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Facile Synthesis of Dihydrofurans by the Cerium(iv) Ammonium Nitrate 
Mediated Oxidative Addition of 1,S-Dicarbonyl Compounds to Cyclic and 
Acyclic Alkenes. Relative Superiority over the Manganese(ii1) Acetate Mediated 
Process 
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Radicals generated from dimedone and acetylacetone by CAN undergo addition to cyclic and acyclic 
alkenes to give dihydrofurans in good yields. In view of the experimental simplicity and higher yields 
of products formed CAN appears to be superior to the more commonly used Mn(OAc),. 

The emergence of radical methodology as a powerful alternative 
to ionic reactions in the construction of complex carbocyclic 
compounds has aroused great interest in developing novel 
reagents and procedures for the generation of radicak2 Among 
the oxidants used to generate radicals, Mn(OAc), has received 
the most attention,, but in spite of its widespread use it is not 
always reliable3" and it is of interest to develop other one- 
electron oxidants. The pioneering work of Heiba and Dessau4 
and the subsequent investigations of Kurz have demonstrated 
the usefulness of Ce'" reagents for the generation of carbon 
radicals. Later, Baciocchi and Ruzziconi reported the oxidative 
addition of ketones and 1,3-diketones to enol acetatesa6 More 
recently, the same workers have extended the use of CAN 
[cerium(rv) ammonium nitratel-mediated additions to enol 
silyl ethers and styrenes.8 

In spite of the above investigations, only scant information 
has been available on the CAN-mediated addition of active 
methylene compounds to cyclic and acyclic alkenes, especially 
unactivated ones. Moreover, there are no data available which 
allow direct comparison of CAN- and Mn(OAc),-mediated 
reactions. We have initiated some work in this area and our 
preliminary results indicate that the CAN-mediated addition 
of dimedone and acetylacetone to cyclic and acyclic alkenes 
occurs rapidly to afford 4,5-dihydrofurans '3' in high yields. An 
illustrative example is shown in Scheme 1. In comparison, the 
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corresponding reaction mediated by Mn(OAc), takes place in 
refluxing glacial acetate acid? and the product 3 is obtained in 
only 41% yield. Similar results obtained with dimedone as well 
as acetylacetone and a number of alkenes are summarized in 
Table 1.  It is noteworthy that the CAN-mediated reactions are 
generally higher yielding compared with the Mn(OAc),- 
mediated ones. 

In all the cases studied, 2 equiv. of CAN are required for the 
completion of the reaction. When less than 2 equiv. are used, a 

t No reaction was observed in refluxing ethanol 
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proportional amount of the alkene is left unchanged. While 
the mechanistic details of the reaction remain unclear, a 
rationalization along the lines shown in Scheme 2 may be 
made. It should, however, be pointed out that an alternative 
mechanism that excludes cation formation cannot be ruled out. 

In summary, the CAN-mediated addition of dimedone and 
acetylacetone to alkenes offers a facile and simple method for 
the synthesis of dihydrofurans. It may be emphasized that in 
terms of experimental simplicity and higher yields of products 
this reagent appears to be superior to the more commonly used 
Mn(OAc),. The solubility of CAN in common organic solvents 
is an added advantage. In view of these facts it is anticipated 
that CAN will find wider use in C-C bond forming reactions. 

Experimental 
Typical Procedure: 3-Ethyl-2,2,6,6-tetramethyl-2,3,4,5,6,7- 

hexahydro-1 -benzofuran-4-one 3.-A solution of CAN (3.15 g, 
4.6 mmol) in methanol (20 cm3) was added dropwise to an ice- 
cooled mixture of 2-methylpent-2-ene (0.21 g, 2.5 mmol) and 
dimedone (5,5-dimethylcyclohexane-l,3-dione) (0.24 g, 3 mmol) 
in methanol (10 cm3) with stirring. After the disappearance of 
the colour of CAN (15 min), the reaction mixture was diluted 
with water ( I  50 cm') and extracted with CH,CI, (3 x 50 cm3). 
The combined organic extracts were washed with water and 
saturated brine, dried (Na2S04) and concentrated under 
reduced pressure. The residue obtained was subjected to column 
chromatography, eluting with 10% ethyl acetate-light petrol- 
eum (b.p. 6&80 "C) to afford the pure product 3 (0.334 g, 60%) 
as a colourless oil, v,,,(film)/cm-' 2964, 1644 and 1395; &(60 
MHz;CCI,)2.8-2.4(1 H,m,-CHCH,-),2.25(2H,s),2.1 (2H, 
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Table 1 Reactions of 1,3-dicarbonyl compounds with alkenes s), 1.75-1.5 (2 H, m), 1.35 (6 H, s, CH,), 1.1 (6 H, s, CH,) and 
0.894.69 (3 H, m, CH,); 6J22.5 MHz) 194, 174, 114.5, 92, 
51, 48.5, 37, 33.5, 29, 28, 27.5, 21.5, 21 and 11.5 (Found: M', 
222.1613. C,,H,,O, requires M ,  222.1620). Entry compound Alkene Product a (%I 

