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activity will be the progressive increase in van der 
Waals forces and "distribution effect." As the homol­
ogous series is ascended, therefore, the activity should 
first fall because of factor (1) but there will come a point 

where factor (2) becomes more significant than factor 
(1) and at that point activity will begin to increase. 
This is exactly the pattern of results which was ob­
tained. 
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A number of derivatives of 1-hydroxycyclopentane-l-carboxylic acid has been synthesized; these include 
compounds in which one or both of the functional groups of the hydroxy acid carry basic substituents. The re­
sulting compounds are mono- or diesters or ester-amides. A few compounds derived from 1-aminocyclopentane-
1-carboxylic acid also were synthesized. The compounds were tested for antitussive properties in the cat; 
activity equal to one half of that of codeine is exhibited by several compounds. The relationship between chemi­
cal structure and antitussive potency is discussed briefly. 

A variety of chemical structures exhibit antitussive 
activity. Several of the non-narcotic type of anti­
tussive compounds contain a cyclopentane ring, for 
example, the (2-diethylaminoethoxy) ethyl ester 
(carbetapentane, la) and 2-diethylaminoethyl ester 
(caramiphen as the ethanedisulfonate salt, lb) of 1-
phenylcyclopentane-1-carboxylic acid. Of the analogs 
of carbetapentane in which the size of the alicyclic ring 
only was varied between cyclopropane and cyclo-
hexane, that with the cyclopentane ring was the most 
active compound.1 A compound (II) containing two 
cyclopentane rings has been evaluated.2 The presence 
of the cyclopentane ring in these compounds suggested 
the synthesis of a series of derivatives of 1-hydroxy-
cyclopentane-1-carboxylic acid for examination of 
their antitussive properties. 

ex ,CSH5 

C02CH2CH2R 
I 

CH2CH2N 0 

O 

II 

a. 
b. 

R = OCH2CH2N(C5H5)2 
R = N(C2H5)2 

Although the starting material, 1-hydroxycyclo-
pentane-1-carboxylic acid, is readily available,3 rela­
tively little work has been published on its derivatives. 
The diethylaminoethyl esters of 1-hydroxy cyclopen-
tane-1-carboxylic acid and three of its O-acyl derivatives 
have been prepared4 and tested for local anesthetic 
activity. Other simple derivatives of the hydroxy acid 
have been described5 but no systematic study has 
been made of the effect on pharmacological properties 
of varying the substituent groups. 

The present investigation has been concerned with 
the synthesis of (a) substituted aminoacyl derivatives 
of the parent hydroxyacid esters, (b) substituted amino-

(1) S. Levis, S. Preat, and F. Moyersoons, Arch, intern, pharmacodynamic, 
103, 200 (1955). 

(2) D. W. Archibald, L. B. Slipp, and S. J. Shane, Can. Med. Assoc. J., 
80, 734 (1959). 

(3) B. Tchoubar and C. Collin, Bull. soc. chim. France, 080 (1947); B. 
Tchoubar, ibid., 100 (1949). 

(4) R. Giuliano and M. L. Stein, II Farmaco (Pavia), Ed. sr.i., 11, 3 (1950). 
(5) R. Giuliano and G. Leonardi, Farm. sci. e tec. (Pavia). 7. 29 (1952). 

alkyl esters of 1-hydroxycyclopentane-l-carboxylic 
acid and (c) a series of compounds in which the features 
of both of these types are combined by preparing sub­
stituted aminoacyl derivatives of substituted amino-
alkyl 1-hydroxycyclopentane-l-carboxylates. In addi­
tion the mono- or bisquaternary derivatives of several 
of these compounds have been prepared. The work 
is summarized in the accompanying scheme. A few 
derivatives of 1-aminocyclopentane-l-carboxylic acid 
have been prepared and tested in order to compare 
their properties with those of the corresponding 
compounds derived from the hydroxy acid. 
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C02R' 
VI 
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VIII 

The starting material for this investigation, 1-hy-
droxycyclopentane-1-carboxylic acid (III), was pre­
pared by the cyanohydrin synthesis from cyclopen-
tanone by a modification of Tchoubar's method.3 The 
esters (IV, R = H, R' = alkyl, aralkyl; IX, n = 2 or 
3) were prepared by azeotropic esterification of the acid 
(III) in benzene with the appropriate alcohol using a 
little sulfuric acid as catalvst.6 Yields were about 80-
90% (Table I). The hydroxyesters (IV, R = H) were 
esterified with the appropriate halogeno acid halide in 
chloroform using pyridine as the acid-binding agent. 
The haloesters (V, Y = CH2, CHCH3, CH2CH2. 
Table I) were treated with various secondary amines 

(G) J. Leon, W. F. Barthel, and 8. A. Hall, J. Org. Chem., 19, 490 (1954). 
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TABLE I 

Ai.Kvr, I-HYDROXYCYCLOPENTANE-1-CABBOXYLATES AND THE 

No. 

1 
2 
3 
4 
5 
0 
7 
8 
9 

10 

R' 

C2H5» 
(CH2)2C6HS 

(CH2)4CH3 

(CH2)2Br 
(CH2)3Br 
C2H6 

(CH2)2C6H5 

(CH2)4CH3 

(CH2)2C6H5 

(CH2)4CH3 

R 

H 
H 
H 
H 
H 
COCH2Cl 
COCH2Cl 
COCH2CI 
COCHCICH, 
C0CHC1CH3 

- — - B.p. 
°C. 

92-93 
131-132 
123-126 
144-148 
155-165 

93-99 
170-182 
113-118 
142-146 
100-115 

15 
1 
13 
15 
15 
0.5 
1-1.5 
0.4 
0.35 
0.25 

Yield, 

% 
79 
90 
84 
78 
78 
66 
79 
68 
79 
60 

Formula 

CsHn03 

CuHi803 

CiiH2o03 

CgHi3Br03 

C9H,5Br03 

C,oH15C104 
C16H19C104 

C13H21C104 

Ci,H21C104 

CnH23C104 

IR CHI.OROACYL DERIVATIVE 

( 

71.7 
66.0 

43.0 

-Calmi., 
ir 

10.1 

6.(1 

8.0 

Halogen 

33.7 
31.8 
15.1 
11.4 
12.8 
10.9 
12.2 

s(TV) 
Found, ' 

c ir 

71.5 7.9 
65.6 10.2 

42..: 

57.6 

6.0 

8.1 

33.9 
31.7 
15.3 
10.8 
13.4 
10.9 
12.0 

" Giuliano and Leonardi5 give b.p. 99° (20 mm. 

to give the aminoesters (VI) which were isolated as 
their hydrochlorides (Table II). 

