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Abstract: A synthesis of the non-opiate analgesic alkaloid epibatidine was achieved in 
13 steps and 13% overall yield starting from 1,3-cyclohexadiene using in a key step a 
modified Stille coupling reaction on an c~-iodocyclohexenone. © 1998 Elsevier Science Ltd. 
All rights reserved. 

Epibatidine (1), a unique alkaloid isolated flom Ecuadorian poison frog Epipedobates tricolor by Daly 

and co-workers, ~ is a highly potent, non-opioid analgesic and nicotinic acetylcholine receptor agonist. 2 Its low 

abundance in nature (< 1 mg flom 750 fiogs) and remarkable biological activity makes it an attractive subject for 

tot',d synthesis. More than twenty papers featuring the synthesis or approaches to the synthesis of epibatidine 

and analogues have been published. ~ 

In this communication, we report a total synthesis of raccmic cpibatidine (1) which is unique among the 

approaches to the target in that it mw)lves a modified Stille coupling reaction between o~-iodoenone 2 and the 

pyridylstannane 3 to introduce the pyridyl subunit on the central six-carbon skeleton (Scheme I ).4 
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The synthesis of the requisite o~-iodo enone is outlined in Scheme 2. An in sire generated nitroso reagent 

underwent cycloaddition with 1,3 cyclohexadiene (4) to afford the adduct ,5.~ Reductive cleavage of N-O bond 

was achieved by using Mo(CO),, in wet acetonitrile. ~' The resulting allylic alcohol wits oxidized with activated 

MnO, to give enone 6 (rap 113-114 "C): ot-iodmation of the latter was carried out using a method developed in 

our laboratory to obtain 7 (rap 142-142.5 "C). : 

Scheme 2 
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The preparation of pyridylstannane 11 required for the key coupling step is shown in Scheme 3. 

Bromination of 2-methoxypyridine (8) in the presence of KBr gave 2-methoxy-5 bromo pyridine (9) s which 

was transformed to 2-chloro-5-bromo pyridine ( 10~ under Vilsmeier conditions. ') The preparation of pyridyl- 

stannane 11 was completed by generating the pyridyllithium by lithium/halogen exchange and treatment with 

tributylstannyl chloride. 

Scheme 3 

N 4  ~ n - B u  ) 3 N ~  KBr/Br2 POCI3, DMF 1. n-BuLi, -78 °C, THF 

KOH 100 o C N~.%~ aq. 2. n-Bu3SnCI, -78 °C 
OMe 53% OMe 95% CI 91% CI 
8 9 10 11 

The crucial Stille coupling is shown in Scheme 4. Iodoemme 7 underwent coupling with pyridyl- 

stannane 11 in the presence of Pd[(oqolylLP],Cl_, as a catalyst, to give the cz-functionalized enone 12 (mp 143- 

144 °C) in excellent yield. ") Under Ltiche conditions. 12 gave diastcrcomeric allylic alcohols 13a and 13b 

(1:2) as an inseparable mixture. ~ Although the diastcreolneric l;.dio remained unchanged, ~e concomitant 

reduction of the chloro substituent wits observed, producing 145 and 14b, under a variety of hydrogenation 

conditions. This dechlorination dilemma hils been reported in scveral previous syntheses of cpibatidine) b ~' 

Scheme 4 

I pd[(o.toly)3P)]2Cl 2 (5%) [ ~ v CeCI3.7H20 ~. N _ d / C ,  EtOH 

ZnBr 2 (16%) ~ ~ C  1 1 atm, H 2 
NHBOC DMF, 65 °C NHBOC 93% NHBOC 96% NHBOC 

92% 14a, 14b 7 12 13a, 13b 

Adopting a strategy to install the chloro substituent at a later stage of the synthesis, cz iodoenone 7 and 

2-methoxy-5(tri-n-butyl)stannylpyridine (15) were coupled using modified Stille conditions. The resulting 

coupled product 16 (rap 129-130 "C), was converted to the fully rcduced ring system as described earlier. The 

diastereomeric alcohols 18a and l g b  v/ere separated, tile desired, and unfortunately minor, isomer 18a was 

converted to the mesylate 19 and removal of the BOC gruup set the stage for intramolecular cyclization. The 

aminomesylate 20 was heated in CHCI, to obtain the fully asscmblcd 7-azabicyclo[2.2.1] system 21 (Scheme 

5) ) '  
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Scheme 5 
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Conversion of intermediate 21 lo cpibatidine was achieved in 3 steps (Scheme 6). First apical nitrogen 

was protected as trifluoroacetamidc 22, which gave 23 under Vilsmeier conditions. Removal of 

lrifluoroacetamide under basic conditions gave epibatidine (1)]:~ (rap 50 "C, In. ~ b0- 5 1 "C). 

