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TWO HIGHLY EFFICIENT SYNTHESES OF SCALEMIC AZOCINES 
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A b s t r a c t  Two approaches to the synthesis of disubstituted azocines in scalemic form, via 
intramolecular alkylation and olefm metathesis, respectively, are described. 
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Our recently described photochemical approach to the synthesis of the manzamine A, 1,1 features the 

use of a trans-disubstituted azocine template, 2, to effect highly stereoselective formation of 3 (Scheme I). 2 

A striking difference in induction was observed between cis- and trans- disubsituted azocine templates. 

However, the desired trans-isomer could be obtained only as the minor product from reduction of the 

corresponding ketone. We report herein the development of two highly efficient approaches to the synthesis 

of the requisite azocine systems, as outlined in Scheme II. 

S c h e m e  I 
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Exposure of the Sharpless product 43 to sodium hydride and benzoylisocyanate (Scheme II), based on 

the elegant studies of McCombie, 4 leads, via carbamate formation, intramolecular epoxide opening, and N ~ O  

benzoyl migration to the formation of oxazolidinone 5 (R=OTBDMS) in 97% yield, in which the critical 

vicinal stereochemical relationship for the formation of the trans-disubstituted azocine has been established. 

Desilylation and formation of the corresponding iodide, 6, followed by treatment with sodium hydride leads to 

the formation of the requisite azocine 7 in 76% yield, the structure and stereochemistry of which were 

confirmed by X-ray crystallographic analysis. 5 

Alternatively, alkylation of oxazolidinone 9, 6 which is available in three steps from Garner's 

aldehyde, 7 with 6-iodo- 1-hexene provided the diene 10. Exposure of 10 to the metathesis conditions recently 

reported by Grubbs gave the unsaturated azocine product 11 in 75% yield.8, 9 Correlation of 7 with 11 could 
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be ach ieved  by debenzoy la t ion  o f  7 and dehydra t ion  of  the resul t ing alcohol  8 wi th  Mart in  sulfurane,  

[PhC(CF3)20]  2SPh2.10 The azocine 11 obtained by either route was identical in all respects  including optical 

rotation. 
Scheme II 
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These  sequences  compare  favorably with the seven-s tep  protocol  recently reported by Nakagawa for 

the formation of  an azocine starting from Garner 's  aldehyde. 11 The synthesis  and photochemical  reactivity of  

the v inylogous  amide  photosubs t ra te  derived from 11, i.e., containing the azocine unsaturat ion present  in 

manzamine  is now being examined  and our results will be reported in due course. 

A c k n o w l e d g m e n t s ,  Financial support from the National Institutes of Health (CA40250) is gratefully acknowledged. We would 
like to thank Professor Robert Grubbs and Dr. Scott Miller (California Institute of Technology) for a generous supply of the 
metathesis catalyst and helpful discussions. 

References 
1. Isolation: Nakamura, H.; Deng, S.; Kobayashi, J.; Ohizumi, Y.; Tomotake, Y.; Matsuzaki, T; Hirata, Y. Tetrahedron Lett. 1987, 

28, 621. Synthetic studies since 1994, see a) Hino, T.; Nakagawa, M. J. Heterocyclic Chem. 1994, 31,625; b) Leonard, J.; 
Fearnley, S.P.; Finaly, M.R.; Knight, J.A.; Wong, G. J. Chem. Soc. Perkin Trans I 1994, 2359; c) Martin, S.F.; Liao, Y.; Wong, 
Y.; Rein, T.; Tetrahedron Lett. 1994, 35, 691; d) Borer, B.C.; Deerenberg, S.; Bieraugel, H.; Pandit, U.K. Tetrahedron Lett. 
1994, 35, 3191; e) Li, S.; Kosemura, S.; Yamamura, S. Tetrahedron Lett. 1994, 35, 8217; f) Clark, J.S.; Hodgson, P.B. 
Tetrahedron Lett. 1995, 36, 2519; g) Kamenecka, T.M.; Overman, L.E. Tetrahedron Lett. 1994, 35, 4279. 

