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Abstract Synthetic approaches are described leading to homoepibatidine and bis-homoepibatidine 

which are based, respectively, on the tropane (8-azabicyclo[3.2.1]octane) and homotropane (9-azabicyclo- 

[4.2. l]nonane) ring systems. Epoxy- tropanes and -homotropanes (which are readily available from simple 

cyclic dienes) are convenient precursors for the azabicyclic alkenes needed for the key reductive coupling 

with pyridine derivatives. Copyright © 1996 Elsevier Science Ltd 

Epibatidine ( la)  was first isolated in 1992 from the skin of the Ecuadorian poison frog epipedobates 
tricolor, l The recognition of the remarkable analgesic properties of ( la)  immediately sparked off synthetic 
interest of such intensity that over a dozen syntheses have already appeared. 2 The compound is unusual in 
containing a chloropyridyl group but is also the first known alkaloid to be based on the azanorbornane 
(7-azabicyclo[2.2.1]heptane) ring system. We have long been intrigued by the unusual nature of the 
bridging nitrogen in derivatives of the 7-azabicyclo[2.2.1]heptane skeleton as shown, for example, by the 
exceptionally high barrier to inversion at nitrogen 3'4 and by the dramatic deshielding of the bridging 
nitrogen in the 15N NMR spectra of a wide range of derivatives when compared with other cyclic and 
bicyclic amines. 5 Preliminary nitrogen NMR results from epibatidine itself show unexpected 
temperature-dependent behaviour but have not yet been fully evaluated. 6 Our work in tropanes 7 and 
homotropanes 8 suggests that the unusual inversion and spectroscopic properties associated with the bridging 
nitrogen of azanorbornanes may not be carried up the homologous series to any great extent. We wished to 
synthesise homoepibatidine (2a) and bis-homoepibatidine (3a) not only to compare and contrast their 
pharmacological properties as a function of increased flexibility in the bicyclic framework, but also to 
investigate in detail the spectroscopy, conformational behaviour, and nitrogen inversion of derivatives 
including the N-alkyl compounds (2e, 3e) and a wider range of analogues. We report here the synthesis of 
the key compounds (2a,b) and (3a,b). 9 

~ N  4 ~ N  t ~ N  l 

2 7 

(In) R=H, epibatidine (2a) R=tt, homoepibatidine (3a) R=H, bis-homoepibatidine 
(lb) R=CO2Me (2b) R=CO2CH~Ph (3b) R-~202CttzPh 

(2c) R=alkyl (3e) R=alkyl 

3911 



3912 

Our initial approach to (2) and (3) was based on the use of Pd-catalysed reductive Heck-type 
coupling. 2b In preliminary work, the N-protected precursor (5) was obtained from (4) 8a by demethylation 
with c~-chloroethyl chloroformate followed by treatment with benzyl chloroformate and triethylamine 
(scheme 1). An alternative strategy is considered below. Coupling 6b of (5) with the iodo-pyridine (6) 2b 
provided the N-benzyloxycarbonyl derivative of bis-homoepibatidine (3b) in yields of over 50%. l°a The 1H 
NMR (table) and 13C NMR spectra of (3b) showed two sets of signals due to the presence of two rotamers 
about the N-CO bond; irradiation of the signal due to H 7 led to only slight sharpening of H 6, leaving a sharp 
doublet, J5exo,6 = 6.3 Hz. The small coupling between the bridgehead (H6) and ¢x-pyridyl (H7) protons 
[J6,7endo < 2 Hz] confirmed that H 7 was indeed endo- and that the coupling reaction had given the exo- (f3-) 
isomer (3b). 1° Deprotection with trimethylsilyl iodide gave bis-homoepibatidine (3a) in > 90% yield 
(scheme 1). 1H NMR data for (3a) are summarised in the table. 

Scheme 1 N C1 

Me o CI CO2CH2Ph ~ (6) 
N N I 

1) CI~O~tlCII 3 ~ Pd(Ph3)4' DMF 
2) MeOH/heat piperidine, HCO2H 

99°,/0 ~_ ~- 
refga ~ 75C 2413 

O 53% 
II 

3) ClC OCH2Ph (5) 
(4) NEt3 

57% 

TMS-I 
(3b) ~ (3a) 

The synthesis of homoepibatidine (2a) using the reductive coupling approach requires 6,7-dehydro- 
tropanes but simple derivatives are not readily available.ll Our own, otherwise successful, route to tropanes 
gave poor yields when applied to the synthesis of nortrop-6-ene. 7a However, a very recent report of 
deoxygenation of the 6,7-epoxytropane scopolamine 12a coupled with our recent synthesis of exo- and 
endo-epoxytropanes from cyclohepta-1,3-diene 13 opened up the route shown in scheme 2. 

