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SUMMARY Pursuing our investigations on N-aryl or N-cycloalkyl substituted 
amides andjormamidines with antiinflammatory and/ or analgesic activity, two set 
oj cycloalkyl substituted amides and jormamidines were prepared and tested jor anal
gesic activity against a chemical stimulus. Some compounds, particularly the amides 
7, 11, 17 and the jormamidine 35 proved to be endowed with this activity. 

RIASSUNTO Proseguendo 10 studio di ammidi e jormammidine recanti re-
sidui aritici 0 cicloalchitici e dotate di attivita antiinjiammatoria e/o analgesica so
no state preparate due serirdi derivati ammidici e jormammidinici recanti spezzoni 
aliciclici. I composti sono stati saggiati per la ricerca dell'attivita analgesica contro 
stimolo chimico. Alcuni prodotti sono risultati attivi; appaiono interessanti le am
midi 7, 11, e 17 e l'ammidina 35. 

Introduction 

As development of former studies on amido derivatives (1,2) in a re
cent note (3) were described the antiinflammatory and anti nociceptive acti
vities of some 7-(dimethylaminomethylene)-aminoindole derivatives, variou
sly alkylated in positions 3 or 2 and 3 and of the analogous derivatives of 
simple aromatic and alicyclic amines. With the aim of a more accurate eva-

(*) To whom correspondence should be addressed. 
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luation of the contribution to peripheral analgesic activity of the moieties 
in which the molecule can be formally split up, two large sets of amides 
and dimethylaminomethylene derivatives of cyclopentyl (Scheme 1) and cy
clopentenylamine (Scheme 2) were prepared, utilizing the acyl re si dues pre
sent in the more active compounds, previously described (1,2). 
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The preparation of ami des 1-24 was performed by stirring the benzene 
solution of the suitable amino compound with an excess of appropriate acyl 
halide at room temperature, in the presence of triethylamine. 

The maleamic acids 25-30, the formamidines 33-35 and the 
trifluoromethylsulfonyl ami des 38-41 were prepared as already described 
(1,2,3) 

The characteristics of compounds 1-41 are listed in Table I. 
The structures of the obtained compounds was generally supported by 

elemental analysis and NMR spectra (Table 11); for the derivative 24, al
ready known (4), by the agreement of its physical characteristics with bib
liographic data, while the formamidines 31-36 and trifluoromethylsulfonyl 
ami des 37-41 were characterized through GC-MS spectra (Table Ill). 

The starting amines were prepared according to the literature: (± )trans-
2-aminocyclopentanol through ammonolysis of cyclopentene oxide (5,6), 
(± )cis-2-chlorocyclopentylamine by the action of phosphorus pentachloride 
on the hydrochloride of the preceeding amine (5,7), (± )trans-2-
methylcyclopentylamine through the reduction of 2-methylcyclopentanone 
oxime (8) with sodium and alcohol, and (± )3-methyl-cyclopentylamine 
through catalitic reduction (8) of 3-methylcyclopentanone oxime; at last 3-
aminocyclopentene through the reaction of cyclopentadiene with dry hydro
gen chloride followed by ammonolysis of the resulting chlorocyclopentene 
(9). 

