120 NoTEs

N.N-Bis(5,5-dimethyl-s-hydantoinylmethyl)piperazine, wave
an 839 vield and had nip. 248-249° dec.
Snal. Caled. for C)6H< ‘.\-5(,)4: N, 22,94,

\',N’ Bis(3.5-diphenyl-3-hydantoinyhnethylipipernzine gave o

7597 vield and had m.p. 252--254° dec.
Anal. Caled. for CyHgNegOy: N, 1588, Found: N, 14.05.
Hydroxymethyl-5,5-Dimethylhydantoin.'*---This coniponnd
was comniereially available and, after reervstallization from
beuzene-ethanel, melted nt 117-119°,

Reaction of Hydroxymethyl-5,5-dimethylhydantoin with
Amines.—To a solution of 15.8 g. (0.1 mole) of hydroxyvinethyl-
Ao-dimethylhivdantoin in 15 ml of warm cthanol was ndded
slowly and with shaking 9.3 g. (0.1 male) of aniline. The
mixinre was reflixed 1 hr., filtered, and cooled. Recrystal-
Lization from ethanol yielded 15 g. (645() of N-s-nnilinomethyl-
5,0-dwnethylhivdantoin, m.p. 144-135°,

Adnal. Caled. for CrHisNOy: N, 1802, Found: N, 18.0K.

A mixture nielting point of this product with that prepared
from 3.5-dimethylhydantoin, formaldehyde, and aniline by the
general procedure deseribed nbove (see Table T) was 1501547
the infraved spectra of the two conpounds were identical.

Stmilarly 0.1 mole of hydroxymethyl-5,5-dimethyThydantoin
and 0.1 male of morpholine in 10 ml. of ethanol were refluxed
for 50 min., filtered, and allowed to stand overnight to erystal-
Lize.  N-s-morphalinomethyl-3,5-dimethyvlhydantoin - was ob-
tained in GR¢¢ yvield which, after recrystallization from benzene
cthanol, melted ot 145.5-149.5°,

Jdnal. Caled. for CiHy NGOy N IS400 Fonnd: N, 18,64,

To n solution of 158 g (0.1 mole) of hydraxymethyl-3,5-
dinetbylhydantoin and 8.1 ¢, (0.1 male) of 379 formaddehyde
i e ml of warm ethanol was added slowly 1.4 g, (0.2 mole) of
noypholine. A yather vigorons reaction ocenrred upaon the addi-
Lion of marpheline.  The solution was refluxed for 30 niin,, caoled,
md allowed to stand overnight to erystallize. A T30 vield of
N-1LN-3-bis(morpholinomethyl)-5,5-dimethyihvdantoin was oh-
tamed wldeh, after recrvstallization from ethanol, welted at
151--132°, The reported nnp. is 134--134.5°.

Basic Hydrolysis of N-3-Anilinomethyl-5-ethyl-5-phenyl-
hydantoin.--To a solution of 5.0 g. (0.01 mate) of N-3-anilino-
methyl-5-ethyl-5-phenyvlhydantoin i 90 ml. of ethanol was
added a solution of 0.5 g of NaOH in 20 ml. of water.  Aflter
allowing the reaction mixture to stand ar room temperature
avernight, the solution was aciditied to pH 2 with dilute sulfurie
aed.  Upon conoling, a quantitative yield of 5-ethyl-3-phenyl-
hydantoin was obtwined  which, after 1(‘('1‘)'stallixali«111 from
wgneatts ethanal, melted at 200.5-201.3 A mixture welting
point with  5-ethyl-A-phenylhydantoin ¢ 111.1" NLp. 200-202°)
showed no depression, snd the infraved spectra of the two
prodizets were identical.

Found: N, 2287,
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Substitution in the Hydantoin Ring. 11
N-3-Acetic Acid Derivatives
Mrrprry B Winstear axn Conevan L, Hamen

Departmient of Cheonistry, Bucknell Universily,
Lewisbucg, Pennsylvania
Reccived Scptenbee 17, 1964
N-3-Acctic acid derivatives of a nunber of 5,5-
disubstituted hydantoins have heen prepared and their
pharmacological behavior has been investigated.  The

Vol. 8

alkylation of 5.5-disubstituted hydanteins with cither
cthyl chlore- or bromoacetate in the pl'v\‘cnw of sodinm
ethoxide resulted in the formation of ethyl 5.5-di-
substituted  hydantoin-s-acetates  (Table 1) which,
pen saponification, were converted into AA5-disubsti-
tuted hydantoin-3-acctic acids Clable 1),

