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Abstract: The total syntheses of (-)-indicine N-oxide, the enantiomer of 
natural indicine N-oxide and intermedine N-oxide have been achieved. 

Indicine-N-oxide (1)') is the first pyrrolizidine alkaloid to be selected 

for clinical trials against cancer, while heliotridine (2) 2) is an established 

carcinogen. The monoester pyrrolizidine alkaloids containing A 1,2 -unsaturated 

dihydroxynecine base such as retronecine and heliotrine have been attractive 

synthetic targets because of their intriguing chemical structures as well as 

their interesting and diverse pharmacological activities. 

Here we wish to report the total syntheses of (-)-indicine N-oxide (3), 

the enantiomer of natural indicine N-oxide and intermedine N-oxide (4). The 

syntheses of 3 and 4 have been achieved in a totally stereospecific fashion 

through the following sequence as the key steps: (a) the enantioselective syn- 

thesis of retronecine (5) and its enantiomer (6), (b) the enantioselective 

4323 





4325 

with 15 (DCC, DMAP, toluene) followed by acid hydrolysis (0.6 M hydrochloric 

acid) produced intermedine (17) [76%, mp 140-141°C, [ali +6.3' (EtOH) (lit,13'14) 

mp 141-142OC, [a];' +4.8' (EtOH), +9.8' (EtOH)], identical in all respects.with 

natural intermedine. 15) Oxidation of 17 with mCPBA in dry acetone afforded 4 

[98;, hygroscopic solid, [a]~0 +8.6' (EtOH)]. The structure of 4 was confirmed 

by HNMR, 
13 C NMR, IR and mass spectra. 

(7) (8) (10) 

p"3++$oH- 

bH OH 

(11) (12) 

- H3C - H3C 

(14) (15) 

) ~oc$ ,3 

(6) (16) 

Hp& ) wocy& ,~ 

(5) (17) 

Acknowledgement 

We are very grateful to Dr. M. Suffness, 12) National Cancer Institute and 

Dr. L. W. Smith,15) CSIRO for generous gifts of the authentic samples. This 

work was supported in part by a Contract NOl-CM-47593 with the Division of 

Cancer Treatment, National Cancer Institute, U.S.A., and by a Grant-in-Aid for 

Cancer Research from the Ministry of Education, Science and Culture, Japan, and 

from the Ministry of Health and Welfare, Japan. 



4326 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

References and Notes 

(a) M. Kugelman, W. C. Liu, M. Axelrod, J. J. McBride, and K. V. Rao, J -. 
Nat. Prod. , 2, 125 (1976). (b) J. S. Kovach, M. M. Ames, G. Dowis, C. G. 

Moertel, R. G. Hahn, and E. T. Cregan, Cancer Res., 2, 4540 (1979). 

(a) L. H. Zalkow, S. Bonett, L. Gelbaum, M. M. Gordon, B. B. Patil, A. Shani, 

and D. Van Derreer, J. Nat. z., -- 42, 603 (1979). (b) C. K. Atal, ibid., 

5, 312 (1978). 

Y. Nishimura, S. Kondo, and H. Umezawa, 2. Org. Chem., 5tJ, 5210 (1985). 

For racemic synthesis: (a) R. Adams, and B. L. Van Duuren, J. Amer. Chem. -- 
G., 2, 5349 (1952). (b) L. J. Dry, and F. L. Warren, J. e. e., - 
1952, 3445. (c) V. N. Kulakov, A. M. Likhosherstov, and N. K. Kochetkov, 

Zh. Obsch. Khim -- -- r 37, 146 (1967). 

J. M. J. Tronchet, R. Graf, and R. Gurny, Helv. Chem. Acta -- --I 55_, 613 (1972). 

a: 1 
H NMR (400 MHz, CDC13) 60.96 (6H d, J=6.7 Hz, CH3 of 3-C-isopropyl), 

1.31 (3H d, J=6.7 Hz, 4-CH3), 1.40 and 1.62 (3H each s, isopropylidene), 

1.77 (1H heptet, J=6.7 Hz, CH of 3-C-isopropyl)r 2.92 (1H s, 3-OH), 4.08 

(1H q, J=6.7 Hz, H-4), 4.32 (1H d, J=4.0 Hz, H-2) and 5.65 (1H d, J=4.0, 

H-l). 14: ' H NMR (400 MHz, CDC13) 60.96 and 0.99 (3H each d, J=7 Hz, CH3 

of isopropyl), 1.26 (3H d, J=6.5 Hz, CH3), 2.01 (1H heptet, J=7 Hz, CH of 

isopropyl) and 2.24 (1H q, J=6.5 Hz, H-3). 15: 'H NMR (400 MHz, CDC13) 

60.91 and 1.02 (3H each d, J=6.7 Hz, CH3 of isopropyl), 1.50 (3H d, J=6.5 Hz, 

CH3), 2.20 (1H heptet, J=6.7 Hz, CH of isopropyl) and 4.36 (1H q, J=6.5 Hz, 

H-3). 

A. J. Mancuso, S-L. Huang, and D. Swern, 2. 9. Chem., 43, 2480 (1978). 

(a) R. U. Lemieux, and E. Von Rudloff, Can. 2. Chem., 33, 1701 (1955); ibid., 

33, 1710 (1955). (b) J-M. Bernassan, and M. Fetizon, Synthesis, 1975, 795. 

J. R. Piper, K. Prasad, and Y. F. Shealy, J. Labelled Compds. and Radiopharm. - 
18, 1579 (1980). 

W. M. Hoskins, and D. H. G. Crout, J. Chem. Sot. Perkin I, - -- 1976, 538. 

A. R. Mattocks, R. Schoental, H. C. Crowley, and C. C. J. Culvenor, J. Chem. -- 

G., 1961, 5400. 

The authentic samples of natural indicine and indicine N-oxide were provided 

by Dr. M. Suffness, National Cancer Institute, U. S. A. 

C. C. J. Culvenor, and L. W. Smith, Aust. J. Chem -- -- f 19, 1955 (1966). 

J. L. Frahn, C. C. J. Culvenor, and J. A. Mills, J. Chromatography, 195, - 
379 (1980). 

The authentic sample of natural intermedine was provided by Dr. L. W. Smith, 

CSIRO, Australia. 

(Received in Japan 15 May 1986) 