• 
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Comp. FoalOnl, 

1 

2 2H14N02CI 

3 2H13NOC12 
4 CI3HI6NOC( 

S 3HI6NOC( 

I> C12HI2NOCI 

7 SH21 N04 
8 SH21 N05 
9 sH2oN°4CI 

10 CI6H23N04 
11 CI6H23N04 
12 C15Hl~04 

13 C14H16NOC'1 

14 CI4HI~02CI 

IS C 14H, SNOC12 
16 C1SH1SNOC'I 

17 C1SH1SNOCI 

18 CI4H14NOCI 

19 C17H23N04 
20 C17H23N04 

21 CI7~2N04CI 

22 C1sH2sN°4 

23 ClsH2SN04 

2S C<)fUN03 

26 C<)f13N04 

27 C<)f12NOFl 

28 CIOHISN03 
29 CIOHISNOJ 

.JO C<)fIIN03 
CgH1SN2CI 

34 C9HISN2 

3S C<)flSN2 

38 C6HION03SF3 
39 C6~02SCIFJ 

40 C7HI2N02SF3 

41 C7H12N02SF3 
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TABLE I 

Characteristics of compollnr!1 1-41 

M. W Analyses 

CHN 

CHN 

CHN 

237 eHN 

221 CHN 

279 CHN 

295 CHN 

313 CHN 

CHN 

CHN 

CHN 

CHN 

CHN 

eHN 

CHN 

263 CHN 

247 CHN 

CHN 

321 CHN 

CHN 

CHN 

CHN 

183 CHN 

CHN 

eHN 

CHN 

CHN 

181 CHN 

1 GC-MS 

1 GC-MS 

I GC·MS 

233 GC-MS 

251 GC·MS 

231 GC-MS 

231 GC·MS 

m.p. or 
b.p.(mmHg) 

167-160 

149-151 

138-140 

135-136 

200-202(4) 

179-180 

145-146 

159-160 

182-184 

157-159 

140-141 

170-172 

192-193 

168-169 

44-46 

140-142 

202-203 

178-179 

198-200 

166-167 

189-190 

161-162 

123-124 

110-111 

47-49 

63-64 

75-77 

105-106 

82 (3 nanHs) 

50 (4 mm Hg) 

106 (12rmnHS) 

IIS(0.2rmnHg) 

110(0.4.mIlHs) 

80(0.6rmnHg) 

70 (0.6mmHS) 

Yield Reaction Method of 
% purificetion 

64 Ih B 

78 Ih A 

8S 30' A 

66 Ih,30' C 

47 Ih,30' C 

68 30' A 

60 Ih B 

60 30' C 

65 30' A 

52 Ih,30' A 

41 Ih C 

74 20' C 

67 30' C 

62 2h 0 

67 20' C 

50 30' C 

52 2h C 

75 30' A 

55 Ih E 

60 30' A 

60 1h A 

65 30' A 

60 2h A 

76 Ib A 

70 Ib A 

65 1h A 

65 Ib A 

57 Ih A 

86 40' F 

49 Ib F 

93 50' F 

45 F 

50 F 

50 F 

20 F 

A) Cry-taUization Ill). B) (rilica 81'1 coron ... 
3/2 \. C) (dMool). D) Cbroo.m"8f8tlhy (silica gel cohn .... eIuc.'· PebolellDl etber-diethy! 
rlhn- 3/2 ). E) CrystaIJi7Jltion (tdrahy«k-ofuran-mc lbarol). ll) Distillation under vacuum (bulb to bulb) 
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Solvellt 

1 . 6 
CDCI] 

13 - 18 

19 - 23 
CDCI3 

2~ - 30 

11 - 35 
CDC4 

38· 41 

Products 

33 

34 

35 

38 

39 

40 

41 

TABLE II 

lH-NMR spectra collected for molecules with similar structures 

0.95·L1(d,CHJ); L2·2.S(m,CH2); 3.3 (s,OHfortbeproduct2); 4-5(m,CH); 5.5 

(m, CH=CH for the ~oduct 6 ); 5.6· 6.6 ( s, NH); 7 - S ( m, ... omatics ). 

0.8·1 (m, CH); 1-3 (m, CH1); 3.3-4 (s, OCH3); 4.6 (s, OH for the product 8); 4.1-5.2 

(m, CH); 5.4-6 (m, CH=CH for the product 12); 6-6.7 (s, NH); 7-8 (m, aromatics). 

