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an additional 1.0 g. of crystals, bringing the total yield to 
22.6 g. (0.0756 mole), 95%. One gram was recrystallized 
from 30 ml. of acetic acid. The recrystallized product had 
m.p. 278-279° 

In the course of studies on potential new hyp­
notics, some 4,4-disubstituted-2-imidazolidinones 
were prepared by reaction between urea and the 
appropriate diamine. The reduction of a hydan-
toin by means of lithium aluminum hydride seemed 
to be a means of obtaining an imidazolidine which 
could conceivably lead to a diamine by t rea tment 
with acid. When the first reduction was tried, 
however, it was found tha t 5-phenyl-5-»-propylhy-
dantoin was only partially reduced by excess 
lithium aluminum hydride to yield 4-phenyl-4-«-
propyl-2-imidazolidinone (I). The structure was 
established by a mixed melting point with an 
authentic sample prepared from l,2-diamino-2-
phenylpentane and urea.1 Furthermore, electro-
metric t i tration revealed no basic group in the 
molecule, indicating the presence of the - N H -
C O - N H - linkage. The general nature of the reac­
tion was demonstrated by its application to several 
other hydantoins (Table I) and by the fact t ha t 
5,5-diphenyl-2-thiohydantoin was reduced in a 
similar manner. 

These were quite unexpected results in view of 
the work of WiIk and Close.2 They reported t ha t 
when 3-methyl-5-phenylhydantoin was reduced 
using an excess of lithium aluminum hydride, under 
the same general conditions as employed in the 
present work, complete reduction took place and 
the imidazolidine II was obtained. 

X N N N-CH3 

Y v 

6 i n 
The reaction was extended to some barbituric 

acid derivatives to give hexahydro-2-pyrimidinones 
(Table I I ) , to some 2-thiouracils to produce 1,2,3,4-
tetrahydro-2-pyrimidinethiones and to 6-methyl-
4,5-dihydro-3(2H)pyridazinone to obtain the tetra-
hydropyridazine. The only unsuccessful reactions 
were those involving 5-ethyl-6-phenyl- and 6-
phenyluracil. This may well have been due to the 
greater insolubility of the uracils in ether. No 
further investigation was made of this point. 

<1) Unpublished studies, these laboratories. 
il'i I J. WiIk and W. J. Close, ./ OJ g. Chem., 15, 1021) (1951«. 

Anal. Calcd. for CnH12Cl2N6: C, 44.16; H, 4.04; N, 
28.09; Cl, 23.70. Found: C, 44.52; H, 4.38; N, 28.12; 
Cl, 23.37. 
PEARL RIVER, N E W YORK 

In cases where there appeared to be any possi­
bility of ambiguity, the structures of representa­
tive compounds were verified. 5-Ethyl-5-phenyl-
hexahydro-2-pyrimidinone was studied by electro-
metric t i tration as described above, and there was 
no basic nitrogen present. A sulfur analysis es­
tablished the structure of its 2-thio analog. 

None of the compounds showed satisfactory 
hypnotic activity when tested orally in rats . 
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Experimental 
The experimental procedures for the reductions are illus­

trated by typical examples. The Skelly B employed in 
many of the recrystallizations is petroleum ether, b .p . 60-
71°. 

4-Phenyl-4-«-propyl-2-imidazolidinone.—To 11.4 g. (0.3 
mole) of lithium aluminum hydride in 600 ml. of dry ether 
was added, portionwise, 21.8 g. (0.1 mole) of 5-n-propyl-o-
phenylhydantoin.3 The mixture was refluxed for 30 hr. and 
was then hydrolyzed by the addition, with cooling in ice-
water, of 11 ml. of water, 11 ml. of 15% XaOH solution and 
33 ml. of water. After nitration, removal of the ether showed 
that it contained no product so the solids from the hydrolysis 
were extracted by boiling with alcohol.4 Concentration and 
cooling gave 11 g. of product melting at 206-208°. Crys­
tallizations from dilute ethanol and from ethanol-Skelly B 
gave 8.9 g. (48%) melting at 207-209°. A mixed melting 
point with material prepared from l,2-diamino-2-phenyl-
pentane and urea1 was not depressed. 

