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activity will be the progressive increase in van der
Waals forces and ““distribution effect.”” As the homol-
ogous series i3 ascended, therefore, the activity should
first fall hecause of factor (1) but there will come a point
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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 oh-
tained.
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A number of derivatives of 1-hydroxycyclopentane-l-carboxylic acid has been synthesized;
compounds in which one or both of the functional groups of the hydroxy acid carry basic substituents.
sulting compounds are mono- or diesters or ester-amides.

these include
The re-
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.
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, Ia) and 2-diethylaminoethyl ester
(caramiphen as the ethanedisulfonate salt, Ib) of 1-
phenyleyclopentane-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.! A compound (II) containing two
cyclopentane rings has been evaluated.? The presence
of the cyclopentane ring in these compounds suggested
the synthesis of a series of derivatives of 1-hydroxy-
cvelopentane-l-carboxylic acid for examination of
their antitussive properties.

D
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a. R = OCH,CH.N(C:H,);
b, R = N(CoH,)

Although the starting material, 1-hydroxyeyclo-
pentane-l-carboxylic acid, is readily available,® rela-
tively little work has been published on its derivatives.
The diethylaminoethyl esters of 1-hydroxycyclopen-
tane-1-carboxylic acid and three of its O-acyl derivatives
have been prepared? and tested for local anesthetic
activity. Other simple derivatives of the hydroxy acid
have been described® 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) 8. Levis, 8. Preat, and F. Moyersoons, Arch. intern. pharmacodynamie,
103, 200 (1955).

(2) D. W. Archliibald, L. B. Slipp, and
80. 734 (1939).

(3) B. Tchoubar and C. Collin, Bull. soc. chim. France, 680 (1947);: B.
Tehoubar, thid.. 160 (1949).

(4) R. Giuliano and M. L. Stein, Il Farmaco (Pavia), Ed. sci., 11. 3 (1936).

(5) R. Ginliano and G. Leonardi, Farm. sci. e tec. (Pavia), T, 29 (1852).

8, J. Shane, Can. Med. Assoc. J.,

The relationship between chemi-

alkyl esters of 1-hydroxyeyclopentane-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-1-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 l-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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The starting material for this investigation, 1-hy-
droxycyclopentane-l-carboxylic acid (III), was pre-
pared by the cyanohyvdrin synthesis from eyclopen-
tanone by a modification of Tchoubar’s method.? The
esters (IV, R = H, R’ = alkyl, aralkyl; IX,n = 2 or
3) were prepared by azeotropic esterification of the acid
(IIT) in benzene with the appropriate aleohol using a
little sulfuric acid as catalyst.® Yields were about 80—
909% (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 CH,, CHCH,; CH,CH,.
Table I) were treated with various secondary amines

(6) J. Leon, W. F. Bartliel. and 8. A, Hall, J. Org. Chem., 19, 490 (1854).
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TasLE I
ALKYL 1-HYDROXYCYCLOPENTANE-1-CARBOXYLATES AND THRIR CHLOROACYL DERIVATIVES (TV)
——B.p——  Yield, Calid, Gl eem e Pund, G s
No. R’ R °C. mm. o Formula « IT Halogen Q it ITalogen
1  C.Hge H 92-93 15 79 CsH140;
2 (CH,:»CeH; H 131-132 1 90 C1sH 1503 71.7 7.8 1.5 .0
3 (CH:)CH; H 123-126 13 84 C11H304 66.0 10.1 65.6 10.2
4 (CHg)gBr H 144-148 15 78 CsHlaBl'Oa 33.7 33.9
5 (CH.):Br H 155-165 15 8 CyH;;BrO;  43.0 6.0 31.8 425 6.0 31.7
6 C.H; COCH,Cl 93-99 0.5 (6 C1oH15C104 15.1 15.3
7 (CH,).CeH; COCH.Cl 170-182  1-1.3 79 C'6H,,C10, 11.4 10. 8
9 (CH;:Ce¢H; COCHCICH, 142-146 0.35 79 CirHaClOg 10.9 10.9
10 (CH.),CH; COCHCICH; 100--115 0.25 60 CiHClO,  57.8 8.0 12.2 37,6 8.1 2.0
@ Giuliano and Leonardi® give b.p. 99° (20 mm.).
to give the aminoesters (VI) which were isolated as
their hydrochlorides (Table IT). f_">
The 2-bromoethyl and 3-bromopropyl esters (IX, O{OCOCHN E>< HCOCHND E><
7? = 2 and 3) of the. acid (III.) were trea‘;ed with CO,C,H, 80,C,H, CORCLH,
various secondary amines to give the basic esters
XI XTI X111

