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Cyclic ureas have recently gained much interest as phar- Aroylureas3 were readily prepared from the reaction of
maceuticals for human immunodeficiency virus (HIV) pro- 1,2-aminoalcohols with benzoyl isocyanate or 2,4-dichloro-
tease inhibitorsand 5-H receptor antagonistdn addition,  benzoyl isocyanat¥. The next step was to achieve ring
5- membered cyclic ureas, 2-imidazolidinones, are also usedosure by activating the primary hydroxy grodg a trans-
as useful chiral auxiliariéén highly diastereoselective alky- fer activatio*! using TsCl and-BuOK (Scheme 2). The
lation, aldol, and Diels-Alder reactions. Several syntheticcyclization of a variety of substrat@3f was examined
routes to 2-imidazolidinones include the cyclization reaction(Table 1). Contrary to phenyluredsaroylureas3b and3e
of 1,2-diamine with phosgerfe,phosgene derivativés, prepared fromN-unsubstituted aminoalcohols gave the
dialkyl carbonate’, carbonyl sulfide® and carbonyl selenide  unexpected mixture of botk- andO-alkylated products in
and these methods cause the polymerization as a side redmw yields. In comparison t@b, however, aroylurese
tion. Recently, we reported a synthetic method for 2-imida-afforded moreN-alkylated product4e (entries b and e),
zolidinones from 1,2-aminoalcohol by one-pot reaction ofbecause an increase in the N-H acidity by changing the sub-
N-(2-hydroxyethyl)ureas with TsCl anBuOK without  stitution pattern in the bezene ring was anticipated to
using phosgene gas (Schemé N)(2-Hydroxyethyl)ureag increase thé\- to O-alkylation ratio. With3a, 3c, and3d
were derived from 1,2-aminoalcohols and phenyl iso-prepared froniN-substituted aminoalcohols, as expecbéd,
cyanate. In this paper we examine another nucleophile suatyclization to 2-imidazolidinones was mainly observed with
as aroylureas for this one-pot reaction. Aroylur8asan  trace amount of th€©-cyclized products regardless of the
conceivably proceed through mild nucleophilic attack uponsubstitution pattern in the bezene ring. AroyluBfgore-
the tosylate intermediate in the presenceBMiOK either by  pared from 2-aminoethanol did not undergo cyclization reac-
the nitrogen to give the 2-imidazolidinoAeor by the oxy-  tion upon this condition. The remarkabM-cyclization
gen atom to provide 2-oxazoliree However, we expected selectivity in aroylureas witlr-N-alkyl group may occur
that the increased acidity of iminodicarboyl group relative tothrough a buttressing effect af-N-alkyl group in the
phenylureas might favor the formation of 2-imidazolidinone. cyclization!> The present 2-imidazolidinone$ can be

deacylated and alkylated to providd,N’-disubstituted
cyclic ureas, overcoming the general difficulties associated

. j\ (i\ with the synthesis of tetrasubstituted uréas.
NHR 1 1
PANCO  PhNH” “NR TsCl NR
HO AR~ , —C . PN ) . .
HO. R 1 Experimental Section
R3 \/\;‘ t-BuOK \)gg\’ p
1 2 General 'H NMR and®*C NMR spectra were recorded
Scheme 1
Table 1 Preparations of Aroylure&@and 1-Aroyl-2-imidazolidi-
(o] o 0 nones4
NHR' = Nco S0 , s vield %) mp  yield (%)
" R*” "NH "NR Enry R R* R R*
HO AR Ho_\-r? of®  of3  of4
R R® a Et H H Ph 85 158-160 82
3 b H Me Me Ph 98  122-124 11 (33/67)
0 C Et H H 2,4-ChPh 92 124-126 94
o O»\ ; R4)kN d Me H H 2,4-ChPh 83 153-155 81
TsCl NR Y e H Me Me 24CPh 84 203205 48 (70/30)
f H H H 2,4-ChPh 83 126-128 ric

