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Summary potential dependent L-type calcium charlflel8-Benzyl-
amino-8,11-oxapentacyclo[5.4.6:003100>Yundecane
8-Benzylamino-8,11-oxapentacyclo[5.4 5%0>°0>qundec- (NGP 1-01,1)["#l (Figure 1) is structurally unrelated to any
ane () inhibits the calcium current in L-type calcium channels. Aof the known calcium antagonists but was found to inhibit the
series of nitrobenzylamineg, (3, 4), methoxybenzylamine$6, calcium current in L-type calcium channB<9. This find-
7), methylpyridines & 9, 10), and aghenalgéydrazine derivative ing provided a new tool for the study of drug action on ion
(11) of 8,11-oxapentacyclo[5.4.0:00**°0°>%undecane was channels.
synthesized. By substituting the 8,11-oxapentacyclo-
[5.4.0.()2'6.03’1905'{undecane skeleton with 3-hydroxyhexacyclo-
[6.5.0.0.3'7.04'12.05' 0.09'13]tridecane 12), 8,13-dioxapenta-
cyclo[6.5.0.6’6.05'10.03'1]]tridecane-9-one16), and pentacyclo- NH-—CHz‘@
[5.4.0.02'6.03’1905'9Jundecane 14), the effect of the polycyclic 0]
skeleton could also be investigated. Increased inhibition of calciu
current was observed with aromatic substitution (espedietyp
andmetasubstitution) in the pentacycloundecane series. The cal- .
cium channel activities of the methoxy compounds were slightly AS it was postulated that the pentacycloundecane skeleton
higher than those of the corresponding nitro compounds while @ay serve only as a bulk contributor to the activity of NGP
definite decrease in activity was observed for the phenylhydrazinbOl[g], we decided to modify the molecule in the aromatic
and aminomethylpyridine derivatives. Increased inhibition of theamine side chain to study the structure-activity relationships
calcium current was also observed for structures in which thgf this group of calcium channel antagonists. A series of
polycyclic ‘cages’ were enlarged. Structure-activity r6|ati9“5hipsnitrobenzylaminesl 3, 4), methoxybenzylamine$,(6, 7),
in this series of compounds therefore appear to be dominated ethylpyridines &, 9, 10), and a phenylhydrazindl) was
geometric or steric constraints. synthesized for this purpose. By substituting the 8,11-oxa-
pentacyclo[S.4.0.%)6.09'1905' undecane skeleton with
3-hydroxyhexacyclo[6.5.0.9/0*120°10 0% 13tridecane,
Introduction 8,13-dioxapentacyclo[6.5.G?6.0°100% tridecane-9-one,
and pentacyclo[5.4.0°¢.03100>9undecane, the effect of
lon channels are a critical component of cellular functiothe polycyclic skeleton could also be investigated. These
and serve to translocate ions across cell membranes inpelycyclic ‘cages’ could be obtained by the boron tri-
sponse to a variety of chemical and physical stimuli. loluoride etherate promoted reaction of pentacyclo-
channels are therefore a major class of cellular effectds4.0.6°2.0>120>%undecane-8,11-dione with ethyl
through which information received at receptors igiazoacetafé!! followed by subsequent decarbalkoxyla-
transduced into respon&é Channels sensitive to membrangionl*?! (Figure 2), by Baeyer-Villiger oxidatié}?] of the
potential or voltage-gated ion channels are of particular inteliketone ("Cookson’s cage”; Figure 3) and by the selective
est as they are critical to the function of many excitabléecarbox¥|ati0n (Huang-Minlon reaction) of the diketone
systems including axonal conduction, neuronal firing, angFigure 4)14.
excitation-contraction coupling. The chemical specific-
ity of these ion channels suggests that they may be considered
as pharmacological receptors. Therefore, all the properties

rI~9|gure 1. Structure of the lead compound NGP 1-0 (

associated with conventional receptors have been four NaCL DMSO

among the voltage-gated N&*, and C&" channel$!. The N,CHCO,Et HON,

clinical application especially of the voltage-gated calciurr FsB.OEt o 165°C o
channels has been studied in great depth, particularly follov o S OH OH
ing the impact of C& antagonists as cardiovascular EOZRJ0

agentd®6l, Eo™ 7o

Calcium channel antagonists are a chemically heterogem@ure 2. Synthesis of 3-hydroxyhexacyclo[6.5.6:@**20>1°.0*3tride-
ous group of compounds and mostly exhibit activity on thean-6-one.
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Figure 3. Synthesis of 8,13—dioxapentacyclo[6.5.2(f05’1°.03’1]]tridecane—

9,12-dione.
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receptor macromolecule for the ligand. To ensure effective
binding, the drug molecule needs to have specific geometri-
cal, electronic and/or steric characteristics. The physico-
chemical and electronic properties of any compound will thus

determine its biological activity. These properties therefore

are indicative of the pharmacodynamic as well as pharmaco-
kinetic properties of any drug.