(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, %5 similar compounds have been prepared in
which the hydroxyl group is acetylated or benzoylated.
The starting materials, prepared from the acid (III)
and the appropriate acid chloride, were 1-acétoxy- and
1-benzoyloxycyclopentane-1-carboxylic acids. Con-
version into the corresponding acid chlorides was fol-
lowed by treatment with the appropriate substituted
amino aleohol or N,N-dialkylaminoalkylamine to
give the desired esters or amides, % 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 hyvdroxy acid (III). For this
purpose 2-bromoethyl 1-chloroacetoxycyclopentane-1-
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-1-car-
boxvlates (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
1-(2-piperidinopropionoxy)cyclopentane-1 - carboxylate
(XTI, Table 1I1-27) 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.”
Ethyl 1-aminocyclopentane-l-carboxylate? (XIII, R =
H) was treated with 2-chloropropionyl chloride, and
this amide (XIII, R = COCHCICH;) was condensed
with piperidine to give the desired ethyl 1-(2-piperidino-
propionamido)ecyeclopentane-1-carboxylate (XII, Table
VI-96) as its hydrochloride. The corresponding
2-morpholino- and 2-diethylaminopropionamido esters
also were prepared (Table VI).

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

(7) R. N. MacDonald, 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, . I. Ross, J. Chem. Soc., 2119 (1960).

VI also includes the N-p-nitrobenzoyl derivative of
ethyl l-aminocyvclopentane-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 1l-phenylecarbamoyloxycyclopentane-1-
carboxylic acid. The 2-bromoethyl and 3-bromopropyl
esters (IX) of the hydroxy acid were treated with
phenyl isoeyanate to give the corresponding N-phenyl-
carbamates of the general formula (XV). On at-

OCONHCsHs

O<COz (CHa)p, NJ

XI1v

tempting to condense these products with piperidine
to prepare the piperidinoalkyl 1-phenylearbamoyloxy-
cyelopentane-1-carboxylates (XIV, n = 2 and 3) how-
ever, the same compound was isolated in each case and
was shown to be 3-phenyl-1-oxa-3-aza-spiro (4.4 Jnonarne-
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.”

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

O__o OH
Og\\f CeH,NCO ©<
NC:H; COy(CHY), X

(0]

XVI XVIil; n=2; X= NEt,
CsHuN XVIIT; n=3:X=N_ )
O<OCONHC6H5

COz(CH2)nBT

XV

9) J. W. Clark-Lewis, Chem. Rervs., 58, 63 (1958).
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TasLE II