0.8-1 (m, CH3); 1-2 (m, CH2};3.8-5.2 (m, CH); 4.7 (s, OH for the product 14); 5.7 (m, 

CH=CH fortbe ~oduct 18); 6.4-6.8 (d, CH-CH cinnamic); 6.1-7.9 (5, NH); 7-8 (m, 
• 

O. 1.2 (m, CH3); 1.3-3 (m, 4. (g, ~oduct 20); 6.2-

6.6 (m, CH=CH cinnamic); 6.3-7.8 (s, NH); 7-8 (m, aromatics). 

0.8-1.2 (m, 1.3-2.1 (m, (,H2); 3.5-4 CH); 4.6 OH 

26); 5·5.7 (m, CH=CH for the productJO); 5.9-6.4 (K, NH); 5.8-6.5 (m, CH=CH); 8-9 

7.25-7.27 (s, CH=N). 

0.95-1.1 CH3); \.2-2.2 (m, CH2); 3.4-4.4 CH); 3.85 (s, OH 34); 

3.25-5.15 (s, NH). 

TABLE III 

GC-MASS spectra of compounds 33-35 and 38-41 

t,. 
(ruin) Most 1IIII'0rtllllt frasments (ut/e) 

12,96 174 : (M+); 176: CM + 2)+; 139 : (M+ - Cl' ); III : (139 - CH2=CH2); 

57: (CH-N-(CH312) 

9,08 154 : (M~; 139: (W- CH3'); 111 : (139 - CH2-CH2) 

9,19 Slnar fi8gntflllA!ioo of 34 

5,18 233: (W); 133 : (w- S~-CF3); 116: (133 - OH') 

4,28 
251 : (W); 253 : (M + 2) +; 189: (M+- CHCI=CH2) ; 162: (189-

- 'CH-CH2) 

5,20 
231: (M~; 189 : (M+- CH3-CH=CH2) 

5,42 :qullle of40 
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Chemical experimental section 

Melting points were determined using a Kofler apparatus and were not corrected. 
Elemental analyses (C,H,N) were performed at the Micro-analytical Laborato

ry of the Department of Pharmaceutical Sciences, Padua University, and the ana
lytical results for the elements indicated were within ±0.307o of the calculated values. 

IH-NMR spectra were taken on a Varian VXR 300 (at the CNR laboratories; 
Sassari), using CDCl3 or DMSO as solvents with TMS as internal standard. GC
Mass spectra were obtained on a HP 5970A apparatus, using a capillary column 
SE30 of 12 m length (34-35) and SE52 of 25m length (3841); programmed tempera
ture was from 80°C to 180°C (5°C/min.), detector temp. was 280°C and the carrier 
gas was Helium of 99.9998% purity, at 10 psi pressure. 

N-Aroylcyclopentylamines 2 or 3 monosubstituted (1-23) 
A stoichiometric quantity plus a 25% excess of the desired acyl halide, dissolved 

in 10-15 ml of benzene, was dropped slowly into a solution of 5 mmoles of amine 
and 6.5 mmoles of TEA in 30 ml of benzene. The mixture was stirred at room tem
perature for a time variable from 20 minutes to 2 hours (Table I); then the reacting 
mixture was filtered and the benzene solution was shaken with a solution of 
NaHC03 (5%) and subsequently with water. After benzene removal, pure com
pounds were obtained generally by crystallization of the residue from alcohol or 
hydroalcoholic mixtures, whereas in some cases it was necessary a chromatography 
(Table I) on silica gel. 

N-(2/3-R-cyc/opentyl)- and N-(cyclopentenyl)-maleamic acids (25-30) 

In a solution of 1 mmole of amine in 10 ml of tetrahydrofuran, free from perox
ides, 1 mmole of maleic anhydride dissolved in 20 ml of the same solvent was dropped. 
The mixture was further stirred, at room temperature, for 1 or 2 hour (Table I). 
Finally the solvent was removed under reduced pressure and the residue was crystal
lized as indicated in Table I. 

N,N-Dimethyl-N' cycloalkyljormamidines 2 or 3 monosubstituted (33-35) 
A stoichiometric quantity plus a 20% excess of dimethylformamide dimethylace

tal was dropped rapidly into a boiling solution of 5 mmoles of amine in 15 ml of 
benzene and the mixture was further refluxed for 0.5 to 1 hour. The solvent was 
removed under reduced pressure and the crude oils were distilled under vacuum (Table 
I). 