5,0-Disubstituted hydantoin-s-acetamide derivatives
(Table TID) were prepared from the corresponding
acetie actd dertvatives by reaction with thionyl chloe-
ride and etther anumoenium hydroxide, aniline, or p-
toluidine.  The hydantoins used n this study were
prepared from the corresponding ketones by o modifi-
eation of the Bucherer-Berg reaction ns deseribed by
(coodson, of al}

Pharmacology.-—(heniotherapeutic and  pharmaco-
logic tests on representative nienthers of this group of
hyvdantoins were conducted by Merck Sharp and
Dohme Rescarch  Laboratories, Division ot Merck
and Co., Inc.  The compounds were subjected to the
following prograins: screcuing against Eschecichia coli
in ritro, serecning against coccidiosis in chickens, testing
i animals for antiinflammatory activity, testing i
rats for diurctic activity, and testing in mice {or
effeets on the bervous svstem. While marginat nctiv-
ity was observed moseveral instances, none of the com-
pounds appeared to warrant detailed studices.

I the L. vold dnoeitro assay a paper disk was dipped
into s =ohition of the test compound and placed on
svnthetic medium comprised of glutamate, dextrose,
and salts and which was sceded with an 18-hr. £ coli.
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 compoiunds tested were inactive at a level of
mg., ml

In the coceidiosis test thie compounds were assaycd
against coceidia by the procedure described by Cuckler.”

Antiinflammatory activity was determined by using
an antiedema test as deseribed by Winter, o «/?
The cotupounds were inactive at 100 mg. ke,

Diurctic activity was determined norats dosed at
10 and 100 mg. ke ip. The general methodology
is desceribed by Baer and Beyer.?

In the test for effects on the mervous system,
were dosed intraperitoneally, the test compounds being
administered itially at a low dosc and then at sic-
cessively higher doses over a practical range.  The
following obscrvations were made visually: mortality,
pupil dilatation, depression of exploratory activity,
ptosis, ataxia, loss of righting reflex, tremors, tonic
and clonic convulsions, exeitement. corneal reflex,
pinng twiteh reflix; bar grasp, and analgesia (Haffner
test). In addition, anticonvulsant activity was de-
termined as  deseribed by Swinyard, el alt and
Torchiana, sl al®

miee

6y Lo ML Goadson, 10 Lo Hapigherg, o0 Lobown, ond WL I Tt
J. Org. Chem., 26, 1920 (10601,

{2y A, Q. Cuckler, I'voc. Soc. Exptt. Biol, Mud,, 98, 107 (1158).

3y . A, Winter, I5. AL Risley, and G. W. Nuss, ib{d., 111, 341 {1062,

1y JL 88 Baer and I I, Deyer, A n J. Pharm., 132, 5 (1060).

AL Swinyard, WL CL Lirown, and Lo L Goadiman, Jo Faesacead,
Laptt. Therap., 106, 310 (105,

Gy M, L. Torchiana, . L. Meckelnbies, S0 1
Sione, Peve, Sar, Frodo Biol, Ued., 101, TA0 (19505

Melonvey, wl Co




January 1965 NoTEs 121

TapLe I

Eraywy 5,5-DisuBsTiruTED HYDANTOIN-3-ACETATES

AN
C—CO
l/ \
R NCH.CO0C.H,
NH—CO
Yield, Recrystn. ——" N —_—
R R’ L7 M.p.. °C. solvent Formmnla Caled. Found
C.H; C.Hs 68 69.5-70.5 H.O CuHisN,04 11.56 11.40
ﬂ-C3H7 n-C3H7 952 59-61.5 CQHJOH C13H23N204 10.36 10.26
CH,CH,CH CH,CH,CH 60 83-83.5 C.H;0H-H,0 CisH1sN,04 10.52 10.92
L . [
CH, CeH; 81 86-87¢ C,H;0H-H,0O CuH N0, . Lo
CH;; p-C1C6H4 95u 83-85° CQHJOH C14H15C1N204 9.02 8§.01
CoH: CeHs; 96 120-121¢4 C,H,OH-H,0 CisH1sN204 9.65 9.79
n-C3H1 C5H5 83 109-110 (CHJ)ZCO‘—H;O CleHgoN:O4 9.21 9.21
CeHs CeHs 70 185-186° (CH;).CO-C:H;0H CisH1sN:0, S c
—(CHa)s— 72 108.5-109.5 C.H:OH C1H1eN304 11.93 12 12
—(CHa)s5— 78 128, 5-129/ C.H;0H-H.O CrHisN04 o C
(_)‘—CH‘ZQHCH‘ZCHZCH‘— 31 95-96 C.H;:OH-H,0 C1eH26N204 9.02 8.86
| |
CH, (CH,).CH
@ e 155157 C.H,OH CioHN,0, 921 9.7

