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A number of substituted cycloalkanespiro-5’-hydantoins have been prepared and tested for toxicity, for gross

effects on behavior, and for anticonvulsant and analgesic activity in mice.
obtained by ability to potentiate hexobarbital anesthesia.
Cyclopentanespiro-5’-hydantoins showed a low toxicity and low sedative
Certain cyclohexanespiro-5’-hydantoing showed analgesic and antiinflammatory activity, Some

antiinflammatory activity in rats.
activity.

Indications of sedative activity were
A limited number of compounds were tested for

cycloheptanespiro-3’-hydantoins exhibited anticonvulsant activity, while the few cyclooctanespiro-5’-hydantoins
tested possessed properties reminiscent of the barbiturates but with lower potency.

Numerous cycloalkanespiro-5’-hydantoins have been
tested?*~k for anticonvulsant activity, but little has
been reported relating to other types of pharmacologi-
cal activity in these compounds,

Although 1- and 3-substituted hydantoins have been
widely investigated,>=% few 1’- and/or 3’-substituted
eycloalkanespiro-5’-hydantoins have been described.
These include 1’- and/or 3’-mnethyl®~® and 1’-phenyl®
derivatives, 3’-morpholinoniethyl and 3’-piperidino-
methyleyelohexanespiro-5’-hydantoius aud their corre-
sponding 1’-methyl analogs,® 1’-(2-diethylainino-
ethyl)- and 3’-[2-(4-pyridyl)ethyljcyclohexanespiro-5'-
hydantoins,!' and certain 3’-phenyleyclopentanespiro-
5’-hydantoins.?

It was of interest therefore to synthesize a number of
novel 1’- and/or 3’-substituted cycloalkanespiro-5'-
hydantoins and their known parents so that they could
be tested for several types of pharmacological activity.

Chemistry.—Cycloalkanespiro-5'-hydantoins (Ia)
were conveniently prepared using the Bucherer syn-
thesis. 13

It is apparent that when R is a group other than hy-
drogen then two geometric isomers are possible. One
isomer (a-form) has been observed to predominate
when the Bucherer synthesis is used to prepare the
hydantoin from the substituted cycloalkanone, whereas
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the other isomer (B-form) predominates when the
Strecker synthesis is used to prepare the amino acid
from the cycloalkanone, and the amino acid is converted
to the hydantoin.!>1¢=% Physical evidencel® has in-
dicated that the isomers have the following configura-
tions.

NH— (130 CO—NH
CO—NH NH-CO
R R
a—form g-form

It was assumed therefore that Ia (n = 3, R is other
than H) was almost completely in the a-form.

Hydantoins cannot usually be substituted directly
in the 1-position® and consequently the following
method was used to prepare Ib,

O CN

N 2 KNCO
G/ RINH, ONHR‘ Bdihhed
KCN

I1a, R?* = alkyl

b, RZ=aryl
CN CO—NH
209, HC1 )
K rons e (K
R? R?
I11 Ib

IIa (R? = allyl, 2-hydroxyethyl, benzyl, or methyl)
was prepared from the amine hydrochloride in aqueous
solution,” whereas IIb (R? = phenyl, p-methoxy, or
p-ethoxyphenyl) was obtained from the amine in glacial
acetic acid. The preparation of III (R? = allyl, hy-
droxyethyl, benzyl, or methyl) was carried out in
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agueous solution from the aminonitrile hydrochloride.
Where R? = phienyl, p-inethosy, or p-ethoxypheayl, 1he
cotipoultds were obtained fromr aminonitriles (IT) i
glacial acetic acid.®  Conversion of T11 to Th was earricd
ont i refluxing hydrochloric acid.  The vields were
sonieties poor,

Acetylation of hydantoins in the T-postiion has becu
carried ont with acetic anlivdride™ or acctyl eliforide-
pyridine.™ I our hands several alkali-sohuble deriva-
tives of Ih (R?* = acctyl) were obtained using acetic
anhydride,

Cycloalkanespiro-3’-hydantoing le (R' = hydroxy-
ethyl, ethoxycarbonyhuethyl, allyl, benzyl, cpoxy-
piec pyl, or 2-diethylaminoethyl) were obtained by heat-
g Ta or Ib (sodiuin salt) with alkyl halide alone, or in a
.\mt@bl(' solvent. Ic (R' = methyl) was obtained using
dunethyl sulfate in alkali. Hy dl()\\'l)ll‘”l\ldll()ll ‘
of Ta wax carried out with boiling 379 formalin.  Suh-
stitution usually occurred 1 the 3-position.  This wus
not the case with cyeloheptanespiro-5-hydantoin when
botli  173"-dihydroxymethyl and -hivdroxyimethyl
derivatives were obtained.  Atteinpts to prepare hy-
dhroxyutethyl derivatives of 1-methyleyelohexanespiro-
5'-hydantoin and 1’-phenyleyelohexanespiro-5'-lividan-
toir were unsuccessful.

In the preparation of Id (R? = phienyl or p-niethoxy-

phenvl) the following method was used. IV was ob-

T ; . N ] < _V H

NH, R'NCO NH-CO-NHR 200, HCl Lo 4 R

OCO_»H CO.H ? NH-CO
v Id

tained by hydrolysis of cyclohexanespiro-3'-hydantoin
with 609 sulfuric acid.

Pharmacological Methods.—l'he componnds were
formulated in aqueous solution or as suspensions i 0.59,
sodiunt  carboxymethyleellulose.  They were admin-
istered orally to groups of albino mice (Schofield)
weighing 19-21 ¢ and tested for toxieity, for gross
effects on behavior, for anticonvulsant activity, and
for analgesic properties. The ability of the compounds
to potentiate hexobarbital was investigated aund, i
certain of the compounds, antiinflanunatory activity
was assessed inrats  (see Tables I-VIT).

A. Acute Toxicity.—The acute toxicity of cach
compound was determined - groups of five miee,
treated orally with ascending doses.  Mortalities werc
recorded over 48 hr. and any gross hehavioral changes
which oceurred prior to death and at bigh doses were
noted,  LDj vahlies were estimated by o graplieal
method when possible.