The 2-bromoethyl and 3-bromopropyl esters (IX, 
n = 2 and 3) of the acid (III) were treated with 
various secondary amines to give the basic esters 
(X, n = 2 and 3), listed in Table III. Direct isolation 
of the products as their hydrochlorides avoided the 
need for purification of the free bases by distillation. 
In an extension of the work of Giuliano and co­
workers,4'6 similar compounds have been prepared in 
which the hydroxy 1 group is acetylated or benzoylated. 
The starting materials, prepared from the acid (III) 
and the appropriate acid chloride, were 1-acetoxy- and 
1-benzoyloxycyclopentane-l-carboxylic acids. Con­
version into the corresponding acid chlorides was fol­
lowed by treatment with the appropriate substituted 
amino alcohol or N,N-dialkylaminoalkylamine to 
give the desired esters or amides,4'5 which usually were 
isolated as the citrates (Table IV). 

An extension of the above work led to compounds 
having the same substituted aminoalkyl chain on both 
functional groups of the hydroxy acid (III). For this 
purpose 2-bromoethyl 1-chloroacetoxycyclopentane-l-
carboxylate (VII, n — 2) and 3-bromopropyl 1-chloro-
acetoxycyclopentane-1-carboxylate (VII, n = 3) were 
treated with an excess of various amines and the re­
sulting aminoalkyl 1-aminoacyloxycyclopentane-l-car-
boxylates (VIII) were isolated as the dihydrochlorides 
(Table V). Some of the tertiary aminoesters were 
converted into the corresponding methiodides. 

The interesting pharmacological properties of ethyl 
l-(2-piperidinopropionoxy)cyclopentane-l-carboxylate 
(XI, Table 11-27) indicated the desirability of prepar­
ing the corresponding propionamide (XII). 1-Amino-
cyclopentane-1-carboxylic acid was prepared from 
cyclopentanone by the Bucherer hydantoin synthesis.7 

Ethyl 1-aminocyclopentane-l-carboxylate8 (XIII, R = 
IT) was treated with 2-chloropropionvl chloride, and 
this amide (XIII, R = COCHClCH8) was condensed 
with piperidine to give the desired ethyl l-(2-piperidino-
propionamido)cyclopentane-l-carboxylate (XII, Table 
VI-96) as its hydrochloride. The corresponding 
2-morpholino- and 2-diethylaminopropionamido esters 
also were prepared (Table VI). 

For the purposes of further comparison, the quater­
nary methiodide of ethyl l-(2-piperidinopropionamido)-
cyclopentane-1-carboxylate has been prepared. Table 

(7) R. N". AlacDonald, U. S. Patent 2,560,584, Chem. Abstr., 46, 3573 
(1952); H. R. Henze and R. J. Speer, J. Am. Chem. Soc, 64, 522 (1942). 

(8) T. A. Connors and W, C. J. Roas, J. Chem. Soc. 2119 (1960). 

CH3 

OCOCHN; u CU2C2H5 

XI 

a 
CH; 

NHCOCHN 

CO2C2H5 

XII 

* 0 rA/NHR 

^ / ^ C 0 2 C 2 H 5 

XIII 

VI also includes the N-p-nitrobenzoyl derivative of 
ethyl 1-aminocyclopentane-l-carboxylate, and the N-
p-aminobenzoyl derivative prepared from it by cata­
lytic reduction. 

Attempts were made to synthesize substituted amino­
alkyl esters of 1-phenylcarbamoyloxycyclopentane-l-
carboxylic acid. The 2-bromoethyl and 3-bromopropyl 
esters (IX) of the hydroxy acid were treated with 
phenyl isocyanate to give the corresponding N-phenyl-
carbamates of the general formula (XV). On at-

^ O C O N H C e H s 

US C0 2(CH 2) nN 

XIV 

tempting to condense these products with piperidine 
to prepare the piperidinoalkyl 1-phenylcarbamoyloxy-
cyclopentane-1-carboxylates (XIV, n = 2 and 3) how­
ever, the same compound was isolated in each case and 
was shown to be 3-phenyl-l-oxa-3-aza-spiro [4.4 Jnonane-
2,4-dione (XVI). This type of ring closure is normally 
brought about by heating the phenylcarbamates of 
a-hydroxy esters alone or in the presence of sodium.9 

An alternative route to the desired compounds was 
sought. The 2-diethylaminoethyl4 and 3-piperidino-
propyl esters (XVII and XVIII) of the acid (III) were 
treated with phenyl isocyanate and in each case the 
same spiro compound (XVI) was isolated as before, 
thus confirming the structure. 

O' 

Y ° C6H5NCQ [ y 
NC8Hr, 

XVI 

C6HUN 

/ \ ^ O C O N H C 6 H 5 

\ / ^ C 0 2 ( C H 2 ) „ B r 

XV 

C02(CH2)„X 

XVII; n = 2 ; X = N E t 2 

XVIII; n = 3 ; X = N ^ > 

(9) J. W. Clark-Lewis, Chem. Revs.. 88, 63 (1958). 
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TABLE II 

AMINOACYL DERIVATIVES OF ALKYL 1-HYDROXYCYCLOPENTANE-1-CARBOXYLATES (IV) 

. Calcd., % . . Found, %• 
No. 

11 
12 
13 
14 
15 

16 
17 

18 
19 
20 
21 
22 

23 
24 

25 

26 
27 
28 
29 
30 
31 

32 

33 

34 

35 

36 
37 
38 
39 
40 

41 

42 

43 

44 
45 
46 
47 

48 

49 
50 
51 
52 

53 

54 

55 
56 
57 
58 

R' 

