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X,N'-Bis(5,o-diinethyl-o-hydantoinylmethyl)pipei'ai:ine ; jjavc 
an S5% yield and had m.p. 248-249° dec. 

.lw/Z.' C!ilcd.f()rC )6H,6N604: N, 22.94. Found: X, 22.87. 
X,N'-lJis(5,o-diphenyl-3-hydantoinylmet.hyl)pipenizine save a 

7.")',' yield and had m.p. 252-254° dee. 
Anal. Oalcd. forCaeH^XeOj: X. 1H.SS. Found: X, J4.IW. 

HydroxymethyI-5,5-Dimethylhydantoin.'2 This compound 
was commercially available and, after recrystallization from 
benzene-ethanol, melted at. 117-119°. 

Reaction of Hydroxymethyl-5,5-dimethyIhydantoin with 
Amines.—To a solution of 15.S g. (0.1 mole) of hydroxymethyl-
5,5-diniethylhydantoin in 1,5 ml. of warm ethanol was added 
slowly and with shaking !).;> g. (0.1 mole) of aniline. The 
mixture was refluxed 1 hr., filtered, and cooled. Recrystal­
lization front ethanol yielded 15 g. (649(

-) of N-3-anilinomethyl-
5,5-dimethylhydantoin, m.p. 154-155°. 

Anal. Calcd.for Ci2H,6X3()2: X, LS.02. Found: X, 1S.0S. 
A mixture melting point of this product with that prepared 

from 5,5-dimethylhydantoin, formaldehyde, and aniline by the 
general procedure described above (see Table I) was 15:! 154°; 
the infrared spectra of the two compounds were identical. 

Similarly 0.1 mole of hydroxymethyl-o,5-diinethylhydantoin 
and 0.1 mole of niorpholine itt 10 ml. of ethanol were refluxed 
for 30 min., filtered, and allowed to stand overnight to crystal­
lize. X"-3-tnorpholinotnethyl-5,5-diinethylhydantoin was ob­
tained in tiS' ( yield which, after recrvstallization from benzene 
ethanol, melted'at 148.5-149.5°, 

Anal. Calcd. forC,„H,;X :<03: X, 18.49. Found: X, 18.04. 
To a solution of 15.8 g. (0.1 mole) of liydroxymethyl-5,5-

dimethylhydantoin and 8.1 g. (0.1 mole) of 37','r formaldehyde 
in HI ml. of warm ethanol was added slowly 17.4 g. (0.2 mole) of 
niorpholine. A rather vigorous reaction occurred upon the addi­
tion of niorpholine. The solution was refluxed for 30 min., cooled, 
and allowed to stand overnight to crystallize. A 73' (. yield of 
X-l,X"-H-l)is(morplioliiiomethyl;-o,5-dirnethylhj-dantoiii was ob­
tained which, after recrystallization from ethanol, melted at 
131-132°. The reported m.p. is 134-134.5°.' 

Basic Hydrolysis of N-3-Anilinomethyl-5-ethyl-5-phenyl-
hydantoin.—To a solution of 3.09 g. (0.01 mole) of X-3-anilino-
methyl-5-ethyl-5-phenylhydaiitoin in 90 ml. of ethanol was 
added a solution of 0.5 g. of XaOH in 20 nil. of water. After 
allowing (lie reaction mixture to stand at room temperature 
overnight, the solution was acidified to pH 2 with dilute sulfuric 
acid, ("pon cooling, a quantitative yield of o-ethyl-5-phenyl-
hydantoin was obtained which, after recrystallization from 
aqueous ethanol, melted at 200.5-201.5°. A mixture melting 
point with 5-ethyI-5-phenylhydantoin (lil.13 m.p. 201-202°) 
showed no depression, and the infrared spectra of the two 
products were identical. 
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X-3-Acetic acid derivatives of a number of •>,•")-
disubstituted hydantoins have been prepared and their 
pharmacological behavior has been investigated. The 

alkylation of 0,0-disubstituted hydantoins with either 
ethyl chloro- or bromoacctate in the presence of sodium 
ethoxide resulted in the formation of ethyl .">,">-di-
substituted hydantoin-.'-S-acetates ('fable J), which, 
upon saponification, were converted into o."(-disubsti­
tuted hydantoin~.'3-aeetic acids (Table II) . 