B. Anticonvulsant Activity.—lic compounds werc
given orally to groups of ten mice, and 1 hr. after dosing
the mice were stimulated by the v, injection either of
strychmine (625 v, kg.) or of pentylenctetrazol (100
mg. kg.) or were subjected to electroshock seizures.?!
In cach case the per cent iuhibition of tonic extensor
convulsions which occurred in each group was noted,

C. Analgesic Activity.—Analgesic activity was as-
sessed by the ability of the compounds to inhibit streteh-
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ing induced by intraperitoneal injections of acetic acid
mmiee, The compounds were administered ora Iy tn
later 0.25 ml of 0.5¢
Voo scetie neid was lonjected intraperitoneatly. 'l'lu-
mice were ohzerved Tor 15 o, and the namber of
mice whiel failed to show the typieal stretehing re-
action of the hind Timbs was recorded,

D.  Hexobarbital Potentiation.— (ironps of ten uiee
were given ol doses of the compounds and 1 hr,
later all mice recelved intraperitoneal injections of 100
mg. kg, ol hexobarbital sodiam.  The mice were
turned on their backs asg soon as anesthesia occurred,
and che time from injection to recovery of righting
reflex wax recorded for cach wmouse.  The mean time
for cacli group was then caleulated and compared with
asuline-treated control group.

E. Antiinflammatory Activity.—The method used
was i modification of that deseribed by Domenjoz.*:
Groups ol ten Wister Rats (ARC, Compton), five
niale and five female per group, weighing about 200 g.,
weve dosed orally with the compounds 1 hr. before the
imjeetion of 0.1 ml. of 1.2, formalin subcutateously
tto the ventral surface of the right hind foot.  The
left hind foot was similarly injected with 0.1 ml. of
phy=iological saline,  After 2 I the rats were killed
by gassing and the hind feet were amputated and
weighed.  The formalin caused swelling, and inflam-
mation was therefore wmeasured in terms of the differ-
cnee i weight berween the hind feet of cach rat. The
wiean luerease n welght for cacht group was caleulated,
and the resulis ave expressed as a per cent inhibition of
swelhing, compared 1o that of & control group.

Results and Discussion

Cyclohexanespiro-5'-hydantoins (Tables I-1V).—Aui-

algesic activity was apparcut i this series when
0
l(l* N—R'
R’ ¢
ET-("“O
R® R

substitution at R' or R* was a small aliphatic group
1, la, 2, 3, 4, 31, aud 37) or when R? was acetyl
{17, 41, and 42) Substitution at R* reduced activity
and toxicity (¢, 1 aud 30, 3 and 36, 41 and 42).
_\1111111ﬂ411111mt()1y activity, 1 the limited number of
('()111p()u11d< tested, was most marked when R was
methyl or hydroxymethyl (2 or 3). When R? was aro-
matic and R* was H, the compounds showed stimmlant
properties (19-21), but when R? was aromatic and IRR?
substituted, the compounds were depressants (24-29).
It is of imterest that the cquivalent Ri-substituted
hydantoins with 1?2 unsubstituted were stiimmnlants
(7-9). NMost compounds showing depression of be-
havioral cffects potentiated hexobarbital, although cer-
tain compounds which were stimulants also had this
effect.  This was especially marked with 9, which
probably nrediated its effect through some action on
barbiturate metabolisin.  Little anticonvulsant ac-
1ivity was apparent in this series.
Cyclopentanespiro-5'-hydantoins (Table V).—1This

a

S I Dhaneaioz. e XUV e, Seil 86, 263 (1060,



No.

9
10

11
12
13

2 The symbol representing the activity is given, followed by the dose of compound:
crease in hexobarbital test, +-4 = much greater than 509 effect, — = not tested.

Rl
H
Na
CH;;
CH,OH
CH,OCOCH;
CHCOOC.H;
CH.CI
CH,CH,OH
CHCH,N(C:H;).- HCI
CH,CH=CH.
CH,CH—O0—CH,

| S — |

CH,CH,
CeH;
p-CsHOCH;

1.Dso,

mg./kg.

420

450
1100
520
887
>2500
1500

2000
1500

750
>2000

>2000
>4000
>2000

‘TasLe I

PHARMACOLOGICAL AcniviTy® OF CYCLONEXANBSPIRO-5'-HYDANTOINS SUBSTITUTED AT Ny

oL
NH—CO

p——

Stryclinine

+,187.5

0
0

&, 1000

& ,250
0

0
0
3, 1000

Ientylene
tetrazol

0

0

0
0
0

Auticonvulsant activity against————

Tlectroshock

0

+, 500
0

+, 500
0

&, 1000
0
&, 1000

Analgesic
activity

+, 250

+, 55

+, 400

+,182

+, 400
0

&, 1000

<+, 1000

Doses are given in mg. /kg.

Hexobarbital
potentiation

&, 500

0
0

+,31.25
0

+, 1000
0

&, 250

0 = no effect at highest dose given, § =

Antiinflammnatory

activity

Remarks

Toxic doses cansed convitlsions, mydriasis,
lachrymation, piloerection, and tail
erection.

Toxic doses caused convulsions, mydnasig,
salivation, piloerection, and tail erection.

Near toxic doses caused convulsions.  Tail
erection was observed.

Near toxic doses cansed convulsions.  Tail
ercction was observed.

Near toxic doses caused convulsions.  Tail
erection was observed.

2500 mg. /kg. cansed depression and slight
muscnlar weakness.

T'oxic doses cansed convalgions and marked
diarrhea,

Toxic doses cansed convalsions.

Toxic doses cansed depression and slight

clonic convilsions.

Toxic doses caused clonic convulsions.

Appeared inactive.