C2H5 

C2H5 

C2HS 

C2H5 

C2H5 

C2H5 

CH2CH2U6H5 

CH2CH2C6H5 

CH2CH2C6H5 

CH2OH2C6H5 

CH2CH2C6H5 

(CH2)4CH3 

(CH2)4CH3 

C2H5 

C2H5 

C2H5 

C2H5 

C2H6 

C2H5 

C2H.6 

C2H5 

CH2CH2C6H5 

GH2OH2O6H5 

0 Xl2 0 £12 0 6 XI5 

CH2CH2C6H5 

0x120x1206115 

0 H 2 0112 OgH 5 

CH2CH2C6XI0 

(0x12)40x13 

(CH2)4CH3 
(CH2)4CH3 

( CH.2)4CH3 

C2H5 

C2H6 

C2H5 

C2H5 

C2H5 

CH2CH2C6H5 
CH2CH2C6H5 

C2H5 

C2H5 

R 

Piperidinoacetyl 

Morpholinoacetyl 

N-l,2,5,6-Tetrahydropyrid-
ylacetyl 

4-Methylpiperazinoacetyl 
4-(2-Hydroxyethyl)-piper-

azinoacetyl 
2-Methylpiperidinoacetyl 
Piperidinoacetyl 

Morpholinoacetyl 
N-l,2,5,6-Tetrahydropyrid-

ylacetyl 
4-Methylpiperazinoacetyl 
4-( 2-Hydroxyethyl)-piper-

azinoacetyl 
4-(2-Hydroxyethyl)-piper-

azinoacetyl 
Morpholinoacetyl 
2-Piperidinopropionyl 

2-Piperidinopropionyl 
2-Morpholinopropionyl 
2-(N-l,2,5,6-Tetrahydro-

pyridyl)propionyl 
2-( 4-Methylpiperidino)-

propionyl 
2-(4-Methylpiperazino)-

propionyl 
2-Hexamethyleneimino-

propionyl 
2-(4-(2-Hydroxyethyl)-

piperazino)propionyl 
2-Piperidinopropionyl 

2-Morpholinopropionyl 
2-Pyrrolidinopropi onyl 
2-( 4-Methylpiperazino )-

propionyl 
2-(4-(2-Hydroxyethyl)-

piperazino )propionyl 
2-(3-Methylpiperidino)-

propionyl 
2-(2,6-Dimethylmorpholino)-

propionyl 
2-Piperidinopropionyl 

2-MorphoUnopropionyl 
2-( 4-Methylpiperazino)-

propionyl 
2-(4-(2-Hydroxyethyl)-

piperazino)propionyl 
3-Piperidinopropionyl 
3-Morpholinopropionyl 

3-(N-l,2,5,6-Tetrahydro-
pyridyl)propionyl 

3-(4-Methylpiperazino)-
propionyl 

3-( 4-( 2-Hydroxyet hyl)-
piperazino)propionyl 

3-Piperidinopropionyl 
3-Morpholinopropionyl 
2-Piperidinobutyrj-l 
2- Piperidinobutyryl 

M.p., °C. 

92-93.5 
122-123 
164-165 
143-144 
118-119 

186-188 
195-198 

115.5-116.5 
152-154 
124.5-125.5 
152-154 
132-134 

205-207 
189-191 

192-193 

152-153 
161-164 
151-153 
113-114 
157-158 
140.5-141.5 

156-157 

192-195 

103-105 

202-203 

125-127 
145.5-146.5 
137-138 
126.5-128.5 
171-173 

191-192 

108-110 

135.5-137 

118-120 
118.5-120 
145.5-146.5 
179-182 

178-180 

182-183 
195-196 
131-132 
138-139 

216-217 

213-214 

135-136 
155-156 
117-118.5 
136-137 

Formula 

C i s H s s N O r H O 
C15H25N04-CH3P 
C u H a N C - H C l 
C14N23N06-CH3Ie 

C16HMN04-HC1 

C I B H 2 « N 2 0 4 - 2 H C 1 - 2 H S O 

Ci6H2SN206-2HCl 

Ci6H27N04-C6H8<V 
C21H29NCVHC1 
C21H29NO4 ' CH3I 

CJOHJTNOS-HCI 

C21H27N04-HC1 

CsiH3oN204-2HCl 
C22H32N2CV2HCI 

Ci9H34N205-2HCl 

C17H29N06-HC1 
C16H27N04-HC1 
CuHnNOi-CH,^ 
C U H J J N O ^ C I I W 
C15H!5N06-HC1 
C16H25N04-HC1 

Ci,H s ,N04-HCl 

C,6H28X204-2HC1 

C17H29N0«-HC1* 

C„H3oN206-2HCl 

C j i i H a N O i - H C l 

C22H81N04-CH.I' ' 
C2iH29NOs-HCl 
02iHa9^04 • HC1 
C22H32N204-2HC1' 

Cs8H34N205-2HCl 

C23H33NO4 • HC1 

C23H33XO5 • HC1 

C19H33N04'HC1 
C I9H33N04-CH3I* 
CHaiNO. -HCl 
C19H34N2O4 • 2HC1 

C2oH36N205-2HCl 

C16H2,N04-HC1 
CuH2 6X05-HCl 
C,sH26NOs-CH3I' 
C16H2&NO4 • H O I 

Ci«H28Ns04-2HCl-H20 

Ci,H3i)N20s-2HCl 

C22H3iN04-HCl 
C21H2,N05-HC1 
C„H2 9N0,-HC1 
C17H29N04-CH3I™ 

C 

52.3 

56.7 

44.2 
47.9 

54.0 
63.7 

60.4 
64.0 

56.4 
55.3 

51.5 

56.1 
57.6 

58.1 
53.7 
57.9 

58.7 

49.9 

49.2 

64.4 

61.2 
63.7 

56.2 

65.1 

62.8 

60.7 

57.2 
53.4 

52.5 

57.6 
53.7 

57.9 

47.6 

49.2 

64.4 
61.2 
58.7 
47.7 

H 

7.5 

7.6 

7.9 
7.5 

7.2 
7.6 

7.1 
7.2 

7.2 
7.2 

8.2 

8.3 
8.5 

7.6 
7 .8 
7.9 

8.7 

7.9 

7.8 

7.9 

7.3 
7.6 

7.4 

8.1 

7.8 

9.1 

8.6 
8.5 

8.4 

8.5 
7.8 

7.9 

8.0 

7.8 

7.9 
7.3 
8.7 
7.1 

CI 

11.1 

11.0 

11.2 

17.4 
17.7 

9.0 

8.9 
9.0 

15.9 
14.9 

16.0 

9.7 
10.6 

10.6 
10.7 

10.2 

18.4 

10.2 

17.1 

8.7 

8.6 
9.0 

15.4 

14.4 

8.4 

8.1 

9.4 

9.4 
16.6 

15.5 

10.6 
10.6 

10.7 

17.6 

17.1 

8.7 
8.6 

10.2 

C 

52.3 

56.5 

44.5 
47.9 

53.7 
63.5 

60.6 
64.1 

56.3 
54.8 

50.9 

55.8 
57.1 

57.9 
53.7 
57.8 

58.4 

49.9 

49.0 

64.6 

61.0 
63.5 

55.9 

64.6 

62.1 

60.9 

57.2 
52.9 

51.9 

57.8 
53.6 

58.0 

47.5 

48.9 

63.9 
61.1 
58.7 
47.8 

H 

7.5 

7.6 

7.6 
7.6 

7.2 
7.7 

7.2 
7 .3 

7.4 
7.2 

7.9 

8.2 
8.4 

7.5 
7.9 
8.0 

8.6 

8.0 

7.8 

8.0 

7.2 
7.5 

7.5 

8.2 

7.6 

9.4 

8.7 
8.5 

8.8 

8.6 
7.9 

8.0 

7.7 

7.8 

8.0 
7.4 
8.7 
6.8 

CI 

10.6 

11.0 

11.2 

16.9 
17.4 

8.9 

9.1 
9.1 

15.9 
14.9 

16.1 

10.0 
10.5 

10.4 
10.8 

10.4 

18.3 

10.3 

17.3 

8.5 

8.7 
9.1 

14.9 

14.4 

8.4 

8.4 

9.6 

9.5 
16.5 

15.4 

10.7 
10.8 

1 1 . 2 

17.6 

17.1 

8.8 
8.6 

10.2 
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No. 