5-Ethyl-5-phenylhexahydro-2-pyrimidinone.—To 15.2 g. 
(0.4 mole) of lithium aluminum hydride in 600 ml. of dry 
ether was added, portionwise, 23.2 g. (0.1 mole) of 5-ethyl-
5-phenylbarbituric acid.5 The mixture was stirred and re-
fluxed for 44 hr. Hydrolysis was effected as previously 
outlined and the solids were extracted by boiling with four 
250-mI. portions of ethanol.4 There was obtained 12 g. of 
material melting at 195-198°. Two crystallizations from 
chloroform-Skellv B and one from ethanol-Skelly B gave 
9 g. (44%) melting at 195-196.5°. 

(3) Prepared according to the method of H. R. Henze and R. J. 
Speer, THIS JOURNAL, 64, 522 (1942), as were all the hydantoins with 
the exception of the o,o-diphenyi derivative which was prepared by 
the procedure of H. BiIU, Btr., 41, 1391 (1908). 

(-1) With the dialkyl derivatives the ether contained some product 
and the extractions were preferably carried out with benzene. 

{'•>) Most of the barbituric acids were kindly supplied by Mr. W. J. 
Doran of these laboratories. 5-HthyL5-phenyi-2-thiobarbiturie acid 
was prepared by the procedure of 11. Waldi, Angi-.v. ChtK., 62, 1311 
( l ' J . - i ( l ) . 
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Lithium aluminum hydride, even if present in excess, has been found to reduce only partially some 5,5-disubstituted 
hydantoins to the corresponding 2-imidazolidinones, barbituric acids to hexahydro-2-pyrimidinones, and 2-thiouracils to 
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similarly with a 2-thiohydantoin and a 2-thiobarbituric acid. 
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TABLE I 

2-IMIDAZOLIDINON 

Crystn. 
solvent 

EtOH-Skelly B 
Ethanol 
Ethanol 
9 5 % EtOH 
C6H6-Skelly B 

b 

C 

Skelly B - a little C6H8 

C6H6-Skelly B 
C6H6-Skelly Bd 

e 

C6H6-Skelly B 
CHC13-Skelly B 
C6H6-Skelly B 

Yield, 

% 
48 
57 
38 
53 
91 
69 
73 
92 
59 
85 
71 
82 

63 

R > ' : 

ES R ' / 

M.p., 0C. 

207-209 
217-219 
250-252 
257-258 

99-101 
74-776 

51-53 
91-92 

159-160 
73-75 
88-90 

131-132 

176-178 

> = 0 

Formula 

Ci2H16N2O 
C10H11ClN2O 
C15H14N2O 

C15H14N2S 
C8H16N2O 
C8H14N2O 
C 9H13X2 O 

C13H26N2C) 

C7H14N2O 
C9H18N2O 
C10H20N2O 
C9H18N2O 

C11H22N2O 

Analyses. % 
Calcd. Fou 

C H C 

70.55 
56.93 
75.61 
70.89 
61.45 
62.25 
63.49 
68.98 
59.13 
63.49 
65.28 
63.49 

66.65 

7.89 
5.26 
5.92 
5.55 

10.32 
9.15 

10.66 
11.58 
9.92 

10.66 
10.93 
10.66 

11.17 

70.34 
57.20 
75.60 
70.61 
61.68 
62.47 
63.32 
68.78 
59.20 
63.75 
65.44 
62.58 

66.45 

ind 
H 

7.89 
5.23 
5.81 
5.71 

10.29 
9.04 

10.61 
11.33 
9.75 

10.77 
10.97 
10.33 

11.01 
" The 5,5-diphenyl-2-thiohydantoin was prepared according to the method of H. Biltz, Ber., 42, 

at 165-173° (0.4 mm.). The hydantoin was prepared in 67% yield and melted at 119.5-120.5' 
Anal. Calcd. for C8H12N2O2: C, 57.10; H, 7.19. Found: C, 57.50; H, 7.57. '- Distilled at 164-

1792(1909). b Distilled 
from benzene-Skellv B. 