Slight increase in activity at high doses.
Appeared inactive.
Appeared nactive.

slight effect at highest dose given, + = 509 clfect, or 1004, in-

The highest dose normally given was abont half the 1.Dg.
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Tasre 11

PHARMACOLOGICAL ACTIVETY? OF CYCLONEXANKSPIRO-5 N YDANTOINS SUBSTITUTED AT N

<:><CO—1\!IH

N—CO
1.
——————Anticonvulsant activi(, against — — —-——
1.Dsa. Peutylenc Analeesic exobarhital Avtiinllammatory

No. n? me./kg. Strychuine tetrazol Lleetroshock activity putentiation uetivity Remarks

14 CHa, 900 +, 500 0 +, 500 0 0 — Toxie dozex cansed CNS depression
ni=cnlar weakness, and mydriasis.

15 CH:CeH; >2500 0 +, 1000 0 =+, 2000 =+, 500 - 2300 mg. /kg. cansed CNS depression,
muscnlar weakness, and some loss
al righting reflex.

16 CH,CH,OH 1500 +, 125 +. 500 +. 500 0 &, 500 - 1000 g, /kg. eansed slight. CNS de-
pression, mnscular wenkness, and
lachrymation.

17 COCH; 500 0 0 (1 4125 0 — Toxic doses canzed (onic exlensor
convulsions.

18 CHCTH=CH. 1000 &, 500 +, 250 0 +, 500 o, 125 - Toxic doses cansed deep depression
and loss< of righting reflex.

19 CeHs >5000 0 0 0 0 &, 500 S000 mg. kg eaased aslight merease
m o oactivily, lace  washing, and
mnscnlar weakiess.

20 p-CelT,0CH, >5000 -+, 1000 #1000 0 0 -+ 4, 1000 Shght CNS =thimlation ac 2000 mg.
kg,

21 p-CHOCT; >4000 0 & 1000 +, 500 (1 -+, 500 - Shght ONS stimalatan a€ 4000 ng /
Lg.

+ The symbol representing the activity = given, followed by (he dose of compound: 0 = elfeci at highest dose given, & = =light clfeet at highest dose given, + == 507 effeet, or 1007 in-

crense in liexobarbital test, + 4 — mnel greater thau 5047 effect, — == pot ested.  Doses wre given inmg. kg, The highest dose normally given was abont hall the LD
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No.

22

23

24

25

26%

27

28

29

¢ The symbol representing the activity is given, followed by the dose of compound:

increase iu hexobarbital test, + + much greater than 509 effect, — = not tested.

R!

CH,CH=CH,
CH.CH—0—CH,

| FR I —
CH,CH=CH,
CH,CH.N(CyHj),- HCI

CH,CH,N +(C,H;),CH;-1-

CH.CH,OH
CH,CH-OH

CH.CHOH

TasrLe 11T

PHARMACOLOGICAL ACTIVITY® OF CYCLOUEXANESPIRO-5-HYDANTOINS SUBSTITUTED AT N, AND N>

R2

CH;

CH,

CsH;

CeH;

CeHls

CeH.r,

p—CeH4OC H3

p—GGH4OCzH5

made on this compound by the intraperitoneal route.

LDso,

me./kg.

2500

2000

2000

1500

73.4

2000

2000

2000

Strychnine

0

~——Anticonvulsant activity against——
Pentylene
tetrazol Electroshock
0 0
0 0
0 0
0 0
&, 40 0

&,1000  &,1000

0 &, 500

Analgesic
activity

&, 1000

&, 600

0

&, 1000

0

Hexobarbital
potentiation

&, 125

+, 250

++. 60

6,40

++,250

++, 1000

+, 200

Antiinflainmatory
activity

Remarks

Near-toxic doses caused initial
CNS depression followed
by clonic convulsions.

2000 mg./kg. cansed depres-
sion aud muscnlar weak-
ness with some righting
loss.

2000 mg. /kg. had no apparent
elfect.

1000 mg./kg. caused deep
depression and some right-
ing loss.

Toxic doses cansed marked
cyanosis and depression.
2000 mg./kg. cansed marked
depression with some right-

ing loss.

2000 mg./kg. caused marked
depression with some right-
ing loss,

Slight sedation at 2000 mg./
kg-

0 = no effect at highest dose given, & = slight effect at highest dose given, 4+ = 509 effect, or 1009,

Doses are given in mg./kg.

The highest dose normally given was about half the LDs. ? All tests were
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Tane IV

PuARMACOLOGICAL ACTIVITY" OF MISCELLANEOCS CYCLONMEXANESPIRO-D -1 YDANTOINS

s CO—N—R'
R |
II\I—CO
Nl
R R
== Antiewnynlsant activity asainst—--—
T.Ds, Pemylene Avalgesic Wexobar)itul Avdmflamnnmalory
No. Rt it R4 R my. ke Stryehnine terazol leetrostiock activity potentiation activioe Remarks
30011 11 1 H >2500 &, 1000 4, 1000 &, 1000 0 &, 750 — 2500 mg. /kg. caazed shght clonie con-
vilstons and righting loss.
a1 U H 1 CH, 400 0 0 8] + 4+, 125 0 - Toxee doses caused futermibtenl clomie
canvalsions and marked ataxia.
30 11 CH.OH H >2000 &, 1000 0 &, 1000 0 &, 250 - 2000 mg. /kg. emeed aslight inerease in
irrttability.
SR E | H COOC.H, H 5000 4, 1000 &, 1004 ¢] &, 2000 ., 1000 Near-(oxic dozxes coosed depression.
311 1 COOH 11 >4000 0 0 0 0 0 shght sedaton and diarrhec at 1000

mg. ke loeveased  irritability
2000 mg. ke,
A CHLCTE==CH., 11 COOCLIT, Il >2000 [§] §] 0 0 +, 200 - 2000 mg. kg enased  depression and
“ “ some riglting loss after intial hyper-
Qelvity.