In the absence of a well-defined receptor structure for the
L-type calcium channel, a series of computer-based calcula-
tions (Chemplu&¥) for the determination of physico-chemi-
cal properties (QSAR-data) for the test compounds (Table 1)
were performed. Quantum mechanical calculations to deter-
mine the minimum energy conformation of each molecule
were used. A minimum energy conformation was calculated
for each compound because it is assumed to be the most likely
conformation for interaction with the recepﬂﬁ]. The first
order valence connectivity inde?), an intermediate non-
guantum mechanical calculation was also used to charac-
terize the test compounéld!. Analysis of these data could
then give an indication of the receptor structure or of the
properties necessary for drug-receptor interaction within this
group of compounds.

Calcium channel antagonism was measured as the inhibi-
tion of calcium current after electric stimulation of ventricular

Figure 4. Selective decarboxylation of the diketone to obtain 8-pentac3myocytes from the hearts of Duncan-Hartley strain guinea

cI0[5.4.0.(?'6.03'1°.05'9Jundecan0ne.

pig. Whole cell voltage clamping was done using the chopped
clamp method8l.

Reductive amination of these ketones with benzylamine

rendered

8,13-dioxapentacyclo[6.5.G?8.0°>100% Ytridecan-9-one
(13), and 8-benzylaminopentacyclo[5.4 5010 9un-
decane14).
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Figure 5. Compounds included in the SAR study.

6-benzylamino-3-hydroxyhexacyclo
[6.5.0.6%".0*120>10.0%3tridecane 12), 12-benzylamino-

Results and Discussion

At a test concentration of 10 the test compounds exhib-
ited inhibition of calcium current that ranged from 10-45%.
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Figure 6. Inhibition of calcium current as measured with whole cell clamp-
ing.

The voltage clamping data indicate that aromatic substitu-
tion in the pentacycloundecane series results in increased
calcium current inhibition (compounds3,5-7). This in-
crease in activity is more pronounced when substitution oc-
curs in theortho andmetapositions 2, 3, 5, 6). The activities
of para substituted compoundsg, (7) correlated with that of
the unsubstituted lead compound NGP 11)1The activities

Itis generally accepted that a certain complimentarity exisg$ the methoxy compound§<7) were slightly higher than
between the receptor and its ligand in terms of the inducedtfibse of the corresponding nitro compoun@s4( while a
theory[15]. This theory implicates a certain selectivity of thedefinitive decrease in activity was observed when the aro-
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matic benzylamine was substituted with phenylhydrazine aratic ring pointed away from the polycyclic structure and

aminomethylpyridineX1, 8-10). better calcium channel blocking activity was obsengd,(
Changes in the polycyclic structure also had a definitiv@ 7, 12, 13; Figure7).

effect on calcium channel blocking activity. Better inhibition The @lculated physicochemrcal and connectivity data

of the calcium current was observed for structimevhich  (log P; MR;a; VA; SA; VV; SV; H; and1x¥; Tabk 1)

the polycyclic ‘cages’ werenlargel (12, 13). The calcium correlated well with one another and good linegression

channel activity of compounti4, in which the endocyclic values (2> 0.9) between all theariables, with thexception

ether bond was removed, corresponded to that of the lesfdog P, were obtained.

compound. According to the induced fit theoﬂﬁ] and complementar-
The structure-activity relationships observed in this serigly between the receptor and ligand a correlation should exist

of compounds therefore appear to be dominated by geometigtween the semi-empirical and theoretical data and the bio-

or steric constraints rather than by electronic considerationggical activity. Regression analysis of the calcium channel

It is interesting to note that the structsitbat showel the  blocking activity as obtained from the whole cell clamping

lowest activity were also those with the lowest calculategkperiments against these calculated data was performed and

energy minima&-11; Figure 7) and that the side chain and correlation was found between activity and molar refractiv-

aromatic ring were folded back onto the polycyclic structurigy (r2 = 0.59), polarisability(rz = 0.65), Van der Waals

in these casefn the calculated minimum energy conformasyrface arearg = 0.7), solvent accessible surface aréas(

tions ofthe remainig compounds, the side chain and arog.69), Van der Waals surface bounded volurie=(0.68),

Compound Minimum energy conformation Minimum
energy
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0 7
NH—CHz@ -4198.43
o 1
N
NH'C“Z@ -4077.02
ON O 8
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Figure 7. Conformations andhergy minima (in kcal m6|1) as obtained after
structure minimizatin with Hypercherﬁ).
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Table 1.Physico-chemical and connectivity data of test compounds.