5!) 
00 

01 

62 

02H 
C2H 

C,H 

C,H 

(.!. P . E L L I S . L. G O L B E J U ; , J . K I N C ; , A N D 

TABLE II (continued) 

bilEAKD 

M.p. '<.'. 

124.5-125. 
90-93 

221-222 

188-190 

Form. 

"> C16II27X06 

C,7H27X04 

C„H3oX204 

C1SH32N2(); 

la 

HCi 
HCl 

•2HC1 

•2I10I 

/ ( ' 
c 

5-1.9 
59.0 

51 ,1 

50.4 

d . - . i . . 

ir 
s. 1 
S.2 

S. i 

S.O 

/ . 
CI 

10.1 
10.3 

17,8 

10,5 

, Found 
C I! 

55.4 S 2 
58.9 8,2 

51.0 7 S 

50.0 7.9 

Vol. li 

/ -

10. I 2-Morpliolinobutyrvl 
2-(N-l,2,5,6-Tetrahydro-

pyridyl)butyryl 
2-(4-Methylpiperazino)-

butyryl 
2-(4-(2-HydroxyethyI)-

piperazino)butyryl 
"Anal. Calcd.: X, 4.4. Found: X, 4.1. '-' Anal. Calcd.: I, 29.8. Found: 1, 29.8. '' Anal. Calcd.: I, 29.8. Found: I, 29.9. ' 'Cit­

rate. Anal. Calcd.: N, 2.9. Found: X, 3.0. e Anal. Calcd.: I, 25.3. Found: I, 25.4. f Anal. Calcd.: 1.28.9. Found: 1,28.5. 
s Maleate. h Anal. Calcd.: X, 4.0. Found: X, 4.2. l.Anal. Calcd.: 1.24.6. Found: I, 25.0. ' 'Anal. Calcd.: \ . 6. 1. Found: X. 
5.9. * Anal. Calcd.: I, 26.4. Found: I, 26.5. ' Anal. Calcd.: I, 28.8. Found: I, 29.2. '"' Anal. Calcd.: I. 28.0. Found: I. 28.0. 

No. 

03 
04 
05 
00 
07 
08 
09 
70 
71 
72 
73 

n 

2 
2 
3 

3 
3 

3 

3 

TABLE 

N K ; 

Morpholino 
Piperidino 
Piperidino 

Morpholino 

I I I . AMIX 

X-l ,2,5,6-Tetrahydropyridyl 

Pvrrolidino 

Hexamethyleneimin 

OALKYL 1 

M.p., °C. 

222-224 
226-228 
185-187 
103-105 
172-173 
158-100 
129-131 
151-454 
•J4--9G 

183-185 
90-91 

AMIXOALKYL l-HYDROXYCYt\L01JENTAXK- 1 -CAKBOXYLATKS (X ) 

Formula, 

C12H2,X04-HC1 
C I3H23X03-HC1 
C„H,3XO.rHCl 
C I 4H2 5X03-CH3F 
CI3H23X04-HC1 
CHH23X03-HC4 
CuH^XO.-CH:,!6 

C13H23XO;,-HCl 
C13H23X03-CH3I'" 
C I6H27X03-HC1 
C ] sH27XO,-CH3F' 

" Anal. Calcd.: I, 32.0. Found: I, 31.9. 
'' Anal. Calcd.: I, 30.8. Found: I, 30.2. 

"Anal. Calcd.: I. 32.1. 

TABLE IV 

5 i 5 
50,2 

45 4 
53, 1 
58 0 
45 0 
50.2 
43.9 

40.7 

32.0. 

Cul i • • ! . . ' , 

7,9 
S 7 

7 1 
8.2 
8.3 
0 6 
8,7 
O.S 

7.4 

•'Anal (. 

>\ 

2 7 
2.8 

2, 1 
2 2 

2.8 

tiled.: 

/ 

51 .0 
50.2 

45.7 
52.5 
58.1 
45.8 
50.0 
43.7 

40.9 

I. 33.1. 

Found. ' / -

8,0 
8.8 
8,i) 
- 2 

S.O 
8,0 
7.0 

s.s 
7 0 

7.4. 

Found: 

12.7 
12 8 

12.3 
12 I 

13.0 

1. 33. 

OCOR 

1-ACETOXY- AND I-BENZOYLOXYCYCLOPENTAXE-1-CARBOXYLIC ACID DERIVATIVES: C S H S 

COR' 

N o . 

74 
75 
70 
77 
78 
79 
80 
81 

n 
C6H6 

CHa 

CH3 

CH3 

CH3 

CeHE 

C6H5 

C«H6 

OH 
2-Morpholinoethoxv 
XH(CH2)3X(C2H5)2 

OCH2CH2X(C2H6)2 

OCH2CH2N(CH3)2 

XH(CH2)3X(C2H5)2 

OCH2CH2X(C2H5)2 

C6H6 (OCH2CH2)2X(C2H5) 

" Anal. Calcd.: CI, 11.0. Found: CI, 11.0. * Citrate 
monohvdrate. 

M.p., °C. 

130-132 
153-154 
84-85 
85-86c 

99-100 
83-85 

100-102.5 
74.5-75 

Formula 

C13H14O4 

C U H J S X O S - H C I " 

C16H28X203-C6Hs07>' 
C14H25X04-C6H80," 
Ci2H2iX04-C6HbO," 
C2oH30X203-C6Hs07-H20" 
Ci9H2 7X04 'C6H807-H20' ; 

C21H31XO t,-C6Hs07 'H20'' 

/ 
c 

06.7 
52.3 
52 9 
51 S 
49 7 
56, 1 
o~), 2 
r,-), 2 

dalcd.. ' / 

0.0 
7.5 
7 6 
7 2 
6,7 
7 2 
6,9 
7.0 

-, 
N 

5,9 
3,0 
3 2 
5.0 
2.6 
2.-1 

c 
GO. 7 
")2.2 
52.0 
52,0 
49.6 
56.0 
54.7 
54.7 

•ouncl, '/ 
11 

6. 1 
7 5 
7.6 
7,2 
6 7 
7 *} 

0.9 
6.9 

N 

5 8 
3.0 
3.1 
5 0 
3 0 
2.7 

Giuliano and Leonardi"' fdve free base b.p. 14, ° ( 10 mm.';. '' ('it rate 

No. 

