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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. Indications of sedative activity were 
obtained by ability to potentiate hexobarbital anesthesia. A limited number of compounds were tested for 
antiinflammatory activity in rats. Cyclopentanespiro-5'-hydantoins showed a low toxicity and low sedative 
activity. Certain cyclohexanespiro-5'-hydantoins showed analgesic and antiinflammatory activity. Some 
cycloheptanespiro-5'-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 
tested2a-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,3-5 few 1'- and/or 3'-substituted 
cycloalkanespiro-5'-hydantoins have been described. 
These include 1'- and/or 3'-methyl6-8 and 1'-phenyl9 

derivatives, 3'-morpholinomethyl and 3'-piperidino-
methylcyclohexanespiro-5'-hydantoins and their corre­
sponding 1'-methyl analogs,10 l'-(2-diethylamino-
ethyl)- and 3'-[2-(4-pyridyl)ethyl]cyclohexanespiro-5'-
hydantoins,11 and certain 3'-phenylcyclopentancspiro-
5'-hydantoins.12 

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 (la) 
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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(CH2)nC 
CO — N R 1 

N R - C O 

la, R 1 = R2 = H 
b, Ri = H 
c, R 1 = alkvl 
d, Ri = aryl 

the other isomer (/3-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.12'14-16 Physical evidence15 has in­
dicated that the isomers have the following configura­
tions. 

N H — C O 

CO— NH 

R 

a-form 

C O — N H 

. / - N H - C O 

3-form 

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

Hydantoins cannot usually be substituted directly 
in the 1-position3 and consequently the following 
method was used to prepare lb. 

a° R2NH2 

KCN ' a CN 

NHR2 K N C ° 

IIa,R2 = alkyl 

b ,R 2 = aryl 

_ C N 

l^JV-CO-NHa 
R2 

I I I 

20%HC1 
- ^ C O - N H 

CJN-CO 
R2 

lb 

Ha (R2 = allyl, 2-hydroxyethyl, benzyl, or methyl) 
was prepared from the amine hydrochloride in aqueous 
solution,17 whereas l i b (R2 = phenyl, p-methoxy, or 
p-ethoxyphenyl) was obtained from the amine in glacial 
acetic acid. The preparation of III (R2 = allyl, hy-
droxyethyl, benzyl, or methyl) was carried out in 
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aqueous solution from the aminonitrile hydrochloride." 
Where R- = phenyl, p-niethoxy, or p-ethoxyplienyl, (he 
compounds were obtained from amiuonilriles (II) in 
glacial acetic acid.9 Conversion of III !o l b was carried 
out in refluxing hydrochloric acid. The yields were 
sometimes poor. 

Acetylation of hydantoins in I lie 1-position has been 
carried out wifh acetic anhydride1" or acetyl chloride-
pyridine.1''1 In our hands several alkali-soluble deriva­
tives of l b (R2 — acetyl) were obtained using acetic 
anhydride. 

Cycloalkanespiro-5'-hydantoins 1c ( l l 1 = hydroxy-
ethyl, ethoxycarbonylmethyl, ally 1, benzyl, epoxy-
propyl, or 2-diethylaminoethyJ) were obtained by heat­
ing la or II) (sodium salt) with alkyl halide alone, or in a 
suitable solvent. Ic (R1 = melhyl) was obtained using 
dimethyl sulfate in alkali. Hydroxymethylation ,"'Jl i '21 ' 
of la was carried out with boiling '.\7% formalin. Sub-
stitution usually occurred in the ^-position. This was 
not, the case with eyclohepfanespiro-.V-hydantoin when 
both 1 ' ,3 '-dihydroxyinethyl and o'-hydroxymethyl 
derivatives were obtained. At tempts to prepare hy-
droxymethyl derivatives of 1'-metliyleyclohexaiiespiro-
5'-hydantoin and 1 '-phenylcyclohexanespiro-V-hydan-
toin were unsuccessful. 

In the preparation of Id (R1 = phenyl or p-methoxy-
phenyl) the following method was used. IV was ob-

aNH, , ~ NH-CO-NHR1 . ^ . C O - N R 1 

C02H * [ ^ J c a 2 H " L ^ N H - C O 
IV l d 

taincd by hydrolysis of cyclohexanespiro-5'-hydantoin 
with 60% sulfuric acid. 

Pharmacological Methods.—The compounds were 
formulated in aqueous solution or as suspensions in 0 .5% 
sodium carboxymethylcellulose. They were admin­
istered orally to groups of albino mice (Schofield) 
weighing 19-21 g. and tested for toxicity, for gross 
effects on behavior, for anticonvulsant activity, and 
for analgesic properties. The ability of the compounds 
to potentiate hexobarbital was investigated and, in 
certain of the compounds, antiinflammatory activity 
was assessed in rats (see Tables I -VI I ) . 

A. Acute Toxicity.—The acute toxicity of each 
compound was determined in groups of five mice, 
treated orally with ascending doses. Mortalities were 
recorded over 48 hr. and any gross behavioral changes 
which occurred prior to death and at high doses were 
noted. LI)50 values were estimated by a graphical 
method when possible. 

B. Anticonvulsant Activity.—The compounds were 
given orally to groups of ten mice, and 1 hr. after dosing 
the mice were stimulated by the i.v. injection either of 
strychnine (625 7,kg.) or of pentylenetetrazol (100 
nig./kg.) or were subjected to electroshock seizures.21 

In each case the per cent inhibition 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 stretch-
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i.21) ( ' . 11. C'asliin a n d H. J ackson , ./. T'harm. Pharmacol. Suppl.. 14, 
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ing induced by intraperitoneal injections of acetic acid 
in mice. The compounds were, administered orally to 
groups of ten animals and 1 hr. later 0.25 ml. of 0.5' , 
v. v. acetic acid was injected hitraperitoneally. The 
mice were observed for 15 miu. and the number of 
mice which failed to show the typical stretching re­
action of t he hind limbs was recorded. 