2. Winkler, J.D.; Siegel, M.G.; Stelmach, J.E. Tetrahedron Lett. 1993, 34, 6509. 
3. Gao, Y.; Hanson, R.M.; Klunder, J.M.; Ko, S.Y.; Masamune, H.; Sharpless, K.B.J. Am. Chem. Soc. 1987, 109, 5765. 
4. McCombie, S.W.; Nagabhushan, T.L. Tetrahedron Lett. 1987, 28, 5395. 
5. All new compounds were characterized by full spectroscopic (NMR, IR, high resolution MS) data. Yields refer to 

spectroscopically and chromatographically homogeneous (>95%) materials. Selected spectral dala---Azocine 7: tH NMR 
(500MHz, CDCI3): 88.01-7.95(m, 2H); 7.56(t, 1H, J=7.4Hz); 7.43(t, 2H, J=7.7Hz); 5.05(t, 1H, J=7.8Hz); 4.43(t, 1H, J=9.0Hz); 
4.05(dd, 1H, J=9.1, 5.3Hz); 3.95-3.88(m, 1H); 3.83-3.75(m, IH); 3.21-3.12(m, 1H); 2.08-1.89(m, 3H); 1.82-1.72(m, IH); 1.70- 
1.49(m, 4H); 13C NMR (125.7 MHz, CDCI3): 8 165.35; 15870; 133.41; 129.54; 129.50; 128.51; 75.88; 66.51; 59.88; 44.43; 
30.39; 26.17; 24.57; 23.48; FI'-IR(KBr, cm -1 ): 3449; 2936; 2862; 1746; 1712; 1447; 1419; 1264. Exact mass calculated for 
CI6H19NO4(M+NH4): 307.1658; found: 307.1652. [C~]D 25 (c 0.815, CHC13)=+37.67 °. Azocine 11: 1H NMR (500MHz, 
CDCI3): 85.88-5.94 (m, 1H); 5.40-5.45 (m, 1H); 4.40-4.50 (m, 2H); 3.95-3.98 (m, 1H); 3.35-3.42 (m, 2H); 2.34-2.41 (m, IH); 
2.12-2.19 (m, 1H); 1.79-1.86 (m, 1H); 1.61-1.71 (m, 2H); 1.49-1.58 (m, 1H); 13C NMR (125.7 MHz, CDCI3): 6157.7; 134.5; 
127.2; 68.2; 53.9; 43.3; 27.2; 25.8; 25.6; FT-IR(neat, cm 4 ): 1746.8; 1650.5; 1418.7; 1246.3; 1053.0. Exact mass calculated for 
C9H13NO2(M+NH4): 185.1290; found: 185.1294. [Ct]D 2~ (c 0.562, CHC13)=-85.04 °. 

6. McKillop, A.; Taylor, R.J.K.; Watson, R.J.; Lewis, N. Synthesis 1994, 31. We have found that conversion of the Garner's 
aldehyde to 9 is best achieved via i) Wittig olefination as described by McKillop; ii) pTSA, MeOH, 81%; and iii) SOC12, 
benzene, 75% 

7. Garner, P.; Park, J.M.J. Org. Chem. 1987, 52, 2361. 
8. Miller, S.J.; Kim, S.; Chen, Z,; Grnbbs, R.H. Z Am. Chem. Soc. 1995, 117, 2108. 
9. The metathesis strategy for the synthesis of azocines has recently been reported independently by Martin (Martin, S.F.; Liao, Y.; 

Chen, H.; Patzel, M.; Ramser, M.N. Tetrahedron Lett. 1994, 35, 6005) and more recently by Pandit (Pandit, U.K. Farmaco 1995, 
50, 749). 

10. Arhart, R.J.; Martin, J.C.J. Am. Chem. Soc. 1972, 94, 5003. 
11. Torisawa, Y.; Motohashi, Y.; Ma, J.; Hino, T.; Nakagawa, M. Tetrahedron Lett. 1995, 36, 5579. 

(Received in USA 20 March  1996; revised 22 April  1996; accepted 25 April  1996) 