82 
83 
84 

85 
86 
87 
88 

Si I 
90 
91 
92 
93 
94 

3 

TABLE V". AMIXOALKYL I-AMINOACTLOXY^CLIM'ENTAXE-I-CAKISOAYLATES (VIII) 

, Calcd., ' / ~ 
XRa M.p., "C. Formula c 

Piperidino 188-190 C20H34X2O4-2HCl-H2O 52.5 
C2(IH34X204-2CH3P 40.6 
CsoHacXsO. • 2HC1 • 2H2(.) 51 .0 2 X-l,2,5,6-Tetrahydro-

pyridyl 

3 Piperidino 

3 X-l,2,5,0-Tolrahydro-
pyridyl 

M.p., "C. 

188-190 
181-183 
133.5-

135 
180-182 
230-232 
189-190 
221-222 

Morpholino 
Pyrrolidine 

Hexainethvleneiminn 

MS 
49.9 
49.5 

5.8 
7 5 
S 3 

204-205 
230-231 
192-194 
110-110 
206-20!) C i3H4(lX20J-2HCl 57 1 
196 -197 

"Anal. Calcd.: I, 39.0. Found: I, 38.6. "Anal. Calcd.: I. 39.3. Found: 1. 38,S. 
11 Anal. Calcd.: I, 38.4. Found: I, 38.1. 'Anal. Calcd.: I, 39.9: X. 1.1, Found: I. 39.0: X. 4.3. 
X, 3.9. 

C2iH32N204-2CH3F' 
C19H32X206-2HC1 
C19H32X204-2HC1-2H20 
C l 9H3 2X204-2CH3r 
C23H4(IX204-2HC1 
('2:iH41iX20,;-2CH3l/ 

8.4 
6.2 

C20H30X2O4-2CH3I" 40.9 5.0 
C21H36X204-2HC1-H20 53,5 8 0 
C21H36X20,r2CH3r 4 1.6 6 4 
C21H32X204-2HCl-H2O 54.0 7 S 

S.S 

Anal. 

CI 

15.5 

.0 

15.5 
15.4 

14 

c 
52.5 
40.1 
51.0 

40.8 
53,7 
41.9 
54.4 

41.9 
49.0 
49.1 

43 3 

Calcd,: I, 38.2 

mnd. 
It 

8.2 
0.0 

0 . 8 

8,8 
0,2 
, . •> 

5.9 
8.0 

s s 
6.9 

ouncl: 
\11al. Calcd,: X, 4.0. 

el 

5.5 

5.0 

, 38.1. 
ound: 

file:///11al
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TABLE VI 

DERIVATIVES OF ETHYL 1-AMINOCYCLOPENTANE-1-CARBOXYLATE (XII I ) 

*—— Calcd., % -Found, % . 
No. 

95 

96 
97 
98 
99 

100 
101 

'• Anal. 

R 

COCH(CH3)Cl 

2-Piperidinopropionyl 

2-Morpholinopropionyl 
COCH(CH3)X(C2H5)2 

39-COC0H4NO2 
p-COC6H4NH2 

Calcd.: I, 29.0. Found: 

Pharmacologic: 

M.p., °C. 

B.p. 162-165° ( 
M.p. 62-64 
156-158 
188-190 
138-142 
175-176 

126-127 
190-192 dec. 

I, 28.5. » Anal. 

al Results 

Formula 

14 mm.) CiiHi8ClX03 

Ci6H28N2(VHCl 
C16H28N203-CH3I° 
C15H26N2CvHCl 
Ci5H28N2CvHCl 

C15HI8N205 

C,5H2„N203-HC1" 
Calcd.: CI, 11.3. Found: CI, 

Cl 

14.3 

10.7 

10.6 
11.1 

c 
58.8 
57.6 

11.4. 

H 

5.9 
6.8 

TABLI­

NG 

5.7 

8.4 
6.4 
8.4 
8.7 

N 

9.2 
9.0 

: VII 

Cl 

14.3 

10.7 

10.6 
11.5 

c 
58.6 
57.0 

H 

5.8 
6.8 

N 

5.6 

8.4 
6.3 
8.3 
8.8 

N 

9.2 
8.9 

Antitussive Testing.—Cats of either sex were lightly anesthe­
tized with 6% pentobarbitone sodium, 45 mg./kg. intraperi-
toneally. The trachea was then cannulated with a short poly­
thene tube; the carotid artery was connected to a mercury 
manometer for recording the blood pressure. Injections were 
made intravenously in the femoral vein. Coughs were recorded 
on a smoked paper kymograph by a lightly sprung lever attached 
by a cotton thread to the skin just below the sternum. Three 
methods of cough production were used'—electrical, mechanical 
and chemical. The electrical method was that described by 
Domenjoz10 in which the superior laryngeal nerve was stimulated 
by means of a constant-current square-wave stimulator. The 
mechanical method consisted of tickling the tracheal mucosa 
by means of a thin polythene tube passed in and out of the trachea 
two or three times. In our experience, however, a modification 
of the method of Stefko and Denzel,11 using ammonia as the 
tussigen, gave the most consistent responses and was most 
frequently used. In this test, ammonia vapor from a flask con­
taining 7% ammonia was led into the respiratory system by means 
of a three-way tap connecting the flask to the tracheal cannula. 
The cat was allowed to inhale ammonia vapor for one inspiration; 
the cough usually commenced immediately afterward. The 
cough stimuli were applied every 3 min. until three or four control 
cough responses of similar intensity and duration were obtained. 
The test drug then was administered intravenously and cough 
stimuli were repeated at similar intervals until the cough response 
returned to normal. Each animal could normally be used to 
compare the efficacy of several drugs. Codeine was used as the 
standard antitussive preparation in these comparisons. 

Table VII lists those compounds which were found 
to have antitussive activity. None of the compounds 
was as active as codeine, but several, designated as 
+ + in Table VII, had an activity approximately one 
half that of codeine. Those compounds not listed in 
Table VII were tested and found to be inactive at an 
intravenous dose of 4 mg./kg. (chemical method) or 10 
mg./kg. (mechanical and electrical methods). 

