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Abstract

The synthesis of series of unsubstituted, 9-exo-( dialkylaminomethyl ) -, and 9-endo-(aralkyl)tricyclo [ 5.2.1.0*°] decane-8-ketoximesesters
and ethers 3a—j, 4a-d, 7a—j and 13a—d from the oxime synthons 2, 6a—e, 12a and 12b, respectively, is described. All the obtained compounds
displayed noticeable local anesthetic potential. Among them, the oximino ether4d (EDs, = 0.15 mg/kg) and the oximino ester 3a (ED, = 0.23
mg/kg) are the most active of the series and possess higher potential than the reference standards. Some of the target compounds evoked
anaigesic effect, specially the oximino ether 7i which is the most potent of the series and is stronger than acetylsalicylic acid but weaker than
morphine hydrochloride. © 1998 Elsevier Science S.A. All rights reserved.
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1. Introduction

It has previously been reported that many oxime surrogates
of various cycloalkyl I [1] and bicyclic structures I [2,3],
ITI [4] and IV [5] elicit noticeable local anesthetic and
analgesic properties.
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In earlier communications we have documented the potent
local anesthetic V [6] and analgesic VI [7] profiles among
many tricyclo[5.2.1.0°°]decane derivatives. This tricyclic
system possesses considerable lipophilicity, which is one of
the factors required for the enhancement of the local
anesthetic and analgesic effects [8,9].
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Accordingly, it is envisioned to design and synthesize cer-
tain tricyclo[5.2.1.0>°]decane-8-ketoxime esters 3a—j and
ethers 4a—d, 7a—j and 13a-d to be pharmacologically eval-
uated for both their local anesthetic and analgesic potential.

The strategies for the synthesis of these derivatives 3a-j,
4a—d, 7a—j and 13a—d are outlined in Schemes 1-3.
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Scheme 1. Esters of tricyclo[5.2.1.07°|decane-8-ketoximes (3a—j. Table
1). Method A: CH,COCI/TEA/dry benzene. Method B: ArCOOOH/

DCCDI/DMAP/THF. Method C:  ArCOOH/CICOOC,H,/TEA/dry
CH,Cl..
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2. Chemistry

The oxime esters 3a—j (Scheme 1 and Table 1) were
obtained by the oximation of the tricyclic ketone 1 to give
the oxime 2 [ 10]. The latter underwent esterification either
by (i) benzoyl chloride in the presence of triethylamine in
dry benzene [ 11]; (ii) dicyclohexylcarbodiimide ( DCCDI)
coupling [ 12] with the appropriate acid in the presence of a
catalytic amount of 4-dimethylaminopyridine (DMAP) in
tetrahydrofuran (THF): or (iii) the mixed anhydride route
[ 13] using the appropriate acid, ethylchloroformate and tri-
ethylamine in dry methylene chloride (Scheme 1). In
Scheme 2, the basic tricyclic ketones 5a—e [ 14| were assem-
bled through Mannich reaction, in which the ketone 1 was
refluxed with paraformaldehyde and the appropriate second-
ary amine hydrochloride [ 15]. Under these reaction condi-
tions the dialkylaminomethyl Mannich groupings acquire the
9-exo position, following the exo rule of Mannich reaction in
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the bicyclic system ketones [16]. The oximes 2 and 6a—e
were obtained from their corresponding ketones 1 and Sa-e
by the conventional oximation reaction. Elaboration of com-
pounds 2 and 6a—e to the targeted oximino ethers 4a—d ( Table
2) and 7a—j (Table 4) was accomplished through etherifi-
cation with the appropriate alkyl halide in the presence of
sodium hydride in N,N-dimethylformamide (DMF). Due to
the scarce yields of 7c,f~h on following route A, an alternative
synthetic pathway was adopted to give higher yields (route
B). Thus, 5a—e were refluxed with benzyl- and/or phenethyl-
oxyamines 8a,b [ 7] (Scheme 2) to obtain the desired ethers
7cf-h. The arylidenes 9a.b, described in Scheme 3, were
prepared by the reaction of the tricyclic ketone 1 with benz-
aldehyde and/or 3.4,5-trimethoxybenzaldehyde and potas-
sium hydroxide in ethanol |[6]. Subsequent catalytic
hydrogenation with 10% Pd/C in THF under normal pressure
and at room temperature resulted in a mixture of both the
required ketones 10a,b and the alcohols 11a,b, as shown by
the infrared bands at 3477 and 1739 cm ™' for the OH and
C=0 groups, respectively. This mixture was subsequently
subjected to Jones™ oxidation reaction conditions [ 18] with
an aqueous solution of chromic acid and ether to lead cleanly
and exclusively to the desired ketones 10a,b. Sequential oxi-
mation of 10a and 10b with hydroxylamine hydrochloride
and potassium hydroxide in ethanol yielded the oximes 12a
and 12b, respectively.