I). Hexobarbital Potentiation. (iroups of ten mice 
were given oral doses of the compounds and 1 hr. 
later all mice received intraperitoneal injections of 100 
mg. kg. of hexobarbital sodium. The mice were 
turned on their backs as soon as anesthesia occurred, 
and the time from injection to recovery of righting 
reflex was recorded for each mouse. The mean time 
for each group was then calculated and compared with 
a saline-treated control group. 

E. Antiinflammatory Activity.—The method used 
was a modification of that described by Domenjoz.'--
(iroups of ten Wister Rats (ARC1, Comptou), five 
male and five female per group, weighing about 200 g., 
were dosed orally with the compounds 1. hr. before the 
injection of 0.1 ml. of 1.2% formalin subcutaneously 
into the ventral surface of the right hind foot. The 
left hind foot was similarly injected with 0.1 ml. of 
physiological saline. After 2 hr. the rats were killed 
by gassing and the hind feet were amputa ted and 
weighed. The formalin caused swelling, and inflam­
mation was therefore measured in terms of the differ­
ence in weight between the hind feet of each rat . The 
mean increase in weight for each group was calculated, 
and the results are expressed as a per cent inhibition of 
swelling, compared to that of a com rol group. 

Results and Discussion 

Cyclohexanespiro-5'-hydantoins (Tables I-IV).—An­
algesic activity was apparent in this series when 

O 

II . /—\ ^ C - N —R 
R - - ( < i 

R3 R2 

substitution at R1 or R4 was a small aliphatic group 
(1, la , 2, 3, 4, 31 , and 37) or when R- was acetyl 
(17, 41 , and 42). Substitution at R3 reduced activity 
and toxicity (<•/. 1 and 30 ,3 and 36,41 and 42). 

Antiinflammatory activity, in the limited number of 
compounds tested, was most marked when R 1 was 
methyl or hydroxymethyl (2 or 3). When R2 was aro­
matic and R1 was H, the compounds showed stimulant, 
properties (19-21), but when R2 was aromatic and R1 

substituted, the compounds were depressants (24-29). 
It is of interest, that the equivalent R^subst i tu ted 
hydantoins with R2 unsubst i tuted were stimulants 
(7-9). Most compounds showing depression of be­
havioral effects potentiated hexobarbital, although cer­
tain compounds which were stimulants also had this 
effect. This was especially marked with 9, which 
probably mediated its effect through some action on 
barbiturate metabolism. Little anticonvulsant ac-
t ivity was apparent in this series. 

Cyclopentanespiro-5'-hydantoins (Table V).—This 

,.22i H. Dummju/ , . Aim. .V. !'. .1™/. SV,., 86, L'filj (1<J60), 



TABLE I 

PHARMACOLOGICAL ACTIVITY" OF CYCLOHEXANESPIRO-5'-HYUANTOINS SUBSTITUTED AT N3 

LD i0, 
N o . 

1 

la 

2 

3 

4 

5 

6 

7 
8 

9 
10 

11 
12 
13 

R 1 

H 

Na 

CH3 

CH2OH 

CH2OCOCH3 

CH2COOC2H6 

CH2C1 

CH2CH2()H 
CH2CH2N(C2H5) :>HC1 

CH2CHz=CH2 
CH2CH—O—CH2 

1 1 

CH2C6Hr, 
C6H6 

p-C6H,OCH3 

mg./kg. 

420 

450 

1100 

520 

887 

>2500 

1500 

2000 
1500 

750 
>2000 

>2000 
>4000 
>2000 

• Anticonvulsant activ 
Pentylene 

Strychnine tctrazol 

+ , 1 8 7 . 5 

0 

0 

0 

0 

0 

0 

6 ,1000 

6 , 250 
0 

0 
0 

6 ,1000 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 
0 

0 
0 
0 

ryco_ 
v_/^ NH_ 

ity against > 

FJeetroshock 

0 

0 

0 

0 

6 , 4 0 0 

0 

0 

+ , 500 
0 

+ , 500 
0 

6 , 1000 
0 

6 ,1000 

T - R 1 

i 

-co 
Analgesic 
activity 

+ , 2 5 0 

+ , 5 5 

+ , 400 

+ ,182 

+ , 4 0 0 

0 

6 ,1000 

+ , 1000 
0 

0 
0 

0 
0 
0 

Hexobarbital 
potentiation 

6 , 500 

0 

6 , 5 0 0 

0 

0 

+ , 1000 

0 

0 
0 

+ , 3 1 . 2 5 
0 

+ , 1000 
0 

6 , 250 

Antiinflammatory 
activit}' 

0 

-

+ , 8 0 0 

+ ,400 

0 

-

-

0 
5 , 1500 

0 

-

Remarks 

Toxie doses caused convulsions, mydriasis, 
lachrymation, piloerection, and tail 
erection. 

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

Near toxic doses caused convulsions. Tail 
erection was observed. 

Near toxic doses caused convulsions. Tail 
erection was observed. 

Near toxic doses caused convulsions. Tail 
erection was observed. 

2500 mg./kg. caused depression and slight 
muscular weakness. 

Toxic doses caused convulsions and marked 
diarrhea. 

Toxic doses caused convulsions. 
Toxic doses caused depression and slight 
clonic convulsions. 

Toxic doses caused clonic convulsions. 
Appeared inactive. 

Slight increase in activity a t high doses. 
Appeared inactive. 
Appeared inactive. 

* The symbol representing the activity is given, followed by the dose of compound: 0 = no effect at highest dose given, 6 = slight effect a t highest dose given, + = 50% effect, or 100% in 
crease in hexobarbital test, + + = much greater than 50%, effect, — = not tested. Doses are given in mg./kg. The highest dose normally given was about half the LD50-



TABLK II 

PHARMACOLOGICAL ACTIVITY" OF (.'YCLOIIKXANKSPIRO-S'-IIYUANTOINS SUBSTITUTED AT NJ 

w 

CH3 

CH2C6H5 

CH2CH2OH 

COCH3 

CH2CTT=--CH, 

CoH6 

p-CUJXilh 

/j-C!cH4()(:..H6 

I.DS0 , 
n ig . /kg . 

