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Summary - The synthesis and biological activity of a series of pentacyclo[5.4.0.0*~6.03~ta.0s~9]undecyl-8-amino derivatives are 
described. The activity of the compounds to antagonize the reserpine induced catatonia (anticataleptic) and their ability to reduce the 
oxotremorine induced tremor and salivation were determined in order to evaluate their potential as anti-Parkinson agents. Promising 
anticataleptic and mild to weak anticholinergic activities were observed for these compounds. The influence of substituents is dis- 
cussed. 

R&urn6 - La synthbe et I’activitC hiologique d’une serie de d&iv& pentacyclo[5.4.0.0~~6.03~~0.0~~9]und~cyl-S-aminCs sont 
d&rites. L’aptitude de ces composes a se comporter comme des antagonistes vis-a-vis de la catatonic induite par la reserpine 
(anticataleptique) ainsi que leur aptitude h re’duire le tremblement et la salivation induites par l’oxtremorine ont e’te’ e’value’es dans le 
but de determiner leur role e’ventuel comme anti-Parkinsoniens. Une action anti-cataleptique prometteuse et une activite’ anticholiner- 
gique moyenne d faible ont Pte’ observe’es. L’influence des substituants est discute’e. 

polycyclic compounds I pentacyclo-undecylamines I anticataleptic activity / anticholinergic activity / anti-Parkinson activity I 
acute toxicity 

Introduction 

The synthesis and chemistry of novel polycyclic 
hydrocarbon ‘cage’ molecules have been the aim of 
many research groups over the past half century [l-3]. 
Their potential as biological active agents was re- 
alized with the discovery by Davis et al that l-amino- 
adamantane 1, better known as amantadine, exhibits 
antiviral activity [4]. The biological activity profile of 
amantadine was further extended by the unexpected 
observation that amantadine can be beneficial to 
patients with Parkinson’s disease [6]. The antiparkin- 
sonian effects are further enchanced in combination 
therapy with levodopa [6]. The hydrophobicity of the 
hydrocarbon ‘cage’ of amantadine, although the 
amino group is protonated at physiological pH, 
enables it to cross the blood-brain barrier and to enter 
the central nervous system [6]. 

Considerable synthetic research has, since the intro- 
duction of amantadine, taken place in the field of 
polycyclic compounds [ 1-3, 7-101. However, biological 
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activity studies of novel polycyclic compounds have, 
to a large extend, been neglected. Compounds 2, 3, 4 
and 5 for example were reported to possess antiviral 
properties [7-lo]. The well known Cookson di- 
ketone 6 [ 1 l] formed the basis for numerous studies 
[l-3] into the chemistry of pentacycloundecyl 
compounds. We report the synthesis of the mono 
ketone 9 (scheme 1). Todate, the synthesis and bio- 
logical evaluation of pentacyclo[5.4.0.02~6.03Ja.Os,9]- 
undecyl-g-amino derivatives have not been underta- 
ken. We report here the synthesis of a series of 8 
amino derivatives of pentacyclo[5.4.0.02~6.Os~tO.Os.9]- 
undecane and their anticataleptic and anticholinergic 
properties in order to test their potential as anti- 
Parkinson agents. The acute toxicity of these deriva- 
tives were also determined to establish their thera- 
peutic indices. 

Chemistry 

The S-amino derivatives of pentacyclo[5.4.0.02~6.O%rO.- 
05,9]undecane were prepared from the well-known 
Cookson diketone 6 [ 111. We previously reported two 
routes (scheme 1) for the conversion of 6 to the mono 
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ketone 9 which proved to be a useful key intermediate 
for the synthesis of the amino compounds [ 12, 131. 
The longer route via the ketol 11 was found to be 
more successful with respect to both yield and ease of 
reaction [12, 131. 

The mono ketone 9 in a high yield (> 80%) could 
easily be converted by condensation with various 
primary alkylamines to the respective imines, which 
without purification afforded the desired secondary 
amines 13b-j upon reduction with NaBH, (scheme 1, 
tables I and II). The primary amino derivative 13a 
was prepared in 85% of yield, based on starting 
ketone 9, by lithium aluminium hydride reduction 
of the oxime, which was obtained by condensation 
of the mono ketone 9 with hydroxyl amine 
(scheme 1, tables I and II). The 13C NMR spectra 
of the newly synthesized pentacycloundecyl amines 
showed W signals that correspond to the number 
of carbon atomes supporting the proposed structures. 