(N- Trijluoromethylsuljonyl)cyclopentylamides 2 or 
3 monosubstituted (38-41) 

A solution of 5 mmoles of amine in 30 ml of dichloromethane was cooled, un
der stirring, with a suitable immersion cooler (SEDAS DF 100). When the solution's 
temperature reached - 30°C a stoichiometric quantity of triethylamine was added 
and when the temperature reached - 80°C the stoichiometric quantity plus a 10% 
excess of trifluoromethylsulfonic anhydride was slowly dropped. Finally the tem
perature was allowed to rise slowly to room value and the solvent was removed un
der reduced pressure. The crude oils were distilled under vacuum (Table I) leaving 
back the triethylamine trifluoromethylsulfonate. 
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Materials and methods 
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For the detection of antinociceptive properties, male Swiss mice (Nossan) were 
used. The animals, weighing 18-22 g, were divided in groups of ten and stabulated 
at constant temperature (21 ± 1 0c) and humidity (60 ± 5070) with alternating 12 hour 
periods of light and dark. 

The animals were fed with Nossan feed in pellets and aqua jontis and libitum. 

Antinociceptive activity against a chemical stimulus (peripheral analgesia) 

This type of analgesia, which seems to involve receptors ". and x, was evaluated 
through the inhibition of writhings induced by the i.p. injection of phenylquinone 
(2 mg/kg as a 0.02% solution in 5% ethanol). 

The test compounds were administered per os at the dose of 0.167 mmollkg 
suspended in a 10% arabic gum solution. 

The animals were dosed 60 minutes before the phenyl quinone injection. 
For every point three groups of 10 mice each were used. For each experiment 

two groups (one at the beginning and one at the end) of control animals receiving 
only the quinone i.p. and the arabic gum per os were employed. 

After the injection of phenylquinone the animals were introduced into a glass 
cylinder and the writhings were recorded for 20 minutes starting from the fifth minute 
after injection. 

The results are expressed as a percent variation in writhings number compared 
to that of the control animals (Table IV). 

In order to detect any gross overall effect of the absorption-elimination rate 
and/or of metabolic activation, the antinociceptive activity of the four most active 
compounds (7,11,17,35) was also measured 15, 30 and 120 minutes after the drug 
(0.167 mmoles/kg; p.o.) administration (Table V). 

Moreover, having observed that in all cases the peak of activity occurred at 60 
minutes from administration, the dependence of activity from dose at that time was 
investigated (Table VI). 

Results and Discussion 

The results of the writhing test on the newly prepared compounds are 
illustrated in Tables IV, V and VI. For comparison, in Table IV are includ
ed also the results relative to a few correlated compounds previously described 
(2,3). 

From Table IV it is evident that, apart from compounds 36 and 37 al
ready described, only four compouns (7,11,17,35) exhibited a fairly good 
activity, while six more (2,4,8,10,16,19) were just moderately active, being 
more or less comparable with acetanilide given at the same dosage (2), tak-
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ing into account that acetanilide was tested against formic acid induced writh
ings. The remaining compounds were poorly active or completely inactive; 
some of them (3,6,9,15,27) were even endowed with strong hyperalgesic ac
tivity. 

The trifluoromethylsulfonyl derivatives were rather more toxic than the 
other tested compounds; thus at the dose of 0.167 mmoles/kg (used for all 
compounds) mortality was observed and it was impossible to establish the 
eventual anti nociceptive activity. The shortage of material prevented to test 
these compounds at lower doses. 

With regard to structure-activity relationships, only a few preliminary 
observations may be warranted. 

The active compounds were mainly derived from cyclopentyl and 2-
or 3-methykyclopentylarnines; the 3-methyl derivatives were generally more 
active than the 2-substituted isomers. 