900 

>2500 

1500 

500 

1000 

>5000 

>5000 

>4000 

-— Ant iconvu l san t activity 
Pen ty lene 

S t r y c h n i n e te t razo l 

+ , 5 0 0 0 

0 + , 1000 

+ ,125 + . 5 0 0 

0 0 

6 , 5 0 0 + , 2 5 0 

0 0 

+ , 1000 6 1000 

0 6 1000 

c 
•,• aga ins t —• 

Kh-ctroshock 

+ , 500 

0 

+ : 500 

(1 

0 

0 

0 

+ ,500 

• \ , C O - N H 

-^ N CO 

R2 

Analgesic 
ac t iv i ty 

0 

+ ,2000 

0 

+ , 125 

+ ,500 

0 

II 

0 

l l e x o b a r b i t a l 
po t en t i a t i on 

0 

+ , 500 

i , 500 

0 

6 , 125 

6 , 500 

+ + . 1000 

+ ,500 

Anti inf lammatory 
ac t iv i ty 

-

_ 

-

_ 

-

-

Toxic doso.-. caused CNS depression) 
muscular weakness, and mydriasis. 

2500 mg./kg. caused CNS depression, 
muscular weakness, and some loss 
of righting reflex. 

1(100 mg./kg. caused slight CNS de­
pression, muscular weakness, and 
laehrymalion. 

Toxic doses caused tonic extensor 
convulsions. 

Toxic doses caused deep depression 
and loss of righting reflex. 

5000 mg./kg. caused a slight increase 
in activity, face washing, and 
muscular weakness. 

Slight CNS stimulation at 2000 mg. 
kg. 

Slight CNS stimulation al 1000 mg / 
kg. 

ymbol representing the 
lexobarbilal test. + + 

activity i; 
- much gn 

given, followed by the dose of compound: 0 ~ effect at highest dose given, 6 - slight effect at highest dose 
iater than 50'.,'. ell'ect, — = not tested. Doses are given in mg./kg. The highest dose normally given was about 

given, + •- 50' 
half the LD 

effect, or 100 ' , in-



TABLE I I I 

PHARMACOLOGICAL ACTIVITY" OF CYCLOHEXANESPIRO-5'-HYDANTOINS SUBSTITUTED AT N I AND N2 

CD 

CO—N--R1 

I 
N CO 

No. R1 

22 CH 2 CH=CH 2 

23 CH2CH—0—CH2 

24 CH 2 CH=CH 2 

25 CH2CH2N(C2H6)2- HC1 

26* CH 2CH 2N+(C 2H 6 ) 2CH 3 I -

27 CH2CH2OH 

28 CH2CH2OH 

29 CH2CH2OH 

E ' 

CH3 

CH, 

C6H5 

CcHs 

C6H5 

CeHs 

LDM, 
mg./kg. 

2500 

2000 

2000 

1500 

73.4 

2000 

P-C6H4OCH3 2000 

p-G6H„OC2H5 2000 

Strychnine 

0 

0 

0 

0 

0 

0 

Anticonvulsant activity against-
Pentylene 

tetrazol 

0 

Electroshock 

0 

0 

A nalgesic Hexobarbi tal 
activity potentiation 

6 ,1000 6 ,125 

Antiinflammatory 
activity 

0 

0 

6,40 

6,1000 

0 

0 

0 

0 

0 

6,1000 

0 

6,500 

0 

6,600 

0 

6,1000 

0 

0 

+, 250 

+ +,60 

6,40 

+ +,250 

+ +,1000 

+ ,200 

Remarks 

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

2000 mg./kg. caused depres­
sion and muscular weak­
ness with some righting 
loss. 

2000 mg./kg had no apparent 
effect. 

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

Toxic doses caused marked 
cyanosis and depression. 

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

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

Slight sedation a t 2000 mg. / 
kg. 

O «! o 
t-1 

O > 

'4 
H 
CO 

3 
o 

w 
D > •z 
O 

Hi 

0 The symbol representing the activity is given, followed by the dose 
increase in hexobarbital test, + + = much greater than 50% effect, — 
made on this compound by the intraperitoneal route. 

of compound: 0 = no effect a t highest dose given, 6 = slight effect a t highest dose given, + = 50% effect, or 100% 
= not tested. Doses are given in mg./kg. The highest dose normally given was about half the LD50. b All tests were 

to 
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4 A ~ \ / C 0 — N — R ' 
R / \/ 

^ 
R 

N C O 
' I , 

R" 

N<>. R 1 

SO II 

i! II 

!2 II 

',::, H 

:$4 II 

:;.-. CIM*I I=CH/ 

HO CHoOII 

;!7 C I « ) H 
:;s CH.OII 
:;o 01-r.C'HoOH 

40 CIW'H --()• CH, 
L _! 

41 II 

42 11 

4 

' O C H 3 

X)Clh 

CH:, 

II 

CH-,OH 

COOC-.Hr, 
COOH 

COOC-.1I;, 

CH:, 

II 

COOC,H;, 
COOC-.I I;, 

H 

14 

CH:, 

H 

CH:, 

H 

H 
II 

II 

H 

CH 

H 
II 

CM, 

CM, 

I I 

LDs... 

• llK./kK-

>250() 

400 

> 2 0 0 0 

5000 
> 400(1 

>200O 

1500 

200 

> 2 5 0 0 
> 2 5 0 0 

> 4 0 0 0 

125 

2000 

• -Vriticoii\ i i lsant activity- agains t . 
Pen ly lene 
te t razol Kleetroshoek Str\ elmine 

6 , 1000 

0 

6 , 100(1 

6 . 1000 
0 

0 

0 , 1000 

0 

0 
0 

0 

(I 

0 

+ , 1000 6 , 1000 

0 

0 

1000 

0 

1000 

0 

0 
0 

, 1500 

I) 

0 

0 

6, 1000 

0 
0 

I) 

+ . 500 

0 

0 
0 

0 

0 

Analgesic 
ac t iv i ty 

0 

+ +, 125 

. , 2000 
0 

0 

+ , 2 5 0 

+ , 02 5 

0 
I) 

+ + , 1500 

+ , 5 0 

+ ,:;2(i 

ll .-xolmrbitiil 
po ten t i a t ion 

5 , 750 

0 

6 , 250 

+ , 1000 
0 

+ ,200 

+ + , 1000 

0 

0 
0 ,125(1 

c ,1500 

i inf lanmiatory 

aeti vi tv 

0 

+ , 750 

R e m a r k s 

2500 m g . / k g . caused slight clonic con­
vuls ions a n d r igh t ing loss. 