Pharmacology 

Three in vivo experiments were performed to study 
the potential of the pentacyclic amino compound 13 
as an anti-parkinsonian agent. An Irwin dose-range 
study [14] in mice was performed to determine the 
acute toxicity of the test compounds. In the exper- 
iment for antagonism of the reserpine-induced 
catalepsy, the test compounds were evaluated for their 
action on the dopaminergic system [ 15, 161. The 
reversal of reserpine induced catatonia by agents 
crossing the blood-brain barrier, was suggested to be a 
useful model in the search for anti-Parkinson agents 
[ 151. Dopamine not being able to cross the blood- 
brain barrier, did not reverse the induced catatonia 
[ 151. The ED,,-values for reversing the reserpine- 
induced catalepsy were estimated for the test 
compounds in order to rank their relative potencies. 
The anticholinergic activity of the compounds was 
evaluated in an anti-oxotremorine experiment for the 
reduction of induced tremor [17] and salivation. The 
results obtained appear in tables III and IV. Amant- 
adine hydrochlorine was used as a control drug for 
both anticataleptic activity and anti-oxotremorine 
activity tests. Atropine sulphate was used as control in 
the anti-oxotremorine test. 

Results and Discussion 

The Irwin dose-range behavioural study indicated that 
the drug-induced behavioural changes are similar to 
those observed after administration of amantadine 
[18]. Signs of possible weak central nervous system 
stimulation were generally observed and for some 
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Table I. Physical data of pentacyclo undecylarnines (13a-j). 

Analysis 

Substituent (R) mp (“C) Formula (M+) Yielda Calculated Found 
(%) C H N C H N 

13a Hydrogen 250 C,,Hr6NCI (161) 

13b Methyl 270 C,2H,BNC1 (175) 

13c Ethyl 312 C,,H,$\TC1(189 

13d B-Hyclroxyethyl 268 C,3H2fiC1 (205) 

13e Isopropyl 236 C,4H,,NC1 (203) 

13f Butyl 265 C,SH2,NCl (217) 

1% Isobutyl 278 C,SH,,NCl (217) 

13h Pentyl 223 &H,,NC1(23 1) 

13i Benzyl 276 C,9H2,N (251) 

13j Octyl 186 &H3,N (273) 

aIsolated yield based on starting ketone 9. 

85 66.81 8.16 7.09 67.21 7.83 6.83 

91 68.07 8.57 6.61 68.40 8.57 6.61 

84 69.16 8.93 6.20 69.01 8.93 6.21 

92 64.58 8.34 5.79 64.32 8.21 5.62 

80 70.12 9.25 5.84 69.88 9.10 5.62 

80 70.98 9.53 5.52 70.91 9.69 5.31 

82 70.98 9.53 5.52 70.62 9.71 5.34 

87 83.06 10.89 6.05 82.88 10.98 5.89 

90 75.11 7.70 4.87 74.82 7.52 4.98 

90 83.45 11.42 5.12 83.01 11.60 5.01 

Table II. t3C NMR data of pentacyclo undecylamines 
(13a-j). 

Compound PPM 

compounds even convulsions were noted. A clear 
increase in the locomotor activity was noted and stereo- 
type behaviour (stimulation of dopamine receptors) 
[19] included, amongst others, head flicking and un- 
controlled licking. The onset of the behavioural 
changes occurred as early as 30 min post-dose and 
lasted as long as 5 h. The high hydrophobicity of these 
compounds could account for this biokinetic be- 
haviour. Deaths only occurred during the first 24 h post- 

13a 

13b 

13c 

13d 

13e 

13f 

1% 

13h 

13i 

13j 

57.5; 52.9; 50.6; 49.3; 47.6; 46.8; 46.2; 42.6; 
40.8; 40.1; 34.2 
60.1; 47.0; 44.4; 42.0; 41.8; 41.0; 40.0; 35.1; 
35.0; 34.2; 33.0; 29.2 

57.8; 46.9; 44.2; 42.7; 42.11; 41.9; 41.0; 39.8; 
35.5; 35.2; 34.1; 29.4; 11.0 
59.2; 57.3; 50.6; 47.0; 44.4; 41.9 (2 x C); 
41.0; 39.9; 35.3; 35.1; 34.3; 29.3 