Confirmation of the stereochemistry of the aralkyl group
of the oximes 12a,b was achieved by the LiAIH, reduction
of 12a,b to afford exclusively — according to the exo attack
of complex hydride ions on unsaturated groups of the 1 and
7 unsubstituted norbornanone system [10] — the endo-
amine 14.

4a-d

\ HzNO(CHz)n —/

Route B

8a and Bb

i NH;OH-HCI and ethanolic KOH or pyridine for 6¢, reflux for 18h.

ih = (R)2 NH-HCI/(CH,0),/AcOH (at 100°C for 18h).

iti  : NaH/DMF/the appropriate alkylhalide at 80°C for 4 h
Scheme 2. Aralkyl- and dialkylaminoethy! ethers of tricyclo|5.2.1.0>° |decane-8-ketoximes (4a—d, Table 2) and aralkyl ethers of 9-exo-(dialkylamino-

methyl)iricyclo] 5.2.1.0%°| decane-8-ketoximes (7a—j, Tahle 4).
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Scheme 3. Dialkylaminoethyl ethers of 9-¢ndo-(aralkyl)iricyclo[ 5.2.1.0**] decane-8-ketoximes ( 13a—d, Table 5).

Tricyclo[5.2.1.0°°] decane-8-ketoxime 2 was prepared
according to the reported procedure cited in Ref. [ 10], m.p.
81-84°C, 95% yield (isopropanol).

4.1.1. Benzoyl ester 3a (method A)

1.39 ml (0.012 mol) of benzoyl chloride were added drop-
wise at room temperature to a stirred mixture of 1.65 g (0.010
mol) of 2 and 1.1 ml of triethylamine in dry benzene (30
ml). The reaction mixture was stirred for 18 h, refluxed for
4 h, cooled, filtered off and the filtrate was washed with 10%
Na,CO; and then with water. The organic layer was dried
(MgSO.), filtered and evaporated in vacuo to afford 3a
(Table 1}).

4.1.2. 4-Chloro- and/or 4-bromobenzoyl esters 3b and 3d
(method B)

2.47 g (0.012 mot) of dicyclohexylcarbodiimide and 0.15
g (0.0012 mol) of 4-dimethylaminopyridine were added to
a stirred solution of 0.012 mol of 4-chloro- and/or 4-bro-
mobenzoic acid in dry THF (30 ml), followed by 1.98 g
(0.012 mol) of 2. The reaction mixture was stirred at ambient
temperature for 24 h; a precipitate of dicyclohexylurea was
formed and filtered off. The filtrate was evaporated, extracted
with ethy| acetate and washed with 10% Na,CO;. The organic
layer was dried (MgSO,), filtered and evaporated in vacuo
to afford 3b and/or 3d (Table 1).

4.].3. Esters 1b—j (method C)

6.64 ml (0.088 mol) of ethyl chloroformate were added
dropwise to an ice-cold mixture of 0.080 mol of the appro-
priate acid and 14.50 ml of triethylamine in dry methylene

chloride (200 ml). Stirring was continued for a further 30
min at ambient temperature. Thereafter, 13.20 g (0.080 mol)
of the oxime 2 was added portionwise and the reaction mix-
ture was further stirred at room temperature for 18 h. The
organic phase was washed with 10% NaHCO; and then with
water, dried (MgS0O,), filtered and evaporated in vacuo to
afford the oximino esters 3b—j ( Table 1).

9-exo-( Dialkylaminomethyl)tricyclo[ 5.2.1.0°°] decan-8-
ones Sa—e were synthesized according to Ref. [ 14]. Unre-
ported pyrrolidino derivative 5¢, m.p. (HCI, isopropanol)
198-200°C, was obtained in 70% yield. EI/MS, m/z (%):
233, M7, C,sH2:NO (3); 84 (100). Anal. Cale. C, 66.77; H,
8.97; N, 5.19; Found. C, 66.60. H, 8.75; N, 5.00%.