Dicarbon yl Yield b - r p d  

OPh 

u 
s 
0 
(yPh 

Acknowledgements 
J. M. thanks the CSIR for the award of a Junior Research 
Fellowship. We thank Dr. A. V. Rama Rao, Director, IICT, 
Hyderabad and Professor Goverdhan Mehta, University of 
Hyderabad, for mass spectral and elemental analyses, 
respectively. Mr. George Morton, Medical Research Division, 
American Cyanamid Company, USA, is thanked for recording 
the high resolution 'H and 13C NMR spectra. 

98 

58 (47) 

References 
1 (a)  G. Stork and N. H. Baine, J.  Am. Chem. Soc., 1982, 104, 2321; 

(b)  G .  Stork, in Selectivity: A Goal for Synthetic Efficiency, eds. 
W. Bartman and B. M. Trost, VCH, Weinheim, 1984, p. 281. 

2 For reviews see: (a)  B. Giese, in Radicals in Organic Synthesist 
Formation of Carbon-Carbon Bonds, Pergamon, Oxford, 1986; 
(b) M. Ramaiah, Tetrahedron, 1987, 43, 3541; (c )  D. P. Curran, 
Synthesis, 1988,417 and 489. 

3 (a)  G. G. Melikyan, Synthesis, 1993, 833; (b)  J. Iqbal, B. Bhatia and 
N. K. Nayyar, Chem. Rev., 1994,94, 519. 

4 (a)E.  I. HeibaandR. M. Dessau, J. Am. Chem. SOC., 1971,93, 534and 
995; (b) E. I. Heiba, R. M. Dessau and P. G .  Rodewald, J.  Am. Chem. 
Sac., 1974,%, 7977. 

5 (a)  M. E. Kurz and P. Ngoviwatchai, J. Org. Chem., 1981,46,4672; 
(b) M. E. Kurz, V. Baru and P. N. Nguyen, J. Org. Chem., 1984, 
49, 1603. 

6 (a) E. Baciocchi, G. Civatarese and R. Ruzziconi, Tetrahedron Lett., 
1987, 28, 5357; ( b )  E. Baciocchi and R. Ruzziconi, Synth. Commun., 
1988, 18, 1841; (c )  E. Baciocchi and R. Ruzziconi, J.  Org. Chem., 
1986,51, 1645. 

7 (a)  E. Baciocchi, A. Casu and R. Ruzziconi, Tetrahedron Lett., 1989, 
30, 3707; (b) E. Baciocchi, A. Casu and R. Ruzziconi, Synlett, 1990, 
679: ( c )  A. B. Paolobelli. D. Latini and R. Ruzziconi. Tetrahedron 

48 

& 5 5 -  

% 96 
0 

0 

Let;. ,~ i 9 9 3 , ~ ,  72 I .  
8 E. Baciocchi and R. Ruzziconi, J.  Org. Chem., 1991,56,4772. 
9 Dihydrofurans are reported to be formed from enolizable ketones 

and alkenes in presence of Mn(OAc),, Co(OAc), and CuC1,: (a)  
E. I. Heiba and R. M. Dessau, J. Org. Chem., 1974, 39, 3456; 
( b )  J. Iqbal, B. Bhatia and N. K. Nayyar, Tetrahedron, 1991, 47, 
6457; ( c )  M. G. Vinogradov, A. E. Kondorsky and G. I. Nikishin, 
Synthesis, 1988, 60. 

Paper 41065 17D 
Received 25th October 1994 

Accepted 17th November 1994 
~~ 

cis Stereochemistry assigned for products in entries 1,2,4,  5 and 6 (cJ 
ref. 9b). * Isolated yield. All products gave satisfactory 'H NMR, I3C 
NMR, IR and microanalytical data. Isolated yields obtained by us 
with Mn(OAc), mediated reactions are given in parenthesis. ' In 

acetonitrile. ' Along with this product 
16% yield [8% with Mn(0Ac)J. 

was isolated in 