LogP MR a VA SA Y sv H L
1 2.57 75.13 29.80 275.13 473.55 250.15 782.24 2.02 8.368
2 2.53 82.45 31.64 294.95 510.75 268.82 840.77 6.13 8.874
3 2.53 82.45 31.64 300.60 513.50 269.48 851.83 7.13 8.868
4 2.53 82.45 31.64 298.80 512.38 269.18 841.73 6.91 8.868
5 2.32 81.59 32.27 305.25 517.22 274.90 861.65 2.17 8.897
6 2.32 81.59 32.27 305.87 521.30 274.70 865.34 3.88 8.891
7 2.32 81.59 32.27 306.67 522.43 274.99 866.86 3.99 8.891
8 1.66 72.60 29.09 270.32 471.72 245.91 770.46 3.19 8.228
9 1.26 72.97 29.09 27157 47450 24563 775.05 3.95 8.218
10 1.26 72.97 29.09 270.15 468.76 245.46 768.56 3.70 8.218
11 2.58 75.37 29.31 273.28 478.66 245.37 783.02 4.67 8.161
12 1.78 84.34 33.47 307.34 504.31 280.47 857.97 431 9.286
13 1.67 78.24 31.29 293.95 497.73 266.19 834.14 5.10 8.460
14 2.74 75.54 29.93 278.13 477.46 251.03 790.79 1.30 8.206

Where; log P = 1-octanol-water distribution coeﬁici@ﬁf‘”; MR (AS) = molar refractivit)l23'25]; a SA3 = poIarisabiIity[ZG];

VA (A?) = Van der Waals surface area ("griff®)?®: SA (A% = solvent accessible surface af@£%: v (A% = van der Waals
surface-bounded molecular volufig?®: sv (A% = solvent accessible molecular volulfe?®: H (kcal moT?) = hydration enerd§?,
andlx" = valence first-order connectivity ind&X0
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Figure 8. Correlation between calculated data and calcium channel antagddure 9- Correlation between calcium channel antagonism, polarisability,
nism (Activity = % inhibition of calcium current). and solvent accessible molecular volume graphed three-dimensionally.

solvent accessible molecular volume= 0.73) as well as for pjocking activity. Conformations in which the side chain and

the valence first order connectivity indeX € 0.57) (exam- aromatic ring point away from the polycyclic structure (Fig-

ples shown in Figure 8). ure 7) may therefore be preferred in the binding behavior of
These examples show that an increase in calcium chanfidse molecules to the channel receptor. The data, however,

blocking activity can be expected as molecular surface argigo indicate that electronic characteristics (molar refractivity

or volume is increased. This observation was also found toded polarisability) influence — albeit to a lesser extent — the

true for an increase in polarisability. Definitive clusters wittaffinity and/or activity of these compounds on calcium chan-

increased activity were observed at increased volume andiel receptors and should always be accounted for.

higher polarisability. In the series of compounds tested the

optimum polarisabilities and solvent accessible surface vatyperimental

umes appear to be in the range found for two of the methoxy

compounds (compoundsand®6). Further increases in thesesynthesis

parameters resulted in diminished aCtiVity (Figure 9)' elting points were measured on a Gallenkamp melting point apparatus
These data confirm the initial observation that the size agﬁg are uncorrected. The IR spectra were recorded on a Shimadzu FT IR

geometrical conformati_on of t.he test molecules (_Surface argmo spectrophotometer and the MS and high resolution MS on a VG 7070E
and volume) are of particular importance for calcium channsdectrometer (El, 70 eV). THel and*3*C NMR spectra were recorded on a

Arch. Pharm. Pharm. Med. Chem. 333, 10-16 (2000)
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Varian VXR 300 spectromete}l-q at 300 MHz and®C at 75 MHz). C, H 8-(2-Methoxybenzylamino)-8,11-pentacyclo[5.42.@.03'10.05’gj-
and N analyses were all within acceptable limit8.4%). undecanef)

. . . . . Obtained as light yellow oil from column chromatography on silica gel
Synthesis of Benzylamirtg (NitrobenzylamineX-4, Methoxybenzylamine it ethyl acetate:dichloromethane:petroleum ether 1:1:1 as mobile phase

-7, Aminomethy'%%”di?o 10) and Phenylhydrazind {) Derivatives (yie|d 49.5%).— HR-MS for @H21NOz: calcd, 295.1572, found, 295.1571.—

of Pentacyclo[5.4.0.00**.0> undecane IR (neat)Vmax= 3330 critt, 2920, 1740, 1600, 1500, 1370, 1240+NMR
Pentacyclo[5.4.07%.0>1° 0> undecane-8,11-dione (5 g, prepared ac{CDCly): & = 7.33 (dd, 1H,Jcp = 7.42,Jep = 1.76), 7.22 (2dd, 1Hag =

cording to the method of Cooksenal*®?%) was dissolved in tetrahydro- 8.22,Jgc = 7.42Jsp = 1.76), 6.92 (dt, 1Hlcp = 7.42,Jac = 1.07), 6.84 (dd,

furan (THF, 50 ml) and cooled #5 °C in ice. An equimolar quantity of the 1H,Jas =8.22Jac = 1.07), 4.67 (t, 1H]=5.27), 3.99 (AB-q, 2H] = 13.60),

desired amine was slowly added under stirring. The white precipitate tt#aB2 (s, 3H), 2.40-2.86 (4 m, 9H), 1.73 (AB-qg, 2H)J = 10.44).—130

formed after about 10 min was filtered and washed with cold THF to rendg@DCls): 5= 157.71 (s), 129.42 (d and s, 2C), 128.24 (d), 120.70 (d), 110.40

the hydroxylamine. This product was dehydrated in dry benzene undely, 110.07 (s), 82.74 (d), 55.34 (k), 55.18 (d), 54.91 (d), 45.11 (d), 44.99 (d),