26 CHLOIL H 1, H 1500 G, 1000 1000 4, 500 +, 250 -+, 1000 - Toxie doses ciased mrernmtteni eloue
’ convulsions.
s CHLOM 11 11 Cll 200 a a 0 4+, 605 0 s tha Toxie dosex canzed iptermittent clonie
conwvilsions and Gl erection.
38 CHWOH H COOC.IT, H >2500 0 0 0 0 0 - 2500 mg. /kg. had no apparent elleet.
39 (11{:("’H»g()H H COOC.IT, 11 >2500 (1 §] §] 1 &, 1250 - 2500 mg. ke ccased  sedatianc and
’ mydrinsis.
4 CHLH--0- (H. H H Cll: >4000 il 4, 1500 — 4+ 4, 1500 o, 1000 No apparent elleetz at 2000 mg. /ke.
e
41 1 COCH: H Cl, 125 0 0 0 +,50 8 - Neav-toxic doses eansed  clonie care
valsions.
49 1 COCH; CH, 8 2000 0 0 0 -+, 0326 4,750 Near-toxte doses cansed  udermittent

clonie capvulsions and (il erection.

a Phie xyvinbol representing the activity ix given, followed by the doze of compoimd: 0 = elfeet at highest dose givan, ¢ slight elfeer :a highest dose given, 4+ = 507, elTeer, vr 1000 in-
erense in iexobarbitad test, + 4 = mnel grescer i 50C efeet, — = ol tested. Doses e given nang. /kg. - The highest dosc vormally given was about hall the L.
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COOC-.Hr

No. Rt R
43 H 1

44 CH.OH H

45 CH.CH.OH H

46 H COCHx

¢ ‘The symbol representing the activity is given, followed by the dose of compound:
much greater than 509 effeet, — = not tested.

increase i hexobarbital (est, ++ =

LDsa,
No. Rt Rz vig. ke
47 H H > 1000
48 CH.OH H 1700
49 CH,CH. OH H 1500
b0 CH.CI1-=CH, 1 1340
51 ClILOH—0—C1lL. H >2000

| S

H2 H COCH; 2500
53 CH.OH CH,OH 2500

2 The symbol representing the activity is given, followed by the dose of compound:
much greater than 509 effect, —

crease in hexobarbital test, ++4+ =

1. Dso,
mg./ke.
>4000

1500
4500
3000

TaBLE V

PuarMacoLoGicAL Activiry® oF CYCLOPENTANESIIRO-5'-HYDANTOINS

ke
————Auticonvnlsaut activity against ———-—
Pentylene Analgesic
Strychnine tetrazol Flectroshoek activity
0 &, 2000 &, 2000 0
0 0 0 0
0 0 0 0
0 0 0 +, 1500

Prnarmacorocieatr Acmviry”®

Strychnine

+, 500
0

0
+, 300

+, 1000
+, 1500

TasLE VI

©<co—1T~R‘
N—CO

Rz
——Anticonvulsant activity against——

I’entylene Analgesic
tetrazol Tilectroshock activity
+, 250 +, 250 0
+, 250 +, 500 0
+, 500 0 0
&, 600 +, 600 +, 600
&, 1000+, 1000 0
+, 375 +, 750 +, 1500
+, 360 +, 525 0

+, 810

= not tested. Doses are given in mg. /kg.

Doses are given in mg. /kg.

OF CYCLONEPTANESPIRO-D

Hexobarhital
potentiation

+, 1000

+, 500

++, 250
0

1lexobarbital
potentiation

++, 1000
&, 750

0
+, 50

&, 500

+, 750
+, 250

= no effect at highest dose given, &
The higlest dose normally given was abont half the 1.Dg,.

Antiin(amnuatory

activity

&, 750

"“HYDANTOINS

Antiinflanmmatory
activity

Remarks
2000 mg. /kg. had no apparentelfects.
Near-(oxic doses cansed deep sedation.
Near-(toxic doses caused deep sedation.
Neuar-toxic doses caused deep seda(ion.

0 = no elfect at highest dose giveu, & = sh;,ht elfect at highest dose given, + = 509 effect, or 1009
T'he highest dose normally given was abont half the LDg.

Rewmarks

1000 mg./kg. caused sedation and ataxia;
active against nicotine.

Toxie doses caused decp depression and right-
ing loss.

Toxic doses cansed deep depression.

Toxic doses camised severe clonic convulsion
followed by deep depression.

2000 mg. /kg. causcd deep depression.

Near-toxic doses caused depression.
1000 mg./kg. caused intermittent clonic
convulsions.

= slight effect at highest dose given, + = 509 effect, or 1009 in-

CO61 YoIBIX

SNIOINVAXH-, C-OUIdSANVITVOTOL])

no
=
()1



CO—N—R'

