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Abstract: 2-Azabicyclo[2.2.2]octane derivatives have been used as conformationally constrained structure of BRL-32872,
in order to investigate the effect of molecular flexibility towards class III and class IV antiarrhythmic properties. Extensive
NMR studies allowed the determination of the configuration at C5. Stereoisomerism induces variability of biological
profile. © 1997 Elsevier Science Ltd.

BRL-32872 (Figure 1) is a novel antiarrhythmic agent with potassium and calcium channel blocking properties’
and thus, has a potential use in ventricular and atrial arrhythmias therapy” . BRL-32872 possesses a high level of flexibility
and it may be assumed that such a flexibility could be reduced in order to gain further insight into "active conformations" of
the compound. To this aim, we synthesized analogues with an azabicyclo[2.2.2]octane system to introduce a rigid three-
methylene link between the carboxamide function and the dimethoxy-phenethyl group of the molecule. We wish to report in
this communication the synthesis of 2-azabicyclo[2.2.2]octane derivatives 1a-b, results of the extensive NMR study leading

to the determination of the stereochemistry at C5 and the pharmacological data obtained with the two epimers 1a and 1b.
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Figure 1.

Chemistry
Preparation of the azabicyclo[2.2.2]octane nucleus has been well documented’ as this bicyclic skeleton is found in

many biologically active natural products. The synthetic pathway used to prepare 1a-b is shown in Scheme 1. Reductive
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amination of the ketone 2*' followed by flash chromatography led to the epimers 3a and 3b (ratio 2:1). Condensation of the
secondary amine function of 3 with 4-nitrobenzoyl chloride afforded 4a and 4b which gave rise to respective hydrochloride

salts 1a and 1b, afler treatment with ethanolic hydrochloric acid.
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Scheme 1. Compounds are racemates and for clarity only one enantiomeric form is shown®.

Methods: (i) 3,4-dimethoxyaniline, toluene, Dean Stark then (ii) NaBH;CN, CH3;OH, cat. HCl, 58% overall (iii) flash
chromatography on silica gel (MeOH-CH,Cl,, 5-95) (iv) 4-nitrobenzoyl chloride, EtsN, CH,Cl,, 70-75% (v) HCI in EtOH,
68%.

Stereochemistry’

The determination of the stereochemistry of the structures was first attempted on the free bases 4a-b. The
difficulties in determining the configuration at C5 were twofold. Firstly, the presence of an ethylbenzene moiety as
substituent of the tertiary amine increases the complexity of the "H NMR spectra as overlap of resonances increases.
Secondly, general broadness of the spectra did not allow us to prove the stereochemistry conclusively. Only one epimer, 4a
or 4b, afforded NMR data suitable for additional analysis (Table 1) although various experimental conditions were used®.
Therefore, further NMR studies were performed with that stereoisomer; the results are listed in Table 2. In order to measure
the spatial proximity of protons, nOe (nuclear Overhauser enhancement) experiments were used: the effects observed
between HS and H3 or H3' suggested that carbon atom 5 had the S configuration (see Scheme 1). An nOe from HS5, § 4.95
ppm, to the resonance at § 2.40 ppm confirms the latter's assignment as H4. Despite the nOe evidence for the proximity of
HS and H3, it was not possible to distinguish between the pseudo-axial/equatorial protons H6 and H6' to confirm the
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stereochemistry at C5. Therefore, an additional NMR investigation was performed on the precursor compound 3 (related to

the epimer used). From the results reported in Tables 3 and 4, the following conclusions were drawn:

- The irradiation of H6 gave nOes to the geminal proton H6' and to H1. When H6' was irradiated, an additional

nOe to H5 was observed. Therefore, H6' should be in the same orientation with respect to the bicyclic system as H5.

- The irradiation of HS5 resulted in an enhancement of protons H4, H6' and H3. Hence, HS is pointing in the same

direction as H6', up towards proton H3’. The methoxy groups, which are all close in chemical shift to HS, were also

irradiated (with H5) in this experiment but it is thought that they do not interfere with the analysis since they are not close in

space to the protons of interest.

At this point, the NMR data have demonstrated conclusively that the epimer used for the study has the S configuration at

carbon atom 5 and hence is compound 4a (see Scheme 1).

Table 1. Assignment of 'H resonances of one epimer of 4 in CDCl;; chemical shifts were referenced to

TMS at 0.0 ppm (accuracy for protons 1 to 10 is + 0.05 ppm because of broad resonances).