Dean-Stark conditions for 1 h or until no more water collected in the4.65 (d), 43.38 (t), 43.25 (d and t, 2C), 42.10 (d), 41.64 (d). -MS (70 eV):

container. Evaporation yielded the Shiff base as a yellowish oil and reductieriz= 295 [M'], 266, 216, 136, 121, 91, 77, 65, 39, 28.

of this imine was done with sodium borohydride in dry methanol (30 ml) and

dry THF (150 ml) for 24 h at room temperature. The solvent was removegd ,_ . NN ) ,10 5,9

under reduced pressure and water (100 ml) was added. The mixture \%mse'(\:ﬂ::;%(y benzylamino)-8,11-pentacyclo(5.4:0.0*0™

extracted with dichloromethane %460 ml) and the combined organic frac-

tions washed with water before being dried over magnesium sulphateObtained as light yellow oil from column chromatography on silica gel

Evaporation yielded the desired products. with ethyl acetate:dichloromethane:petroleum ether 1:1:1 as mobile phase
(yield 44.8%).— HR-MS for @H21NOz: calcd, 295.1572, found, 295.1576.—
8-Benzylamino-8,11-pentacyclo[5.4.5%0°° 0>undecane 1) IR (neat):vmax = 3340 cri', 2920, 1700, 1650, 1495, 1387H NMR

) . - _ (CDCls): = 7.23 (t, 1H,Jas = 8.10), 6.94 (m, 2H), 6.77 (m, 1H), 4.67 (t,

White needles obtained by recrystallisation from ethanol (yield 43.5%).7, ; _ _ _ B

HR-MS for GiaH1aNO: calcd, 265.1467, found, 265.1460.— Mp 77 °C.— IR ¥ = 523), 3.98 (AB-q, 2H) = 13.46), 3.80 (3, 3H), 2.41-2.86%3n,
o, 2% 2500 el 2050, 1360, 1090 1 NMR (CDGR: 5 = BH): 218 (Br. 5, 1H), 1.70 (AB-q, 28~ 10.44).—°C NMR (CDCH): 5=

(725”-7‘;";* - 3300 o 2020, 1390, 1020- M 2H§ -oe %-5 >~ 160,01 (s), 142.82 (5), 129.60 (d), 120.37 (d), 11352 (d), 112.57 (d), 109.89
25-7.38 (m, SH), 4.67 (t, 162 5.22 Hz), 4.0 (AB-q, 2H1 = 13.25H2), o) "g5 57 () 55.37 (d), 55.28 (K), 54.89 (d), 47.85 (1), 44.97 (d, 2C), 44.67

2H,J=10.37 Hz). 2%C NMR (CDCh): 5= 141.09 (s), 128.62 (d, 2C), 128.15 267 136, 121, 91, 77, 28,

(d, 2C), 127.08 (d), 109.84 (s), 82.68 (d), 55.36 (d), 54.90 (d), 47.93 (t), 44.98

d), 44.68 (d), 43.38 (t), 43.25 (d), 42.10 (d), 41.65 (d).— MS (70reNe): _

(26)5 M7, 2(3% 186, 1(3)1 a1, 65(, )28. @ @ (roreizy ﬁ%—xgﬁg)ybenzylamln0)-8,11-pentacycl0[5-42-@-(f'l°-05’9-

8-(2-Nitrobenzylamino)-8,ll-pentacyclo[S.4.%)?@)3’10.05'9]undecane ? Obtained as light yellow oil from column chromatography on silica gel
with ethyl acetate:dichloromethane:petroleum ether 1:1:1 as mobile phase

Yellow needles obtained by recrystallisation from ethanol (yield 29.2%).-- !
ield 35.3%).— HR-MS for @H21NOz: calcd, 295.1572, found, 295.1570.—
HR-MS for GigH18N20s: calcd, 310.1317, found, 310.1315.— Mp 87 C.— IRIGI; (neat)vmt;)X: 3330 orfl 53781 1780 o1t 1o1s 1460 15te. 2ok