+ Fithyl bromoacetate wus used as the alkylating agent. * O. O. Orazi and R. A. Corral, [Anales asoc. quim. 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—
01°.  © The melt cleared at 91°, 4 Schloeg], ef al.,” report m.p. 121-123°. ¢ Orazi, ef al.,’ report m.p. 184-185°; F. Sandberg [Acta
Physiol. Scand., 24, 149 (1951)] reports 178-180°. / Orazi, et al.,? report m.p. 128.5-129.5°.

TasrLe IT
3,5-D1stBsuTrvrED HYDANTOIN-3-ACETIC ACIDS
R
AR
R NCH,COOH
NH—CO
AT —
R R' Yield, % M.p.. °C. Formula Caled. Found
C.H, C:H; 68 171-172s CyH . N:O4 13.08 12.90
n-CyH;, n-C;H- 770 121-124¢ CyH N0, 11.56 11.69
CH,CH.CH CH,CH,CH 60 177-177.5 CyH N0, 11.76 11.49
L— | |

CH; CeH, 80 160-170 . 5° CHEN0; . .
CH, p-CICH, 85" 234 . 5-236° CrH;CIN,O, 9.91 9.81
CH, @_ 60 176-1787 CuoHiN:048 B e 10.90
C,H; CH; 66 87-897 CH N0, 0.5H0 10.33 10.34
137-138" C1sHN,04 10.68 10.84
n-CgH-, C6H5 77 168-168.5 ) C14H15N204 10.14 10.06

CeHs CGH;, 92 292.5—294l‘j C17H14N204 . e
~(CH,)y— 46" 194-1952 CoH1N04 13.20 13.38

~(CH,)s- 74 221-222¢ CioH 14N20,4 o o
(—)-CH,CHCH.CH.CH- 33 192-193 C1H2N04 9.92 10.06

|
CH, (CH,).CH

CH,— _ - » . _ e -
@:[ CH.CH,~ 500 223 5-226 CLHLN.O, 10.23 10.35

¢ Recrystallized from water. ? The ethyl ester was saponified for 24 hr. ¢ Purified by dissolving in agueous sodium bicarbonate,
filtering, and acidifying with dilute H.SO4. 4 The product oiled out of solution and was extracted with benzene. Evaporation of the
benzene produced the crystalline produet. ¢ Orazi, et al., Table I, footnote b, report m.p. 170.5-171.5°; Schloegl, e al., Table I, footnote
b, report 168-171°. / Recrystallized from benzene-acetone. ¢ The product, as obtained from the reaction mixture or upon re-
crystallization from aqueous ethanol, was hydrated. Schloeg], et al., Table I, footnote b, report m.p. 90°. * 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. ¢ Orazi, et al., Table I, footnote b, report m.p. 284-287°; Sandberg, Table I, footnote
¢, 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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Tasre 111
3,3-D1srBs11rrvED HyDANTOIN-S3-ACETAMIDE D ERIVATIVES
R
AN
J5—"C0
R * /NCHQCONHR“
NH—CO
R L nY Moy I el Calel, I'owanl
n-CyH;z n-CyHy 1B 200211 Ci NGOy 17.41 1726
n-CyH; n-CyH; C.H. [75-176 5 CrHusN O, 13.24 1306
CIl, CH, H 146, 3--200 CpuH N0 17.00 1711
CH, CgH,, CaHa 220 5221 5 CrsHi NGOy 13.00 1247
('H, CH, p-CH,LCH, 199 5-201 CroHia N Oy 12 46 1224
CHy p-ClCel 1y H 204--200 CaHLWCINGO; b4 2 14,75
CH; p-Cl1CH, CyH, 2302232 CuHGCING O, | 1.7
C.H, CH, H NS CuH NGO, 1G.08 154
C.H, CeH, C.H, IN0--181% CoHypWNLO; 1246 1246
n-CyH; CeH; tl 12 CHEN Oy 15326 1528
CeH: CH;, H 248--200" CaHENO; 13,59 Bioan
CgH; CyH, (W H. 246--247 CuH N0, 10410 1073
Celd. C.H. p-CH,3CeH, 262 5204 CyHay NGOy 10,42 10 GT
~(CHa)y H 202203 CH N 1 ay 1T
-(CHu) g Cyl 162 8163 CuH NGOy 14,63 14 46
—(CIH.)i- H 208204 CuHENLO; IN 66 N H8
- CaH, 230-231 Call N0, 13,45 13 85
p-CHCelly 250--260 CiHa NGO, 333 13,052
H RIS R A NGO, 35N 15, -1y
Cull LR SR (o Hw N0 12 038 12