55.4; 50.8; 46.6; 43.9; 42.5; 41.7; 41.0; 39.5; 
36.1; 35.2; 34.0; 29.5; 18.8 (2 x C) 
58.0; 47.3; 46.8; 44.1; 41.9 (2 x C); 41.0; 
39.7; 35.4; 35.1; 34.1; 29.3; 27.4; 20.0; 13.3 
58.0; 54.2; 46.5; 43.6; 41.5 (2 x C); 40.7; 
39.3; 34.9; 34.8; 33.8; 29.0; 25.0; 20.4 (2 x C) 
58.0; 47.4; 46.7; 44.0; 41.8 (2 x C); 40.9; 
39.6; 35.3; 35.0; 33.9; 29.2; 28.7; 25.0; 21.7; 
13.5 
130.8; 130.0 (2 x C); 128.7; 128.6 (2 x C); 
57.2; 50.8; 46.7; 43.9; 42.3; 41.7; 40.7; 39.6; 
35.7; 34.9; 33.9; 29.4 
58.0; 47.5; 46,7; 44.0; 41.9; 41.8; 40.9; 39.6; 
35.4; 35.0; 34.0; 31.3; 29.3; 28.7 (2 x C); 
26.7; 25.4; 22.2; 13.6 

Table III. Acute toxicity (LDSO), anticataleptic activity 
(ED,,) and therapeutic index of the pentacyclo undecyl- 
arnines (Isa-j). 

Compound LDsO 
(m&d 

EDso mglkg Therapeutic 
(95% confidence indexa 

limits) 

13a > 1000 86.2 (56-139) > 11.6 
13b 390 26.2 (16 44) > 14.8 
13c 825 31.8 (20- 49) 25.9 
13d > 1000 31.8 (51-131) > 12.2 
13e 994 93.5 (58-150) 10.6 
13f 315 34.4 (21- 54) 9.1 
1% 770 182.6 (77434) 4.2 
13h 382 27.2 (17- 46) 13.8 
13i > 1000 74.0 (42-132) > 13.5 
13j > 1000 54.8 (31- 97 > 18.2 
Amantadinc 1000 17.3 ( 9- 34) 57.8 

Therapeutic index LDJED,, 
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Table IV. Anti-oxotremorine activity of pentacyclo unde- 
cylamines (13a-j). 

Mean score f SEM 

Compound Dosea Tremor Salivation 
hglkd 

13a 
13b 
13c 
13d 
13e 
13f 
1% 
13b 
13i 
13j 
Vehicle 
Amantadine 
Artropine 

2.4 f 0.2 
2.5 + 0.2 
2.5 Lk 0.2 
2.6 * 0.2 
2.3 + 0.2 
2.2 f 0.2 
2.7 f 0.2 
2.3 zk 0.2 
2.3 f 0.2 
2.6 + 0.3 
3.0 Ik 0.1 
2.6 f 0.2 
1.1 Z!Y 0.3 

2.2 z!z 0.4 
1.1 * 0.4 
1.4 f 0.2 
2.2 + 0.2 
2.5 f 0.3 
2.0 + 0.2 
2.4 + 0.2 
2.3 f 0.3 
2.3 + 0.2 
2.7 f 0.2 
2.8 f 0.1 
1.5 f 0.2 
0.3 f 0.2 

aDose which exhibited the highest activity 

dose (table III). The highest toxicity was observed for 
the N-methyl 13b, N-butyl 13f and N-pentyl 13h 
derivatives. It appears that substitution of the primary 
amino 13a with an alkyl group of medium lenght ie C5 
has a marked negative influence on the acute toxicity. 
The branched isopropyl 13e and isobutylamines 13g 
as well as the more hydrophylic ethanolamine 13d 
exhibited relatively low acute toxicity. 

The anticataleptic activities of the amino com- 
pounds are expressed in terms of the ED,,-values and 
therapeutic indices (table III). The straight chain 
amines 13b, 13c, 13f and 13h where the carbon chain 
is less than 5 carbons are approximately equiactive 
(ED,,-values vary between 26 and 35 mg/kg) and 
compare favourably with that of amantadine (17.3 mg/ 
kg). However, their higher acute toxicity results in 
considerably lower therapeutic indices (TI 26) when 
compared with amantidine (TI 57). The branched 
amines 13e and 13g as well as the more hydrophylic 
ethanolamine 13d showed mild to weak anticataleptic 
activities. The most promising compound of this 
series in terms of therapeutic index is the ethyl sub- 
stituted amine 13~. 

The anti-oxotremorine activities (table IV) indicate 
weak to mild anticholinergic activity for the amines 
reducing oxotremorine induced salivation and to a 
lesser extend reducing tremor. 