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

——Caled.. %-— —Found, %——
No. R* R M.p., °C. Formula C H Cl C H C1
11 C.H; Piperidinoacetyl 92-93.5 Ci;HasNO,4-HCle 11.1 10.6
12 122—123 C15H25NO4' CHaIb
13 C.H; Morpholinoacetyl 164-165 CuHxNO;-HCL 52.3 7.5 11.0 52.3 7.5 11.0
14 143-144 C1N»NO;- CH,I°
15 C:H; N-1,2,5,6-Tetrahydropyrid-  118-119 C1:Ha:NO,- HCl 56.7 7.6 11.2 56.5 7.6 11.2
ylacetyl
16 C.H; 4-Methylpiperazinoacety! 186-188 CsHoeN:04-2HC1-2H:0 44.2 7.9 17.4 44,5 7.6 16.9
17 CH; 4-(2-Hydroxyethyl)-piper- 195198 C16H2sN205-2HCI 47.9 7.5 17.7 47.9 7.6 17.4
azinoacety!
18 C.H; 2-Methylpiperidinoacety! 115.5-116.5 CisHyN Oy CeHs07% 54.0 7.2 53.7 7.2
19 CH.CH.C¢H; Piperidinoacety! 152-154 CaH2eNO,-HCI 63.7 7.6 9.0 63.5 7.7 8.9
20 124.5-125.5 CnHzeNO, CH,I
21 CH20H2C5H5 Morpholinoacetyl 152-154 C20H27N05 -HCl 60.4 7.1 8.9 60.6 7.2 9.1
22 CH,CH.C¢H; N-1,2,5,6-Tetrahydropyrid- 132-134 CuHyNO,-HCL 64.0 7.2 9.0 64.1 7.3 9.1
ylacetyl
23 CH,CH.C¢H; 4-Methylpiperazinoacety! 205-207 CyH3N:04-2HCI 56.4 7.2 15.9 56.3 7.4 15.9
24 CHgCH2CeH5 4—(2-Hydroxyethy1 )-piper- 189-191 022H32N205 2HCl 55.3 7.2 14.9 34.8 7.2 14.9
azinoacetyl
25 (CH,)CHs 4-(2-Hydroxyethyl)-piper- 192-193 C1sH3N0;- 2HCl 51.5 8.2 16.0 50.9 7.9 16.1
azinoacetyl
26 (CH.),CH; Morpholinoacetyl 152-153 C17H2eNO5-HCI 56.1 83 9.7 55.8 8.2 10.0
27  C.H; 2-Piperidinopropiony! 161-164 C1eH2:NO,-HCI 57.6 85 10.6 57.1 8.4 10.5
28 151-153 CisHxNO,- CH I/
29 C.H; 2-Piperidinopropionyl 113-114 CieHxNO,- C,H,O/ 58.1 7.6 57.9 7.5
30 C.H; 2-Morpholinopropionyl 157-158 C;:H,:NO; - HCI 53.7 7.8 10.6 53.7 7.9 10.4
31 C.Hs 2-(N-1,2,5,6-Tetrahydro- 140.5-141.5 CsHaNO,-HCI 57.9 7.9 10.7 57.8 8.0 10.8
pyridy!)propiony!
32 C.H; 2-(4-Methylpiperidino)- 156-157 Ci7H2eNO,-HCI 58.7 8.7 10.2 58.4 8.6 10.4
propiony!
33 C.H, 2-(4-Methylpiperazino)- 192-193 C16HasN:20,-2HCIL 49.9 7.9 184 499 8.0 18.3
propionyl
34 CgHs 2-Hexamethy1eneimino— 103-105 C17H29NO4 . HClh 10.2 10.3
propionyl
35 C.H; 2-(4-(2-Hydroxyethyl)- 202-203 Ci7H30N:205-2HCL 49.2 7.8 17.1 49.0 7.8 17.3
piperazino)propiony!
36 CH.CH.Ce¢H; 2-Piperidinopropiony! 125-127 C»HuNO,-HCI 64.4 7.9 8.7 646 80 8.5
37 145.5-146.5 CpHuNO,-CH,I®
38 CH.CH:C¢H;  2-Morpholinopropiony!l 137-138 C21H2eNO,-HCI 61.2 7.3 86 61.0 7.2 8.7
39 CH.CH.C¢H; 2-Pyrrolidinopropionyl 126.5-128.5 CyuHyNO,4-HCL 63.7 7.6 9.0 63.53 7.5 9.1
40 CH.CH.Ce¢H; 2-(4-Methylpiperazino)- 171-173 C22Ha N0, -2HCV 15.4 14.9
propionyl!
41 CHgCH2CeH5 2-(4—(2-Hydr0xyethy1)- 191-192 023H34N205 . 2HC1 6.2 7.4 14.4 559 7.5 14.4
piperazino)propionyl
propionyl
43 CH,CH.C¢H; 2-(2,6-Dimethylmorpholino)- 135.5-137 CyHauNO;-HCL 62.8 7.8 8.1 621 7.6 8.4
propionyl
44 (CH,),CH; 2-Piperidinopropionyl 118-120 CisH3NOy - HC 60.7 9.1 9.4 60.9 94 9.6
45 118.5-120  CyHuNO, CH,I*
46 (CH,),CH, 2-Morpholinopropiony! 145.5-146.5 C;sHuaNO;-HCl 372 86 9.4 57.2 87 9.5
47 (CH,).CHs 2-(4-Methylpiperazino)- 179-182 CsH2N,:04-2HCI 53.4 8.5 16.6 52.9 85 16.5
propiony!
48 (CH.),CH; 2-(4-(2-Hydroxyethyl)- 178-180 C2oH1N05- 2HCL 52.5 84 15.5 51.9 8.8 15.4
piperazino)propionyl
49 CH;, 3-Piperidinopropiony! 182-183 CisHNO,-HCI 57.6 85 10.6 57.8 8.6 10.7
50 C.H; 3-Morpholinopropionyl 195-196 Ci:HasNO;- HC 33.7 7.8 10.6 33.6 7.9 10.8
51 131-132 Ci;HiNO5- CH,I!
52 C.H, 3-(N-1,2,5,6-Tetrahydro- 138-139 CisHas N0, -HC 57.9 7.9 10.7 58.0 8.0 11.2
pyridyl)propionyl
53 C,Hs 3-(4-Methylpiperazino)- 216-217 C1HusN2O4-2HCI-H,O0 47.6 8.0 17.6 47.5 7.7 17.6
propionyl
54 GH; 3-(4-(2-Hydroxyethyl)- 213-214 C17H20N:0;-2HCl 49.2 7.8 17.1 489 7.8 17.1
piperazino)propionyl
55 CH,CH.Ce¢H;  3-Piperidinopropiony! 135-136 CpHaNO,4-HCL 04.4 7.9 8.7 63.9 80 8.8
56 CH20H2CGH5 3-Morpholinopropi0nyl 155-156 021H29N05 . HCl 61.2 7.3 86 61.1 7.4 8.6
57 (C,H, 2-Piperidinobutyryl 117-118.5 C1:H2eNO,-HCl 58.7 8.7 10.2 58.7 8.7 10.2
58 C.H; 2-Piperidinobutyryl 136-137 C17HysN O, - CHRI™ 47.7 7.1 47.8 6.8
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TaBLe II  (continued)