Scheme 6 

21 

C F 3 ~  OMe 
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23 

In conclusion, a convenient and relatively short process has been developed for tile total svnthcsis of 

epibatidine from cyclohexadiene (13 steps and 13% overall yield). The route provides an illustration of the 

utility of transition-metal catalyzed coupling strategies invoh'ing cx iodocychmlkenones.t4 

A c k n o w l e d g m e n t .  This work was supported by grant CHE-9223011 from the National Science 

Foundation. 

References and Notes 

1. Spande, T. F.: Garrafo, H. M.; Edwards, M. W.: Yel l  H. J. C.: Pannell, L., Daly, J. W. J. Am.  
Chem. Soc. 1992, 114, 3475. 



2062 

4. 

2. 

3. 

5. 

6. 

7. 
8. 
9. 
10. 

11. 
12. 

13. 

14. 

(a) Qian, C.; Li, T.; Shen, T. Y.: Libcrtine-Garahan, L.: Eckman, J.; Biftu, T.; Ip, S. Eur. J. Pharm. 
1993, 250, RI3. (b) Badio, B.; Daly J. W. Mol. Pharm. 1994, 45, 563. 

(a) Huang, D. F.; Shen, T. Y. Tetrahedr(m Left. 1993, 34, 4477. (b) Kotian, P. L.; Carroll, F. I. Syn. 
Comm. 1995, 25, 63. (c) Clayton, S. C.; Regan, A. C. Tetrahedron Lett. 1993, 34, 7493. (d) 
Zhang, C.; Trudell, M. L. J. Or,6 Chem. 1996, 61, 7189. (e) Okabe, K.; Natsume, M. Chem. Pharm. 
Bull. 1994, 42, 1432. (f) Broka, C. A. Tet:ahedrolz Lett. 1993, 34, 3251. (g) Fletcher, S. R.; Baker, 
R.; Chambers, M. S.; Hobbs, S. C.: Mitchell, P. J. J. Chem. Soc. Chem. Comm. 1993, 1216. (h) 
Senokuchi, K.; Nakai, H.: Kawalnura, M.: Katsube, N.; Nonaka, S.; Sawaragi, H.; Hamanaka, N. 
Synlett 1994, 343. (i) Corey, E. J.: Lob. T.-P.: AchyuthaP, ao, S.; Daley, D. C.; Sarshar, S. J. Org. 
Chem. 1993, 58, 5600. (j) Ko, S. Y.; Lc,piniere, J.: Linney, 1. D.: Wrigglesworth, R. J. Chem. Soc. 
Chem. Comm. 1994, 1775. (k) Szantay. (17.: Kardos-Balogh, Z.: Moldvai, l.; Jr, C. S.; Temesvari- 
Major, E.; Blasko, G. Tetrahedr~m Lett. 1994, 35, 3171. (11 Albertini, E.; Barco, A.; Benetti, S.; RiM, 
C. D.; Pollini, G. P.; Romagnoli, R.: Zanirato, V. Tetrahedrrm Lett. 1994, 35, 9297. (m) Sestanj, K.; 
Melenski, E.; Jirkovsky, I. Tetrahedro~ Le::. 1994, 35, 5417. (n) Trost, B. M.; Cook, G. R. J. Org. 
Chem. 1996, 37, 7485. (o) Pandey, G.: Bagul, T. D.: Lakshmaiah, G. Tetrahedron Lett. 1994, 35, 
7439. (p) Xu, R.; Chu, G.; Bai, D. ,I. Or q,. Chem. 1996, 61, 4600. (q) Zhang, C.; Gyermek, L.; 
Trudell, M. L. Tetrahedron Lett. 1997, 3<%', 5619. (r) Kosugi, H.; Abe, M.; Uda, H.; Kato, M. J. 
Chem Soc. Chem. Comm. 1997, 1857. Pavri, N. P.: (s) Trudcll, M. L., Tetrahedron Lett. 1997, 38, 
7993. For the synthesis of synthesis of analogues see: (t) Malpass, J. R.; Hemmings, D. A.; Wallis, A. 
L. Tetrahedron Lett. 1996, 37, 3911. (u) tliroya, K.; Ogasawara, K. Chem. Pharm. Bull. 1995, 43, 
901. (v) Sundermann, B.; Schart, H.-D. 3"wdett. 1996, 703. (w) Liang, F.: Navarro, H. A.; Abraham, 
P.; Kotian, P.; Ding, Y-S.; Fowler, J.: Volkow, N.; Kuhar, M. J.; Carrol, F. I. J. Med. Chem. 1997, 
40, 2293. For reviews see: (x) Chcn, Z.; Trudell, M. L. Che'm. Rev. 1996, 96, 1179. (y) Broka, C. 
A. Med. Chem. Res. 1994, 4, 449. (z) Dchmlow, E. V. ,/. lbak:. Chem. 1995, 337, 167. 