This study has shown the potential therapeutic 
value of the this pentacyclo[5.4.0.02~6.0s9ia.0599]- 
undecyl series. Promising activity was generally ac- 
companied by higher toxicity. These results de- 
monstrated that pentacycloundecyl-8-amines of this 
type possess promising anticataleptic activity. The N- 
ethyl substituted amine 13c appears to be the most 

promising compound of this series. However, the 
theraneutic indices of all the comDounds are less 
favourable throughout than that of imantadine. The 
weak anticholinergic activity found for these com- 
pounds suggests that any potential antiparkinsonian 
activity is due to their positive influence on the central 
dopaminergic system. 

Experimental protocols 

Chemical synthesis 

Melting points were determined on a Gallenkamp apparatus 
(design no 889339) and are uncorrected. A Pye Unicam 104 
instrument was used for glc analysis (2% Carbowax on Celite. 
Mass spectra were recorded at 70 eV on an AR1 MS 12 
spectrometer, using direct insertion. Elemental analyses were 
performed on a Perkin Elmer model 240 analyser and data 
were within about 0.4% of the theoretical values. NMR spectra 
were recorded on the following Varain spectrometers: T60, 
EM-390, HA-100 and CFT-20 and on a Bruker WM-300 
spectrometer using TMS as internal standard with CDC!, and 
D,O as solvents. Infrared spectra were obtained wtth a 
Beckmann Acculab 4 spectrometer in carbon tetrachloride and 
KBr-disks. Compounds 7,8, 9, 10, 11 and 12 were synthesized 
according to previously reported procedures [ 121. 

8-Alkylamino pentacyclo[5.4.0.02s6.03J0.05f9]undecanes 
(13b-j), general procedure 
Pentacyclo[5.4.0.02J6.Os~ta.Os~~]undecane-8-one 9 (6.2 mmol) 
was dissolved in absolute alcohol (8 ml) which contained the 
desired alkylamine (8.5 mmol). The solution was sealed in a 
glass tube and heated for 12 h at 100°C. The solution contain- 
ing the resulting imine was then cooled in ice and a solution of 
NaBH, (50 mmol) in cold water (20 ml) was added slowly. The 
mixture was then stirred for 5 h at room temperature, diluted 
with water (50 ml) and extracted with ether. The ether solution 
was washed 3 times with water and then extracted with 5% 
hydrochloric acid. The latter hydrochloric acid solution was 
washed twice with ether. made alkaline with NaHCO, and 
extracted with ether. The ether extract was dried over N&SO4 
and evaporated under reduced pressure. The free base was 
isolated as a colourless to light yellow oil and was redissolved 
in dry ether, Ether saturated with hydrogen chloride was added 
to the ether solution containing the free base. The resultant 
precipitate was recrystallised from ethanol to yield colourless 
crystals. The physical data of the amino compounds prepared 
are shown in tables I and II. 

&Amino pentacyclo[5.4.0.02~6.O~J~.O~~~]undecane (13a) 
To a solution of pentacyclo[5.4.0.02,6.0sXtc.0s~9]undecan-8-one 
9 (13 mmol) in ethanol (50 ml) hydroxylamine hydrochloride 
(29 mmol) and a 30% sodium hydroxide solution (20 ml) was 
added. The mixture was heated under reflux for 5 h, cooled and 
neutralised by bubbling carbon dioxide through the solution. 
The resultant solution was extracted with dichloromethane. The 
dichloromethane was then washed with water, dried over 
sodium sulphate and concentrated under reduced pressure to 
yield the desired oxime. The oxime was without purification 
dissolved in dry tetrahydrofuran (30 ml) and added dropwise 
over a period of 10 min to a stirred suspension of lithium 
aluminium hydride (13.1 mmol) in dry tetrahydrofuran (20 ml). 
The reaction mixture was then decomposed with aqueous 
ammonium chloride, diluted with water (200 ml) and extracted 
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with ether. The ether extract was washed twice with water and 
then extracted with 5% hydrochloric acid. The latter hydro- 
chloric acid solution was washed twice with ether, rendered 
alkaline with sodium carbonate and extracted with ether. The 
ether extract was dried over sodium sulphate. 

To this ether solution, ether that had been saturated with 
hydrogen chloride was added. The precipitated product was 
collected by filtration. Recrystallisation from ethanol yielded 
colourless crystals of 13a, of which the physical data are 
shown in tables I and II. 

compounds or vehicle, each mouse was placed with its 
forepaws on a 5 cm high cork, in order to assess the presence 
or absence of catalepsy. Mice which remained in this position 
for 5 min were considered cataleptic. The ED,, (ie the dose of 
the test compound causing a reduction of the catalepsy score to 
50% of the control group) values were determined. Each test 
compound was tested at doses of 100, 30 and 10 mg/kg. A 
constant dose vol of 10 ml/kg was employed. 
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