCH2; 120.93
C(2)H, C(6)H Ph; 122.28 C(4)-Br CsH4Br; 124.83
C(4)H Ph; 128.91 C(3)H, C(5)H Ph; 129.70 C(2)H,
C(6)H C¢H4Br; 131.94 C(3H, C(5)H CsH4Br; 132.35
C(1) CeH4Br; 135.70 C(1) Ph; 150.76 N(C=0)N;
164.73 (C=0. Mass spectrum (FAB), m/z
(Ire1,%):405 [M+H]+ (100); 403 [M+H]* (98); 348
[M+H-Bu]* (11); 346 [M+H-Bu]* (10); 331 (6);
329 (8); 212 (21); 210 (22). Anal. Calc. for
C19H19BrN203 %: C 56.59; H 4.75; N 6.95. Found,
%: C56.38; H4.82; N 6.77.

Results and discussion

The interaction of 4-fluorophenylglyoxal
hydrate with N-methoxy-N’-phenylurea (acetic
acid, 99 h, 26 °C) yields the mixture of 5-(4-
fluorophenyl)-cis-4,5-dihydroxy-3-methoxy-1-
phenylimidazolidin-2-one 23a, 5-(4-
fluorophenyl)-trans-4,5-dihydroxy-3-methoxy-1-
phenylimidazolidin-2-one  23a, and 5-(4-
fluorophenyl)-3-methoxy-1-phenylimidazolidine-
2,4-dione 24 (Scheme 6). The molar ratio of these
productsis 23a:23b: 24 =39:6:55 (1H NMR).

OH OH Ar OH H O
HO  PhNHC(O)NHOMe AT~ / \/ HO. / { Ar J
‘H + ‘H +
Ar\\\)%g AcOH Ph/NWN\OMe Ph/N\(N\OMe Ph/N\(N\OMe
0 99h, 26 C o o 0
23a 23b 24
Ar=p-FC.H,
39 6 : 55
AcOH 260h,26C
Ar H//O
Ph/N\(N\OMe
g 53% 24
Scheme 6. 4-Fluorophenylglyoxal interaction with N-methoxy-N’-phenylurea.
The separation of this mixture into the ethoxy-trans-4,5-dihydroxy-1-
individual components is has been a very difficult phenylimidazolidin-2-one  25b  and  5-(4-

process that took time and efforts. But this
mixture has been converted in the pure N-
methoxyhydantoin 24 because of the additional
processing by acetic acid during 260 h at 26 °C.
The structure of N-methoxyhydantoin 24 had
been proved by the data of 1H and 13C NMR spectra
and mass spectrum.

The interaction of 4-fluorophenylglyoxal with
N-methoxy-N’-phenylurea in acetic acid during 9 h
at 22-24 °Cyields only 5-(4-fluorophenyl)-cis-4,5-
dihydroxy-3-methoxy-1-phenylimidazolidin-2-
one 23a. The structure of compound 23a has been
proved by the 1H NMR spectra and mass spectrum.

The hydrate of 4-chlorophenylglyoxal reacts
with N-ethoxy-N’-phenylurea in acetic acid at 25°C
during 5 h yielding the mixture of 5-(4-
chlorophenyl)-3-ethoxy-cis-4,5-dihydroxy-1-phe-
nylimidazolidin-2-one 25a, 5-(4-chlorophenyl)-3-

chlorophenyl)-3-ethoxy-1-phenylimidazolidine-
2,4-dione26 in the molar ratio 85:10:5
(Scheme 7). 5-(4-Chlorophenyl)-3-ethoxy-cis-4,5-
dihydroxy-1-phenylimidazolidin-2-one25a  has
been described by the 'H, 13C NMR spectra and
mass spectrum.

If this reaction occurs during 29 h at 27°C the
ratio of these products is 22:3:75 (Scheme 7). The
further maintaining the obtained reaction
products in acetic acid during 190 h at 26 °C yields
the mixture of compounds 25a and 26 in the
molar ratio 12 : 88.

Being processed by of p-toluenesulfonic acid
the last mixture is converted in pure 5-(4-
chlorophenyl)-3-ethoxy-1-phenylimidazolidine-
2,4-dione 26. Its structure has been described by
the 1H, 13C NMR and mass spectra.
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Scheme 7. 4-Chlorophenylglyoxal interaction with N-ethoxy-N’-phenylurea.