The oximes of 6a,b and 6d,e were synthesized by adopting
the procedure cited in Refs. [10,18] (Table 3). The unre-
ported oxime 6¢ was prepared by refluxing a mixture of 35 g
(0.150 mol) of 1,42 g (0.600 mol ) of hydroxylamine hydro-
chloride in dry pyridine (200 ml) for 18 h. Thereafter, the
pyridine was evaporated in vacuo and the residual oxime
hydrochloride was dissolved in water (100 ml). The aqueous
solution was washed with CH,Cl,, then basified with 10%
NaOH to give a white precipitate of the oxime 6c ( Table 3).

4.1.4. Aralkyl- and dialkylaminoethyl ethers 4a—d (Table 2)
and aralkylethers 7a~j (Table 4)

6 mmol of the appropriate aralkyl halide or 2-dialkylami-
noethyl chloride (Scheme 2) in DMF (5 ml) was added
dropwise to a stirred mixture of 5 mmol of either oxime 2 or
6a—e and 0.19 g (8 mmol) of sodium hydride in DMF (15
ml). The reaction mixture was stirred at room temperature
for 30 min, heated at 80°C for 4 h, cooled (10°C), diluted
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with water (100 ml) and extracted with ether. For compounds
4a,b: the ethereal extracts were dried (MgSO,,), filtered and
evaporated in vacuo to give 4a,b as viscous oils which were
purified by column chromatography using solvent A. For
compounds 4¢,d (Table 2) and 7a—j (Table 4) the ethereal
layers were extracted with 2N HCl, basified with 2N NaOH,
extracted with ether, dried (MgSO,), filtered and evaporated
in vacuo to afford oily products which were purified by col-
umn chromatography using solvent B (Tables 2and 4). Com-
pounds 7a-f,i were converted to their hydrochloride salts
(Table 4).

O-(Benzyl- and phenethyl)oxyamine 13a,b were synthe-
sized using the procedure of Nicholaus et al. [16] from
hydroxyurethane.

9-( Arylidene)tricyclo[ 5.21.0*}decan-8-ones 9a,b were
prepared according to Ref. [6] in 57% and 54% yields,
respectively.

To prepare 9-endo-(aralkyl)tricyclo[5.21.0*¢]decan-8-
ones 10a,b, a solution of 2.19 g (0.009 mol) of 9a and/or
3.00 g (0.009 mol) of 9b in THF (60 ml) was hydrogenated
using (.90 g of Pd/C (10%) at room temperature and under
normal pressure for 24 h. The catalyst was removed by filtra-
tion over celite and the filtrate was evaporated in vacuo to
give a mixture of ketone 10 and their respective alcohol 11.
The appropriate mixture was subjected to Jones™ oxidation
procedure [18] using 9 ml of chromic acid to afford exclu-
sively the ketones 10a,b in 85% and 83% yields, respectively,
which were used as such in the next step.

9-endo-( Aralkyl)tricyclo[5.21.0*%]decan-8-one oximes
12a,b were prepared as cited in Ref. [10]. 12a: m.p. 118°C
(isopropanol, 60%); 12b: viscous oil purified by column
chromatography using solvent A (65%). IR: 3264-3384
cm~' (OH) and 1680-1685 cm ™' (C=N).

Dialkylaminoethyl ethers 13a—d of 9-endo-(aral-
kyl)tricyclo[5.2.1.0°°]decan-8-one oximes were achieved
following the same procedure adopted for 6a—e, 4a—d and

7a-j and were obtained as oils, purified by acid-base treat-
ment, then by column chromatography using solvent A
(Table 5).

( E)-2-Benzylidenecycloheptanone( E)-O-(2-diisopropyl-
aminoethyl) oxime, ‘stirocainide I’ [ 1], was synthesized as
cited in Refs. [ 1,6] starting from cycloheptanone.

2-Benzylcycloheptanone( £)-O-( 2-diisopropylaminoethyl )
oxime, ‘reduced stirocainide 15°, was prepared by following
the same method used for the synthesis of 13a~d (Scheme
3) using cycloheptanone as a starting material.