. _ =1 N -
(KBI): max = 3300 o', 2960, 1525, 1350, 1010°H NMR (CDCl): 8= o (CDCl): = 7.28 (dd, 2HJag = 6.62,Jac = 2.16), 6.85 (dd, 2Hag
7.92 (dd, 1H)ap = 811 Jac = 1.37), 7.68 (dd, 1Heo = 7.76Jep = 1.09),  N's (CDCH) 027,28 (€. e = 0,62 nc = 2.16), 0,85 (00, 2
7,57 (2dd, 1HJag = 8.11,J8c = 7.41,Jac = 1.37), 7.39 (2dd, 1Hg = - 0-02JAc =2.16), 4.67 (t, 1H) = 5.22), 3.93 (AB-q, 2H) = 12.92), 3.
811, Joc = 74108 = L37), 4.64 (L 110 = 6.22), 428 (AB-q, 210 = (5 3H). 241285 (8 m, BH), 208 br. 5, 1H), 172 (AB-q, 28k 10.50)—
16.24) 2.40-2.86 (8 m. o), 1.73 (AB-q, 2H) = 10.55 1% NMR  °C NMR (CDCH): 5= 158.87 (s), 133.13 (s), 129.38 (d), 113.99 (), 109.82
ﬁ), 82.66 (d), 55.36 (d), 55.34 (K), 54.90 (d), 47.36 (1), 44.96 (d, 2C), 44.67

(CDCly): 5 = 149.13 (s), 136.79 (s), 133.24 (d), 131.09 (d), 128.03 (d
124.84 (d), 109.45 (s), 82.77 (d), 55.28 (d), 54.78 (d), 45.14 (t), 44.96 ( )'745’33;37 th2)zl.4gi24;§d)2‘842-lo (d), 41.64 (d).— MS (70 @Vz295 (M),

44.61 (d), 43.41 (1), 43.24 (d), 42.0 (d), 41.62 (d).— MS (70 @NA= 310

M +], 292, 276, 231, 159, 131, 91, 78, 44, 32, 28. 210
8-[(2-Aminomethyl)pyridine]-8,11-pentacyc|o[5.4f).€tD’ 0591

8-(3-Nitrobenzylamino)-8,11-pentacyclo[5.4 °®**°.0° jundecane 8) undecaneg)

Yellow needles obtained by recrystallisation from ethanol (yield 40.5%).— Obtained as light yellow oil after column chromatography on silica gel
HR-MS for CigH18N2Os: calcd, 310.1317, found, 310.1314.— Mp 154 c.-Wwith ethyl acetate:dichloromethane:petroleum ether 1:1:1 as mobile phase
IR (KBr): Vimax = 3320 criit 2970 1525. 1350. 101G'H NMR (CDCk): & (yield 31.8%).— HR-MS for &H1sN20: calcd, 266.1419, found 266.1410.—

= 8.28 (d, 1HJac = 1.64), 8.10 (m, 1H), 7.69 (dd, 1Bk = 7.83,Jac = IR (€@t Vmax=3330 cri’, 2960, 1725, 1655, 1590, 1470, 1435, 1378l
1.64), 7.48 (t, 1HJag = 7.83), 4.67 (t, 1H) = 5.27), 4.11 (AB-q, 2H) = NMR (CDCl): 4 = 8.55 (d, 1HJaB = 5.43), 7.63 (m, 1H), 7.32 (d, 1Btp
14.87), 2.40-2.88 (4 m, 8H), 2.36 (br. s, 1H), 1.75 (AB-q, 28Iz 10.47).— = 7-91), 7.14 (t, 1H)ap = 5.43), 4.66 (t, 1H) = 5.22), 4.15 (AB-g, 2H] =

13C NMR (CDCH): 8 = 148.5 (s), 143.75 (s), 134.02 (d), 129.41 (d), 122.784-86), 2.41-2.87 (3 m, 9H), 1.72 (AB-q, 2H)) = 10.48).—"°C NMR
(d), 122.13 (d), 109.63 (s), 82.77 (d), 55.45 (d), 54.89 (d), 47.01 (t), 45.0¢DCls):5=160.17 (s), 149.39 (d), 136.63 (d), 122.16 (d), 121.98 (d), 109.74
(d), 44.96 (d), 43.41 (), 43.25 (d), 42.07 (d), 41.64 (d).— MS (70rakgy=  (S), 82.67 (d), 55.51 (d), 54.91 (d), 49.15 (1), 44.94 (d, 2C), 44.66 (d), 43.38
310 [M"], 293, 231, 131, 91, 44, 32, 28. (1%14?1-5;1 (g%, 2@'2‘2“" 41.62 (d).— MS (70 eyz= 266 [M], 238, 187,

8-(4-Nitrobenzylamino)-8,11-pentacyclo[5.4.%)?(][)3’10.05'9]undecane 4

. - 10 75,9
Yellow needles obtained by recrystallisation from ethanol (yield 30.9%)gn[((j?é(;nr:len;)methyl)pyndlne] 8.11-pentacycio[5.4.9%0 0>