">,.")-Disubstituted hydantoin-M-aeetamide derivat ives 
(Table III) wore prepared from the corresponding 
acetic acid derivatives by reaction with thionyl chlo­
ride and either ammonium hydroxide, aniline, or p-
toluidine. The hydantoins used in this study were 
prepared from the corresponding ketones by a modifi­
cation of the. Buchorer -Berg reaction as described by 
(ioodson, cl at.1 

Pharmacology.—Chomotherapeutic and pharmaco­
logic tests on representative members of this group of 
hydantoins were conducted by Merck Sharp and 
Dohme Research Laboratories, Division of Merck 
and Co., Inc. The compounds were subjected to the 
following programs: screening against Escherichia culi 
in rilro. screening against coccidiosis in chickens, testing 
in animals for antiinflammatory activity, testing in 
rats for diuretic activity, and testing in mice for 
effects on the nervous system. While marginal activ­
ity was observed in several instances, none of the com­
pounds appeared to warrant detailed studies. 

In the E. cult in citri) assay a paper disk was dipped 
into a solution of the test compound and placed on a 
synthetic medium comprised of giutamate, dextrose, 
and salts and which was seeded with an 18-hr. E. coh. 
culture. The presence of zones of inhibition was noted, 
the solution was successively diluted twofold, and the 
assay was repeated until no inhibition was observed. 
The compounds tested were inactive at a level of 1 
nig. ml. 

In the coccidiosis test the compounds were assayed 
against coccidia by the procedure described by Cuckler.-

Antiinflammatory activity was determined by using 
an antiedema test as described by Winter, ct al.:i 

The compounds were inactive at 100 mg./kg. 
Diuretic activity was determined in rats dosed at 

10 and 100 nig. kg. i.p. The general methodology 
is described by Baer and Beyer.4 

In the test for effects on the nervous system, mice 
wore closed intraperitoneally, the test compounds being 
administered initially at a low dose and then at suc­
cessively higher doses over a practical range. The 
following observations were made visually: mortality. 
pupil dilatation, depression of exploratory activity, 
ptosis, ataxia, loss of righting reflex, tremors, tonic 
and clonic convulsions, excitement, corneal reflex, 
pinna twitch reflex, bar grasp, and analgesia (Haffner 
test) . In addition, anticonvulsant activity was de­
termined as described by Swinyard, cl al.,:' and 
Torchiana, ct al.u 

1 I; L. II. ( . incisure 1. I.. UonijilKM^, .1. .1. I.chimin, and W. 11.. i i u t .m . 
,/. Org. Cltem., 25 , 11(20 (1080). 

(2) A. C. Cuckler , I'wc. Sue. I-Uptl. Hiol. Mai., 98, 1(17 (lUfuS). 
(3) C. A. Win te r , E. A. Ris ley, a n d G. W. NUBS, ibid.. I l l , 54-1 (l.!ll>2.!. 
Cl) J. E . Baer a n d K. II . Beyer , Am. J. I'harm., 132, .1 (11)60}. 

i.."ij II. A. Swinyard , W. ( ' . Brown, and I.. C. G o o d m a n , ,7. I'hanmi.nl. 
Kxiitl. 'J'herap.. 106, 31(1 (I1I52). 

ft)) M. L. Torchiaii i i . K. I.. M e e k c l n l m i - , S. 1-. M c K i m i e j . an.I <\ !.. 
s t o n e , I'm-. Xm: Hj-ptl. Bint. Mid.. 101 , 7.10 (111,1!).. 
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R 11' 

C2H5 C2H5 

n-C3H7 n-C3H7 

CH2CH2CH CH2CH2CH 

CH3 CeH5 

CH3 p-ClC6H4 

C2H5 C6HS 

n-C3H7 C6H5 

C8H6 C6H5 
-(CH 2 ) 4 -
- (CH 2 )S -

(—)-CH2CHCH2CH2CH-

CH3(CH3)2CH 

^-/J—PHPM -

ETHYL 

Yield, 
% 

68 
95" 
60 

81 
95" 
96 
83 
70 
72 
78 
31 

79° 

TABLE I 

5,5-DISUBSTITTJTED HYDANTOIN-3-ACETATES 

C CO 
/ 

R' 
\ 
NCH2COOC2H5 

N H - C O 

M.p., °C. 