Tasre VII

AcTiviTy® 0v CYCLOOCTANESPIRO-D/-HYDANTOINS

PHARMACOLOGICAL

W. Orprierp axp C. H. CasHiN Vol 8

——em - Amtican vilsant activity azamst

T 33 fiT o tonew
= = £ = . = P N —
« == £ 2 DIaE
S EE TE% ¢ S SN0 =0
- - H
1= =5 TTE 0% series of compouuds showed little activity, except at
i, 2z EFZE o near toxic doses when sedation occurred.
£ 228 T = =, Cycloheptanespiro-5'-hydantoins (Table VI).—Anti-
= ; T s P E= e convulsant activity was evident in this series. Gener-
2L T E 13 ally, they were most effective against pentylenetetrazol-
TEe - i é z :3_ induced convulsions.  They all showed a low toxicity.
iL:’f ¢ < = —; £ 5;5 Cycloocta'nespir.o-S’-hydantoins (Table VII).—Only
g2z ¥57 iz three of this series were prepared and cach showed
=5 éc T <X anticonvulsant and sedative activity, reminiscent of
BEETS = ~ e the barbiturates,
- z Experimental*
=z oo
z = Cycloalkanespiro-5’-hydantoins.-——The Lketone (1.0 mole),
z 1 ; © '; KCN (1.5 moles), and (NH,),CO; (3.0 moles) were stirred in
= < £ 509 aqueous ethanol (700-800 ml.) ut 55-60° for 56 hr. The
Z = mixture was cooled and the product was removed by filtration,
- ¢ g washed well with water, and recrystallized (see Table VIII),
= 2-Carboxycyclohexanespiro-5‘~-hydantoin.—2-Ethoxyearbonyl-
© = cyelohexanespiro-5’-livdantoin (11.5 g.) was refluxed with 18%
= _ _ é.;‘. HCI (50 ml.) for 2 hr. A white solid was obtained on cooling
E § i< z ELEL which was removed hy filtration, dried, and reerystallized (see
E - - . S Table VIII).
2+ w0 0 iz 1-Alkylaminocyclohexanecarbonitriles.——Potassinm cyanide
= = (1 mole) in water (130 ml.) was added to a stirred, cooled solu-
L tion of ¢yclohexanone (1 mole) and alkylamine hydrochloride (1
EL; wole) in 50, aqueous methanol (200 ml.). The mixture was
= téﬁ stirred overnight at room temperature aund refluxed for 2 hr.
= = = - The mixture was exiracted with ether and the ethereal extract
Tz was dried (NapS0,). Hydrogen chloride was passed into the
%% solution causing the aminonitrile hydrochloride to be precipi-
o B tated. Alternately the aminonitrile was obtained by concentra-
= E tion of the ethereal svhition in vacuo and fractional distillation of
by the residual oil. Yields were between 50-70%,. The following
= = < Z l-substituted cyclohexanecarbonitriles were prepared in this
5 - = e manner: l-methylamino, b.p. 114-117° (40 mm.), n®p 1.4468;
£ - ¥ =z l-allylamino, b.p. 109-115° (12 nun.), n2p 1.4795; I-benayl-
= 2 amine, m.p. 166-167° (hydrochloride) (lit.'* m.p. 134-135°);
= = 1-(2-hydroxyethylamino, m.p. 78-79°;  hydrochloride, m.p.
e 102°,
= I -Arylaminocyclohexanecarbonitriles.—Potassiuin  ¢yanide
z = = ; y (1.2 moles) in water (130 ml.) was slowly added to a stirred solu-
Sl - E=aN tion of cyclohexanone 1.0 mole) and arvlamine (1.0 mole) in
+ 4+ MR glacial acetic acid (300 ml.) at 0°.  ‘The mixture was stirred al
=% 0-5° for 1 hr. and fileered. The solid was washed with dilute
o acetic acid and wrder, and reerystallized.  Yields were between
~— o " . N e e
= e 75-100%..  The following L-substituted cyclohexanecarbonitriles
e - = ;t;; were prepared in thix manner: l-anilino, m.p. 77-78° (lit.*"
E ;f; _ e =7 u.p. 74-76°); L-p-anisidino, m.p. 76-78° (it m.p. 74-76°);
e £ - 3 B3 1-p-phenetidino, m.p. 63°, .
z ) z 1’-Alkylcyclohexanespiro-5 ‘-hydantoins.- A typical procedure
) e was as follows.  1-Allylaminocyelohexanecarbonitrile (0.1 wole?
5‘ £ was dissolved in 9 HCH (40 ml), and the sohition was reated
i st with potassimn eyviraate (0,11 mole) in water (15.0 ml.) at 30-35°.
o = = = R The mixiure was stirred € 30-35° for 45 mirn and cooled.  The
€ Z E ;Cf] 2 Z golid was removed by filtration, washed with \Yater, and relluxoed
=N A z with 12¢; HCI (45 mlL} for 30 min.  The solution was cooled wid
B c the hydantoin was removed by filtration, dried, and recrystal-
= i lized.  See Table VIII for details of the 1‘-methyl, 1“hydroxy-
= oy R cthyl, and 1'-allyl derivatives.
= = Z | ‘-Benzyleyclohexanespiro-5 ‘-hydantoin.—-Benzylaminocy -
= - < Z: clohexanecarbonitrile  hvdrochloride (0.05 mole) in  glacial
= T ~ £Z acetic acid (4D.0 wml) wis treated with potassium cyanate (0.1
4 "E mole) in water (14.0 ml) at room temperature. The mixture
5 = was stirred at 60° for 1.5 hr., cooled, and poured into water. The
- = =g solid was removed by fileeation and reflused with 2077, HCI
- = L = ;_% (75 ml.) for 30 min.  The solution was cooled, and the hydantoi
o 2 was removed by filtration, dried, wnd reerystallized (see Table
c - - £ VIII).
P NN A N s B - J—
= c23y Alelting puoints were taken in open capilluries and are uncorrected.
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CYCLOALKANESPIRO-H’-HYDANTOINS TA AND IB

,CO—NH
CHu G, |
N XK WNR-00
R
Cycloalkane,

Crllan Yield, % Purification® ~——% carbon—— —% lhydrogen— —=9% 1itrogen——
n R R? No. (erude) M.p., °C.@ solvent Formula Caled. I'ound Caled. Found Calced. Found
5° H H 43 62 207° EtOH C7H,N:0,

5 H COCH, 46 70 116-118  EtOAc CoH:N,0, 551 55.0 6.17 6.1 14.30 15.5
6° H H 1 80 218-220° 509, KtOH CsHsN20;
6 H CH; 14 38 1757 509, EtOH CyH1N,0,

6 H CH,CeH, 15 47 179-180  LEtOH CisHisN20, 69.8 69.6 7.02 7.0 10.85 10.55
6 H CH.CH.OH 16 19.5 109-110 CeH, CioH1:H.0;4 56.6 56.3 7.54 7.50 13.20 13.40
6 H COCH; 17 53 185-187  EtOAc CoH1sN0; 57.1 56.8 6.66 6.66 13.30 13.20
6 H CH.CH=CH. 18 60 157-159  EtOH CulleN2Qa 63.4 62.9 7.75 7.50 13.45 13.15
6 H Cilly 19 23 2862887  959% ELOH CuHeN:0, 11.45 11.30
6 H p-CH;0CH, 20 49 225 FtOH C1sH15N20; 65.7 65.9 6.61 6.59 10.20 10.25
6 H p-C,H,0CH, 21 61 212-213 959, BtOH C16HoN:0; 66.6 66.6 6.99 7.06 9.70 9.65
6 2-CHj, H 30 74 219-221*  EtOH CyoHiN:O; 59.3 59.3 7.74 7.76 15.4 15.30
6 4-CH, H 31 87 279-280°  EtOH CoH N0, 59.3 58.8 7.74 7.60 15.4 15.25
6 2-CH,OH H 32 36 233236  MEK CoH1.N, 04 54.5 55.0 6.84 7.03 14.15 14.15
6 2-CO,C;H; H 33 61 170 E(OH CuH 6N:0, 55.1 55.6 6.71 6.55 11.65 11.65
6 2-CO.H I 34 76 244-245 EtOAc CoHN,0, 50.9 50.7 5.70 5.7: 3.20 12.75
6 4-CH; COCH; 41 61 177-179 LtOAc—petr. CnHsN20: 58.9 58.4 7.14 7.33 12.50 12.30