—Cualed.. f—— —enerd, f——
N n 1 ALp., = Farvaniu o I O} & It [
3y CoH; 2-Morpholinobutyryl 12451200 CellasNO,- 1 SO S 101 A5 w2100
60 C.H; 2-(N-1,2,5,6-Tetralivdro- 00-93 CiHpNO,-HO S0 N2 1003 SR 82 s
pyridylybutyryl
61 Codd; 2-(4-Methylpiperaziimn)- 221222 Cabl 5 NeO, 21 S N0 1T8 S0 TN 1Ty
butvryl
62 CyH;, 2-(4-(2-Hydroxyethyl)- 188—190 CrsHyeN,O5- 2110 A K0 1683 D00 Ty 16

piperazino)butyryl
“ . Anal. Caled.: N, 4.4, Found: N, 4.1. ? {nal. Culed.: I, 9.8, Found: 1, 20.8, < inal. Culed.: 1,208 Foud: 1,209, 7 Cit-
rate. Anal. Caled.: N, 2.9, Found: N, 3.0. ¢ Anal. Caled.: T, 25.3. Fouud: I, 25.4. 7 Anal. Caled.: I, 28.9. VFound: I, 28.5.
7 Maleate. " Anal. Caled.: N, 4.0. Fouud: N, 4.2. " Anal. Caled.: 1, 24.6. Found: I, 25.0. 7 dnal. Caled.: N, 6.1, Fouml: N,
5.0, F Anal. Caled.: T, 264, Fouml: I, 26.5. ¢ Anal. Caled.: 1, 288, TFommd: I, 20.2. 7 Anal. Caled.: 1, 28.0. Found: T, 28.0.