69.5-70.5 
59-61.5 
83-83.5 

86-87" 
83-85c 

120-121d 

109-110 
185-186' 
108.5-109.5 
128.5-129/ 
95-96 

155-1 57 

Recrystn. 
solvent 

H2O 
C2H5OH 
C2H5OH-H20 

C2H5OH-H20 
C2H5OH 
C 2H iOH-H 20 
(CH3)2CO-H20 
(CH3)2CO-C2H5OH 
C2H5OH 
C2H5OH-H20 
C2H5OH-H20 

C2H6OH 

Formula 

CnHi 8 N204 

C13H22N2O4 

Ci3Hi8X204 

Cl4Hi6*S 2O4 

C14H16C1N204 
Cl5Hi8N204 

Ci6H2oN204 

Cl9HlgrS204 

CllHi6A 204 

Ci2Hi8X204 

C16H26N2O4 

C16H18N2O4 

• % 

Calcd. 

11.56 
10.36 
10.52 

9.02 
9.65 
9.21 

11.93 

9.02 

9.27 

N . 
Found 

11.40 
10.26 
10.92 

8.91 
9.79 
9.21 

12.12 

8.86 

9.27 

" Ethyl bromoacetate was used as the alkylating agent. " O. O. Orazi and H. A. Corral, [Anales asoc. quini. Arg., 42, 177 (1954)] 
report m.p. 87.5-88.5°; K. Schloegl, F. Wessely, O. Kraupp, and H. Stormann [J. Med. Pharm. Chem., 4, 231 (1961)] report m.p. 88-
91°. ° The melt cleared at 91°. » Schloegl, et al.,h report m.p. 121-123°. ' Orazi, et al.,h report m.p. 184-185°; F. Sandberg [Acta 
Physiol. Scand., 24, 149(1951)] reports 178-180°. ' Orazi, etal.,b report m.p. 128.5-129.5°. 

TABLE II 

5 ,5-DISUBSTITCTED HYDANTOIN-3-ACETIC ACIDS 

R. 
^C -CO 

R 

C2H6 

rc-C3H7 

CH2CH2CH 
I 1 

CH3 

CH3 

CH, 

C2H5 

n-C3H7 

C6H5 

-(CH2)4 

-(CH2) 

R' 

C2H3 

n-C3H7 

CH2CH2CH 

C6H5 

P-C1C6H4 

P-
C'6H5 

C6H5 

C6HS 

-
-

( - ) -CH2CHCH2CH2CH-

R ' 1 
I 

Yield, % 

68 
77" 
60 

80 
85" 

60 

66 

77 
92 
46* 
74 
53 

\ 
NCH2COOH 

ra—co 

M.p., °C. 

171-172" 
121-124c''i 

177-177.5 

169-170.5" 
234.5-236c 

176-178/ 

87-89" 
137-138'' 
168-168.5 
292.5-294''•' 
194-195" 
221-222' 
192-193 

Formula 

CgH14N204 
CnHi8N204 
CnH14N204 

Ci2Hi2N204 

Ci2HnCl^N204 

r 

Calcd. 