Tox ic doses caused i n t e r m i t t e n t (-Ionic 
convuls ions a n d m a r k e d a t ax i a . 

2000 m g . / k g . caused a slight increase in 
i r r i t ab i l i ty . 

Near - tox ic doses caused depress ion . 
Slight seda t ion and d ia r rhea at. 1000 

m g . / k g . Increased i r r i tabi l i ty at 
2000 m g . / k g . 

2000 m g . / k g . caused depression and 
some r igh t ing loss a l t e r initial h y p e r ­
a c t i v i t y . 

Toxic doses caused i n t e r m i t t e n t clonic 
convuls ions . 

Tox ic doses caused in t e rmi t t en t clonic 
convuls ions a n d tail e rec t ion . 

2500 m g . / k g . had no a p p a r e n t effect. 
2500 m g . / k g . caused seda t ion and 

mydr ias i s . 
No a p p a r e n t effects at 2000 m g . / k g . 

Near - tox ic doses caused clonic con­
vuls ions . 

Near - tox ic doses caused in termit tent 
clonic convuls ions a n d tail erect ion. 

" T h e symbo l represent ing the ac t iv i ty is given, followed b \ the dose of c o m p o u n d : 0 - effect at highest dose given, e slight effect at highest dose given, + -- 50 ' 
crease in hexobarb i ta l lest, + + •-=•• much g rea te r t h a n 50'.,' effect. - - not tes ted . 1 )oses are given in m g . / k g . T h e highest do~e normal ly given was about half the LI),,,,. 

clfccl. or 100' ,' in-

COOC-.Hr


TABLE V 

PHARMACOLOGICAL ACTIVITY" OF CYCLOPENTANESI'IRO-5'-HYDANTOINS 

^ / C O — N - R 1 

- ^ N CO 

R* 

CO 
OS 

'—- Anticonvulsant activity against ——-—-
TJDBO, Pentylene Analgesic 

No. R1 R2 mg./kg. Stryclmiiie tetrazol Electroshoek activity 

43 II II >4000 0 6 ,200(1 6 ,2000 0 
44 CH,.OH H 1500 0 0 0 0 
45 CH,CH2OH H 4500 0 0 0 0 
46 II COCIi, 3000 0 0 0 + , 1 5 0 0 
<* The symbol representing the activity is given, followed by the dose of compound: 0 = no effect at highest dose given, 6 

Hexobarbitul 
potentiation 

+ , 1000 
+ , 500 

+ + ,250 
0 

Antiinflammatory 
activity 

— 
6 , 750 

-
— 

increase in hexobarbital test, + + = much greater than 50% effect, 

Remarks 

2000 mg./kg. had no apparent effects. 
Near-toxic doses caused deep sedation. 
Near-toxic doses caused deep sedation. 
Near-toxic doses caused deep sedation, 

slight effect a t highest dose given, + = 50% effect, or 100% 
not tested. Doses are given in mg./kg. The highest dose normally given was about half the LDf)0. 

TABLE VI 

PHARMACOLOGICAL ACTIVITY" OF CYCLOIIEPTANESPIRO-5'-HYDANTOINS 

O 
o 
tr1 

O > 

> 

No. 

47 

4S 

49 
50 

R 1 

H 

CH.OH 

CH2CH2 OH 
C H , O H = C H 

51 ciwni—o—cir. 

H 

H 

H 
H 

H 

LDso, 

>1000 

1700 

1500 
1340 

> 20(H) 

C O - N — R 
I 

N CO 

Strychnine 

+ , 500 

0 
+ , 300 

+ , 1000 

Anticonvulsant activity against— 
Pentylene 
tetrazol 

+ , 250 

+ , 250 

+ , 500 
6 , 600 

6 , 1000 

Electroshoek 

+ , 250 

+ , 500 

0 
+ , 600 

+ , 1000 

Analgesic 
activity 

o 

o 

, 600 

0 

IJexobarbital 
potentiation 

+ + , 1 0 0 0 

6 , 750 

0 
+ , 50 

6 , 500 

Antiinflammatory 
activity Remarks 

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

Toxic doses caused deep depression and right­
ing loss. 

Toxic, doses caused deep depression. 
Toxic doses caused severe clonic convulsion 

followed by deep depression. 

2000 mg./kg. caused deep depression. 

52 II COCIh, 2500 + , 1 5 0 0 + , 3 7 5 + , 7 5 0 + , 1 5 0 0 + , 7 5 0 - Near-toxic doses caused depression. 
53 OH2OH CH2OH 2500 + , 8 1 0 + , 3 6 0 + , 5 2 5 0 + , 2 5 0 - 1000 mg./kg. caused intermittent clonic 

convulsions. 
" The symbol representing the activity is given, followed by the dose of compound: 0 = no effect a t highest dose given, 6 = slight effect at highest dose given, + = 50% effect, or 100% in­

crease in hexobarbital test, + + = much greater than 50%> effect, — = not tested. Doses are given in mg./kg. The highest dose normally given was about half the LDM. 
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"c f 'f - 7 r ^ series of compounds showed little activity, except at 
.,. .jj £ g o S, -x near toxic doses when sedation occurred. 
i ±_'.= -f 7 . "I ^ i Cycloheptanespiro-5'-hydantoins (Table VI).—Airti-
"S > ~ r- * - " :l 4 convulsant activity was evident in this series. Gener-
f 8 ~ - | §7,-= + 7 ally, they were most effective against pentylenetetrazol-

induced convulsions. They all showed a low toxicity. 
Cyclooctanespiro-5'-hydantoins (Table VII).—Only 

three of this series were prepared and each showed 
anticonvulsant and sedative activity, reminiscent of 
the barbiturates. 

