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Anodic oxidations of 4-trimethylsilylazetidin-2-one and 1 - benzyl-4-trimethylsilylazetidin-2-one in 
the presence of alcohols or acetic acid regioselectively provide the corresponding 4-oxyazetidin-Z- 
ones in good yields. 

Azetidin-2-ones possessing a 4-substituent replaceable with a 
variety of nucleophiles are recognized as synthetically useful in 
p-lactam chemistry.' Electrochemical oxidation is an attractive 
means of inducing nucleophilic attack at  the carbon (i.e. a- 
carbon) adjacent to the nitrogen of amides,' and was recently 
used to convert azetidin-2-ones and 4-carboxyazetidin-2- 
ones into 4-oxyazetidin-2-ones. Although valuable, these 
methods still have limitations: 3,4 (1) the oxidation potential of 
p-lactams is usually high; (2) the yields are greatly dependent on 
the structure of the substrates; (3) the oxidation lacks regio- 
selectivity in the case of N-substituted lactams, nucleophiles 
being introduced into both carbons u to the nitrogen. We, 
therefore, expected that 4-silylation of azetidin-2-ones would 
lower the oxidation potential, thus enhancing the reactivity and 
regioselectivity of nucleophiles in the electrochemical process.? 
Here we report preliminary results for an efficient electro- 
chemical preparation of 4-oxyazetidin-2-ones 3 from 4-tri- 
methylsilylazetidin-2-one 1 $ (Scheme 1). 
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a, R = Me; b, R = CH,CHMe,; c, R = (CH,),CH=CH,; 

We first compared the oxidation potentials of azetidin-2-one 
4 and 1, using cyclic voltammetry. As expected, the oxidation of 
1 took place at a low potential and the first oxidation wave 
appeared at a peak potential of 1.75 V us. Ag/AgCl in 
acetonitrile, whereas the peak potential of 4 was 2.38 V. This 
large decrease in the oxidation potential, caused by the 
silylation, suggests that there is in the rigid p-lactam ring of 1 
effective overlap between the lone pair of the nitrogen atom and 
the neighbouring carbon-silicon (r bond. 

Constant current electrolysis (1 5 mA cm-') of 1 (1 mmol) was 
carried out in methanol (10 cm3) containing Et,NOTs (0.2 mol 
dm-3) as a supporting electrolyte with a graphite plate anode- 
graphite plate cathode in an undivided cell. After passage of 2.5 
F mol-' of electricity 1 had completely been consumed and 
4-methoxyazetidin-2-one 3a was obtained (60%); in contrast, 
almost all of 4 was recovered even after passage of 10 F mol-' of 
electricity. Extension of the anodic oxidation to the synthesis of 

t Studies on electrochemical oxidation of organosilicon compounds 
bearing a silicon and hetero atoms on the same carbon have extensively 
expanded (see ref. 5). 

Several synthetic methods for 4-trimethylsilylazetidin-2-one I have 
been reported (see ref. 6). 

Table 1 . Electrochemical transformation of 1 to 3 

Alcohols 2 Products 3 Electricity (F mol-' of 1) Yields" (%) 

2a 3a 2.5 
2b 3b 2.2 
2c 3c 2.4 
2d 3d 3.0 
2e 3e 2.5 

78 
74 
72 
78 
51 

" Isolated yields based on 1 used. The recovery of 1 was 28%. 

Table 2 Electrochemical methoxylation of 5 and 6 

Electricity Yield of Yield of 
Run Substrate Solvent (F mol-') 7 (%) 8 (%> 

1 5 MeOH 10.0 45 8 
2 5 MeCN" 15.0 43 22 
3 6 MeOH 2.5 -0 75 
4 6 MeCN" 2.2 -0 80 

" MeOH (10 mmol) was added as a nucleophile. 

other 4-alkoxyazetidin-2-ones necessitated a change of solvent. 
Acetonitrile was found to be an efficient solvent and in it, with 
an excess of the appropriate alcohol (5-10 equiv. mol-' of l), the 
trimethylsilyl group of 1 underwent smooth displacement by 
various alkoxy groups under electrolysis conditions similar to 
those described above (Table l).§ The yield of 3a in acetonitrile 
was much better than that in methanol. The method described 
can also be applied to alcohols such as benzyl and ally1 alcohols 
the oxidation potentials of which are lower than that of 4. 