The 2-hydroxy- and still more the 2-chloro-cyclopentylamido deriva
tives were only occasionally endowed with modest activity, being generally 
inactive or even endowed with hyperalgesic activity. Similarly, all but one 
of the cyclopentenyl derivatives were inactive or hyperalgesic. Thus the good 
analgesic activity of the cyclopentenylamidine 36, previously described, 
represents an exception that is difficult to explain. 

Considering the acyl moieties, the 3,4,5-trimethoxybenzoyl one was the 
more commonly present in active compounds, with the due reservation con
cering the trifluromethylsufonyl residue, since the corresponding derivatives 
might be active at lower doses than that presently used, which proved toxic. 
The maleyl derivatives were poorly active or inactive, nevertheless the very 
strong hyperalgesic activity of the 2-chlorocyclopentylmaleamic acid (27) 
is somewhat surprising. 

The antinociceptive activity of the four most active compounds (Table 
V) reached the maximal intensity after 60 minutes from the oral adminis
tration. It is worth noting that compounds 17 and 35 presented a rapid on
set of activity, differing from the trimethoxybenzoyl derivatives 7 and 11, 
the activity of which increased slowly. Compound 17 exhibited a moderate 
level of activity also after two hours. 

Unaccountable was the variation of activity with a growing dose from 
1124 mmoles to 1 mmole/kg (Table VI). 

Compounds 7,11 and 35 presented a maximum of activity, respective
ly, with a dose equal to 1/12 and 1/6 of mmoles/kg; a further increase of 
the dose resulted in a decrease of activity. However, in the case of com
pounds 17 the activity augmented in the whole span of doses investigated, 
although such increase of activity was very modest with doses from 1/6 to 
1 mmole/kg. 

A more appropriate discussion of the present results will be possible 
after completion of the screening of another set of similar derivatives . 

• 
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TABLE IV 

Antinociceptive activity: phenylquinone writhing test (a) 

Comp. I 2 3 4 5 6 7 8 

Vac. %(b) -2.1 -25.8 +23.8 -19.4 -3.1 +37.2 -33.3 -18.3 

Comp: 9 10 11 12 13 14 IS 16 

Vac. % +26.4 -22.2 -33.1 -5.5 -9.8 -10.6 +40.7 -20.0 

Comp. 17 18 19 20 21 22 23 24 

Var. % -43.2 -5.6 -22.4 +0.8 -7.6 -12.8 -5.1 +0.4 

Comp. 25 26 27 28 29 30 31(3) 32(3) 

Vac. % -13.2 -13.3 +84.5 -7.2 -6.5 +0.3 +9.9 +13.6 

Comp. 33 34 35 ]6(3) 37(2) (c) 38 39 40 
41 

Vac. % -14.2 +14.0 -32.3 -45.7 -56.7 (*) (*) (*) 

(a) Dose: 0.167 mmoles/kg 
(b) Var. %: percent variation of writhings during 20 min. compared with control animals 
(inhibition-, increase +). Reading was started 5 min. after phenylquinone injection; the irri
tant was introduced 60 min. after compounds administration. 
(c) in reference (2), formic acid was used as irritant. 
(*) about half of the animals died during the experiment. 
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TABLE V 

Wrighings inhibition at different time from drug administration (0.167 mmolesl kg) 

% Inhibition 

tiiij; 
IS' 30' 60' 120' • 

~ 

7 6.2 14.9 33.3 4.0 

11 - 1.2 6.0 33.1 14.8 

17 33.0 26.8 43.2 23.7 

3S 19.2 11.8 32.3 16.9 

TABLE VI 

Writhings inhibition with different doses at 60 min. from drug administration 

% Inhibition 

0.0416 0.083 0.167 1 

~ 
7 12.1 44.4 33.3 17.4 

11 -5.4 -14.8 33.1 30.4 

17 1.2 24.2 43.2 49.4 

3~ 0.3 6.0 32.3 13.8 
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