ether

6 2-CH, COCH; 42 40 169-171 Aq. EtOH CulTeN20; 58.9 58.5 7.14 7.26 12.50 12.30
7° H H 47 93 2172187 509, KtOH CoH,4N-0,

7 H COCH; 52 89 160-161 EtOAc CuHN,0; 58.9 59.2 7.14 7.30 12.50 12.65
8 H H 54 57 245% Aq. BtOH CoH N0, 61.2 60.9 8.2 8.2 14.3 14.3
8 H COCH; 56 83 150-151 EtOAc C2H,sN,0;4 60.5 60.6 7.6 7.7 11.3 11.2

¢ Meltiug points were taken in open capillaries and are uncorrected. b 15tOH = ethanol, EtOAc¢ = ethyl acetate, CéHs = benzene, MEK = methyl ethyl ketone, petr. ether = petroleiun
cther (b.p. 60-80°), aq. = aqueous. ¢ Structure supported by infrared spectrum. ¢ H. R. Henze and R. J. Speer [J. Am. Chem. Soc., 64, 522 (1942)} give m.p. 204-205°. ¢ Lit.* m.p. 222°.
S Lit8m.p. 174°. ¢ Lit.® m.p. 283-284°. * Lit.4 m.p. 215-216°. % Lit.9m.p. 279-280°. 7 Lit.*m.p. 217°. * Lit.?m.p. 246°, lit.% m.p. 241-242°.
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CYCLAALKANESIIRO-Y -nyDpaNtoins ¢ axp In

,CO—NR'
(CH, O, |
v<R NR-CO
Cyeclo-
alkane
Cullun Yield, “ P'urification” ~= carbon-— =8 hiydrogen—— ~—% mitrogen—
. R e n No. (ernile) M., °C* solvent Formula Calol. IMaund Caled.  Fonnd Caled. ol
5 H H CH.OH 44 68 143-144 19O Ac CsH N0, 52,1 H2 6.07 6,60 15.20 15,15
6 H 1 CILOH 5 80 170174  IEWOAc CoELaN4Oy 5.0 Hbo [ ROt Y} 14,15 12,95
G 2-CH; H CH.OM 36 85 150-152 ClLCL-CClL ChoHieNaOy 56,6 A6 .60 7051 15,20 12,95
6 1-CH, H CH,OH 3 60 274276 EtOAc Canl LN:Ox A6.6 56.7 7.60 7.6 13,20 13.20
4 DCOLCH . H CH.OH 58 41 142143 FKOAc petr, etlier CaHpg N0, H3.5 0 Ahu 672 6.51 10,40 10.5H
I H H CH.OH 48 0o 137-138 WA« Cyoll 1Ny 56.6 56.5 .60 7.66 3.20 1555
< H CH.0U CH.0H a5 59 129--131 CH.Cl, CnHgNaO, 0 544 K RV 351 11.60 11.20
3 " H CH,CH.OH 45 65 128-129  FOAe Cyll,) N0 H.5 12 VI M B 14,15 14,10
0 H 11 ClLCH.O1 v 42 1565 -160 IOAe Crot1eNaO)y 56.6 36,0 .60  T.51 5,200 32,95
G 2-10,Ce, 11 CH.CH,OH 59 X 137-158  1510Ace CraHap N0 540 HE.N 7.1 7.5 985 10,2
G 11 Col: CH.CH.OH 2% 42 126127 [(OA¢ CieHap Ny Oy 66.6  66.6 6.9 R 9.0 9.5H
G H p-CH,OCell, CH.CH.OH 28 26 84 K86 LitO-pecr. ether 1L NLO), 611 65,9 6.6 .16 RS0 .00
G H p-CaHOCL, CH.CILO 20 o0 192195 1SCOA e-petr.ether Gty N0, 65.0 64.6 .28 7ol S.45 0 805
7 H H CH.CH,OUI 49 6H 126-128  LIaOAe petr. ether Gy HNaOy A BT VIR N.02 0 RON 12,40 12,70
G 1l 11 CHLCH=CI11. 9] a4 154 LOAe CpleNLO. 635 657 TLTO 1T 15345 1515
6 2.CO.Cull H CH.C=-CHL A e IS 120 Aqgo OH Cr N0, 599 504 719 700 1.0 .70
6 H ClH, CILCH= Cl11. et W 67 n-liexane CeHpgNaO), 64.8  65.0 NS 12,6 12,50
G 11 el ClLCH=CH. D il 135135 Aqg. IOl Ciel N0, P B S 700 Tl 985 970
v H H CH,CH =CH. 50 0 126- 128 Aq. IWOH CrllsNLO), 64 .8 G641 B L P Iv.6n 12 5u
G H H CH.C1t 0 ¢l 10 25 146-140  PUOAe-petr. ether  Ch1LNLO, 8.8 AN P L) B 1) 1250 1215
G RWIER 1§l ClL.C1 o Cll. 40 40 160-164 L OAc Cad NGOy GO 50.a T 6l 70N L7 12
6 11 G ClLCI O (‘:ll_- 25 KB 106 - 107 FOA e i) ChaHg N2 O [QV' 602 7.6l .01 1.5 122
¢ H H CHLCH--0-CHL, Al 96 125126 FOAr Chal N0, 60 GOt .6l NN 175 1175
¢ 11 11 CIHLCOLC L D a5 51132 OAe CalHeNL0, 6.7 A6.6 D HE IO 11,00 10,95
6 I H CeHLC1 11 50 155-156  Aq. 1tO11 CrallisNaO: GO9S  6o.8 02 684 1085 10,65
G 11 H CH.CHoN(CaHos S 63 8H-%87 BbiOAe C Hs N0, 638 654 9. 41 074 15.70  15.25
G H CeHs CHLCHN(CuH e 25 G4 5150 n-hexanc CagHag N, 0.4 G a9 6o S0 S.40 12,20 1210
G H H Cly 2 85 215-2180 O CoHpNLO, 0.3 A0 VIS S AR 15.35  1l1.Nu
~ H H CH, 5 S0 165170 Aq. 150011 CyH s NaO. 62.8 (2.8 R 8.7 15.5 5.5
6 H 1l CcH., 12 40 2222024 Aq. KON CutNaO: 08.8 687 G.60  6.67 L4 1110
G H H p-CH,OCH, 15 16 245 244 LOTIL ChsllgN,Os 6h.7  65.0 G6.62 6.6V 1020 10 24
0 11 11 CILCOLCTL 4 0 61- 162 1Si0Ae CiH Ny HbA.a 5H.0 6.70 (.42 IG5 1170
0 H H CH.C G G55 176170 ClLCl-petr. ether CoHpCINLO, 400 499 6.05 5.0l 1205 1285
7 H CH.OW? CH.CI1? 144 CClL=Tst0Ae CHHCINLOLY HU.T a2 G.AN T2 1O 8a 1045
s AMelting points were tuken in open capillaries aud areovorcorrected. = EOAe - ethyl acetate, CHCL = methylene diehlovide, CCle - crabon tetenelloride, petrs ether = petvolenm ether
dhop. 60-50°7 160 = diethyl ether, GO = ethanol, aq. = aqneous.~ Hydroebloride fronn diethyl ether, nip. 189-190°0 Anal. Caled, Tor CoL NGO HCE: G, 8000 1L S.64: N, 13.85.
Feund: €. 55.6; L8700 NO13.75.0 4 Uydrochloride rore sliedivl ether, mup. 145--150°0 Inal. Cided. Do Col Ly NGOCHCT: CL 0S50 Foand: CL st o Methiodide Teom ethyl aeetate,