5. Results and discussion
5.1. Local anesthetic activity

The oximino esters 3a—j ( Table 6, Fig. 1) showed signif-
icant local anesthetic potential with rapid onset (5 min) of
anesthesia. Compound 3a (EDs,=0.23 mg/kg) is the most
active one of this series, as well as of the reference standards,
procaine (EDs,= 18 mg/kg), xylocaine (2.13 mg/kg) and
stirocainide (0.39 mg/kg).

The ethers 4a—d (Table 6, Fig. 2) exhibited high local
anesthetic potency. The N-diisopropylaminoethyl oximino
ether 4d showed the highest activity (EDso=0.15 mg/kg),
higher also than the reference standards, whereas the Mannich
compounds 7a-j (Table 6, Fig. 3) displayed a higher local
anesthetic effect than xylocaine and procaine, but slightly
lower activity than stirocainide, 4d and 3a.

In addition, the data revealed that the pyrrolidino 7h
(ED5,=0.40 mg/kg), the diethylamino 7b (EDs,=0.42
mg/kg) and the morpholino 7j (EDs,=0.43 mg/kg) deriv-
atives were nearly equipotent and were the most active
members among the group 7a—j with a rapid onset of action.
These compounds showed 3.8-5 times and 3245 times the

mProcaine E3Xylocaine [IStirocainide &3Reduced stirocainide
{1.28 mgkg)
C

=23d (128 mgig)

m3h
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Fig. 1. Local anesthetic activity of compounds 3a—j (1.25 mg/kg).



205

M.N. Aboul-Enein et al. / Il Farmaco 53 (1998) 197-208

'suojoxd opewiory
“WANSAS 3UBIIP| (17 'S OIIAL Y] JO SUOlOL
"V WuA[0s pue | [ennau euwn(e Suisn AydeiSorewoyd uwnjod Aq patjund pur *s[io sk paurelqo a1em (p—eg]) spunodwon [y y

W2 (N=0) 8691-9691 1v spurq pamoys p-eg] jo (wiy pimbiy) ¥f

(HT P) §9t'9
“(*HDO 'HT ‘W) 01'+—68'¢ “(*(O'HD) "H6 "w) 68'¢~L¢ “(H1 pue

(=HD)-N JO HZ Ya1ym Jo H¢ W) ['§-6'7 " ("wole—<y7) Jo 4 pue (L9 +11 (08¢)  (s1'6) (06°0L) L9zt
YCECHDIHDIN-THD JO HY1 *, HTT YDA JOo 8T ‘Wid) £°7-68°0 H00L) 181:(98) LW TLY £6°S 8¢°6 SU'IL FOSNTPHRD) 99  T(*H'D-IN HO'HD)-S't'E PET
(001)98 (0v9) (0T6) (ot'oL) (L19tHT)
HO1) 181 (1) 1+ L Shp 0£'9 LO'6 T 0L FO'NTTHD €9 S(°HPDIN HOHD)-SF'E T
(p HS "w)
SCL-1L (CHDO THT W) S0v—6'¢ “( (*H*D~*HD JO Hg pus (06) 16:(96) L1 (05'L)  (06'6) (0€£'8L) (265°78¢)
SCC(*HDIHD)-NHD JO HOI *, HET Yd1ym Jo HI € W) 0T'¢-$8'0 “(61) 6£€ <(001) W "T8E EL 10°01 8t'8L O‘N™H*D €6 YHYDDN H q€1
(p HS ‘W) G¢'/—1"L
“(CHO—0 "HT W) TH0'% "(HI 'PP) S1°€-$6'C ‘(°*H*D—*HD J° HT (001)98 (00'8) (5¢'6) (oLLL) (BESHSE)
pue *(*HZD)INHD JO HZI ‘, HT1 YoIym Jo HOT ‘Wd) 08'T-S8°0  ‘(81) 16:(TS) I + L 'SSE 06'L L96 T6'LL O'N"*H**D L8 SHDIN H eg
N H 0 ("1m “Jour) (%)
(wdd) ¢ :(*{D>AD) WAN H, (%) 2/u"SW/13 (punoy) -3[ed : (%) sish[euy p[OWIOY  pJatk QDN X av ON
p-egl

CQDNPHO®HOON:

¥ H

P-BE] ‘SoWIX01)-8-3urd3p (.0 1’7 |0]oKo1njAzusq-opua-g Jo s1041o [AyleouurKyeiq

S 2lqel



206

Table 6

M.N. Aboul-Enein et al. / Il Farmaco 53 (1998) 197-208

Local anesthetic activity of compounds 3a—j, 4a—d, 7a—j and 13a—d using the twitch-reponse test

Compound * 5 min© 30 min © EDs, (mg/kg) Compound * 5 min ¢ 30 min © EDy, (mg/kg)
(confidence limits) (confidence limits)
Xylocaine * 100.00 76.27 2.13(1.72-3.84) 4c 100.00 77.08 0.37 (0.24-0.57)
Procaine " 95.83 75.00 18 (14.99-21.01) 4d 100.00 100.00 0.15 (0.12-0.19)
Stirocainide I* 91.67 83.33 0.39 (0.26-0.58) 7a 95.92 54.17 0.44 (0.28-0.70)
Reduced stirocainide 15 * 100.00 70.83 0.32 (0.19-0.75) 7b 100.00 89.53 0.42 (0.27-0.64)
3a 100.00 100.00 0.23 (0.15-0.35) Tc 91.67 72.92 0.51 (0.29-0.88)
3b 89.58 75.00 0.48 (0.29-0.78) 7d 100.00 63.89 0.55 (0.31-0.98)
3¢ 100.00 64.58 0.62 (0.37-0.11) Te 100.00 74.17 0.50 (0.32-0.78)
3d 95.83 83.33 0.50 (0.29-0.88) 7t 93.75 58.33 0.50 (0.32-0.79)
3e 100.00 66.67 0.50 (0.40-0.63) 78 98.31 66.67 0.51 (0.29-0.90)
3f 97.36 73.14 0.59 (0.36-0.97) 7h 100.00 75.00 0.40 (0.38-0.43)
3g 97.92 82.63 0.45 (0.28-0.72) 7i 100.00 70.83 0.49 (0.36-0.79)
3h 91.67 62.50 0.44 (0.28-0.69) 7j 100.00 89.58 0.43 (0.28-0.67)
3i 87.50 64.58 0.63 (0.37-1.09) 13a 100.00 75.00 0.47 (0.29-0.77)
3j 100.00 70.83 0.50 (0.32-0.79) 13b 100.00 83.33 0.45 (0.37-0.74)
4a 97.62 73.81 0.60 (0.35-1.03) 13c 95.83 64.58 0.64 (0.37-1.12)
4b 97.92 80.95 0.49 (0.27-0.88) 13d 93.75 66.67 0.57 (0.34-0.95)
*1.25 mg/kg.
®5 mg/kg.

¢ Percent of animals showing anesthesia

, 5 and 30 min from compound administration.

MProcaine EAXylocaine [IStirocainide EZReduced stirocainide
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Fig. 2. Local anesthetic activity of compounds 4a-d and 13a~-d ( 1.25 mg/kg).

local anesthetic potency of xylocaine (EDs,=2.13 mg/kg)

and procaine (EDs,= 18 mg/kg), respectively.

Moreover, among the 9-endo-benzyl ethers 13a—d ( Table

6, Fig. 2) the compounds 13a (EDs, =0.47 mg/kg) and 13b
(EDs, =0.45 mg/kg) were nearly equipotent and exhibited
higher local anesthetic potential than xylocaine (EDs,=2.13
mg/kg) and procaine (EDs, = 18 mg/kg) with a rapid onset
of action (5 min). Nevertheless, they were slightly less potent
than stirocainide (EDsy=0.39 mg/kg), 2d and 1a.

Regarding the reduced stirocainide 15 (EDs,=0.32 mg/
kg), it displayed a remarkable local anesthetic profile if com-
pared with xylocaine and procaine but was nearly equipotent
with the parent compound stirocainide I.

We can observe that the tested compounds 4d
(EDs,=0.15 mg/kg) and 3a (EDs,=0.23 mg/kg) were
more active than compound 15. In addition, the benzy] deriv-
atives 13a—d as well as compound 15 were more active than
their respective unsaturated benzylidene precursors, indicat-
ing that the saturation of the ylidene double bond augmented
the local anesthetic potential. Figs. 1-3 show the percentage
of the local anesthetic potency of the tested compounds and
the standard references.