HR-MS for CigH18N203: calcd, 310.1317, found, 310.1313.— Mp 162 C.—
IR (KBr): Vmax= 3320 e, 2970, 1510, 1340, 1010'H NMR (CDCk): & Obtained as light yellow oil after column chromatography on silica gel
=8.17 (d, 2HJas = 8.90), 7.54 (d, 2HJag = 8.90), 4.67 (t, 1HJ = 5.22),  with ethyl acetate:dichloromethane:petroleum ether 1:1:1 as mobile phase
4.12 (AB-q, 2H,J = 15.31), 2.42-2.88 (4 m, 8H), 2.34 (br. s, 1H), 1.73 (yield 32.4%).— HR-MS for €H1gN20: calcd, 266.1419, found 266.1409.—
(AB-q, 2H,J:10.5g)._13c NMR (CDCh): 5= 149.28 (s), 147.20 (s), 128.46 IR (neat):vmax = 3280 le, 2960, 1730, 1490, 1360, 1010H NMR

(d, 2C), 123.81 (d, 2C), 109.63 (s), 82.74 (d), 55.45 (d), 54.88 (d), 47.23 ({;DCls): = 8.60 (s, 1H), 8.49 (d, 1K = 3.90), 7.70 (d, 1Hlgc = 7.75),

45,01 (d), 44.95 (d), 44.69 (d), 43.39 (t), 43.26 (d), 42.04 (d), 41.64 (d).— M25 (m, 1H), 4.67 (t, 1H} = 5.22), 4.02 (AB-q, 2H] = 14.12), 2.42-2.88

(70 eV):m/z310 [M"], 282, 231, 131, 106, 91, 32, 28. (4% m, 9H), 1.73 (AB-g, 2HJ = 10.44).-13C NMR (CDCb): 5 = 149.74
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(d), 148.59 (d), 136.49 (s), 135.81 (d), 123.55 (d), 109.70 (s), 82.73 (d), 55dt®d over magnesium sulphate. Evaporation yielded a yellow oil that con-
(d), 54.89 (d), 45.35 (t), 44.94 (d, 2C), 44.68 (d), 43.38 (t), 43.21 (d), 42.@dined the productl@). Column chromatography with ethyl acetate:ethanol
(d), 41.63 (d).— MS (70 eVjn/z= 266 [M'], 238, 187, 131, 107, 92, 65, 28. 9:1 gave 13) as a crystalline solid (Yield 18.9%).— HR-MS forg819NOa:
calcd, 297.1365, found, 297.1357.— Mp 178 C.— IR (KB#)ix= 3550 crii,
8-[(4-Aminomethyl)pyridine]-8,11-pentacyclo[5.4.0%0*1°0>9- 2950, 1680, 1455, 1370, 1255, 1185, 118Bl-NMR (CDCh): 5 = 7.30 (m,
undecanei0) 5H), 4.97 (s + d, 2H] = 15.66), 4.63 (m, 1H), 4.51 (dt, 1Bi= 7.72), 4.15
Off white needles obtained by recrystallisation from ethanol (yieléd’ 1H,J=15.04), 3.97 (d, 1H1= 4'9?)3' 2.69-2.94 (m, 4H), 2.39-2.5342
57.9%).— HR-MS for @&H1aN20: calcd, 266.1419, found, 266.1412.— Mp M 2H), 1.74 (AB-q, 2H)) = 9.75)—"C NMR (CDCk): 3 = 176.42 (s),
110 °C.— IR (KBr)vmax= 3300 crii%, 2980, 1605, 1560, 1505, 1415, 1375, 13726 (S). 128.87 (d, 2C), 128.75 (d, 2C), 127.48 (d), 80.09 (d), 72.78 (d),
1 Js_ z 68.84 (d), 50.44 (d), 48.39 (d), 47.06 (1), 43.96 (t), 43.44 (d), 33.41 (d), 33.20
1240, 1010, 855.%H NMR (CDCh): 6= 8.53 (d, 2HJag =5.70), 7.31 (A, (4/"31 64 (d) — MS (70 eV)niz= 297 [M'], 269, 228, 199, 173, 106, 91
2H,Jag = 5.70), 4.66 (t, LH] = 5.22), 4.02 (AB-q, 2H] = 15.49), 2.38-2.87 /' - \ 1 €09, 228, 295, 203, 2UB S5

(3% m, 9H), 1.72 (AB-g, 2HJ = 10.47).-*3C NMR (CDCk): & = 150.63 65, 40, 32, 28.