Ethyl 1 - (2-piperidinopropionoxy) cyclopentane-1 -
carboxylate hydrochloride (27) was one of the most 
active and least toxic compounds, LD50 in mice 300 
mg./kg. after intravenous injection, and 3000 mg./kg. 
after oral administration. Its activity also was estab­
lished, using the chemical method, after intraduodenal 
administration of 10 mg./kg. 

Structure-Activity Relationships 

From a comparison of the antitussive properties of 
the more active members of the present series of com­
pounds (Table VII) with their chemical structures 
(Tables II, III, IV, V, and VI) certain patterns of activ­
ity emerge. 

(10) R. Domenjoz, Arch. exp. Path. Pharmakol.. 215, 19 (1952). 
(11) P. L. Stefko and J. Denzel, J. Pharmacol. Exptl. Therap.. 119, 185 

(1957V 

ANTITUSSIVE TESTS 

M = Mechanical; E = Electrical; C = Chemical 

Compound 

Codeine 
Pholcodine 

Dihydrocodeine 
4 
8 

10 
11 
13 
17 
19 
20 
25 
27 
28 
29 
31 
32 
34 
36 
37 
38 
39 
40 

Activity 

+ + + 
+ + 
+ 

Test 
method 

M, 
M, 
M, 
C 
C 
C 
M, 
M, 
M, 
C 
C 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

E, C 
E 
E 

E 
E 
E 

T. 

Activity 

+ + + 
+ + + 
+ + + 
+ 
+ 
+ 
+ 
+ 
+ 
+ + 
+ + 
+ 
+ + 
+ + 
+ + 
+ 
+ 
+ 
+ + 
+ 
+ 
+ + 
+ 

\BLE VIII 

Com­
pound 

41 
44 
45 
46 
47 
49 
52 
53 
55 
56 
57 
58 
59 
65 
72 
80 
81 
83 
87 
93 
96 
99 

101 

ACTIVITY CODE 

Mechanical (M) 

•—Supprt 
Com 1-

plete 

4 

?ssion— 

Partial 

4 
10 

Electrical (E) 
—Dosefmg./ kg. i.v.) ft 
* '—'Suppression—. 

Com­
plete 

2 

Partial 

4 
10 

Test 
method 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
M, 

c 
c 
c 
c 
c 
c 
c 

( 

c 

E 

Activity 

+ 
+ + 
+ 
+ + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ + 
+ + 
+ 
+ 
+ 
+ 

Chemical (C) 

-Suppression—* 
!om-

plete 

2 
4 

Partial 

4 

When the amine function only is varied, the greatest 
antitussive activity is exhibited by piperidino com­
pounds; one pyrrolidino and one morpholino deriva­
tive (39 and 46, Table II), however, have activities 
comparable with that of the piperidino compounds. 
The simplest compound to have pronounced activity 
is the piperidinoacetate (19); in the homologous 2-
aminopropionate series, not only is this activity 
maintained in the corresponding compound (30), 
but other compounds in this series show comparable 
activity (27, 39, 44, and 46). Less activity is shown by 
the isomeric 3-aminopropionates and the homologous 
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2-aminobutyrates (Table II). The general activity of 
the 2-piperidinopropionate ester group (27, 36 and 44) 
is retained to some extent by the corresponding pro-
pionamide (96, Table VI). It appears that antitussive 
activity in the 2-aminopropionates is independent of 
the nature of the alkyl or aralkyl ester group (R' in 
VI). Quaternization of the active compounds usually 
leads to a retention of activity as in the case of 19 and 
27 and their corresponding methiodides (20 and 28). 
Moreover, pronounced activity is introduced into 
the comparatively inactive diamines (82 and 86) by 
conversion into their bismethiodides (83 and 87, re­
spectively) . 

Within the limits of the present investigation, maxi­
mum activity in this series therefore is associated with 
a 2-piperidinopropionyl group, and is independent of 
the nature of the alcohol used to esterify the carboxyl 
group of 1-hydroxycyclopentane-l-carboxylic acid. 
Compounds which possess a free hydroxyl group (Table 
III), those with two tertiary amino groups (Table 
V) and those in which only the carboxyl carries a 
tertiary amino group (Tables III and IV) show little 
or no activity. 

Experimental 

Where a number of compounds was synthesized by a similar 
method, a typical preparation is given. 

1-Hydroxycyclopentane-l-carboxylic Acid (III).3'5—Hydro­
chloric acid (740 ml., d 1.18) was added dropwise to a stirred 
mixture of cyclopentanone (292 g.), water (500 ml.), ether (300 
ml.) and sodium cyanide (430 g.) maintaining the temperature 
below 15° by immersion in an ice-bath. After completion of the 
addition, the mixture was stirred for 1 hr. at room temperature 
and the cyanohydrin was extracted with ether. The solvent 
was removed from the dried ether solution and the cyanohydrin 
was hydrolyzed by heating with hydrochloric acid (450 ml., 
d 1.18) on the steam bath under reflux with stirring for 4 hr. 
The mixture was cooled and the solid was filtered off. The 
product was extracted thoroughly with ether to separate it from 
the inorganic salts, filtered, dried and the solvent removed. 
The hydroxy acid (255.5 g.), m.p. 103.5-104.5°, was sufficiently 
pure for further synthetic work. An additional quantity of the 
acid (63.7 g.) was obtained by ether extraction of the solution 
remaining after hydrolysis. 

Phenethyl 1-Hydroxycyclopentane-l-carboxylate (IV, R = IT, 
(R ' = C6H6CH2CHi, Table I).—1-Hydroxycyelopentane-l-
carboxylie acid (26 g., 0.2 mole), 2-phenylethanol (24.4 g., 0.2 
mole), sulfuric acid (4 ml., 20% by volume) and benzene (150 ml.) 
were heated together under reflux in a Dean and Stark apparatus. 
When all the water had been distilled off, the benzene solution 
was cooled, washed with water, dilute sodium carbonate solution, 
and again with water and dried. After removal of the benzene 
the ester was distilled; yield 42.2 g. (90%). 

Phenethyl l-(2-Chloropropionoxy)cyclopentane-l-carboxylate. 
—Phenethyl 1-hydroxycyclopentane-l-oarboxylate (28 g., 0.12 
mole), chloroform (50 ml.) and 2-chloropropionyl chloride (215 
g., 0.18 mole) were mixed carefully. With cooling, pyridine 
(9.5 g., 0.12 mole) was added slowly and the mixture was heated 
on the steam bath for 2 hr. under reflux. I t was poured into 
water, and the chloroform layer was separated. The aqueous 
portion was extracted twice with ether. The combined chloro­
form and ether solutions were washed successively with water, 
dilute sodium carbonate Bolution and again with water. After 
drying and removing the solvents, the desired product (30.7 g.) 
was distilled. 