TaBrr III. AmINOALKYL 1-HYDROXYCYCLOPENTANE- [-CARBOXYLATES (N

Cidenl,, 40 Found,
No. » NRe: AM.p., °C. Formula (o I 'l (o 11 L
63 2 Morpholine 220204 CuHaNOy-HCL EYIE) T 127 51.6 8.0 127
64 2 Piperidino 22(--228 CigHaN Oy - H(C1 6.2 ST 12,8 562 S8 12N
65 3 Piperidino 185-187 CiHy N0y HCL 500 9.0 122 By S 123
0606 103-105 (,’14H :5_\703 . CHjl 45 4 T 457 7.2
67 3 Morpholino 172-173 CisHuNOy-HCL 5501 S22 121 325 8.0 123
68 3 N-1,2,5,6-Tetrahydropyridyl 158-160 CuHuNO;-HCL 580 8.3 122 58,1 8.6 121
64 12H-131 CuHaNO;-CH,lL 15.6 6.6 45.8 .
70 3 Pyrrolidino 151154 CiaHuNO; - I A2 8.7 128 36,6 8.8 15.0
1 H4--06 (‘/MH;&;_\.( Dye (‘/I’[:ilr 139 6.8 43.7 .0
2 3 Hexamncthivlencinino 183-185 CisHeNOy-HO S8 2 11.6 bIYI! 0.1 12.0
w3 00-91 CyHsNOs- CHYY o7 T 16,9 !
4 Anal. Caled.: 1, 32,0, Found: I, 31.0. " Anal. Caled.: I, 32,1, Found: [, 32.6.  * dnal. Ciled.: 1,331, Found: 1, 33.2
4 Anal. Caled.: 1, 30.8. Found: I, 30.2.
Tasre IV
OCOR
1-ACE10XY~ AND 1-BENZOYLOXYCYCLOPENTANE-1-CARBOXYLIC AcIh Drrivanives: C;H,
\\
COR"
—Caled., % ~ Fouud, %4
No. R R* Mg, °C. Fornula [ i3 N & 1r N
4 CeH; OH 130-132 CiaH1404 66.7 6.0 66.7 6.1
75 CH:;  2-Morpholinoethoxy 153-154 CiHNO; - HClI 52,3 ) 52.2 0
76 CHa NH(CHg)aN(CzHa)g 84-85 CmHgsNan . CeHgO:Z' BREEY] 76 5.0 526 .06 H 8
" CH; OCHgCHQN(C;Hsk 85—86° CMH%NO.; . CeHgO;" S8 T2 3.0 520 T2 3.0
78 CH3 OCHQCH2N(CH3)_ 09-100 012H21N04 . CeHz,O':]’ 17 6.7 3.2 4006 6.7 5ol
i (4GH, NH( CHz)a.\-( C2H5‘De 83-85H CgoHacNeOg . CeHgO; . Hz()li 6.1 T2 5.0 D0 .2 50
80 (:GH.’, OCHgCH2N(CQHa}9 100-102.5 C19H27N04 . CGHSO: . Hzo'[ 0.2 6.9 DH 5T 6.9 Nt
81 CeHs  (OCHCH2)oN(CoIi;0 4.5-75 CnHaNO;- CeH0: - H,0" 552 0 2] 5T 6.9 R
¢ Anal. Caled.: (1, 11.0. Found: (], 11.0. ? Citrate. € Giuliano and Leouardi® give froc base bop, 147° (10 mm. 9 Cleente
mouohydrate.
Tasre V. AMINCGALRYL 1-AMINOACYLOXYCYCLOPENTANE-1-CALBONYLATES (VIIIY
Calid., Y Fownnd, 7,
No. n NRe AM.p., °C. Tormula [ 1 (@] C IT [
82 2 Piperidino 188-190 CapoHyuN,04-2HCL-H,0 525 8.4 15.5 525 8.2 15.5
83 181-183 CoH3N:04-2CH,l 40.6 6.2 40.1 G.0
84' Q x-l,2,5,6-1‘0“‘&11&\'(11‘()- 1 33 b= (;z-j-H;x<)Ng()4 '_)HCl . _)]{_‘() H1.0 7. 7 15.0 51, 0 N .l 15 Lt
pyridyl 135
85 180“182 Cg@HgoNg()4 . '_)CH;{I]’ ~“) . (.' :) “ 40 . 8 -) . N
8G 3 Piperidinn 230-232 C21H36N204 -2HCI. H;O BN 8.6 15.0 537 R 8 15.0
87 189-190 CnHgeN0, 2CHsI” 416 G4 410 ;.2
S8 3 N-1,2,5,6-Tetraliydro- 221222 CyH3N-04-2HC1- 11,0 5.0 TR 1.2 34 5 151
pyridyl
80 204205 CoHaaN 5O, - 2CH;317 118 3.8 1. S
Ho 3 Morpholino 230-231 C1sH3N,06-2HCI 5.0 ) 15.5 49.6 8.0 15.4
N1 3 Pyrrolidine 192-194 CoH N0, - 2HCL-2H,0 195 8.3 15.4 .1 7.0 157
a2 110--116 CwH:xQNzO.;'?C}{gIS
93 3 Hexamthyleneimino 206-209 CyuHa N0y 2HCL 57 8.8 147 57 B 1T
01 106 197 CyHaaN O 2CH, 1S b1 1 133 6.9
O dAnal. Caled: T,39.0. Tonud: I, 38.6. 7 _tnal. Caled.: T, 3093 Touud: 1, 388 7 dwal. Cualed: T, 382, PFomul: 1, 351

“ Anal. Caled.: T, 38.4. Found: I. 38.1. ¢ . Inal. Caled.: T, 30.9: N, 4.1 Foumd: T.39.00 N 430 7 nal. Caled,: N L0, Found:
N, 3.9.
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TasLeE VI
DERIVATIVES OF ETHYL 1-AMINOCYCLOPENTANE-1-CARBOXYLATE (XIII)