As a model approach for the regioselective alkoxylation of 
N-substituted lactams we investigated the anodic oxidations of 
1-benzyl- 5 and 1 -benzyl-4-trimethylsilyl-azetidin-2-one 6 in 
methanol and in acetonitrile. Although, 5 gave a mixture of l-(a- 
methoxybenzy1)- 7 and 1 -benzyl-4-methoxy-azetidin-2-one 8 in 
both the solvents, 6 exclusively gave 8 (80%) (Scheme 2 and 
Table 2). 
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3 Replacements of trimethylsilyl group of 1 were attempted by several 
groups but have failed (see ref. 6b). 
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4-Acetoxyazetidin-2-one 9 is known as a versatile inter- 
mediate for the synthesis of bicyclic p-lactams because the 
acetoxy group is readily displayed by various nucleophiles. 
The anodic oxidation of 1 in acetonitrile containing acetic acid 
(10 equiv. mol-' of 1) and Et,NOTs (0.2 mol dm-3) gave 9 (89% 
isolated yield) after passage of 4 F mol-' of electricity. A similar 
acetoxylation of 6 is completely regioselective, and gave 1- 
benzyl-4-acetoxyazetidin-2-one 10 (84%). Since 4-trimethylsilyl- 
azetidin-2-ones can be prepared by the reaction of 4-acetoxy- 

9 R = H  
10 R=CHzPh 

azetidin-2-ones with a silyl cuprate [(Me3Si)2C~Li],6b the two 
functional groups, 4-acetoxy and 4-trimethylsilyl in p-lactams, 
are now ones convertible each to the other, if necessary. We are 
extending the anodic oxidation of 4-silylazetidin-2-ones to 
reactions with other nucleophiles. 

Experimental 
General Procedure.-A mixture of 1 (1 mmol) and an alcohol 

or AcOH (5-10 mmol) in acetonitrile (10 cm3) containing 
Et,NOTs (0.2 mol dm-3) in an undivided electrolysis cell 
equipped with a graphite anode and a graphite cathode was 
subjected to constant current electrolysis (50 mA; current 
density, 15 mA cmP2) at ambient temperature. After passage of 
2 4  F mol-' 1 had been consumed and the electrolysed solution 
was poured into water (20 cm3) and extracted with CH2C12 (10 
cm3 x 3). The organic layer was dried (MgSO,) and concen- 
trated under a reduced pressure and the residue was purified by 
column chromatography on silica gel with hexane-AcOEt (4: 1) 
as an eluent to give the product 3 or 9. The same procedure was 
essentially applied to the electrochemical acetoxylation and 
methoxylation of 6. All the products have been characterized on 
the basis of IR, NMR and high resolution mass spectrometries; 
6,(270 MHz, CDCl,) data of 7, 8 and 10 are as follows: 7 6 
2.88-3.04 (m, 3 H), 3.23-3.28 (m, 1 H), 3.49 (s, 3 H, OCH,), 5.86 

(s, 1 H, CHPh) and 7.26-7.40 (m, 5 H); 8 6 2.84-2.99 (m, 2 H), 
3.25 (s, 3 H, OCH,), 4.60 and 4.19 (each d, J 15.2, each 1 H, 
CH2Ph), 4.83 (dd, J 3.6 and 1.7, 1 H, CHOMe) and 7.26-7.39 
(m, 5 H). 10 6 1.93 (s, 3 H, OCOCH,), 2.94-3.28 (m, 2 H), 4.45 
and 4.31 (each d, J 15.2, each 1 H, CH,Ph), 5.95 (dd, J4 .0  and 
1.3, 1 H, CHOAc) and 7.01-7.38 (m, 5 H). 
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