mp. 0H70 Apall Cided. Tor Co I NGOL0 Coabas T 6.6 12605 N, 8650 Fonud: ) 51000 6570 1 2605 N, XG55, F LicS ey 212 21870 7 twd. Caled.: CL 1560, Fonagd
1, 12.90.
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1’-Acetylcycloalkanespiro-5’-hydantoins.—The cycloalkane-
spiro-5’-hydantoin (7.0-10.0 g.) was refluxed with acetic an-
hydride (30-40 ml.) for 1-1.5 hr. The mixture was concen-
trated in vacuo, and the residue was slurried with saturated
NaHCO; solution. The residual 1’-acetylhydantoin was re-
moved by filtration and recrystallized (see Table VIII).
1’-Arylcyclohexanespiro-5’-hydantoins.—I-Arylaminocyclo-
hexanecarbonitrile (0.10 mole) and KCNO (0.11 mole) were
stirred in glacial acetic acid (35 ml.) for 3 days at room tempera-
ture and then 1 hr. at 50°. The mixture was refluxed with
9% HCI (214 ml.) for 1 hr. and cooled. The precipitated hy-
dantoin was removed by filtration, dried, and recrystallized
(see Table VIII).
3’-Hydroxymethylcycloalkanespiro-5’-hydantoins.—The  cy-
cloalkanespiro-3’-hydantoin (1 mole) was boiled with 379
formalin (220-320 ml.) until complete solution was obtained.
The solution was cooled to 0°, and the product was removed by
filtration. It was slurried with a little water, dried in vacuo
at 70°, and recrvstallized (see Table IX). The method was not
successful for hydroxymethylating 1’-methylcyclohexanespiro-
5’-hydantoin, as the starting inaterial was recovered unchanged.

Hydroxymethylation of 1‘phenylcvclohexanespiro-3’-hydan-
toin yielded a product having m.p. 158-159° (carbon tetrachlo-
ride).

Anal. Caled. for C;;H;gN=0s: C, 65.7; H, 6.62; N, 10.20.
Found: C, 64.6; H, 6.40; N, 9.90.

Repeated recrystallization gave no improvement in micro-
analysis, and the product possessed a persistent odor of formalde-
hyde. Infrared analysis confirmed that hydroxymethylation
had occurred.

3’-Alkylcycloalkanespiro-5'-hydantoins.—3’-Sodiocycloalkane-
spiro-5’-hydantoin was refluxed (or stirred at 100°) with a two-
or threefold excess of alkyl chloride alone, in ethanol or dimethyl-
formamide for several hours. The mixture was concentrated
in vacuo, and the residue was extracted with a suitable solvent.
Removal of the solvent afforded a residue which was suitably
recrystallized. Alternatively the residue, obtained by concen-
tration of the reaction mixture, was slurried with water, 2 &
NaOH solution, or ethanolic 2 N NaOH solution, and the in-
soluble material was recrystallized.

3’-Alkylcycloalkanespiro-5’-hydantoins prepared in this man-
ner were 3’-hydroxyethyl, 3’-ethoxycarbonylmethyl, and 3’-
epoxypropyl derivatives (see Table IX).

In a method similar to that described above, equimolar pro-
portions of 3’-sodiocycloalkanespiro-5’-hydantoin and alkyl
halide were refluxed in ethanol for several hours. 3’-Alkyleyelo-
alkanespiro-5’-hydantoins prepared in this manner were 3’-
allyl, 3’-benzyl, and 3’-(2-diethylaminoethyl) derivatives (see
Table IX).