Scheme 2 
- N  I Cl 

CO2CH2Ph CO2CH2Ph ! ~ , ~  (6) 
N N 

ref 13 O Zl~dfu, EtOll piperidine, HCO2H 

~ ~ 75C 24h 150C 4813 
77% 63% 

TMS-I 
(2b) ~ (2a) 

The epoxide provides convenient and effective protection for the 6,7-dehydro- linkage; 
deoxygenation of the epoxide (7) 13 with a zinc-copper couple in ethanol 12b gave the N-protected 
nortrop-6-ene (8) in good yield (scheme 2). The coupling reaction then gave (2b) in 63% yield 1° after 
chromatography. The lH NMR spectra for (2b) (table) showed similar features to those described for (3b); 
there was no detectable spin interaction between H 5 and H6_endo confirming the exo- stereostructure. 15 The 
13C NMR spectrum also showed a duplication of peaks due to the presence of two rotamers. Deprotection 
of (2h) gave (2a) smoothly. 
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Table Selected 1H NMR data for epibatidine, homologues, and N-protected derivatives 

( lb) 2b (2b) a,b (3b) a,b (la) 2b (2a) (3a) 

H 4 4.44 brt H l 4.53 brd H 1 4.66 brt H 4 3.84 t (3.5) H 1 3.70 m H l 3.9 m 
4.47 brd 4.58 brt 

H3,5, 6 1.5 - 1.9 m H2_ 4 1.2 - 1.9 m H2.5, 8 1.4 - 1.8 m H3,5, 6 1.5 - 1.72 m H2_4, 7 1.5 - 1.9 m H2_5, 8 1.5 - 1.9 m 

2.03 dd (12.0, 8.5) H7end o 2.28 m 2.0 - 2.30 m 1.94 dd (12.2, 9.1) H7endo. 2.24 dd 2.1 m 
H7exo 1.95 m (13.2,9.4) 

HI 4.20brs H 5 4.22brs H64.31 brd(6.3 ) HI 3.60brs H 5 3.34brs H63 .48brdd  
4.12 brs 4.20 brd (6.3) (5.3, 2.0) 

H2end o 2.89 dd H6end o 3.21 dd HTend o 3.19 m H2end o 2.79 dd H6end o 3.16 dd H7end o 3.10 brddd 

(9.1, 5.0) (9.4, 4.7) (8.8, 5.3) (9.1, 5.0) (~9.2, 6.6, 2.0) 

pyridine ring pyridine ring pyridine ring pyridine ring pyridine ring pyridine ring 
8,22 d (2.5) 8.20 br 8.21 brd (~2.4) 8.27 d (2.5) 8.28 d (2.5) 8.25 d (2.5) 
7,60 dd (8.2, 2.5) 7.47, 7.40 dd (8.2, 2.5) c 7.73 c 7.76 dd (8.4, 2.5) 7.75 dd (8.2, 2.5) 7.66 d (8.2, 2.5) 
7,23 d (8.2) 7.20, 7.13 d (8.2) c 7.4 c 7.24 d (8.4) 7.23 d (8.2) 7.27 d (8.2) 

benzyl CH 2 benzyl CH 2 
5.20 AB (12.4) 5.17 AB (12.3) 
5.16 AB (12.4) 5.13 AB (12.3) 

a. Spectra in CDCI3; data shown as 8, multiplicity, ( J Hz). J values differ across the series; relative values are supported by MM calculations. 

b. Some signals are duplicated and/or broadened due to the presence of two rotarners about the N-CO bond. 

c. Signals partially hidden beneath aryl signals; 8 values extracted using HH COSY spectrum and homonuclear spin-decoupling experiments. 

The ready availability of the N-protected 7,8-epoxyhomotropanes 14 from cycloocta-l,3-diene offered 
an effective alternative route to the key precursor (5) (scheme 3); the endo- epoxide (9) was selected for 
initial studies although the exo-epoxide or a mixture of stereoisomers can be used. Deoxygenation provided 
( 5 )  12b'c and thence (3b) and (3a). 

Scheme  3 CO2CH2Ph 
N 

~ Zn/Cu 
ButOH 

52% 

0 
(9) 

(s) ~ (3b) ~ (3a) 

We are currently extending these studies to include N-methyl derivatives and analogues containing 
different substitution patterns in the pyridine ring. Other approaches also under active investigation are 
based on ring opening of the more reactive 13,14 endo-6,7- epoxytropanes and endo-7,8-epoxyhomotropanes 
with metallo-pyridines and also the incorporation of pyridyl substituents into monocyclic precursors 13,14 
prior to the bicyclisation step. 

We hope to report on the pharmacological properties 16 and spectroscopic behaviour of (2), (3), and 
analogues in due course. 
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