-165° (0.45 mm.). d The 
Skelly B must be added to the cool benzene solution until just turbid and the crystallization allowed to take place slowly. 
The starting hydantoin was prepared in 6 8 % yield and melted at 122-124° after crystallization from ethanol-Skelly B. 
Anal. Calcd. for C9H16N2O2: N, 15.19. Found: N, 15.03. • Distilled at 162-164° (0.25 mm.). 
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HEXAHYDRO-2-PYRIMIDINONES R 
>° 

C2H6 

C2H5 (2-thione) 

C6H5 

C6H5 

Crystallization 
solvent 

CHC13-Skelly B 
Ethanol-Skelly B 
Benzene 
Ethanol-Skelly B 
Benzene-Skelly B 
Benzene-Skelly B 

Yield, 

% 
44 

47 

63 
8° 

C2H6 J-C5H11 

C2H5 2-C5H11 

C H 2 = C H - C H 2 - 2-C6H11 " 53 
" Great difficulty in purification. The product retained sc 

mm). 

5-Ethyl-6-phenyl-2-thiouracil was prepared in essential 
accordance with the method of Johnson and Hemingway6 

using the sodium ethoxide prepared from 35.3 g. (1.54 g. 
atoms) of sodium in 600 ml. of absolute ethanol, 65.5 g. 
(0.85 mole) of thiourea and 148 g. (0.67 mole) of ethyl a-
ethylbenzoy !acetate. After crystallization from acetic 
acid, there was obtained 76.5 g. (49% of product which 
melted at 232-234°. An analytical sample melted at 233-
235°. 

Anal. Calcd. for C12H12N2OS: 
Found: C, 62.26; H, 5.04. 

S-Ethyl-6-phenyl-l,2,3,4-tetrahydro-2-pyrirnidinethione. 
—The reduction of 30 g. (0.13 mole) of the above thiouracil, 
using 14.8 g. (0.39 mole) of lithium aluminum hydride, was 
carried out in the same manner as with the hydantoins. 
Stepwise concentration of the ethanol extracts gave two 
fractions of crude product and a third higher melting frac­
tion. Three crystallizations from absolute ethanol gave 
6.4 g. (23 %) of product which melted at 209-211 °. 

Anal. Calcd. for C12H14N2S: C, 66.02; H, 6.47; N, 
12.84. Found: C, 66.84; H, 6.42; N, 12.68. 

M.p., 0 C. 

195-197 
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Formula 
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S, 

C11H22N2O 
C11H22A2O 
C12H22N2O 

Analyse; 
Calcd. 

C H 

70.56 

65.38 
,14.53 
66.65 
66.65 
68.51 

came out gelatinous. 

7.90 

7.30 
S, 

11.18 
11.18 
10.52 

>.% 
Found 

C 

70.78 

65.32 
14.80 
66.87 
66.92 
68.39 

Distilled at 195-200' 

[ 

H 

7.89 

7.49 

11.09 
10.75 
10.56 

' (0.35 

C, 62.02; H, 5.21. 

(6) T. B. Johnson and E. H. Hemingway, THIS JOURNAL, 37, 378 
(1915). 

6-Phenyl-l,2,3,4-tetrahydro-2-pyrimidinethione.—Re­
duction of 30 g. (0.158 mole) of 6-phenyl-2-thiouracil6 in the 
above manner gave 5 g. (11%) of the alcoholate of the prod­
uct which melted at 200.5-201° from ethanol or chloroform-
Skelly B. The solvent of crystallization was not removed 
by drying at 110° under vacuum. 

Anal. Calcd. for C10H10N2S-C2H6OH: C, 60.92; H, 6.76; 
N, 11.85. Found: C, 60.44; H, 6.60; N, 11.80. 

The ethanol was removed by drying at 150° under vacuum. 
The compound then melted at 204-204.5°. 

Anal. Calcd. for C10H10N2S: C, 63.16; H, 5.30; N, 
14.72. Found: C, 63.82; H, 5.60; N, 14.47. 

3-Methyl-l,4,5,6-tetrahydropyridazine.—To 11.4 g. (0.3 
mole) of lithium aluminum hydride in 600 ml. of dry ether 
was added, portionwise, 22.4 g. (0.2 mole) of 6-methyl-4,5-
dihydro-3(2H)-pyridazinone. After 30 hr. refluxing the 
reaction was worked up in the usual manner. Following 
drying of the combined ether and benzene solutions over an­
hydrous magnesium sulfate, the solvents were removed and 
the product was distilled twice to give 3.4 g. (17%) boiling 
a t 100-101° (76 mm.) , W25D 1.4862. 

Anal. Calcd. for C8H10N2: C, 61.18; H, 10,27; N, 
28.55. Found: C, 60.93; H , 10,17; N, 28.41, 
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