N +
4 R?
+-BuOK R \)T:; O%Rz
5 RS 3|solated vyield by recrystallization®Isolated yield by column

chromatography: The ratio of 2-imidazolidinond and 2-oxazoline
Scheme 2 was determined wittH NMR datanc means no cyclization reaction
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using 300 MHz and 75 MHz NMR spectrometer; chemicalMHz, CDCk) 6 7.86-7.83 (m, 2H), 7.50-7.45 (m, 1H), 7.40-
shifts are reported in ppm using TMS as internal standardz.35 (m, 2H), 3.92-3.89 (m, 2H), 3.48-3.44 (m, 2H), 3.32 (q,
Melting points were determined on a capillary apparatus an@H, J = 7.2 Hz), 1.16 (t, 3H) = 7.2 Hz); HRMS calcd for
uncorrected. Analytical TLC was performed on 0.25 mmCi2H14N20, 218.1055, found 218.1045.
precoated silica gel plates. Flash column chromatography 1-Benzoyl-4,4-dimethyl-2-imidazolidinone (4h)11% yield;
was carried out with 230-400 mesh silica gel. R =0.5 (acetone/chloroform 3:10); mp 164-188; *H
General Procedure for Preparation of Aroylureas 3. NMR (300 MHz, CDGY) 67.62-7.58 (m, 2H), 7.47-7.44 (m,
A solution of aroyl isocyanate (2.4 mmol) in tetrahydro- 1H), 7.40-7.35 (m, 2H), 6.00 (bs, 1H), 3.75 (s, 2H), 1.29 (s,
furan (5 mL) was added over 10 min to a solution of 2-6H); ¥3*C NMR (75 MHz, CDCJ) & 170.5, 155.0, 134.6,
aminoethanol (2.4 mmol) in tetrahydrofuran (15 mL) cooled131.2, 128.6, 127.4, 56.3, 51.2, 28.3; MS (El) m/e 219
in an ice bath. The reaction mixture was stirred for 30 min(M+1, 56), 218 (M, 95), 203 (87), 190 (66), 175 (67), 113

and evaporated. The crude products ex8bptere purified

(93), 105 (100), 77 (93). The starting mate3talvas recov-

by the recrystallization in n-hexane/small amount of acetonered in 12% yieldR = 0.4 (acetone/chloroform 3 : 10).

or ethanol.

1-Benzoyl-3-ethyl-3-(2-hydroxyethyl)urea (3a)'H NMR
(300 MHz, CDCY¥) 6 7.86-7.83 (m, 2H), 7.50-7.45 (m, 1H),
7.40-7.35 (m, 2H), 3.90 (t, 2H,= 4.3 Hz), 3.47 (t, 2H) =
4.3 Hz), 3.33(q, 2H) = 7.2 Hz), 1.16 (t, 3H] = 7.2 Hz).

1-Benzoyl-3-[(2-hydroxy-1,1-dimethyl)ethyl]lurea (3b)
R = 0.3 (ethyl acetate/n-hexane 1 :H; NMR (300 MHz,
CDCl) 6 9.04 (bs, 2H), 7.91-7.89 (m, 2H), 7.64-7.58 (m,
1H), 7.54-7.48 (m, 2H), 3.88 (s, 1H), 3.68 (d, 2 6.1
Hz), 1.40 (s, 6H);*C NMR (75 MHz, CDCJ) ¢ 168.7,
154.5, 133.2, 132.3, 128.9, 127.9, 70.4, 55.6, 24.5.

1-(2,4-Dichlorobenzoyl)-3-ethyl-3-(2-hydroxyethyl)urea
(3¢). *H NMR (300 MHz, CDCJ) 67.43 (d, 1H,) = 8.3 Hz),
7.37 (d, IHJ=1.9 Hz), 7.29 (dd, 1H,= 1.9, 8.3 Hz), 3.87-
3.84 (m, 2H), 3.53-3.49 (m, 2H), 3.34 (q, 2Hs 6.9 Hz),
1.16 (t, 3H,J = 7.2 Hz);*3C NMR (75 MHz, CDCQ) &

4,4-Dimethyl-4,5-dihydro-N-benzoyl-2-oxazolamine (5b)
42% vyield;R: = 0.4 (ethyl acetate/n-hexane 1: 1); mp 79-81
°C; *H NMR (300 MHz, CDCJ) 6 9.62 (bs, 1H), 8.25-8.23
(m, 2H), 7.49-7.38 (m, 3H), 4.15 (s, 2H), 1.42 (s, 6f0;
NMR (75 MHz, CDC}) §178.8, 166.0, 136.7, 131.9, 129.4,
128.2, 76.7, 58.4, 27.3; MS (El) m/e 218 (M, 40), 217 (94),
141 (96), 105 (100), 77 (88).