3’-Methylcycloalkanespiro-5'-hydantoins.—A solution of cy-
cloalkanespiro-5’-hydantoin (0.06 mole) in water (30 ml.) con-
taining NaOH (0.074 mole) was treated dropwise with dimethyl
sulfate (0.08 mole) over 5 min. The mixture was stirred at room
temperature for an additional 10 min,, cooled, and filtered.
The solid was washed with water, dried, and recrystallized
(see Table IX).
3’-(2-Diethylaminoethyl )cyclohexanespiro-5’-hydantoin.—
A solution containing cyclohexanespiro-5’-hydantoin (8.4 g.)
in absolute ethanol (30 ml.) and N NaOH solution (50 ml.)
was treated with 2-diethylaminoethyl chloride hydrochloride
(11.7 g.) in water (17 ml.) containing NaOH (2.7 g.). The mix-
ture was stirred at room temperature for 2 hr. and refrigerated
overnight. The solid was removed by filtration, washed with
water, and recrystallized (see Table IX).
3’-Aryleyclohexanespiro-5‘-hydantoins.—A solution of 1I-
aminocyclohexanecarboxylic acid (0.052 mole) in water (75 ml.)
containing NaOH (0.05 mole) was stirred rapidly at 0° and treated
with aryl isocyanate (0.054 mole) in one portion. The mixture
wag stirred for 15 min., and any remaining solid was removed
by filtration and discarded. The filtrate was acidified with con-
centrated HCI and the precipitated hydantoic acid was removed
by filtration. It was refluxed with dilute HCl (400 ml.) for 6
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hr., and the mixture was cooled. The product was removed
by filtration and recrystallized (see Table IX).

1-Aminocyclohexanecarboxylic Acid.—Cyclohexanespiro-5°-
hydantoin (61.5 g.) was stirred with 609, H:S0, (310 ml.) for
20 hr. at 150°. The solution was poured into water (300 ml.)
and the small amount of solid was removed by filtration and
discarded. The filtrate was neutralized with barium hydroxide
and then made just acid with dilute H.SO,. The barium sulfate
was removed by filtration, and the hot solution was concentrated
to 30 ml. and neutralized with concentrated ammonia solution.
I-Aminocyclohexanecarboxylic acid was filtered off and re-
crystallized from dilute acetic acid; yield 19.1 g. (36.5%),
m.p. 320° dec., lit." m.p. 320-325°.

3’-Acetoxymethylcyclohexanespiro-5'-hydantoin.—3’-Hy-

droxymethyleyclohexanespiro-5’-hydantoin (5.0 g.) was refluxed
with acetic anhydride (40 ml.) for 30 min. The solution was
poured into water (200 ml.) and the mixture was stirred. The
precipitated 3’-acetoxvmethylcyclohexanespiro-5/-hydantoin was
removed by filtration and recrystallized (see Table IX). The
infrared spectrum was in accordance with that expected for 0-
acetylation.

Attempt to Prepare 3’-(3,4,5-trimethoxybenzoyloxymethyl)-
cyclohexanespiro-5’-hydantoin.—3’ - Hydroxyvmethyvleyvelohex-
anespiro-5’-hydantoin (7.4 g.) and 3,4,5-trimethoxybenzoic acid
(7.95 g.) were each dissolved in a minimum quantity of methylene
chloride containing s small amount of dioxane, and the solutions
were mixed. A solution of dicyclohexylcarbodiiinide (7.65 g.)
in methylene chloride was added and the mixture refluxed for 1
hr. The precipitated dicyclohexylurea, m.p. 217°, was filtered
off, and the filtrate was evaporated to dryness in vacuo. The
regidue wasg slurried with NaHCO; solution and Soxhlet extracted
with methylene chloride. Concentration of the methylene chlo-
ride solution afforded a white solid. This was slurried with
ethanolic 2 N NaOH solution, and the residue (7.9 g.) was re-
moved by filtration, washed with water, and dried. Recrystal-
lization from ethyl acetate-petroleum ether (b.p. 60-80°) gave
aproduct having m.p. 132-134°,

Anal. Caled. for CpH24N-07: C, 58.2; H, 6.16; N, 7.14.
Caled. for CgHypN20; (N,N’-dicyclohexyl-N-3,4,5-trimethoxy-
benzoylurea): C, 65.60; H,8.19; N,6.70. Found: C, 65.63;
H, 8.14; N, 6.80.

The infrared spectrum was in accordance with that expected
for N, N’-dicyclohexyl-N-3,4,5-trimethoxybenzoylurea.

3‘-Chloromethylcyclohexanespiro-5’-hydantoin.—3’-Hy-
droxymethylcyclohexanespiro-5’-hydantoin (10.0 g.) in methyl-
ene chloride (200 ml.) was treated with PCls; (10.5 g.) at room
temperature. The reaction was slightly exothermic. The solu-
tion was stirred for 1 hr., filtered, and evaporated to dryness.
The residue was slurried with ether and recrystallized (see Table
IX).
1’(8’?)-Chloromethyl-3’(1’?)-hydroxymethylcyclohextane-
spiro- 5’- hydantoin.—1’,3’- Dihydroxymethylcycloheptanespiro-
5’-hvdantoin (7.0 g.) was stirred with methylene chloride (150
ml.) at room temperature. Powdered PCls: (12.1 g.) was added,
and the mixture was stirred for 1.5 hr. The mixture was con-
centrated in vacuo leaving an oil. This was dissolved in ethyl
acetate and the solution was washed several times with NaHCO;
solution and dried (NasS0,). Concentration afforded a gum
which solidified in hexane-methvlene chloride. Recrystalliza-
tion from carbon tetrachloride-ethyl acetate gave material
having m.p. 144°.

Anal. Caled. for C;,H;CIN,O,: C, 50.7; H, 6.58: Cl, 13.80;
N, 10.80. Found: C, 50.2; H, 6.22; Cl, 13.90; N, 10.45.

Infrared analysis confirmed that only one hydroxymethyl
group had been replaced by chloromethyl.

Other preparations gave products having varying chlorine
content and melting point. In no case was 1’,3’-dichloromethyl-
cycloheptanespiro-5’-hydantoin obtained.

Acknowledgments.—The authors extend their thanks
to Dr. D. P. Young for the preparation of several
compounds and to Mr. D. White for the microanalyses.