~——Caled.. p—— Found, ¢ —
N, R M.p.. °C. Formula Cl N Cl N
95 COCH(CH3)Cl B.p. 162-165° (14 mm.) C;HgCINO; 14.3 5.7 14.3 5.6
M.p. 62-64
96 2-Piperidinopropionyl 156-158 C16HasN20;- HCL 10.7 8.4 10.7 8.4
97 188-190 C]estNzoa . CHgIa 6.4 6.3
98 2-Morpholinopropiony!  138-142 C1sH2eN20,- HCI 10.6 8.4 10.6 8.3
99  COCH(CH,)N(C:H;):  175-176 Ci15:HzsX20;- HCI 11.1 8.7 11.5 8.8
C H N C H N
100 p-COCH,NO, 126-127 C1:HigN:0; 58.8 5.9 9.2 38.6 5.8 9.2
101 p-COC¢H,NH, 190-192 dec. C1:HapoN:05- HCP 37.6 6.8 9.0 57.0 6.8 8.9
@ Anal. Caled.: I, 29.0. Found: I, 28.5. ® Anal. Caled.: Cl, 11.3. Found: Cl, 11.4.
Pharmacological Results TasLe VII
Antitussive Testing. —Cats of either sex were lightly anesthe- ANTITUSSIVE TESTS
tized with 69, pentobarbitone sodium, 45 mg./kg. intraperi- M = faale = El Cale O = .
toneally. The trachea was then cannulated with a short poly- M = Mechanical; E ectrical; C = Chemical
thene tube; the carotid artery was comnmected to a mercury Test o Com- Test »
manometer for recording the blood pressure. Injections were Compound method  Activity — pound method Activity
made intravenously in the femoral vein. Coughs were recorded Codeine ME C 444 41 C +
on a smoked paper kymograph by a lightly sprung lever attached Pholcodine M. E + 4+ 44 C + 4+
by a cotton thread to the skin just below the sternum. Three Dihydrocodeine M, E 4+ 45 C +
methods of cough production were used—electrical, mechanical 4 C + 46 C 4+
and chemical. The electrical method was that described by 3 C + 47 C +
Domenjoz® in which the superior laryngeal nerve was stimulated 10 C 4 49 c
by means of a constant-current square-wave stimulator. The NS - +
mechanical method consisted of tickling the tracheal mucosa 1.1 M’]-': + 2= C +
by means of a thin polythene tube passed in and out of the trachea 13 M, E + 52 C +
two or three times. In our experience, however, a modification 17 M E + 55 C +
of the method of Stefko and Denzel,!! using ammonia as the 19 C 44 56 C +
tussigen, gave the most consistent responses and was most 20 C 44 57 C +
frequently used. In this test, ammonia vapor from a flask con- 25 C 4+ 58 C +
taining 79, ammonia was led into the respiratory system by means
. 27 C ++ 59 C +
of a three-way tap connecting the flask to the tracheal cannula. 28 c 4+t 65 C +
The cat was allowed to inhale ammonia vapor for one inspiration; 2 C o C
the cough usually commenced immniediately afterward. The ++ / +
cough stimuli were applied every 3 min. until three or four control 31 C + 80 M, E +
cough responses of similar intensity and duration were obtained. 32 C + 81 C +
The test drug then was administered intravenously and cough 34 C + 83 C + 4+
stimuli were repeated at similar intervals until the cough response 36 C 4+ 4+ 87 C 4+
returned to normal. Each animal could normally be used to 37 C + 93 C +
compare the efficacy of several drugs. Codeine was used as the 38 C + 96 C +
standard antitussive preparation in these comparisons. 39 C +4 99 C +
Table VII lists those compounds which were found 40 C + 101 C +
to have antitussive activity. None of the compounds
was as active as codeine, but several, designated as TasLE VIII
44 in Table VII, had an activity approximately one Actviry CobE
half thait of codeine. Those compound; not‘llsted in Mechianical (M) Eleotrical (E) Chemical (C)
Table VII were tested and found to be inactive at an Aetivity  — Dose(mg. /kg, i.v.) for .
intravenous dose of 4 mg./kg. (chemical method) or 10 E‘SUDpfession—“ ’;‘Suppwssim‘“ "C‘Suppression“
. : oms- o~ om-~
mg/kg (meChanlc'al a_nd electrl.cal mEthOds)' plete Partial plete Partial plete Partial
Ethyl 1-(2-piperidinopropionoxy)cyclopentane-1- St . 5 5
carboxylate hydrochloride (27) was one of the most Ly 4 4 4
active and least toxic compounds, LD;, in mice 300 4 10 10 4