4-Bromophenylglyoxal hydrate interacts with
N-n-butyloxy-N"-phenylyrea (AcOH, 52 h, 26°C)
yielding only the mixture of the diastereomers of
5-(4-bromophenyl)-3-n-butyloxy-4,5-dihydroxy-
1-phenylimidazolidin-2-one 27a,b (Scheme 8).
The molar ratio of 5-(4-bromophenyl)-3-n-
butyloxy-cis-4,5-dihydroxy-1-phenylimidazoli-
din-2-one 27a and 5-(4-bromophenyl)-3-n-
butyloxy-trans-4,5-dihydroxy-1-

phenylimidazolidin-2-one 27b is 91:9. Compound
27a has been displayed by the 1H NMR and the
mass spectra.

Compound 27a is converted
bromophenyl)-3-n-butyloxy-1-
phenylimidazolidine-2,4-dione 28 being
processed by p-toluenesulfonic acid. The structure
of N-n-butyloxyhydantoin 28 has been proved by
the H, 13C NMR and mass spectra.

into 5-(4-

OH og Ar  OH
HO  PhNHC(O)NHOBu-n AT/ \/ HO. H
‘'H + ‘'H
Ar H AcOH o Ph/N\/N\OBu-n Ph/N\/N\OBu-n
I OH  5op o6 I |
0 2720 271p ©
Ar=p-BrC.H, 91 : 9
TsOH/AcOH
Ar H'O
Ph/NYN\OBU-n
(l 97% 28

Scheme 8. 4-Bromophenylglyoxal interaction with N-n-butyloxy-N’-phenylurea

The overall mechanism of arylglyoxals
interaction with N-alkoxy-N’-arylureas had been
reported in our earlier studies [11-17]. Firstly the
aldehydic moiety of arylglyoxal selectively reacts
with nitrogen atom bearing N-alkoxy group. Then

the  cyclization into  3-alkoxy-5-aryl-4,5-
dihydroxy-1-phenylimidazolidin-2-ones 23, 25,
27 occurs (Scheme 9). At this stage the nature of
the N-alkoxy group of urea and the aryl group of
arylglyoxal do not affect the course of the reaction.
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Scheme 9. The overall mechanism of 4-halogenophenylglyoxal interaction with N-alkoxy-N’-phenylureas.

But the peculiarity is that the 3-alkoxy-5-(4-X- We suppose the following possible mechanism
phenyl)-4,5-dihydroxy-1-phenylimidazolidin-2- of 3-alkoxy-5-aryl-4,5-dihydroxy-1-phenylimid-
ones 23, 25, 27 (X=F, C], Br) form the proper N- azolidin-2-ones transformation into 3-alkoxy-5-
alkoxyhydantoins 24, 26, 28 in very different way.  aryl-1-phenylhydantoins (Scheme 10).

The X nature affects on the reaction progress.

OH OHz OH -
AI‘WOH W -H,OAr WO H + Ar H o
-H
. ﬁ“
_N N\ N
0 ° 0 0o 0
23,25,27 24,26,28
AcOH + OH
23 S 24
quickly
h/N N\OMe
AcOH \©§—< 26
25 very slowly Ph/N
\ TsOH / (‘) B
quickly

ph/N N\OBu—n

AcOH \/ m( 28

TsOH
O C

e
Scheme 10. The p0551ble route of 3-alkoxy-5- aryl -4,5-dihydroxy-1-phenylimidazolidin-2-ones 23, 25, 27 conversion
into 3-alkoxy-5-aryl-1-phenylhydantoins 24,26,28. Ar = 4-FCsH4-, R=Me (23,24); 4-ClCsH4-, R=Et (25, 26); 4-BrC¢Ha-,
R=n-Bu (27, 28)

At the first stage the protonation of 5-HO- weak protonation agent, p-toluenesulfonic acid
moiety  of  3-alkoxy-5-aryl-4,5-dihydroxy-1- may be a strong protonation agent.
phenylimidazolidin-2-ones with further At the second stage the 1,2-schieft of the
elimination of the molecule of water yields hydrogen atom (H4) from atom (C4) to atom C(5)
“benzylic” cations A, B, C. The acetic acid maybea causes the formation of the protonated N-
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alkoxyhydantoin.4-X-phenyl (X=F,Cl,Br) moiety
must stabilize these obtained cations A, B, C in a
different way. 4-Fluorophenyl substituent
stabilizes the “benzylic” cation A to the highest
degree. Thus, 5-(4-fluorophenyl)-3-methoxy-1-
phenylhydantoin 24 forms in acetic acid without
being processed by p-toluenesulfonic acid.
4-Chlorophenyl moiety must stabilize cation B
to a slightly lesser extent. Actually, 5-(4-
chlorophenyl)-3-ethoxy-1-phenylimidazolidine-
2,4-dione 26 is very slowly obtained in acetic acid.
The catalyst of p-toluenesulfonic acid is required

for the full conversion of 4,5-
dihydroxyimidazolidin-2-ones 25a,b in N-
ethoxyhydantoin 26.
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