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Various 1,3-disubstituted 2,3-di hydroimidazol-2-ones are readily prepared by the reaction of N,N’-disubstituted ureas 
with vicinal-diols in the presence of a catalytic amount of ruthenium complex in fair to good yields. 

Recently, interest in the chemistry of imidazole and imidazol- 
one derivatives has been stimulated by their importance as 
intermediates in the synthesis of naturally occurring com- 
pounds such as biotin, hydantoin and allantoin.1 However, 
there are few facile and widely applicable synthetic routes to 
imidazolones in particular.2 and to  the best of our knowledge, 
there are no examples of transition metal complex-catalysed 
syntheses of imidazolones. In the course of our studies on 
ruthenium catalysis, we have already reported ruthenium- 
catalysed N-alkylation of amines3 and amides4 with alcohols, 
and N-heterocyclization of aromatic amines with alcohols5 or 
diols.6 Here, we report the first example of a novel ruthenium- 
catalysed selective synthesis of 1,3-disubstituted 2,3-dihydro- 
imidazol-2-ones from N,N’-disubstituted ureas and vicinal- 
diols [eqn. (l)]. 

Representative results are summarized in Table 1. For 
example , the reaction of N,N‘-dimethylurea with propylene 
glycol in the presence of a catalytic amount of RuC12(PPh3)3 

afforded 1,3,4-trimethyl-2,3-dihydroimidazol-2-one in 79% 
yield (run 2). Although Butler et af. reported the synthesis of 
2,3-dihydroimidazol-2-ones from ureas and acyloins, N,N’- 
disubstituted u r e a  did not react with acyloins and the 
corresponding 1,3-disubstituted 2,3-dihydroimidazol-2-ones 
could not be synthesized.*c The present reaction. therefore, 
offers a novel and effective method for the selective synthesis 
of 1,3-disubstituted 2,3-dihydroimidazol-2-ones. 

Various 1,3-disubstituted 2,3-dihydroimidazol-2-ones were 
obtained from the reaction of N,N’-disubstituted ureas with 
vicinal-diols in fair to good yields. On the other hand, when 
N-ethylurea was employed in the reaction with butane-2,3- 
diol, the mixture of l-ethyl-4,S-dimethyl-2,3-dihydro- 
imidazol-2-one and 173-diethyl-4,S-dimethyl-2,3-dihydro- 
imidazol-2-one was obtained (ca. 7 : 3). The latter product, z.e. 
1 ,3-diethyl-4,S-dimethyl-2,3-dihydroimidazol-2-one7 might be 
obtained from the reaction of N,N’-diethylurea, which was 
generated by the thermal disproportionation of N-ethyl- 
urea,’? with butane-2,3-diol. 

t A similar reaction feature was observed in our  previously reported 
ruthenium-catalysed synthesis of N,N’-diarylureas from N-arylsubsti- 
tuted formamides and aminoarenes.8 
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Table 1 RuC12(PPh3)3-catalysed synthesis of 1,3-disubstituted 2,3- 
dihydroimidazol-2-ones from N,N'-disubstituted ureas and vicinal- 
diols" 

Run Urea Diol Productb( % ) 

2 d  

4' 

5 

A O H  

HO-OH 

0 

6 EtNHtNHEt 
OH 

73 

79 

51 

40 

209 

70 

A mixture of N,N'-disubstituted urea (5.0 mmol), diol (10 mmol), 
RuC12(PPh3)3 (0.20 mmol) and THF (4.0 ml) was heated at 180°C 
for 12 h under an argon atmosphere. b Determined by GLC. For 
24 h. cf A 50 ml Pyrex flask equipped with a reflux condenser was 
employed as a reactor in place of a 50 ml stainless autoclave and the 
reaction was carried out under reflux in diglyme (5.0 ml) for 12 h. A 
mixture of cis-and trans-cyclohexanediol was used. f For 6 h. 
K Isolated yield. 

The effect of reaction temperature was examined in the 
reaction of N,N'-dimethylurea with ethylene glycol. At 
180 OC, 1,3-dimethy1-2,3-dihydroimidazo1-2-one was obtained 
in 40% yield (run 4 in Table 1). The present reaction also 
proceeded at 150°C (yield 3 S % ) ,  but at 120°C, the yield of 
1,3-dimethy1-2,3-dihydroimidazo1-2-one was only 8%. 

Furthermore, catalytic activities of several transition metal 
complexes in the reaction of N,N'-dimethylurea with butane- 
2,3-diol were examined and the results are summarized in 
Table 2. RuCl*(PPh3)3 showed high catalytic activity, but 
RuC13-nH20 showed quite low catalytic activity (runs 1 and 
2). Among the other group 8-10 metal complexes. only the 
PtC12(PhCN)2-SnC12-2H20 system, which also catalyses 
N-alkylation of amines with alcohols,v showed catalytic 
activity (run 3). However, rhodium and palladium complexes 
showed almost no catalytic activities (runs 6 and 7). 

During the present reaction, a stoichiometric amount of 
gaseous hydrogen evolved spontaneously.$ Thus, the addition 
of a hydrogen acceptor is not necessary in the present 
reaction. 