© Jieervstallized from cthunol-acetone.
248-249°, < Recrystallized from ncetone.

Experimental®

Ethyl 5,5-Disubstituted Hydantoin-3-acetates.-—Iu o 500-ml.
flask were placed 200 ml. of absolute ethanol and 2.3 g. (0.1 g.-
atom) of sodium.  After the sodiun had dissolved, 0.1 mwole of
the A,3-disubstituted hydantoin and 13.5 g. (0.11 mole) of ethy]
chloroacetate were added. Alternately 184 g. (0.1T niolel
of ethyl bronioacetate was used as the alkvlating agent in several
preparations.  The mixture was refluxed for 24 hr., and the
hat solution was filtered to remaove the precipitated NaCl ar
NuBr. The volume of the solution was reduced to one-half
or more by concentration in vacuo. Upan either cooling or the
addition of ice, the product separated and was reerystallized.

5.5-Disubstituted Hydantoin-3-acetic Acids.—Iun a 300-ml.
flask were placed 0.1 mole of the ethyl 3,5-disubstituted liydian-
tnin-3-acetate and 200 ml. of absolute ethanol. To this solution
was added 4 g. (0.1 mole) of NaOH disselved in n miniimum of
wanter. The mixture was refluxed with stirring until sapoenifica-
tion was completed, usually 1-4 hr. The sodium 3.5-disubsti-
tuted hydauntoin-3-acetate began to precipitate out of solution
shortly after refluxing was started. The sodiuni salt was
filtered, washed with a small amount of absolute ethanol ar
petraleum ether, and dried. The salt was dissolved m a small
amount of water, the solution was filtered, then acidified with
dilnte H.80,. The acidified solution was thoronghly chilled.
concentrated if necessary, and the 3,3-disubstituted hydantoin-i-
neetie acid which erystallized out was purified by dissolution and
reprecipitation fram aqueous sadium biearbonate, then recrystal-
lized from aqueocus 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 lir. after solution had oceurred.

(7} Infrared spectrograins were obtained on the Perkin-Eliner 1378 Infra-
cord with sodinm chloride plates and Nnjol mnll and on the Beckman 1R1
with potassium bramide wafers. These spectrograias dppear in the Suldtlec
standard Spectra Catalog, Na. 22606~22650. Melting points were deter-
mined either in a lignid bath nr in a Mel-Temp apparatus and are car-
rectedl. Nitrozen analyses are by the semimicro Kjeldahl imethod.

@ lLteerystallized from agneons neebe aend.

1 Randberg (Table 1, faotore o) reporis mup.

e drop of pyridine was added ns w eatalysr. The exeess thionyl
chloride wis removed by several flushes of benzene and concentra-
tion in racuo. The substituted amides and mnlides were pre-
pared by carcfully adding ammoenium hvdroxide or aniline to
the chilled benzene solntion of the neid chloride until the solntion
was basic to Htums,  After refluxing for 3 hir., the benzene solb-
vent was exchanged for acetone by flushing with acetone and
caneentrating /n eacno.  Upon dilntion with waler the prodier
wns abtained and reerystallized fronn water, ethanel, or agneons
ethanol.
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N,N-Diethyl-2,2-dimethylpropane-1,3-diamine
Morrts Freennper axp YEw Hay Na
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A nced in this laboratory for pure N,N-dicthyl-2,2-
dimethylpropanc-1,3-diamine (IT1) as an intermediate
in an antihypertensive program led to a comparison of
two methods of preparation.
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