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Absmer: Oxidetive cleavage of enc-lactams can be performed elfcientiy by either m or pd(OAc~satelyxed 
oxidation with Hz02 to give the corrqonding ketoimidcx. lie reaction provi~ convenient methods for the 

mi&s and the ~CI~SIN&III of N-fused axabicyclii ring systems such as indolixidine 

Oxidative cleavage of carbon-carbon double bonds is an important and versatile method for the preparation 

of a variety of carbonyl compounds.1 However, in the field of synthesis of biologically active nitrogen 

compounds there still remain m@rements for the development of such transformations that proceed under neutral 

and mild conditions. 

Recently we found that low valent ruthenium complex catalyzed reaction of S-ketoniailes with water 

procteds highly efficiently to give ene-lactams which are versatile synthetic intermediates.2 We have found a 

convenient method for oxidative cleavage of ene-lactams affording ketoimides under mild and neutral conditions. 

Thus, SeOz- or Pd(OAc)z-catalyzed oxidation of ene-lactams with hydrogen peroxide proceeds at room 

temperature to give the cormsponding ketoimides with high efficiency. Therefore, ketoimides can be obtained 

readily from ketones via cyanoethylation (eq 1). 

Ene-lactams have been prepared efficiently by the rutheniumcatalyxed reaction of 6ketoniuiles.2 Typically, 

the tteatment of 2-(2-cyanoethyl)cycloheptanone derived from cycloheptanone, with two equivalents of water in 

1,Zdimethoxyethane in the presence of 3 mol% of RuHz(PPh$.t gave 8-az.abicyclo[5.4.0]undec-1(7)-en-9-one 

in 65% yield. Similarly, 3.4-dihydro-6-ethyl-5-methyl-2-pyridone (1) can be obtained from 4-methyl-5- 

oxoheptanenitrile. 

The catalytic activity of various metal complexes was examined for the oxidative cleavage of ene-lactam 1 

with hydrogen peroxide. Se02 and Pd(OAc)s have proven to be effective catalysts for the formation of N- 
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Table L Selenium- and Palladium-Catalyzed Oxidative Cleavage of Ene-lactams with HA’ 

entry ene-lactam pmducP yield’ (%) 

73d 

51°C 

95f 

‘?o a stirred solution of ene-lactam (1.0 mmd) and catalyst (0.1 mmol) in CHsCls (3 mL) was a&d a 30% 
HzqL aqueous solution (2.2 mmol) dropwise at room temperature over a period of 3 min. aad the mixtire was 
stinrd for 2 h. ktisfactcq IR and NMR spectral data and elemental analysis wete obtained. %oIated yield 

%d(OAch was wed as a catalyst. *Hz@ (3 equiv). ‘Se& was used as a catalyst. 

propanoyl-4-oxopentanamide (2). Other metal complexes such as CoCl2, Mn(OAc)2*4HzO, Cu(OAch, 

Ni(acac)z, and Na2W04 showed no catalytic activity. The use of aprotic solvent such as C!H$l2 gave 

satisfactory results. Typically, to a stirred solution of ene-lactam 1 (0.140 g, 1.01 mmol) and Se@ (0.011 g, 

0.10 mmol) in CH2Cl2 (3.0 mL) was added a 30% Hz02 aqueous solution (0.24 mL, 2.2 mmol) dropwise at 

mom temperature over a period of 3 min. After stirring for 2 h, the mixture was poured into a saturated Na$I03 

solution in Hz0 and extracted with CHzCl2 (5 mL x 3). The combined organic layers were dried over Na$I04 

and evaporated under reduced pressure to give 2 (0.164 g. 95%) as a colorless solid. 

The representative results of the oxidative cleavage of ene-lactams are listed in Table I. Various ene-lactams 

undergo oxidatlve cleavageupon treatment with Hz@ in the presence of Se or Pd(OAch catalyst. Ene-lactams 

derlvcd from cyclic ketones are converted into macrocyclic ketoimides which am potent synthetic intermediatesof 

various axamacrocycles (entries l-3). As for the formation of macrocyclic ketoimides Pd(OAc)z gave better 

results in comparison with SeO2. Many of the conventional methods for oxidative cleavage of carbon-carbon 
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double bonds1 can not be applied to the synthesis of macrocyclic ketoimides, because hydrolysis takes place 

giving ring opening products under the reaction conditions. Ene-Warns derived from acyclic ketones are 

converted into linear y-ketoimides (entry 4). Oxidation of bicyclic ene-lactams bearing hisubstituted olefins gave 

imidocarboxylic acids (entry 5). 