13.08 
11.56 
11.76 

9.91 

CioH,0N204S • 11.02 

Ci3H14X,O4-0.5H2O 
Ci3Hi4N204 

Ci4Hi6X204 

CnHi4N204 

CgHi2N204 

CioHi4N204 

Ci4H22N204 

10.33 
10.68 
10.14 

13.20 

9.92 

; \ 
Found 

12.90 
11.69 
11.49 

9.81 

10.90 

10.34 
10.84 
10.06 

13.38 

10.06 

CH3 (CH3)2CH 

CH,-
CH2CH2 "~ 

50" 223.5-226° Cyi4J~i.i4.N 0O4 10.23 10.35 

" Recrystallized from water. " The ethyl ester was saponified for 24 hr. c Purified by dissolving in aqueous sodium bicarbonate, 
filtering, and acidifying with dilute H2S04 . d The product oiled out of solution and was extracted with benzene. Evaporation of the 
benzene produced the crystalline product. e Orazi, et al., Table I, footnote b, report m.p. 170.5-171.5°; Schloegl, et al, Table I, footnote 
b, report 168-171°. /Recrystallized from benzene-acetone. " T h e product, as obtained from the reaction mixture or upon re-
crystallization from aqueous ethanol, was hydrated. Schloegl, et al, Table I, footnote b, report m.p. 90°. h Upon boiling the hydrated 
product with benzene until the solution cleared, then adding petroleum ether (30-60°) and cooling, the anhydrous product was ob­
tained. ' Recrystallized from ethanol-acetone. j Orazi, et al., Table I, footnote b, report m.p. 284-287°; Sandberg, Table I, footnote 
e, reports m.p. 282-284°; C. Hoffmann [Bull. soc. chim. France, 659 (1950)] reports m.p. 285°. * This yield was obtained by proceeding 
directly to the acid without isolating the intermediate ethyl ester. ' Orazi, et al., Table I, footnote b, report m.p. 222-223°. 
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TABLE 111 

"),.•)-DlSl'BSTI'lT'l'Iil) H Y O A \ T O I X - 3 - A C E T A . M I I > E 1 >ER1YAT!YES 

» N 

c—co 
\ 

NH-CO 

NCH2CONHR" 
/ 

K 

n-CsH-

«-C:3H7 

C H S 

OH:, 
Cll, 

O H 3 

O H 3 

O.H., 

021U 

n - C 3 H , 

0„H,-, 

Ce l l , 

OJU 
- - (OH. 

- ( O H 2 

- ( C H 2 ) 

- ( O H 2 ) 

" ( ( ; H 2 ) 

\v 
« - 0 3 H 7 

H - C 3 H -

OJU 
OJU 
CiH, 
/ J - C I C S H . 

/>C106H„ 

0 6 H 6 

0 6 H -

C«HS 

o6n5 
0 6 H 3 

0 , J I , 

r-

4 -

,-
• - , -

r 

^A^p CH. -

^ > T - CH, -
^>- CH.CH, -

\{" 

H 

0,-,H.-, 

H 

OJU 
/ J - O H 3 0 

H 

cjr, 
H 

0 B H S 

H 

H 

0 „ H , 

p - O H 3 C 

H 

C„H, 

H 

C 6 H 3 

6H4 

,H 4 

/ , -CH 3 C c H 4 

H 

O J I 

M.I... - C . 

200-211 

175-170 5 

1 0 0 . 5 - 2 0 0 

220.,"). 221 .")'•• 

100 .0 -201 

204-200 

230-232 

IKS 

INO-lNl" 

102'' 

24.s-.2o0' 

240-247 

202 5 -204 

202 -203 

102 ..V-103 

20X--200 

230-231 

250-200 

103- loo ' ' 

224- 22."> 

(' 
(' 
0 

(! 
0 

0 

0 
C 

(' 
0 

(' 
0 

0 

0 

(.' 
0 

(' 
0 

C 

(.' 

l u r m u l a 

.Hn.-X.O:, 

; H 2 3 X 3 ( ) 3 

2H,:,X3()3 

8 H„N 3 <) 3 

•;1H19X;10;i 

2H,2CL\' ; lO : i 

• H K O I X : , ! ) , 

:1H,:,N;iO:1 

M,.,S,0, 
, .H,-X3()3 

v H ^ N . O , 

3H.!|X3()3 

,H2 .N3<)3 

,H i 3 X s ( ) 3 

.•,H17X:,():( 

. J I i sX.O, 

filtcNiO:; 

-H,,N;,0:, 

1H,SX3()3 

2.,H|»X:,(>;, 

Calc-1. 