(s), 150.00 (d, 2C), 122.78 (d, 2C), 109.68 (s), 82.72 (d), 55.44 (d), 54.86 (d),

46.66 (1), 44.98 (d, 2C), 44.66 (d), 43.38 (t), 43.25 (d), 42.05 (d), 41.62 (d . 63,10 5,

MS (70 eV):m/z= 266 [M7], 236, 187, 172, 159, 131, 91, 65, 40, 32, 28. &Benzylaminopentacyclofs.4.86° 20> Jundecane 14).
8-Pentacyclo[5.4.0%.0>1%0>%undecanone (1 g, prepared according to

8-Phenylhydrazine-8,11-pentacyclo[5.4°@>'%0°Jundecane 11) the method of Oliveet al™) was dissolved in a mixture of absolute ethanol

ml) and benzylamine (0.9 g) and the reaction mixture was refluxed for

h. It was cooled in ice and a solution of sodium borohydride (1.89 g) in

cold water (20 ml) was slowly added. After stirring at room temperature for

'5 h, the solvent was removed under vacuum. Water (50 ml) and dichlo-

romethane (50 ml) was added and the mixture was extracted with dichlo-

Off white needles obtained by recrystallisation from acetone (yielg8
62.8%).— HR-MS for €/H1gN20: calcd, 266.1419, found, 266.1418.— Mp 4
183 °C.— IR (KBr)vmax= 3273 criit, 2951, 1603, 1522, 1497, 1352, 1261
1103, 739, 689.1H NMR (CDCk): 3 = 7.17 (m, 2H), 6.90 (d, 2Hag =
II—?:;)264716—S8§-2\35C8_H;2102385(,§88-(gr25§|=1H1)0346)6—1(?(; :”\Al: )(C4D?é5b)(br Srome.thane (%50 ml) and Qiethyl ether (250 ml). The combined orga.nic
5= 150.28 (s), 129.23 (d, 2C), 119.02 (d), 112.57 (d, 2C), 110.90 (s), 83.f5 ctions were washed with water €100 ml), dried over magnesium

phate and evaporated to give a yellow oil. Column chromatography on
Eg; iigg ég; _Sf/éz(?(g)e\d'/;‘nzzs_(géaé"?,\ﬂf? gjl)S 4%25 814:;0451 5(;(;12, 2;(7:)'6451'§§ica gel with ethyl acetate:dichloromethane:petroleum ether 1:1:1 as mobile
44’ 32' o8 ' B ' ' ' ' 'TT T phase renderet as a off white oil (Yield 7,6%).— HR-MS forigH21N:

calcd, 251.1674, found, 251.1678+NMR (CDCh): 8= 7.32 (m, 5H), 3.78

Benzylamine Derivatives of 3-Hydroxyhexacyc|o-(s’ 2H), 2.78 (t, 1H) = 3.42), 2'1%6_2'68 (8 m, 10H), 1.41 (AB-q, 2H) =
[6.5.0.0.3’704'12.05'1909'13]tridecan-6-one 12, 8,13-Dioxapentacyclo- 10.25), 1.02 (dt, 1H] = 3.68).—°C NMR (CDCBk): 6 = 141.25 (s), 128.50
[6.5.0.02’6.05’10.03'1]]tridecane-9,12-dione 13), and 8-Pentacyclo- (d, 2C), 128.24 (d, 2C), 126.96 (d), 61.50 (d), 53.45 (t), 47.32 (d), 44.69 (d),

6 (3,10 5, : 44.15 (d), 42.07 (d), 41.92 (d), 40.91 (d), 37.70 (d), 36.34 (d), 34.74 (t), 28.83
[5.4.0.675.0>*%0>undecanone 14), 6-Benzylamino-3-hydroxyhexacyclo- N
[6_5_o_§,7_04,12_05,210_09,131mdecane 12 (t)— MS (70 eV)m/z= 251 [M'], 104, 171, 160, 144, 106, 91, 79, 66, 39.