The present reaction provides a novel and efficient method for construction of N-fused azabicyclic ring 

systems such as indolizidine and cephalotaxine skeletons (eq 2).3 Thus, the seoZ_catalyzed oxidation of ene- 

lactam 3a derived from cyclohexanone, with Hz02 gave 7-hydroxy-1-azabicyclo[5.3.0]decan-2,lO-dione 

3 a: n=2 
b: n-1 

4 5 

(Sa) in 95% yield. Similar treatment of ene-lactam 6 derived from p-tetralone gave Il-hydroxy-l- 

azatricyclo[9.3.0.05~~~]tetradecan-5,7,9-trien-2,14-dione (7) in 65% yield. The reaction can be rationalized by 

assuming the formation of macrocyclic ketoimides 4 which undergo intramolecular nucleophilic attack of the 

nitrogen atom of the imide moiety to the carbonyl group. These ring opening-closure sequences are observed 

exclusively in the oxidation of enellactams bearing l4.4.01 and [4.3.0] bicyclic ring systems. This is due to 

conformational stability of the products in which imide moieties can keep n-conjugated planes. The present 

6 7 

method is especially useful for the synthesis of indolizidine alkaloids which have received considerable attention 

because of their potent enzyme inhibition properties. 3b The reported methods for the construction of indolizidine 

skeletons are limited to,few methods which involve annulation reactions from pyrrolidine and piperidine 

synthons.3.4 intramolecular 1,3-dipolar cycloadditions of azidoolefins,s and intramolecular Diels-Alder reactions 

of 1-alkenoyl-l-azabutadienFs.6 The efficiency of the present method has been demonstrated by the short step 

synthesis of Gconiceine (8)7 which has been received widespread attention as model system for investigating a 

general synthetic strategy for the construction of indolizidine alkaloids. Thus, the See-catalyzed oxidative 

1) Se02 (cat.) I H& 

2) LiAIH4 

3b Gconiceine (8) 
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cleavage of am-lactam 3b derived from cyclopentanone, with Hz% gave Chydnrxy-1-azabicycloE4.3.0]n 

29dione (Sb) in 78% yield Reduction of Sb with LiAlb in THF at room temper&me gave 8 in 63% yield. 

The present catalytic reactions can be rationalized by assuming formation of either HOSe(O)OOH8 cr 

Pd(OAc)(OOH)g intermediates which are derived from Se or Pd(OAc)2 with w. Epoxidation of ene- 

lactams with these intermediates and subsequent nucleophilic attack of Hz02 would give yhydroxy -6- 

hydmdioxylactams which undergo ring opening to give ketoimides and water. 

Work is in pqress on the extension of our method to other systems and on the application to the synthesis 

of nitrogen containing biologically active compounds. 

Acknowledgment: This work was supported by Asahi Glass Foundation and a Grant-in-Aid for Scientific 

Research from the Ministry of Education, Science and Cultme, Japan. 

References 

1. (a) Organic Syntheses by Oxidation wirh Metal Compounds, Mijs, W. J.; de Jonge. C. R. H. I., Ed.; 

Plenum Press: New York, 1986. (b) Haines, A. H. Methods for rhe Oxidation of Organic Compounds, 

Academic Press: London, 1985. (c) House. H. 0. Modern Synthedc hkactions, W. A. Benjamin, Inc.: 

Menlo Park, CA, 1972; p 275. 

2. Murahashi, S.-I.; Sasao, S.; Saito. E.; Naota, T. J. Org. Chem. 1992,57,2521. 

3. For reviews, see: (a) Howard, A. S.; Michael, J. P. The Alkaloids; Chemistry and Pbmacolog~ Brossi, 

A., Ed.; Academic Press: New York, 1986; Vol. 28. p. 183. (b) Elbein, A. D.; Molyneux, R. A&&i&, 

Chemical and Biological Perspectives; Pelletier, S. W., Ed.; John Wiley and Sons: New York, 1987, Vol. 

5, p. 1. 

4. (a) Broka, C. A.; Eng. K. K. J. Org. Chem. 1986.51.5043. (b) Hua, D. H.; Bharathi, S. N.; Robinson, 

P. D.; Tsujimoto, A. J. Org. Chem. 1990,55, 2128. (c) Saliou, C.; Fleurant, A.; Ctltrier, J. P.; 

Lhommet, G. Tetrahedron Len. 1991.32, 3365. (d) Polniaszek, R. P.; Belmont, S. E. J. Org. Chem. 

1991,56, 4868. (e) Knapp, S.; Gibson, F. S. J. Org. Chem. 1992,57, 4802. (f) Koskinen, A. M. P.; 

Paul, J. M. Tetrahedron Lett. 1992,33,6853. 

5. (a) Choi, J.-R.; Han, S.; Cha, J. K. Tetrahedron Len. 1991.32. 6469. (b) Pearson, W. H.; Bergmeier, 

S. C.; Williams, J. P. J. Org. Chem. 1992,57, 3977. (c) Taber, D. F.; Deker, P. B.; Silverberg, L. J. J. 

Org. Chem. 1992,57,5990. 

6. (a) Uyehara, T.; Suzuki, I.; Yamamoto, Y. Tetrahedron L&t. 1990,3753. (b) Jung, M. E.; Choi, Y. M. J. 

Org. Chem. 1991,56,6729. 

7. (a) Review: ref. 3a. (b) Green, D. L. C.; Thompson, C. M. Tetrahedron Lett. 1991.32, 5051. and 

Efexences cited therein. 

8. Murahashi, S.-I.; Shiota. T. Tetrahedron Len. 1987,28,2383, and references cited therein. 

9. Mimoun, H.; Charpentier, R.; Mitschler, A.; Fischer, J.; Weiss, R. J. Am. Chem. Sot. 1980,102, 1047. 

(Received in Japan 20 March 1993) 