Experimental-3 

Cycloalkanespiro-5'-hydantoins.—The ketone (1.0 mole), 
KCN (1.5 moles), and (NH^aCOa (3.0 moles) were stirred in 
50% aqueous ethano! (700-800 ml.) at 55-60° for 5-6 hr. The 
mixture was cooled and the product was removed by filtration, 

< |, $ washed well with water, and recrystallized (see Table VIII). 
-i 2-CarboxycycIohexanespiro-5 '-hydantoin.—2-Ethoxycarbony 1-

40 ~ cyclohexanespiro-5'-hydantoin (11.5 g.) was refluxed with 18%: 
% c _ ^ - _e HC1 (50 ml.) for 2 hr. A white solid was obtained on cooling 
% '•§ x >c S .2 •= which was removed bv filtration, dried, and recrvstallized (see 
I ' f t '" "- " T Table VIII). 
§ | + *° "° j~ '— 1-Alkylaminocyclohexanecarbonitriles.—Potassium cyanide 
- - ^ (, 1 mole) in wa te r (130 ml.) was added to a st irred, cooled solu-

i r} tion of cyclohexanone (1 mole) a n d a lky lamine hydrochlor ide (1 
"3:~": mole) in 5 0 % aqueous methano l (200 ml . ) . The mix ture was 

y -| -c. ~ & stirred overnight at room temperature and refluxed for 2 hr. 
I O J '> .— o ~ S -z The mixture was extracted with ether and the ethereal extract 
i i 1 = "S ^ was dried (NajSCi). Hydrogen chloride was passed into the 

O I « ^ = > solution causing the aminonitrile hydrochloride to be precipi-
^ „ £ — " = 5. tated. Alternately the aminonitrile. was obtained by concentra­

tion of the ethereal solution in vacuo and fractional distillation of 
the residual oil. Yields were between 50-70%. The following 
1-substituted cyclohexanecarbonitriles were prepared in this 
manner: 1-methylamino, b.p. 114-117° (40 mm.), K20D 1.4468; 
1-allylamino, b.p. 109-115° (12 mm.), n!0D 1.4795; 1-benzyl-
amino, m.p. 166-167° (hydrochloride) (lit.17 m.p. 134-135°); 

~Z\ l-(2-hydroxyethyl)amino, m.p. 78-70°; hydrochloride, m.p. 

1 f 102°- ' 
•— 2 1-Arylaminocyclohexanecarbonitriles.—Potassium cyanide 

S, -5 1 •; [ 1.2 moles) in water (130 ml.) was slowly added to a stirred solu-
" ~' o . tion of cvclohexanone (1.0 mole) and arvlamine (1.0 mole) in 
+ + a glacial acetic acid (300 ml.) at 0°. The mixture was stirred at 

~ X 0-5° for 1 hr. and filtered. The solid was washed with dilute 
>;•== acetic acid and water, and recrystallized. Yields were between 

75-100%. The following 1-substituted cyclohexanecarbonitriles 
were prepared in this manner: 1-anilino, m.p. 77-78° (lit.17 

•g & 2 M "- m-P- 74-76°); 1-p-anisidino, m.p. 76 78° (lit.17 m.p. 74-76°); 
•f -• ~" - 3. _3 1-p-phenetidino, m.p. 08°. 
£ ~" ° = "T l'-Alkylcyc!ohexanespiro-5'-hydantoins. A typical procedure 

> H was as follows. 1'-Allylaminocyclohexanecarbonitrile (0.1 mole) 
^ "6 was dissolved in !)% HOI (40 ml.), and the solution was treated 

•f ^ with potassium cyanate (0.11 mole) in water (15.0 ml.) at 30-35°. 
t l o o o £"Z The mixture was stirred :it 30-35° for 45 min. and cooled. The 
< c S 5 .2 g solid was removed by filtration, washed with water, aud refluxed 
i "/{ ^ / \ i " with 12r%HCl (45 ml.J for 30 min. The solution was cooled and 

S , the hydantoin was removed by filtration, dried, and recrystal-
~ T lized. See Table VIII for details of the 1'-methyl, l '-hydroxy-

_^ s? .. ethyl, and 1 '-allyl derivatives. 
f̂  r i 1'-Benzylcyclohexanespiro-5'-hydantoin.— 1-Benzylaminocy-

clohexanecarbonitrile hydrochloride (0.0.5 mole) in glacial 
acetic acid (40.0 nil.) was treated with potassium cyanate (0.1 

%'•? mole) in water (14.0 ml.) at room temperature. The mixture 
was stirred at 60° for 1.5 hi'., cooled, and poured into water. The 
solid was removed by filtration and refluxed with 20%. HC1 
(75 ml.) for 30 min. The solution was cooled, and the hydantoin 
was removed bv filtration, dried, and recrystallized (see Table 
VIII) . 

'2'A) Melting points wore laken in open capillaries and are uncorrected. 
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TABLE VIII 

CYCLOALKANESPIRO-5'-HYDANTOINS IA AND I B 

, C O - N H 
(CH2)„ , C 

Cycloalkane, 
G„H2n 

n 

5C 

5 
6C 

6 
6 
6 
6 
6 
6 
0 
6 
6 
6 
6 
6 
6 
6 

6 

r 
7 
8 
8 

R 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
2-CH, 
4-CH3 

2-CH2OH 
2-CO2C2H5 

2-C02H 
4-CIL 

2-CHs 
H 
H 
H 
II 

R ' 

H 
COCH3 
H 
CH3 

CH2C6H5 

CH2CH2OH 
COCH3 

C H 2 C H = C H 2 

C6H6 

p-CII3OCf,Hi 
p-C2H5OC6H4 

H 
II 
H 
H 
II 
COCH3 

COCH3 

II 
COCH, 
H 
COCH3 

N o . 