In addition to the products of this class listed in Table I, 
some others also were prepared as intermediates for the succeed­
ing arninoacyl derivatives of alkyl 1-hydroxycyelopentane-l-
carboxylates (Table I I ) and the aminoalkyl 1-aminoaeetoxycyclo-
pentane-1-carboxylates (Table V). The boiling point and per­
centage yield of these additional compounds are given: 

2-Bromoethyl 1-chloroacetoxy-
cyclopentane-1-earboxylate 

3-Bromopropyl 1-chloroacetoxy-
cyclopentane-1-carboxylate 

Ethyl l-(2-chloropropionoxy)-
cyclopentane-1 -carboxylate 

Ethyl l-(3~bromopropionoxy)-
cyclopentane-1 -carboxylate 

Ethyl l-(2-bromobutyroxy)cyclo-
pentane-1-carboxylate 

Phenethyl l-(3-chloropropionoxy)-
cyclopentane-1-carboxylate 

B.p., 

142-154 

140-160 

138-142 

110-115 

150-158 

158-165 

14 

0.9 

10-12 

0.5 

00 

30 

60 

35 

Satisfactory analytical data were not obtained for those six 
liquids and therefore they have been omitted from Table I. 
Their precursors, as well as the amines derived from them 
(Table I I ) gave satisfactory analyses. 

Ethyl l-(2-Piperidinopropionoxy)cyclopentane-l-carboxylate 
Hydrochloride (XI).—Ethyl l-(2-chloropropionoxy)-cyelopen-
tane-1-carboxylate (48.2 g., 0.194 mole) and piperidine (33.0 g., 
0.388 mole) were heated together under reflux in benzene (520 
ml.) for 16 hr. After cooling, ether was added and the piperidine 
hydrochloride (20.1 g.), m.p. 247-248°, was filtered off. The 
filtrate was washed with water12 (3 X 100 ml.) and extracted 
with dilute hydrochloric acid. The acid extracts w'ere washed 
once with ether and then basified with dilute sodium carbonate 
solution. The liberated free base was extracted with ether and 
to the dried extracts was added ethereal hydrogen chloride (125 
ml., 2 Ar). The mixture was diluted with ether and the hydro­
chloride (55.2 g., 85%), was filtered off and crystallized from an 
ethanol-ether mixture to give 51.4 g. (79%) of pure material. 

The methiodide (1.8 g.) was obtained from the hydrochloride 
(2 g.) via its free base with methyl iodide in ether. 

3-Piperidinopropyl 1-Hydroxycycloperttane-l-carboxylate Hy­
drochloride (X, n = 3, NR2 = NCjHio).—3-Bromopropyl 1-
hydroxycyclopentane-1-carboxylate (2.51 g., 0.01 mole), 
piperidine (1.7 g., 0.02 mole) and toluene (30 ml.) were allowed to 
react as described above for ethyl l-(2-piperidinopropionoxy)-
cvclopentane-1-carboxvlate hydrochloride, to give the product 
(1.7 g.). 

The methiodide was prepared by allowing the free base ob­
tained from the purified hydrochloride to react with methyl iodide 
in ethereal solution. 

1-Acetoxycyclopentane-l-carboxylic acid4 was prepared from 
I I I by treatment with acetyl chloride. Heating the product 
with thionyl chloride gave the acid chloride.4 

1-Benzoyloxycyclopentane-l-carboxylic Acid and Acid Chlo­
ride.—1-Hydroxycyclopentane-l-carboxylio acid (20 g., 0.154 
mole) was dissolved in chloroform (30 ml.) and pyridine (40 ml.) 
was added. Benzoyl chloride (21.7 g., 0.154 mole) was added 
slowly with shaking and cooling. The mixture was heated on 
the steam bath under reflux for 30 min., cooled, and poured into 
water. The aqueous layer was washed with chloroform and the 
combined chloroform solution was washed with dilute hydro­
chloric acid. The product was extracted from the chloroform 
into dilute sodium carbonate solution, the alkaline extract acidi­
fied with dilute hydrochloric acid, and the precipitated acid (30.4 
g., 85%0) was filtered off, washed, dried and crystallized from 
aqueous ethanol. 

1-Benzoyloxyeyelopentane-l-carboxylic acid (30.4 g.) was 
heated with thionyl chloride (50 ml.) under reflux on the steam 
bath for 1 hr. Excess of thionyl chloride was removed and the 
acid chloride (31.2 g., 95%), b.p. 133-136° (0.2 mm.), was dis­
tilled. 

2-Diethylaminoethyl 1 -Benzoyloxycyclopentane-1 -carboxyl -
ate.—1-Benzoyloxycyclopentane-l-carboxylic acid chloride (2.53 
g., 0.01 mole) was added to a solution of 2-diethylaminoethanol 
(1.2 g., 0.01 mole) in chloroform (15 ml.). The mixture was 
heated under reflux for 30 min., cooled, and ether was added. 
Excess of dilute sodium carbonate solution was added and the 
chloroform-ether solution was washed with water (3 X 10 ml.) 
and dried. After removing the solvents, the residue was dissolved 
in a little ethanol and an ethanolic solution of citric acid mono-
hydrate (2.1 g.) was added. Upon the introduction of ether, 
a solid (2.15 g.) was obtained and crystallized from an ethanol-

(12) It was necessary to reduce this wash in tin 
derivatives because of their high water-solubility. 

so of the piperazine 
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ether solution to give the desired amino ester (1.73 g.) as its 
citrate monohydrate. 

3-Piperidinopropyl 1-Piperidinoacetoxycyclopentane-l-car-
boxylate Dihydrochloride Monohydrate (VIII, n = 3, NR2 = 
NC5H10).—3-Bromopropyl 1-chloroacetoxycyclopentane-l-car-
boxylate (3.28 g., 0.01 mole), piperidine (6.8 g., 0.08 mole) and 
benzene (40 ml.) were made to react as described above for 
ethyl l-(2-piperidinopropionoxy)cyclopentane-l-carboxylate hy­
drochloride, and yielded the dihydrochloride (2.51 g.). Con­
version of a portion of this material into the free base and treat­
ment of an ethereal solution of this with an excess of methyl iodide 
gave the bismethiodide, crystallized from an ethanol-ether solu­
tion. 