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, ITT, 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, 1835
(19570,

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 (36),
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
aetivity 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 l-hydroxycyclopentane-1-carboxylic acid.
Compounds which possess a free hydroxyl group (Table
I1I), 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-1-carboxylic Acid (III}.%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 sufficientlv
pure for further synthetic work. An additional quantity of the
acid (63.7 g.) was obtained by ether extractiou of the solution
remaining after hydrolysis.

Phenethyl 1-Hydroxycyclopentane-1-carboxylate (IV, R = H,
(R’ = Ce¢HsCH,CH., Table I).—1-Hydroxyeyclopeutane-1-
carboxylic acid (26 g., 0.2 mole), 2-phenylethanol (24.4 ¢., 0.2
mole), sulfuric acid (4 ml.. 209, 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 solutiou,
and again with water and dried. After reimnoval of the benzene
the ester was distilled; yield 42.2 g. (909%).

Phenethyl 1-(2-Chloropropionoxy)cyclopentane-1-carboxylate.
——Phenethy! 1-hydroxycyclopentane-1-carboxylate (28 g., 0.12
mole), chloroform (50 ml.) and 2-chloropropionyl chloride (23
g., 0.18 mole) were mixed carefully. With cooling, pyriding
(9.5 g., 0.12 1mole) was added slowly and the mixture was heated
on the steani bath for 2 hr. under reflux. It was poured into
water, and the chloroform layer wuas separated. The aqueous
portion was extracted twice with ether. The combined chloro-
form and ether solutions were washed successively with water,
dilute sodium carbonate solution 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 T,
some others also were prepared as intermediates for the succeed-
ing aminoacyl derivatives of alkvl 1-hydroxyveyclopentane-1-
carboxylates (Table II) and the aminoalkyl 1-aminoacetoxycyclo-
peutane-1-carboxylates (Table V). The boiling point and per-
centage yield of these additional compounds are given:

Vol. 6
B.p. Yield.
e NITHIN T
2-Bromoethyl 1-chloroacetoxy-
cyelopentane-1-carboxylate 142-154 0.7 50
3-Bromopropyl 1-chloroacetoxy-
cyclopentane-1-carboxylate 140-160 0.3 50
Ethyl 1-(2-chloropropionoxy)-
cvelopentane-1-carboxylate 138-142 14 7
Ethyl] 1-(3-bromopropionoxy)-
eyclopentane-1-carboxylate 110--115 0.9 30
Lthy! 1-(2-bromobutyroxy)eyclo-
pentane-I-carboxylate 150-158 10-12 6O
Phenethyl 1-{3-chloropropionoxy)-
cyvelopentane-1-carboxyvlate 158-165 0.5 35

Satisfactory analytical data were not obtained for these six
liquids and therefore they have been omitted from Table 1,
Their precursors, as well as the amines derived from them
(Table IT) gave satisfactory analyses.

Ethyl 1-(2-Piperidinopropionoxy)cyclopentane-1-carboxylate
Hydrochloride (XI).—Ethyl 1-(2-chloropropionoxy)-cyclopen-
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 water!? (3 X 100 ml.) and extracted
with dilute hydrochloric acid. The acid extracts were 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 N). 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-Piperidinopropy! 1-Hydroxycyclopentane-1-carboxylate Hy-
drochloride (X, n = 3, NRy, = NCsHy).—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 1-(2-piperidinopropionoxy)-
cyclopentane-1-carboxylate 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-1-carboxylic acid* was prepared from
IIT by treatment with acetyl chloride. Heating the product
with thiony! chloride gave the acid chloride.*

1-Benzoyloxycyclopentane-1-carboxylic Acid and Acid Chlo-
ride.—1-Hydroxyeyclopentane-1-carboxylic acid (20 g., 0.154
mole) was dissolved in chloroform (30 ml.) and pyridine (40 ml.)
was added. Benzoy! chloride (21.7 g., 0.134 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 chloroforin
into dilute sodinm carbonate solution, the alkaline extract acidi-
fied with dilute hydrochloric acid, and the precipitated acid (30.4
g., 85%) was filtered off, washed, dried and crystallized from
agueous ethanol.