5.2. Analgesic activity

The data presented in Table 7 and Fig. 4 reveal that com-
pound 3¢ (EDs, =108 mg/kg) was the most active among
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Fig. 3. Local anesthetic activity of compounds 7a—j (1.25 mg/kg).

Table 7
Analgesic activity of compounds 3a-j, 4a—d, 7a—j and 13a—d by the hot-plate technique

Compound EDs, (mg/kg) (confidence limits) Compound EDs, (mg/kg) (confidence limits)
Morphine 2.25 (1.60-3.16) 4d inactive
Acetylsalicylic acid 115 (64.86--203.89) 7a 94 (59.84-147.67)
3a 130 (98.86-170.95) 7b inactive
3b 120 (89.55-160.80) Tc 100 (73.00-136.42)
3¢ 108 (84.97-137.32) 7d 110 (84.75-142.77)
3d 154 (99.68-237.99) Te 107 (84.41-135.60)
3e 122 (92.83-162.33) 7f 130 (110.71-152.64)
3f inactive g 98 (80.07-119.95)
3g 137 (121.89-153.96) 7h 95 (68.05-132.62)
3h 118 (89.73-155.16) 7i 90 (51.57-157.05)
3i inactive 7j 110 (88.07-137.39)
3j 115 (91.27-142.39) 13a Inactive
4a 140 (91.74-213.66) 13b inactive
4b inactive 13¢ inactive
4c inactive 13d inactive
~Control + Morphine -+ Acetysalycilic acid
_ -« 4a -« 3C fmotal -*7i (106 o)
@ 400
S
£,
=]
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Fig. 4. Analgesic activity of compounds 3¢, 4a and 7i (150 mg/kg) in adult male mice after the respective time from compound administration.
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the oximino esters 3a—j. It exhibited a slightly higher anal-
gesic potency than acetylsalicylic acid (EDs, = 115 mg/kg),
as a peripheral-acting analgesic standard, but it was much
less active than morphine (EDs,=2.25 mg/kg), as a central-
acting analgesic standard.

However, the benzyloximino ether derivative d4a
(EDs, = 140 mg/kg) was the only compound among the
group 4a-d (Table 7) which showed analgesic activity. Its
potency was lower than that of acetylsalicylic acid, and far
less than that of morphine. Also, the data show thatelongation
of the side chain in this group abolished the analgesic activity.
Meanwhile, the data presented in Table 7 demonstrate the
analgesic activity of compounds 7a-j. These results showed
that compound 7i (EDs,=90 mg/kg) was the most active
member among this series. Furthermore, compounds 3i
(EDs,=90 mg/kg), 7a (EDs,=94 mg/kg), 7h (EDs,=
95), 7g (EDs,=98 mg/kg), 7¢ (EDs,= 100 mg/kg). Te
(EDs, =107 mg/kg), 7d,j (each has EDs,= 110 mg/kg)
exhibited higher potency than acetylsalicylic acid (EDs,=
115 mg/kg), but much less than morphine (EDs,=2.25
mg/kg).

By contrast, the data in Table 7 show that the 9-endo-
benzy! derivatives 13a~j have no analgesic potential up to a
dose of 200 mg/kg.

Fig. 4 indicates the duration of the analgesic potential of
the most active candidates 3¢, 4a and 7i compared with the
standard references.

6. Conclusions

In these series of prepared compounds, the maximum local
anesthetic activity was achieved with the oximino ether 4d
(EDs, =0.15 mg/kg) and the oximino ester 3a (ED5, =0.23
mg/kg).

Compound 4d displayed local anesthetic potential equiv-
alent to 14 and 120 times that of the xylocaine and procaine,
respectively, and 2.6 times that of the stirocainide. In addi-
tion, the anesthetic profile of the oximino ester 3a was equal
to 9 and 78 times that of the xylocaine and procaine, respec-
tively, and 1.7 that of the stirocainide. Regarding the anal-
gesic activity, the most active compound was the oximino
ether 7i (EDs, =90 mg/kg) compared with acetylsalicylic
acid (EDs,= 115 mg/kg). Furthermore, we can conclude
that, the insertion of the dialkylaminomethyl Mannich radical
in position 9 in addition to the §-aralkyloximino ether moiety
in the same tricyclic structure (7a—j) favours the analgesic
activity.
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