43 
46 

1 
14 
15 
16 
17 
18 
19 
20 
21 
30 
31 
32 
33 
34 
41 

42 
47 
52 
54 
56 

Yield, % 
(crude) 

62 
70 
80 
38 
47 
19.5 
53 
60 
23 

49 
61 
74 
87 
36 
61 
76 
61 

40 
93 
89 
57 
83 

M.p., °C.° 

207d 

116-118 
218-220° 
175' 
179-180 
109-110 
185-187 
157-159 
286-288" 
225 
212-213 
219-221* 
279-280' 
233-236 
170 
244-245 
177-179 

169-171 
217-218' 
160-161 
245* 
150-151 

\ A R ^ -
Purification* 

solvent 

EtOH 
EtOAc 
50% EtOH 
50% EtOH 
EtOH 
C6H6 

EtOAc 
EtOH 
9 5 % EtOH 
EtOH 
9 5 % EtOH 
EtOH 
EtOH 
M E K 
EtOH 
EtOAc 
EtOAc-pctr. 

ether 
Aq. E tOH 
50% EtOH 
EtOAc 
Aq. E tOH 
EtOAc 

-CO 

Formula 

C,H10N2O2 

C„H,2N203 

C8H,2N202 

C.JH11N2()2 

C15H18N202 

C,„11I6H203 

C10H14N2O3 

C„I116N202 

C„H1 6N202 

C16Hi8N203 

C16H20N2O;! 

C9Hi4N202 

C9HMN202 

C9H l 4N203 

CUH16N204 
C sH12N204 

CuHi6N203 

C„II1 6N203 

C9H,4N202 

CU1I16N203 

CIOHIGN202 

C12II18N203 

' % carbon * 
Calcd. Found 

55.1 55.0 

69.8 
56.6 
57.1 
63.4 

65.7 
66.6 
59.3 
59.3 
54.5 
55.1 
50.9 
58.9 

69.6 
56.3 
56.8 
62.9 

65.9 
66.6 
59.3 
58.8 
55.0 
55.6 
50.7 
58.4 

58.9 58.5 

58.9 
61.2 
60.5 

59.2 
60.9 
60.6 

'—% hydrogen—-
Calcd. Found 

6.17 

7.02 
7.54 
6.66 
7.75 

6.61 
6.99 
7.74 
7.74 
6.84 
6.71 
5.70 
7.14 

7.14 

6.1 

7.0 
7.50 
6.66 
7.50 

6.59 
7.06 

76 
60 
03 
55 
73 
33 

7.26 

7.14 
8.2 
7.6 

7.30 
8.2 
7.7 

% nitrogen % 
Calcd. Found 

14.30 15.5 

10.85 
13.20 
13.30 
13.45 
11.45 
10.20 
9.70 

15.4 
15.4 
14.15 
11.65 
13.20 
12.50 

12.50 

10.55 
13.40 
13.20 
13.15 
11.30 
10.25 
9.65 

15.30 
15.25 
14.15 
11.65 
12.75 
12.30 

12.30 

12.50 
14.3 
11.3 

12.65 
14.3 
11.2 

o 
o 
t-1 

o > 

H 

3 
o 

ffi 
«! 
O 
>• 

O 
§ 

" Melting points were taken in open capillaries and are uncorrected. b EtOH = ethanol, EtOAc = ethyl acetate, C6H6 = benzene, M E K = methyl ethyl ketone, petr. ether = petroleum 
ether (b.p. 60-80°), aq. = aqueous. " Structure supported by infrared spectrum. d H. It. Henze and It. J. Speer [/. Am. Chem. Soc, 64, 522 (1942)] give m.p. 204-205°. ' Lit.4 m.p. 222°. 
f Lit.8 m.p. 174°. « Lit.9 m.p. 283-284°. * Lit.* m.p. 215-216°. * Lit.<* m.p. 279-280°. > Lit.4 m.p. 217°. * Lit,4 m.p. 246°, lit.2* m.p. 241-242°. 
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TABLE IX 

C,'YCI.OALKA\KSrIKO-5'-IIYDANTOI\S Ic AND III 

C O - N R ' 

(cm,, .c X N R - C O 

R 

H 

II 

2 - 0 IE 

4-CH-, 

2 - 0 0 2 0 

H 

H 

H 

11 

2-0O 2 O 

II 

H 

II 

H 

II 

2 - 0 O , 0 

H 

II 

H 

H 

2H 

alls 

ill.. 

K= 

I I 

I I 

H 

H 

H 

I I 

C H . O I I 

H 

II 

II 

Cell:, 

jB-CHaOCclI., 

j»-C 2H 500 ( iH. 

H 

H 

H 

O I L 

ofln. 
H 

H 

4-011:1 

m 
OILOH 
C I I s O H 

C H 2 0 1 I 

O I L O H 

O H 2 O H 

CH 2()1I 

O I L O H 
0 H 2 0 1 L O I I 

O I L C 1 L O H 

O t L C H . O H 

O I L C H . O H 

O I I 2 C H 2 O H 

C I L O I L O H 

O H , O H , O H 

O H 2 O H = - O I L 

O H , O H - O I L 

011,011= O I L 

0 I L 0 H — 0 1 L 

011,011 --("11, 

OH 2 OII O OH-.. 

OILOH 0 on. 

N o . 

44 

.'! 
:i6 
•) — 
' ) 1 

3S 

4S 

53 

45 

-
30 

27 

2S 

20 

40 

0 

35 

22 

24 

50 

10 

40 

Yield, "/, 
(crude) 

68 

80 

35 

60 

41 

50 

50 

05 

42 

IS 

42 

26 

75 

65 

50 

:;:; 
75 

71 

70 

25 

40 

M.V., °C." 

143-144 

170-174 

150 152 

274- 270 

142-143 

137-138 

120-131 

128-129 

158 160 

137-138 

126 127 

84 S6 

102 103 

126-128 

154 

118 120 

67 

133 135 

126 128 

146-140 

160-164 

Purification' 
solvent 

E t O A c 

E t O A c 

O I L C I . - O C ! 

E t O A c 

EtOAc- pc l r . 

E t O A c 

O H 2 0 1 2 

KtOAc 

E t O A c 

E t O A c 

KtOAc 

Et- .O-petr . c 

E t O A c pctr . 

E t O A c pe l r . 

E l O A e 

A([. E t O H 

/i-hexaiie 

A([. E t O H 

Aci- E t O H 

E t O A c - p o l r . 