Ethyl l-(2-Chloropropionamido)cyclopentane-l-carboxylate— 
Ethyl 1-aminocyclopentane-l-carboxylate hydrochloride7 (9.7 
g., 0.05 mole) was dissolved in water and the solution was basified 
with excess dilute sodium carbonate solution. The base was 
extracted with ether and dried. After removal of the solvent by 
distillation, chloroform (20 ml.) was added, then 2-chloropropi-
onyl chloride (10 g.) with cooling and shaking. Pyridine (3.95 
g., 0.05 mole) in chloroform (10 ml.) was added slowly with cool­
ing. The mixture was heated on the steam bath under reflux 
for 2 hr., cooled, poured into water, and the chloroform layer was 
separated. The aqueous layer was extracted with ether and the 
combined chloroform and ether solution was washed successively 
with water, dilute sodium carbonate solution and again water. 
After drying, the solvent was removed and the residue was distilled 
to give the product (9.7 g.) which was crystallized from petroleum 
ether (b.p. 60-80°). 

Ethyl l-(2-Piperidinopropionamido)cyclopentane-l-carbox-
ylate Hydrochloride (XII).—Ethyl l-(2-chloropropionamido)-
cyclopentane-1-carboxylate (2.48 g., 0.01 mole), piperidine (1.7 
g., 0.02 mole) and benzene (25 ml.) were treated as described in 
the preparation of ethyl l-(2-piperidinopropionoxy)cyclopentane-
1-carboxylate hydrochloride. The product (1.87 g.) crystallized 
from ethyl acetate-light petroleum ether. Treatment of a 
portion of the product with sodium carbonate solution and 
addition of methyl iodide to the isolated free base gave the meth-
iodide. 

Ethyl l-(p-Nitrobenzamido)cycIopentane-l-carboxylate.— 
Ethyl 1-aminocyclopentane-l-carboxylate hydrochloride7 (12.0 
g.) was mixed with p-nitrobenzoyl chloride (14.4 g.) and pyridine 
(48 ml.) with cooling. The mixture was heated on the steam 
bath for 1 hr., cooled and poured into water. The product was 
extracted into ether and the combined ether extracts were washed 
with dilute hydrochloric acid, water, dilute sodium carbonate 
solution, water, and dried. After removal of the solvent, the 
residual solid was crystallized twice from aqueous ethanol and 
again from ethyl acetate-light petroleum ether (b.p. 60-80°) to 
give the ester-amide (13.3 g.) 

Ethyl l-(p-Aminobenzamido)cyclopentane-l-carboxylate Hy­
drochloride.—Ethyl l-(p-nitrobenzamido)cyclopentane-l-car-
boxylate (6.12 g., 0.02 mole) was dissolved in ethanol (150 ml.) 
containing ethereal hydrogen chloride (20 ml., 1.7 N), and 5% 
palladium on charcoal catalyst (0.5 g.) was added. The mixture 
was shaken at atmospheric pressure in hydrogen. When the 
uptake of hydrogen ceased, the catalyst was filtered off and most 
of the solvent was removed in vacuo at 70 °. Ether was added to 
the residue and the solid (5.25 g.) was filtered off and crystallized 

twice from an ethanol-ether mixture to give the product (4.90 g.). 
2-Bromoethyl 1-Phenylcarbamoyloxycyclopentane-l-carbox-

ylate (XV, n = 2).—2-Bromoethyl 1-hydroxycyclopentane-l-
carboxylate (2.37 g., 0.01 mole) and phenyl isocyanate (1.19 g., 
0.01 mole) were mixed and heated on the steam bath for 1 hr. 
On cooling, a solid (2.55 g.) was obtained; it was filtered off and 
washed with a little petroleum ether. It yielded the phenyl-
carbamate (1.82 g.), m.p. 89-90.5° (from petroleum ether, b.p. 
(60-80°). 

Anal. Calcd. for Ci6Hi8BrN04: C, 51.0; H, 5.2; N, 4.1; 
Br, 22.8, Found: C, 50.6; H, 5.1; N, 3.9; Br, 22.4. 

In a similar manner starting with 3-bromopropyl 1-hydroxy-
cyclopentane-1-earboxylate, 3-bromopropyl 1-phenylcarbamoyl-
oxycyclopentane-1-carboxylate (XV, n = 3) was prepared, m.p. 
93-94° (from petroleum ether, b.p. 60-80°). 

Anal. Calcd. for CieHsoBrNO,: C, 52.2; H, 5.6; Br, 21.6. 
Found: C, 51.9; H, 5.5; Br, 21.6. 

3-Phenyl-l -oxa-3-aza-spiro [4.41 nonane-2,4-dione (XVI).—(a) 
2-Bromoethyl 1-phenylcarbamoyloxycyclopentane-l-carboxylate 
(2.7 g., 0.0075 mole), piperidine (1.28 g., 0.015 mole) and benzene 
(30 ml.) were heated under reflux for 16 hr. After cooling and 
adding ether, piperidine hydrobromide (1.17 g.) was filtered off 
and identified. The remainder of the piperidine was extracted 
from the filtrate with water and hydrochloric acid (2 Ar). The 
organic solution was washed again with water and dried. Evapo­
ration to dryness gave a crystalline solid (1.60 g.), m.p 120-125°, 
which was recrystallized from ethanol to give the spiro compound 
(1.33 g.), m.p. 128-130°, as colorless needles. 

Anal. Calcd.forC13H,3N03: C,67.5; H,5.8; N,6.1. Found: 
C, 67.5; H, 5.7; N, 6.1. 

(b) Treatment of 3-bromopropyl 1-phenylcarbamoyloxy-
cyclopentane-1-carboxylate with piperidine in a manner similar to 
(a) also gave the spiro compound; m.p. and mixture m.p. with 
that previously obtained, 128-130°. 

(c) 2-Diethylaminoethyl 1-hydroxycyclopentane-l-carboxyl-
ate4 (XVII) (2.30 g., 0.01 mole) and phenyl isocyanate (1.20 g., 
0.01 mole) were mixed and heated on the steam bath for 1 hr. 
After cooling, a little petroleum ether, b.p. 60-80°, was added and 
the solid (1.10 g.) which was obtained was crystallized from 
petroleum ether as long colorless needles (0.70 g.), m.p. 127.5-
129°, not depressed on admixture with a sample prepared as in 
(a). 

(d) 3-Piperidinopropyl 1-hydroxycyclopentane-l-carboxylate 
hydrochloride (Table III) (2.92 g., 0.01 mole) was converted into 
its base (XVIll) by treatment with dilute sodium carbonate solu­
tion. The free base was extracted into ether and dried. After 
removal of all the solvent by distillation, the residue was treated 
with phenyl isocyanate as in (c). The product was again shown 
to be identical with the spiro compound described under (a) 
above. 
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