$ After the reaction of N,N'-dimethylurea (10 mmol) with 
butane-2.3-diol (5.0 mmol) in the presence of RuC12(PPh3)3 (0.20 
mmol) under reflux in diglyme (5.0 ml) for 12 h, 4.0 mmol of hydrogen 
was detected in the gas phase, together with the formation of 
1,3,4,5-tetramethyl-2,3-dihydroimidazo1-2-one in 63% yield. 

Table 2 Catalytic activities of several transition metal complexes in the 
reaction of N,N'-dimethylurea with butane-2,3-diol0 

Run Catalyst (mmol) Yieldb (YO) 

1' RuCl2(PPh3)3(0.20) 73 
2 RuC13*nH20(0.05) 5 

5 SnCl2.2H20(0.l0) 0 
6 RhCl(PPh3)3(0.10> 7 
7 PdC12(PPh3)2(Os1O) 0 

3 PtC12(PhCN)2(0.10) + SnC12.2H20(0.10) 43 
4 PtC12(PPh3)2(0. 10) + SnC12.2H20(0. 10) 8 

A mixture of N,N'-dimethylurea (5.0 mmol), butane-2,3-diol (10 
mmol), catalyst, and THF (4.0 ml) was heated at 180 "C for 6 h under 
an argon atmosphere. b The yield of 1,3,4,5-tetramethyl-2,3-dihydro- 
imidazol-2-one determined by GLC. C For 24 h. 

We now believe that ruthenium-catalysed oxidation of 
vicinal-diols to the corresponding acyloins should be the key 
step of the present reaction as in our previously reported 
N-alkylation of amines with alcohols catalysed by a ruthenium 
complex.3 The subsequent condensation of ureas with car- 
bony1 compounds'* (in the present reaction, acyloins) and 
dehydration of the condensation products" have been already 
ascertained. Actually, under the present reaction conditions, 
acetoin instead of butane-2,3-diol reacted smoothly with 
N,N'-dimethylurea even in the absence of R u C ~ * ( P P ~ ~ ) ~  
catalyst to give 1,3,4,S-tetramethyl-2,3-dihydroimidazol-2- 
one in good yield (ca. 80%). 

Received, 24th April 1992; Corn. 2102122F 

References 
1 M. R. Griminett, Adv. Heterocycl. Chem., 1970, 12, 103; M. R. 

Grimmett . Comprehensive Heterocyclic Chemistry, ed. K. T. 
Potts, Pergamon Press, Oxford, 1984, vol. 5 ,  p. 457; N. J. Leonard 
and D.  F. Wiemer, J .  Am. Chem. SOC., 1976, 98, 8218. 

2 (a) J. P. Chupp, J .  Heterocycl. Chem., 1971, 8, 557; ( b )  G. 
Holzmann, B. Krieg, H. Lautensclager and P. Konieczny, 
J .  Heterocycl. Chem., 1979, 16, 983 and references cited therein: 
(c) A. R. Butler and I .  Hussain, J .  Chem. Soc., Perkin Trans. 2, 
1981, 310; (d )  R. F. Pratt and K. K. Kraus, Tetrahedron Lett.. 
1981, 22. 2431. 

3 Y. Watanabe, Y. Tsuji and Y. Ohsugi, Tetrahedron Lett.. 1981, 
22,2667; Y. Watanabe, Y. Tsuji, H. Ige, Y .  Ohsugi and T .  Ohta, 
J .  Org. Chem., 1984, 49, 3359. 

4 Y. Watanabe. T .  Ohta and Y. Tsuji, Bull. Chem. SOC. Jpn . ,  1983. 
56, 2647. 

5 T. Kondo, S. Yang, K.-T. Huh, M. Kobayashi, S.  Kotachi and Y. 
Watanabe, Chem. Lett., 1991, 1275. 

6 Y. Tsuji, K.-T. Huh, Y. Ohsugi and Y. Watanabe, J .  Org. Chem., 
1985, 50, 1365; Y. Tsuji, K.-T. Huh and Y. Watanabe, J .  Org. 
Chem., 1987, 52, 1673; Y. Tsuji, S .  Kotachi, K.-T. Huh and Y. 
Watanabe, J .  Org. Chem., 1990, 55. 580. 

7 T .  L. Davis and H .  W. Underwood, J .  Am. Chem. SOC., 1922,44, 
2595; T .  Hoshino, T. Mukaiyama and H. Hoshino, J .  Am. Chem. 
SOC., 1952, 74, 3097. 

8 S. Kotachi, Y. Tsuji, T .  Kondo and Y. Watanabe, J .  Chern. SOC., 
C'hern. C'omrnun., 1990, 549. 

9 Y. Tsuji, R .  Takeuchi, H .  Ogawa and Y. Watanabe, Chem. Lett., 
1986, 293. 

10 For example: P. E. Newallis and E. J. Rumanowski, J .  Org.  
Chem., 1964, 29, 3114; Y. Ogata, A. Kawasaki and N. Okumura, 
J .  Org. Chem., 1965, 30, 1636 and references cited therein. 

11 H. E. Zaugg and W. B. Martin, Org. React., US, 1965, 14, 52. 




