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Pumiliotoxin C (Q is one of a large group of structurally related toxins which have 

been isolated from shin extracts of the colorful Central American poison arrow frog Dendro- 

bates pu milio 2, 3, 4, 5c . Synthetic investigations in several laboratories culminated in 1975 

in three total syniheses of this unusual cis-decahydroquinoline alkaloid. 595 In this letter we 
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report a short, stereospecific, construction of racemic pumiliotoxin C, which proceeds in 

greater than 451% overall yield, and which should be easily adapted for the preparation of other 

pumiliotoxins. 

Our synthetic analysis of f suggested that the construction of the three chiral centers 

in the carbocyclic ring would be pivotal. In principle these three chiral centers could be 

established in a single step, from readily available starting materials, if the endo adduct 2 

were preferentially formed from the cycloaddition of dienamide z7 and trans-crotonaldehyde. 
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This represents a demanding test for the stereoselectivity d dienes such as?, since trans 

crotonate derivatives typically elmibit notoriously low endo stereoselectivities in the Diels- 
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Alder reaction. a A reactive diene most certainly ;Omld be required. 7,9 The successful 

implementation of this strategy is outlined below. 

Cycloaddition of ethyl frans-1,3-butadien-1-carbamate ($la and trans-crotonaldehyde 

(0.14 g/ml, 4-tert -butylcatechol added as an inhibitor) for 2 l/2 hr at 110’ (z. 90% con- 

version of the diene), and purification of the crude product by column chromatography on 

silica gel (hexane-ethyl acetate) afforded adduct?, 
11 

mp 56-58’, in 61% yield (68% based on 

consumed diene). Analysis of the crude reaction mixture by hplc indicated that less than 

5% of isomeric Diels-Alder adducts were present at 2 l/2 hr, however, they became increas- 

ingly important at longer reaction times. 

oxopentylphosphonate12 (2 qu’ ) 

Reaction of 2 with the sodium salt of dimethyl 2- 

e iv in THF proceeded smoothly to afford the crystalline enone 

6 l1 
Y’ 

mp 102.5-104’, in 83% yield, after filtration of the crude reaction product through a 

short column of silica gel and recrystallization from hexane-ether. Hydrogenation (1 atm, 

Pd/ C) of dienone yielded z/quantitatively. Treatment of ‘7_ with freshly prepared saturated 

HPr in acetic acid (30 mg/ml, 3 hr at reflux, in the presence of copper y;der -0.1 g/ml) 

resulted in cleavage of the carbamate group and afforded the sensitive A ' imine after 

concentration (aspirator, 259 and partitioning of the residue between ether and saturated 

aqueous bicarbonate. The crude imine was immediately hydrogenated (1 atm, Pt02, ethanol- 

2NJ-ICl)6a to yield nearly pure L (z. 90% from 7J after basification and extraction with di- 

chloromethane. Purification was accomplished by conversion to the hydrochloride to afford 
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dl-pumiliotoxin C hydrochloride, 
ii 

mp 232-2343 homogeneous by GC, in 83% overall yield 

from x. This material elmibited the expected ‘H and 
13 

C NMR spectra, 
13 

and was identical 

(mixture mp, IR, ‘H NMR, GC, mass spec) with an authentic sample of racemic pumiliotoxin 

C hydrochloride. l4 

Further studies on related approaches to pumiliotoxin C, and other pumiliotoxins, 

will be reported in due course. 

Acknowledgement. The support of the National Science Fclundation (CHE 78-06101), the 

National Institutes of Health (NS-12389), and the Sloan Foundation is gratefully acknowledged. 

We are particularly grateful to Professor Toshiro Ibuka for generously providing comparison 

samples and spectra. 

References and Notes 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Camille and Henry Dreyfim Teacher-Schiolar Award Recipient, 1976-1981; Alfred P. 

Sloan Foundation Fellow, 19’7 5 -1977. 

(a) J. W. Daly, T. Tokuyama, G. Habermehl, I. L. Karle, and B. Witkop, Justus 

Liebigs Ann. Chem., 72, 198 (1969); (b) J. W. IUy and C. W. Myers, Science, E, 

970 (1967); (c) B. Witkop, Experientia, 22, 1121 (1971). 

A private communication from Dr. B. Witkop. 

Although there has been some confusion in the literature, the natural toxin has the 

2 -S configuration. 
3 

(a) W. Cppolzer, W. Frasti, and H. P. Weber, Helv. Chim.Acta, 5,8, 593 (1975); 

(b) T. Ibuka, Y. Inubushi, I. Saji, K. Tanaka, and N. Masaki, Tetrahedron Lett., 

323 (1975) ; T. Ibuka, N. Masaki, I. Saji, K. Tanaka, and Y. Inubushi, Cbem. 