(a) Stille, J. K. Angew. Chem. Int. Ed. t:}~£,L 1986, 2,5, 508. (b) Farina, V. Pure & Appl. Chem. 
1996, 68, 73. (c) Beletskaya, I. P. J. Or~,ammtet. Chem. 1983, 250, 551. 

(a) Keck, G. E. Tetrahedron Lett. 1978, 19, 4767. (b) Kcck, G. E.; Fleming, S. A. Tetrahedron Lett. 
1978, 19, 4763. (c) Martin, S. F.; Hartmann, M.; Josey, J. A. Tetrahedron Lett. 1992, 33, 3583. 

Miller, M. J.; Ritter, A. R. J. Org. Chem. 1994, 59, 4602. 

Johnson, C. R.; Adams, J. P.; Braun, M. P.: Senanayake, (7. B. W. Telrahedrott Lett. 1992, 33, 919. 
Tee, O. S.; Paventi, M. J. Am. Chem. ,~'oc. 1982, 104, 4142. 

Shiao, M.-J.; Shyu, L.-M.; Tang, K:Y.:  Ma, Y.-T. S3vz. (7¢,~mt. 1990, 20, 2971. 
Instead of 5% of Pd[(o-tolyl)~P]eCl.,, 5t~f of Pd(PhCN)~CI: and 109~ of P(o-toly[)~ could be used 
without any sacrifice in yield. 

Luche, J.-L.; Gemal, A. L. J. Am. Chem. A~c. 1981, 103, 5454. 

In a model study allylic alcohol i gave only single diastereomeric alcohol ii upon catalytic hydrogenation: 

H ~  OMe o[~ :"~"h/OMe 
5% Pd/C, EtOH .... 

96% 
i 1 atm, H 2 ii 

(_+)-1: '~C NMR(CDCB) 530.1, 31.2, 40.3, 44.5, 56.4, 62.7, 123.9, 137.6, 141.0, 148.8, 148.9 
(l i t)  t 29.8, 31.2, 40.1, 44.4, 56.6, 62.8, 124.0, 137.7, 140.6, 148.8, 149.01. 

See for examples Johnson, C. R. ; Braun, M. P. J. Amer. Chem. Soc. 1 15, 11014 (19931; Miller, M. 
M.; C. R. Johnson, C. R. J. Org. Chem. 62, 1582 (19971; Myers, A. G.; Dragovich, P. S. J. Am.  
Chem. Soc. 1993, 115, 7021; Brosius A. D.; Overman L. E. J. Org. Chem. 1997, 62, 440. 
Commins, D. L.; Joseph, S. P.; Chen, X.Tetrahedro~t Lett. 1995, 36, 9141. For a pioneering 
contribution is this area see Negishi, E.; Owczarczyk, Z. R.; Swanson, R. D. Tetrahedron Lett. 1991, 
32, 4453. 