1-(2,4-Dichlorobenzoyl)-3-ethyl-2-imidazolidinone (4c)
'H NMR (300 MHz, CDCJ) § 7.40-7.22 (m, 3H), 4.07-4.01
(m, 2H), 3.55-3.53 (m, 2H), 3.31 (q, 2B 7.2 Hz), 1.174
(t, 3H,J=7.2 Hz); HRMS calcd for GH12ClLN-O, 286.0276,
found 286.0257.

1-(2,4-Dichlorobenzoyl)-3-methyl-2-imidazolidinone (4d)
'H NMR (300 MHz, CDCJ) §7.40-7.21 (m, 3H), 4.06-4.00
(m, 2H), 3.55-3.50 (m, 2H), 2.84 (s, 3H); HRMS calcd for
Ci11H10CIN20, 272.01193, found 272.01199.

166.6, 153.3, 137.5, 131.9, 130.2, 129.6, 127.6, 127.3, 61.9, 1-(2,4-Dichlorobenzoyl)-4,4-dimethyl-2-imidazolidinone

49.1,42.4,12.8.
1-(2,4-Dichlorobenzoyl)-3-methyl-3-(2-hydroxyethyl)urea
(3d). *H NMR (300 MHz, CDG) 57.44 (d, 1H,) = 8.3 Hz),
7.39 (d, 1HJ=2.0 Hz), 7.30 (dd, 1H,= 2.0, 8.3 Hz), 3.88-
3.85 (m, 2H), 3.55-3.52 (m, 2H), 2.98 (s, 3H).
1-(2,4-Dichlorobenzoyl)-3-[(2-hydroxy-1,1-dimethyl)-
ethyllurea (3e) 'H NMR (300 MHz, CDCJ) 6 9.19 (bs,
1H), 8.79 (s, 1H), 7.57 (d, 1H,= 8.3 Hz), 7.48 (d, 1H] =
1.9 Hz), 7.36 (dd, 1H] = 1.9, 8.3 Hz), 3.61 (s, 2H), 1.33 (s,
6H). °C NMR (75 MHz, CDQ) & 166.6, 153.1, 138.4,
132.0, 131.4, 130.9, 130.6, 127.7, 70.2, 55.8, 24.5.
1-(2,4-Dichlorobenzoyl)-3-(2-hydroxyethyl)urea (3f)*H
NMR (300 MHz, CDCYJ) & 8.64 (bs, 1H), 7.62 (d, 1H,=
8.4 Hz), 7.48 (d, 1H) = 2.0 Hz), 7.36 (dd, 1H = 2.0, 8.4
Hz), 3.82-3.78 (m, 2H), 3.55-3.49 (m, 2HJC NMR (75

MHz, CDCk) & 166.2, 153.8, 138.5, 131.9, 131.1, 130.6,

127.8, 62.2, 42.8, 30.9
General Procedure for Intramolecular Cyclization of 3
To a stirred suspension of potassitbutoxide (0.4 g, 3.6

mmol) and aroylurea (1.5 mmol) in tetrahydrofuran (20 mL) <

under the nitrogen in an ice bath was added a solutipn of

toluenesulfonyl chloride (0.34 g, 1.8 mmol) in tetrahydro-
furan (5 mL) dropwise using a syringe. The reaction mixture
was stirred in an ice bath for 30 min, quenched with water

(20 mL), and extracted with ether (25 ml2). The crude
product was purified by flash column chromatography.
1-Benzoyl-3-ethyl-2-imidazolidinone (4a)'H NMR (300

(4e) ™H NMR (300 MHz, CDCJ) 7.40-7.21 (m, 3H), 3.84
(s, 2H), 1.42 (s, 6H); HRMS calcd foriH12Cl2N20,
286.0276, found 286.0286.
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