Pharm. Bull. (Japan), 2779 (1975); (c) G. Habermehl, H. Andres, and B. Witkop, 

Nalurwissenschaften, 6,2, 345 (1975). 

Recent synthetic studies: (a) T. llxka, Y. Mori, and Y. hmbushi, Tetrabdron Lett., 

3169 (1976); (b) G. Habermehl, H. Andres, K. Miyahara, B. Witkop, and J. W. Daly, 

Justus Liebigs Ann. Chem., 1577 (1976). 

(a) L. E. Overman, G. F. Taylor and P. J. Jessup, Tetrahedron Lett., 3089 (1976); 

(b) L. E. Overman and L.A. Clizbe, J.Am. Chem. Sot., 98, 2352, 8295 (1976). 

Cf. Y. Kobuke, T. Fueno, and J. Furukawa, J.Am.Chem. Sot., 92, 6548 (1970). 

Cf. K. Seguchi, A. Sera, Y. Gtsuki, and K. Mamyama, Buli. Ch%n. Sot. Jap., 48, 

3641 (1975). 



1256 No. 14 

10. This approach is clearly related to the intramolecular Diels-Alder approach of 

Gppolzer. 5a 

11. Selected data on analytical specimens are summarized here: 2: mp 59.5-60’; mass 

spectrum 211.120 (10% C Hl7N03 requires 211.121), 141 (100%); IR (nujol) 3260, 

1710, 1670, and 1530 cm -111 
; H NMR (CDC13, 6) 9.69 (d, CHp, J = l.9), 4.8-5.2 

(m, NH!, 4.3-4.7 (m, NHCE), 2.4-2.6 (m, cH_cHO), 1.09 (d, CHq, J = 6.3); 13C 

NMR (CDC13, 5) 203.0, 156.0, 129.2, 126.2, 61.2, 56.4, 45.1, 31.5, 25.3, 19.3, 

14.6. I$ mp 102.5-104’; mass spectrum 279.181(4%, C16H 
1 

5N03 requires 279.183), 

141 (100%); IR (nujol) 3310, 1715, 1660, 1525, and 1460 cm- ; lH NMR (CDCl,, 6) 

6.70 (dd, a_=CHC=O, J = 9.4, 16.l), 6.15 (d, CH=CI$=O, J = 16.1); 13C NMR 

(CDC13, 6 ) 200.4, 156.0, 146.2 132.4, 129.6, 126.4, 61.0, 48.3 (2 carbons), 42.0, 

32.4, 28.5, 19.9, 17.7, 14.6, 13.8. dl-i hydrochloride: mp 242.5-243.5’ (sealed 

capillary, after one recrystallization from isopropanol or 1:3 ethanol: ethyl acetate); 

mass spectrum 195.200 (5%) C13H25N requires 195.199), 152(10@#,); ‘H NMR (CDC13- 

D20, 6) 3.30 (m, W h/2 = 9 Hz, C,-H), 2.95 (m, W h/2 = 20 Ha, C,-H); ‘H NMR (free 

base, CDC13, 6 ) 2.95 (m, W h/2 = 7 Hz, Cg -H), 2.64 (m, W h/2 = 18 Hz, C2-H); 

13C NMR (CDC13, 6) 60.1, 58.1, 41.0, 35.0, 34.6, 29.2, 27.4, 25.3, 23.3, 20.7, 

19.7, 19.2, 13.7. 

12. Prepared from ethyl butyrate in the standard fashion: E. J. Corey and G. T. 

Kwiatkowski, J.Am. Cbem. Sot., 8y8, 5654 (1966). 

13. H. Booth and A.H. Bostock, J. Chem. Sot., Perkin Trans. 2, 615 (1972); F. W. 

Vierhapper and E. L. Eliel, J. Org. Chem., 42, 2734 (1975); H. Booth and D. V. 

Griffiths, J. Chem. Sot., Perkin Trans. 2, 842 (1973); E. L. Eliel and F. W. 

Vierhapper, J.Org. Chem., 4nf, 199 (1976); H. Booth, D. V. Griffitbs, and M. L. 

Jozefowicz, J. Cbem. Sot., Perkin Trans. 2, 751 (1976); E. L. Eliel and F. W. 

Vierhapper, J. Org. Chem., 43 51 (1977). 

14. Kindly provided by Professor T. Ibuka. 