1 7 . 4 1 

1 3 . 2 4 

17 .00 

13 .00 

12 40 

14 02 

11 7o 

10. OS 

12 40 

1 5 . 20 

13 .50 

10.00 

10.52 

10 00 

14 ,03 

1 s . 00 

13 ,05 

13 .33 

15. 3 s 

12 .03 

Found 

17.20 

13 .00 

17 11 

12 .07 

12 21 

14.75 

1 1 .71 

15 03 

12 40 

15. 2 s 

13 .55 

10 .73 

10.07 

10.71 

14.40 
1S.3.S 

13 S5 

13 32 

15.40 

1 1 .02 

" Recrystallized from ethanol-acetone. 
248-249°. d Tiecrvstallized from acetone. 

'' Recrystallized from aqueous acetic acid. •' !•'. Sandberg (Table I, footnote <•) report* 

Experimental7 

Ethyl 5,5-Disubstituted Hydantoin-3-acetates.—In a 500-nil. 
Husk were placed 200 ml. of absolute ethanol and 2.3 g. (0.1 g.-
atom) of sodium. After the sodium had dissolved, 0.1 mole of 
the 5,5-disubstituted hydantoin and 13.5 g. (0.11 mole) of ethyl 
chloroacetate were added. Alternately 18.4 g. (0.11 mole') 
of ethyl bromoacetate was used as the alkylating agent in several 
preparations. The mixture was refluxed for 24 hr., and the 
hot solution was filtered to remove the precipitated NaCl or 
XaBr. The volume of the solution was reduced to one-half 
or more by concentration in vacuo. Upon either cooling or the 
addition of ice, the product separated and was recrystallized. 

5,5-Disubstituted Hydantoin-3-acetic Acids.—In a 500-inl. 
flask were placed 0.1 mole of the ethyl 5,5-disubstituted hydan-
toin-3-acetate and 200 ml. of absolute ethanol. To this solution 
was added 4 g. (0.1 mole) of NaOH dissolved in a minimum of 
water. The mixture was refluxed with stirring until saponifica­
tion was completed, usually 1-4 hr. The sodium 5,5-disubsti­
tuted hydantoin-3-acetate began to precipitate out of solution 
shortly after refluxing was started. The sodium salt was 
filtered, washed with a small amount of absolute ethanol or 
petroleum ether, and dried. The salt was dissolved in a small 
amount of water, the solution was filtered, then acidified with 
dilute H>S04. The acidified solution was thoroughly chilled, 
concentrated if necessary, and the 5,5-disubstituted hydantoin-3-
acetic acid which crystallized out was purified by dissolution and 
reprecipitation from aqueous sodium bicarbonate, then recrystal­
lized from aqueous ethanol. 

Amide and Anilide Derivatives of 5,5-Disubstituted Hydantoin-
3-acetic Acids.—A mixture of 0.1 mole of the 5,5-disubstituted 
hydantoin-3-acetic acid in benzene was refluxed with 47.6 g. 
(0.4 mole) of thionyl chloride for 1 hr. after solution had occurred. 

(7) Infrared spectrograms were obtained on the Perkin-Elmer KJ7B Infra-
ford with sodium chloride plates and NIujol mull and on the Beckman IK! 
with potassium bromide wafers. These spectrograms appear in the Sadtler 
Standard Spectra Catalog, No. 22606-22650. Melting points were deter­
mined either in a liquid bath or in a Mel-Temp apparatus and are cor­
rected. Nitrogen analyses are by the semimicro Kjeldahl method. 

One (irop of pyridine was added as a catalyst. The excess thionyl 
chloride was removed by several flushes of benzene and concentra­
tion in vacuo. The substituted amides ami anilides were pre­
pared by carefully adding ammonium hydroxide or aniline 1o 
the chilled benzene solution of the acid chloride until the solution 
was basic to litmus. After refluxing for 3 hr., the benzene sol­
vent was exchanged for acetone by flushing with acetone and 
concentrating in vacuo. Upon dilution with water the product 
was obtained and recrystallized from water, ethanol, or aqueous 
ethanol. 
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A need in this laboratory for pure N, X~diethy 1-2,2-
dimethylpropane-l.o'-diaminc (III) as an intermediate 
in an antihypertensive program led to a comparison of 
two methods of preparation. 
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