3-Hydroxyhexacyclo[6.5.0.870*120°1 0° Htridecane-6-one (0.7 g;
prepared according to the methods described by Marchand and*Araegt Electrophysiology
Krapcho and Low §72]) was dissolved in THF (20 ml) and benzylamine
(0.4 g) was slowly added with stirring at room temperature. After 2.5 h theVentricular myocytes from the hearts of Duncan-Hartley strain guinea-pig
solution turned milky and the solvent was removed under vacuum aftemware isolated by enzymatic dispersion of the cells with collagenase and
further 30 min to give a fine white precipitate. The hydroxyl amine formeprotease on a Langendorff appar
was dehydrated in dry benzene under Dean-Stark conditions. Evaporation &uction pipettes with resistance values between 2 an@ 3vite drawn
the excess benzene yielded the Schiff base as a light yellow oil. Reducii@im borosilicate glass and heat polished. & 6eal was formed by light
of this imine was done with sodium borohydride (1 g) in dry THF (50 migyction. The patch was then ruptured and at least 15 min were allowed for
and dry methanol (10 ml) for 24 h at room temperature. The solvent Wiggernal dialysis to reach equilibrium. Whole cell voltage clamping was done
removed under reduced pressure and water (50 ml) and dichlorometh@ggg the chopped clamp metH&d. A concentration clamp and multibarrel
(50 ml) was added. The mixture was extracted with dichloromethane (4superfusion system that allowed changes in the bath solutions in less than 1 s
50 ml) and the combined organic fractions washed with water before beinas used.
dried over magnesium sulphate. Evaporation yielded the desired product a8otassium currents were eliminated by adding £$20 mM) to the
an off white oil. The white crystalline produdt?) was obtained by recrys- Tyrode solution and TEA-CI to the pipette solution while the effects of
tallisation from cyclohexane (Yield, 84.3%).— HR-MS fopl23NO: calcd,  sodium currents were eliminated by pre-clamping at —35 mV. Activation of
292.1701, found, 292.1701.— Mp 123 C — IR (KBRax= 3300 crii}, 2950,  the calcium channel was done by voltage clamping from a holding potential
1485, 1455, 1330, 1318, 1130, 1063+NMR (CDCk): 5 = 7.33 (m, 5H), of —40 mV to a test potential of +10 mV for 400 ms. The pclamf 5.5
3.82 (AB-q, 2H,J = 12.88), 3.37 (t, 1H] = 3.36), 2.72 (dd, 1H] = 3.02), program (Axon Instruments, Inc., 1989) was used for the control of the
2.66 (t, 1HJ = 6.04), 2.49 (m, 2H), 2.36 (m, 3H), 2.17 (d, IH,5.43), 1.99  experiment and storage of data. The calcium currents were measured as the
(m, 1H), 1.64 (AB-q, 2H) = 11.33), 1.30 (AB-q, 2H] = 9.61)—"*C NMR  maximum negative (inward) current after subtraction of background cur-
(CDCls): & = 140.97 (s), 128.61 (d, 2C), 128.44 (d, 2C), 127.11 (d), 85.2@nts. Test concentrations of 1Bl were used and calcium channel blocking
(s), 55.59 (d), 52.85 (t), 51.16 (d), 50.88 (d), 47.64 (d), 42.25 (d,), 40.85 (@tivity was expressed as the percentage inhibition of calcium current as
38.86 (d), 38.52 (t), 37.32 (d), 35.25 (d), 32.92 (d), 31.94 (d).— MS (70 eVregistered before and after inclusion of the test compound.

m/z= 292 [M*-l], 202, 186, 149, 106, 91, 69, 57, 43, 32, 28. The composition (in mM) of the Tyrode solution for superfusion was: KCI
5.4; CaC} 1.8; CsCl 20; MgGl0.5; NaCl 137.6; glucose 5 and 2-ethanesul-

12-Benzylamino-8,13-dioxapentacyclo[6.575.0> % 0> Htridecan- phonic acid 11.6. The pipette solution (in mM) was: Mg&INgATP 5;

9-one (3) HEPES 10; CsClI 125; EGTA 15; TEA-CI 20 and NaOH to pH = 7.2.

A mixture of 8,13-dioxapentacyclo[6.5.6’.605’10.03'“]tridecane-9,12-
dione (2.06 g, prepared according to the method of Surapaneni and @bmputer Modeling and Calculation of Physico-Chemical Properties
Iardi[13]), benzylamine (1.07 g) and sodium borohydride (0.6 g) was
dissolved in dry methanol and heated under reflux for 10 days. The solvent minimum energy conformation of each structure was obtained by
was removed under reduced pressure and water (50 ml) and dichloromethgsimizing the structures with the Hyperch@érprogram (Release 4.5 for
(50 ml) was added. The mixture was extracted with dichloromethane (4windows) using MM and AM1 semi empirical calculations and the Polak-
50 ml) and the combined organic fractions washed with water before beiRghiere minimizing proceduﬂéz].
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The physico-chemical data (QSAR data) of these minimized structurfi$] R.B. Silverman,The organic chemistry of drug design and drug action
were calculated using the Chempfisextension of the Hyperch&hpro- London, UK, Academic Press992 7172, 422p.
gram. The vale7nce first-order connectivity indéx"] for each compound 16] L. Belvisi, S. Brossa, A. Salimbeni, C. Scolastico, R. Todeschini
was calculated”! using the following equation symbols used as defined b§ y . oy g T ’
. [17]. Comp.-aid. Molec. Des1991, 5, 571-584.
Kier and Hall""):
[17] L.B. Kier, L.H. Hall, Molecular connectivity in chemistry and drug
Ne research in G. DeStevens (Ed.Medicinal chemistry. A series of
1oV — -1/2 monographsVol. 14, New York, N.Y. Academic Presk)76 40-80.
XY = Z (6?)5}))31/

1 [18] O.P.Hamil, A. Marty, E. Neher, B. Sakman, F.J. Sigwétiiig. Arch.
s= 1981, 391, 85-100.

[19] R.C. Cookson, E. Grundwell, J. Hud&€hem. Ind1958 1003-1004

[20] R.C. Cookson, E. Grundwell, R.R. Hill, J. HudécChem. Sod.964
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