E t O A c 

i 

e t h e r 

t her 

et her 

e t h e r 

e t h e r 

ton,mill 

0 s H 1 2 X , O 3 

0 9 H , 4 X 2 O 3 

C1„H,«N,()3 

O.oII , 6N 2 ( ) , 
0 , , H , s X , 0 „ 

OioHi 6 N 2 0 3 

0 „ H 1 8 N , 0 4 

( y i u X - O : : 
O . o I I j ^ O : , 

Oi:,H2„X,():, 

C,6H2„N20:, 

0 1 7 H , , K , 0 . , 

0 1 8 I I 2 1 X,0. , 

O H H , 8 X , ( > 3 

0 „ H , r , . \ , ( ) 2 

O n N i o I t / ) , 

0 , , H , 3 X , ( ) 2 

C 1 7H 2 ( ,X,0 2 

0 1 2 I I , s N 2 ( ) 2 

0 „ H l f i X 2 O 3 

0 1 2 H„N,O: , 

( ' a id . 

5 2 . 1 

5 4 . 5 

5 6 . 6 

5 6 . 6 

5 3 . 3 

5 6 . 6 

5 1 . 7 

5 4 , 5 

5 6 . 6 

5 4 . 0 

6 6 . 6 

6 4 . 1 

6 5 . 0 

5 8 . 4 
I C -. 

5 0 , 0 

6 4 . 8 

71 .8 

64 .8 

5 8 . 8 

::art>on—, 
found 

52 . 1 

5 4 . 6 

5 6 . 1 

5 6 . 7 

5 3 . 0 

5 6 . 5 

5 4 . 4 

5 1 . 2 

."if!. 0 

5 4 . 8 

6 6 . (i 

6 3 . 0 

6 4 . 6 

5 7 . 0 

6->. 1 

5 0 . 4 
6 5 . 0 

71 . 5 

6 4 . 1 

5 8 . 3 

• - ' , ; l i y . 

Ciilcd. 

6 . 5 7 

7. 12 

7 . 6 0 

7 . 6 0 

6 . 7 2 

7 . 6 0 

7 . 5 2 

7 . 1 2 

7 . 6 0 

7. 1 

6.0!) 

6 . 0 6 

7 .2S 

8 . 0 2 

7 . 7 0 

7. 1!) 

S. 12 

7 .00 

8 12 

7. 1!) 

IroKcii--. 
found 

6 . 6 0 

7 . 2 0 

7 .51 

7 . 6 0 

6 .51 

7 . 6 6 

7 . 4 5 

7 . 1 3 

7 .51 

/ . •> 
7. 14 

7. 16 

7 .01 

8 . 0 8 

7 .71 

7 00 
8 . 3 

7. 10 

S I S 

7 , 4 0 

•—% ni' 
Calcd. 

15 .20 

1 1 . 1 5 

13 .20 

1 3 . 2 0 

10 .40 

13 .20 

11 .60 

14 .15 

13 .20 

0 . 8 5 

0 . 7 0 
8 . SO 

8 . 4 5 

12 .40 

13.15 

10 .0 

12.60 

0 . S 5 

12.60 

12.51) 

trogen—• 
found 

1 5 . 1 5 

1 3 . 0 5 

1 2 . 0 5 

13 .20 

10 .55 

1 3 . 3 5 

1 1.20 

11. 10 

12 .05 

10 .2 

0 . 5 5 

0 . 0 0 

8 . 0 5 

12.70 
1 • > 1 ~: 
1 •> . 1 -> 

0 . 7 0 

12.50 

0 . 7 0 

12.50 

1 2 1 5 

60.4 01 

II OH, CJLCH O OIL 23 

II H OILOH O O I I 2 51 

II II OH,0O,02H., 5 

II H OcIEOlE 11 

II H OH,OH2N(02H:,i2 8 

II CJl.-, OH2OH2X(02H:,i2 25 

H H OIL 2 

H H OIL, 55 

II II OflH, 12 

It H J O - C I L O C J L 13 

H II 0I i 3CO 20IL 1 

II H OIEOl 6 

H OH,OH? 011,01? 

point:- were taken in open capillaries and arc iinrorrecled. 
). Et2(> - diethyl ether, KtOH - ethanol, iiq. - aqueous 
55.6: 11,8.70; X, 13.75. ' Hydrochloride from diethyl el In 

IBIII. Oalcd. l"or021HwIX:,0• : O.51.0; II. 6.64: [ .26.15: 

34 

06 

53 

50 

63 

60 

83 

SO 

40 

46 

70 

63 

EtOAc 
Hydr. 

r. 111.p. 
\ , 8.65. 

106 107 

125 126 

KtOAc El .O 

laoAc 

131-132 

155-156 

S5-S7 

51-53 

215-218' 

168 170 

222-224 

243 244 

161 162 

176 170 

144 

0,2H,,X,O3 

0,2HisX2(K 

60. 1 t i l .61 I I . 

EtOAc 

Aq. EtOH 

EtOAc 

«-hexanc 

1; ton 
Aq. El.OH 

Aq. EtOH 

Eton 
EtOAc 

OH-jOl,• pelr. ether 

001,-EtOAc 

(it 1.4 

0,,H„;X,O, 

ClsH18NT,0, 

C14H,6N30,r 

O20H2aX3O,''.' 

0 3H„X,() , 

C1,H,8X,(), 

O,4H,6X,O, 

015Hi8N2O3 

OnH,BX2(), 

0,H,301X2O2 

0„H i ;01N2O3 ' 

ethyl acetate, OH,OI2 •- methylene dichioridc, OOl, 

ichloride from dielhvl ether. 111.11. is!)- 190°. Anal. O; 

147-150=. .1 , , , , / . Oalcd. t'or OallnNVX-HOl: O1.0.3 

Found; 0 . 5 1 . 1 : H, 6.52: 1.26.05: X. 8.55. - L i t . 

5 6 . 7 

6 0 . 8 

6 3 . S 

6 0 . 0 

5 0 . 3 

6 2 . S 

OS. S 

6 5 . 7 

5 5 . 0 

4 0 . 0 

5 0 . 7 

- c; 
ilcd. f 
3. 1'. 
' in.p 

5 6 . 6 

6 0 . 3 

6 3 . 4 

6 0 . 3 

5 0 . 3 

62 . S 

6 8 . 7 

6 5 . (i 

5 5 . 0 

40.!) 