1-Benzovloxycvclopentane-1-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 mn1.), was dis-
tilled.

2-Diethylaminoethyl 1-Benzoyloxycyclopentane-1-carboxyl-
ate.—1-Benzoyloxycyclopentane-1-carboxylic acid chloride (2.53
£., 0.01 nmole) was added to a solution of 2-diethylaminoethanol
(1.2 g., 0.01 mole) in chloroform (15 ml.). The mixture wus
heated under reflux for 30 min., cooled, and ether was addel.
Excess of dilute sodium carbonate solution was added and the
chloroform—ether solution was washed with water (3 X 10 ml.)
aud 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 wuas nccessary te reduce this wusl in the case of tlie jdiperazive
derivatives beeause of their high water-sclubility.
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ether solution to give the desired amino ester (1.73 g.) as its
citrate monohydrate.

3-Piperidinopropy! 1-Piperidinoacetoxycyclopentane-1-car-
boxylate Dihydrochloride Monohydrate (VIII, n = 3, NR, =
NC;Hy).—3-Bromopropy!  1-chloroacetoxycyclopentane-1-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 1-(2-piperidinopropionoxy)cyclopentane-1-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 methyliodide
gave the bismethiodide, crystallized from an ethanol-ether solu-
tion.

Ethy! 1-(2-Chloropropionamido)cyclopentane-1-carboxylate—
Ethy! 1-aminocyclopentane-1-carboxylate hydrochloride” (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 wasremoved and the residue was distilled
to give the product (9.7 g.) which was crystallized from petroleum
ether (b.p. 60-80°).

Ethy! 1-(2-Piperidinopropionamido)cyclopentane-1-carbox-
ylate Hydrochloride (XII).—Ethyl 1-(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 1-(2-piperidinopropionoxy)cyclopentane-
1-carboxylate hydrochloride. The product (1.87 g.) crystallized
from ethyl acetate-light petroleum ether.  Treatment of a
portion of the produet with sodium carbonate solution and
addition of methy! iodide to the isolated free base gave the meth-
iodide.

Ethy! 1-(p-Nitrobenzamido)cyclopentane-1-carboxylate. —
Ethyl l-aminocyclopentane-1-carboxylate hydrochloride’ (12.0
g.) was mixed with p-nitrobenzoy! 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 1-(p-Aminobenzamido)cyclopentane-1-carboxylate Hy-
drochloride.—Ethyl 1-(p-nitrobenzamido)cyclopentane-1-car-
boxylate (6.12 g., 0.02 mole) was dissolved in ethanol (150 ml.)
containing ethereal hydrogen chloride (20 ml., 1.7 N), and 59,
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
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twice from an ethanol-ether mixture to give the product (4.90 g.).

2-Bromoethyl 1-Phenylcarbamoyloxycyclopentane-1-carbox-
vlate (XV, n = 2).—2-Bromoethy! l-hydroxycyclopentane-1-
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. Caled. for CsHisBrNOs: C, 51.0; H, 5.2; N, 4.1;
Br, 22.8. Found: C,50.6; H, 5.1; N, 3.9; Br, 224.

In a similar manner starting with 3-bromopropyl 1-hydroxy-
cyclopentane-1-carboxylate, 3-bromopropy! 1-phenylearbamoyl-
oxycyclopentane-1l-carboxylate (XV, n = 3) was prepared, m.p.
03-94° (from petroleum ether, b.p. 60-80°).

Anal. Caled. for CieH2BrNOs: C, 52.2; H, 5.6; Br, 21.6.
Found: C, 51.9; H, 5.5; Br, 21.6.

3-Phenyl-1-0xa-3-aza-spiro[4.4nonane-2,4-dione (XVI).—(a)
2-Bromoethy! 1-phenylcarbamoyloxycyclopentane-1-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 N). 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. Caled.for C;Hi3NO;: C,67.5; H,5.8; N,6.1.
C,67.5; H, 5.7; N,6.1.

(b) Treatment of 3-bromopropyl 1l-phenylecarbamoyloxy-
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°.

(¢) 2-Diethylaminoethyl 1-hydroxycyclopentane-1-carboxyl-
atet (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-Piperidinopropy! 1-hydroxycyeclopentane-1-carboxylate
hydrochloride (Table III) (2.92 g., 0.01 mole) was converted into
its base (XVIII) 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 pheny! isocyanate as in (¢). The product was again shown
to be identical with the spiro compound described under (a)
above.

Found:
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