Proton Chemical Shift (ppm)
HS5 495

H3 or HY 3.35

H1, H9, HY', H10, H10', H3 or H3' 2.90

H6 or H6' 2.55

H4 2.40

H7 or H7' 2.00

H8, H8', H6 or H6' 1.60

H7 or HT 1.40

OCH; 3.89; 3.86; 3.82; 3.76
aromatic 4H: 8.01 and 7.39; 6H between 6.85 and 6.45

Table 2. Results of the nOe difference experiments on one epimer of 4.

Irradiated Frequency Proton nOe Effect to

(ppm)

495 HS H3 or H3', H6 or H6', H4

3.35 H3 or HY H4, H5

1.40 H7 or H7', H7 or H7', resonance at 2.90 ppm
partially H8, H8', H6 or H6'

2.00 H7 or H7' H7 or H7'

2.55 HS, H6 or HE'

H6 or H6', partially H4
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Table 3. Assignment of 'H resonances of one epimer of 3 in ds-methanol; chemical shifts were referenced
to the CHD,0D resonance at 3.30 ppm.

Proton Chemical Shift (ppm)

Hl 341

H3, H3' 3.34; 330"

H4 2.14

HS 3.76

H6, H6' 1.52; 2.67

H7, HT', H8, HS' 1.60; 1.83; 2.03; 2.09

H9, H10 2.97;3.30

OCH; 3.72;3.78;3.79; 3.84

aromatic 6.21; 6.41; 6.77; ~6.85; ~6.91"; 6.93

* overlapped signals. "second order effects.

Table 4. Results of the nOe difference experiments on one epimer of 3.

Irradiated Frequency (ppm) Proton nOe Effect to

152 H6 H6', H1

2.67 Hé' H6, H1, H5

3.76 HS5 and OCH; H4, H6', H3
Pharmacological Data

Pharmacological effects of 1a and 1b were assessed using standard microelectrode (Figures 2A and 2B) and patch-clamp
techniques (Figures 2C and 2D) on cardiac tissue isolated from guinea-pig hearts. Figures 2A and 2B show the results
obtained on action potential duration measured at 30% and at 90% of repolarization. The former parameter is particularly
sensitive to inhibition of the calcium current and its decrease may be considered as an index of class IV antiarrhythmic
activity, whereas the latter parameter increases as repolarizing potassium current is inhibited and is considered as an index
of class III antiarrhythmic activity of tested compounds. The main effect of 1b was to prolong action potential duration
though this prolongation declined at higher concentrations, resulting in a bell-shaped dose-response curve (Figure 2B)
similar to BRL-32872 (see Reference 1). Both the increase in action potential duration for low concentrations and the latter
decline were less pronounced with 1a (Figure 2A) which may thus be considered as a less potent class 111 and class IV
antiarrhythmic agent. These results are confirmed with the patch-clamp experiments which show that the effective
concentrations of 1b on the potassium and the calcium currents (0.10 and 11.78 uM respectively; Figure 2D) are lower
than those of 1a (0.24 and 41.11 pM respectively; Figure 2C). In summary, the profile of BRL-32872 is maintained for
both compounds but 1b is closer to the lead than 1a; this result could be explained by the difference in conformational
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spaces generated by the two compounds; for instance, because of the pseudo-axial position of its amide I1a cannot access
the conformation of 1b shown in Figure 3 where the intramolecular hydrogen bond strengthens the core of the structure.
Superimposition of BRL-32872 on 1b gave rise to a close low energy conformation after minimization (Figure 3), which

might be considered as an "active conformation” of the lead.
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Figure 2: A and B : Action potential duration was recorded on guinea-pig papillary muscles at 30% and 90% of
repolarization (APD30 and APD90, respectively) using standard microelectrode technique. Effect of each concentration
was measured after steady-state was reached (30 min exposition). C and D : L-type calcium (circles) and delayed rectifier
potassium (squares) currents were isolated and recorded according to standard procedures (see Reference 1). Calcium and
potassium currents were inhibited by 1b (right panel) with EC50g of 11.78 and 0.10 pM respectively (Hill coefficients :
1.01 and 1.18, respectively) and by 1a (left panel) with EC5pg of 41.11 and 0.24 uM respectively (Hill coefficients : 1.37
and 0.93, respectively)

Figure 3. Low energy conformations of 1b* (left) and BRL-32872 (right) showing intramolecular hydrogen bonds displayed
in dotted line.
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Conclusion
Stereoisomers of 2-azabicyclo[2.2.2]octanes have been synthesized and used as constrained analogues of BRL-32872 to
investigate some structural requirements for the inhibition of the potassium and calcium currents. Our results have clearly
shown that stereoisomerism is involved, to some extent, in modulating potency on both currents. We have been able to

identify the respective stereochemistry of each epimers and this gave rise to the design of a relevant conformational feature

for the lead compound.
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