5 0 . 2 

irlion tctrai 
or 0,:H2: ,X: 
Mind: 0 1 . ! 
212 -213 ' , 

7 . 1 3 

7 .02 

0 .41 

8 . 5 0 

7 .74 

s .O 

6 . 6 0 

6 . 6 2 

6 . 7 0 

0 . 0 5 
6 . 5 S 

chloride 
, 0 2 - H O 
1.37. 

J A 11111 

7 . 1 6 

6 . 8 4 

0 . 7 4 

8 . 4 0 

7 . 8 5 

S .7 

0 . 0 7 

0 . 6 0 

6 . 4 2 

5 .61 

7 .22 

, pet r . el 
1: 0 . 5." 
Melhiixi 

'. Oalcc 

11 ,00 

10 .85 

15 .70 

12 .20 

15 .35 

13 .3 

11 .45 

10.20 

1 1 . 65 

12.05 

10,80 

her •• pet 

10 .05 

10 .65 

15 .25 

12 .10 
1 1.80 

13,3 

11 .10 
10,25 

1 1.70 

12. 85 

10 .15 

I'olctim e the r 
i . l : 11. S.64; X, 13.85. 
lide from ( 
1.: Ol. 13 

•thy] ace ta te , 
.60, F o u n d : 



March 1965 C Y C L O A L K A N E S P I R O - 0 ' -HYDANTOINS 2-19 

1 '-AcetylcycIoalkanespiro-5'-hydantoins.—The cycloalkMne-
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 
NaHCOs solution. The residual 1 '-acetylhydantoin was re­
moved by filtration and recrystallized (see Table VIII) . 

1 '-Arylcyclohexanespiro-5 '-hydantoins.—1-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% HC1 (214 ml.) for 1 hr. and cooled. The precipitated hy-
dantoin was removed by filtration, dried, and recrystallized 
(see Table VIII) . 

3'-HydroxymethylcycloaIkanespiro-5 '-hydantoins.—The cy-
cloalkanespiro-5'-hydantoin (1 mole) was boiled with 37% 
formalin (220-320 ml.) until complete solution was obtained. 
The solution was cooled to 0°, and the product was removed by 
filtration. I t was slurried with a little water, dried in vacuo 
at 70°, and recrystallized (see Table IX) . The method was not 
successful for hydroxymethylating 1 '-methylcyclohexanespiro-
5'-hydantoin, as the starting material was recovered unchanged. 

Hydroxymethylation of l'-phenylcyclohexanespiro-5'-hydan-
toin yielded a product having m.p. 158-159° (carbon tetrachlo­
ride). 

Anal. Calcd. for Ci5H13N203: 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 '-AlkylcycIoalkanespiro-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 N 
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'-Alkylcyclo-
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-DiethylaminoethyI )cyclohexanespiro-5 '-hydantoin.— 
A solution containing cyclohexanespiro-5'-hydantoin (8.4 g.) 
in absolute ethanol (30 ml.) and Ar 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'-Arylcyclohexanespiro-5'-hydantoins.—A solution of 1-
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 
was stirred for 15 min., and any remaining solid was removed 
by filtration and discarded. The filtrate was acidified with con­
centrated HC1 and the precipitated hydantoic acid was removed 
by filtration. I t was refluxed with dilute HC1 (400 ml.) for 6 

hr., and the mixture was cooled. The product was removed 
by filtration and recrystallized (see Table IX) . 

1-AminocycIohexanecarboxylic Acid.—Cyclohexanespiro-5'-
hydantoin (61.5 g.) was stirred with 60% H2S04 (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 H2SO4. The barium sulfate 
was removed by filtration, and the hot solution was concentrated 
to 30 ml. and neutralized with concentrated ammonia solution. 
1-Aminocyclohexanecarboxylic acid was filtered off and re­
crystallized from dilute acetic acid; yield 19.1 g. (36.5%), 
m.p. 320° dec , lit.15 m.p. 320-325°. 

3'-Acetoxymethylcyclohexanespiro-5'-hydantoin.—3'-Hy-
droxymethylcyclohexanespiro-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 '-acetoxymethylcyclohexanespiro-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-o'-hydantoin.—3'-Hydroxymethylcyelohex-
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 a small amount of dioxane, and the solutions 
were mixed. A solution of dicyclohexylcarbodiimide (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 
residue was slurried with NaHC0 3 solution and Soxhlet extracted 
with methylene chloride. Concentration of the methylene chlo­
ride solution afforded a white solid. This was slurried with 
ethanolic 2 JV 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 
a product having m.p. 132-134°. 

Anal. Calcd. for Ci9H24N207: C, 58.2; H, 6.16; N, 7.14. 
Calcd. for C23H34N2O5 (N,N'-dicyelohexyl-N-3,4,5-trimethoxy-
benzoylurea): C, 65.60; H, 8.19; N, 6.70. Found: C, 65.65; 
H, 8.14; N, 6.80. 

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

3 '-ChloromethyIcyclohexanespiro-5 '-hydantoin.—3 '-Hy-
droxymethylcyclohexanespiro-5'-hydantoin (10.0 g.) in methyl­
ene chloride (200 ml.) was treated with PC15 (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) . 

l '(3'?)-Chloromethyl-3'(l'?)-hydroxymethylcycIohextane-
spiro- 5 ' - hydantoin.—1',3'- Dihydroxymethylcycloheptanespiro-
5'-hydantoin (7.0 g.) was stirred with methylene chloride (150 
ml.) at room temperature. Powdered PCU (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 NaHC03 
solution and dried (Na2S04). Concentration afforded a gum 
which solidified in hexane-methylene chloride. Recrystalliza­
tion from carbon tetrachloride-ethyl acetate gave material 
having m.p. 144°. 

Anal. Calcd. for CnH n ClN 2 0 3 : 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 l',3'-dichloromethyl-
cycloheptanespiro-5'-hydantoin obtained. 

A c k n o w l e d g m e n t s . — T h e a u t h o r s e x t e n d t h e i r t h a n k s 
t o D r . D . P . Y o u n g for t h e p r e p a r a t i o n of s eve ra l 
c o m p o u n d s a n d t o M r . D . W h i t e for t h e m i c r o a n a l y s e s . 


