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Abstract.- Baeyer-Villiger oxidation of 4-formyl-l~-Iactams 1 with m-chloroperbenzoic 
acid in dichloromethane at room temperature is shown to be a convenient method for the 
preparation of 4-formyloxy-[~-Iactams 2. Some reactions of novel compounds 2 are also 
described. 

The Baeyer-Villiger oxidation of carbonyl compounds is a classical reaction in organic chemistry. 2 

Aldehydes rearrange to carboxylic acids due to preferential migration of hydrogen. Alternative migration of the 

carbon group would give formates, which seldom occurs. Aryl aldehydes having hydroxy or methoxy groups 

are the only exceptions and are converted to aryl formates upon peroxyacid treatment. 3 We report here the 

unique behaviour of [I-lactam aldehydes 14 which exclusively give the corresponding formates, namely the 4- 

formyloxy-~lactams 2, under Baeyer-Villiger oxidation. Compounds 2 are unprecedented and closely related 

to 4-acetoxy-2-azetidinones 3. Then, it is foreseeable that compounds 2 will be as useful building blocks in 13- 

lactam chemistry. 5 Thus, 4-formyl-l~-lactams 1 reacted smoothly with m-chloroperbenzoic acid (50-60%) in 

dichloromethane at room temperature to give the corresponding 4-formyloxy-l~-lactams 2 in excellent yields 

(Table). 6 Retention of both the relative and the absolute stereochemistry of the starting I~-lactam was observed 

in the oxidation of 4-formyl-~lactams to compounds 27 as can be deduced from the values of the vicinal 

Rail R2H H H 
R 1 '=--~.CHO R 1 '--~,.OCHO R 1 ' - ~ - O A c  

O "R a O "R a 0 ~/ "H 

1 2 3 

coupling constants (J3,4 = 3.5 - 4.3 Hz). An attractive feature of this transformation is its high chemoselectivity 

and occurs even in the presence of other oxidizable groups, e. g. 2a-d. 8 This fact makes Baeyer-Villiger 

oxidation even more profitable in ~lactam chemistry. 
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To test the chemical behaviour of the formyloxy group and to set analogies and differences with the 

classical 4-acetoxy substituent, some preliminary aspects of the chemistry of compounds 2 were studied. 

Firstly, compatibility of the formyloxy group with the manipulation of the group attached at N1 was addresed 

using compounds 2h and 2i as models (Scheme). Oxidative cleavage (CAN) 9 of the p-methoxyphenyl group 

attached to nitrogen yielded the corresponding N-unsubstltuted formates 4a and 4b in good yields. Compound 

4a underwent reductive reaction with NaBH4 in aqueous 2-propanol or methanol at 0oc  to give the 

corresponding C4-unsubstituted NH-~-lactam 5a in excellent yield. 10 Thus, 4-formyloxy-l~-lactams are as 

suitable for standard manipulations as the related 4-acetoxy derivatives. 

Table. Synthesis of 4-formyloxy-[~-lactams 2 

R 2 H R 2 H 
1 ' ' - 1 - r o . o   cPe,  '-i-i-oo.o 
O/~-N'Ar CH2CI2 " O/J'- N,Ar 

r.t .  
1 2 

Reaction 

Comp.a  R 1 R 2 time (h)b Yield (%)c M.p. ( ° c ) d  

2 a CH2--CH H 3 91 105-107 

2 b CH2--C(Me) H 20 70 62-64 

2c (CH3)2C= H 2 90 104-106 

2d Md e H 18 73 140-142 

2 e Et H 2.5 94 46-48 

2 f  i-Pr H 18 72 120-122 

(+) -2gf  BnO H 2 94 92-94 

2h Ph H 18 94 98-100 

2 i CH3 CH3 6 93 37-39 

a In all cases Ar = 4-methoxyphenyl. With exception of 2g, all compounds 2 were 
racemic mixtures, b At room temperature, c Yield of pure, isolated product with 
correct analytical and spectral data. d Crystallized from CH2Cl2/hexanes, except for 
2i from diethyl ether/hexanes, e Md = Maleimidyl. fPrepared from optically pure (+)- 
(3R, 4S)-4-formyl-3-benzyloxy-2-azetidinone (lg). 
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On the other hand, reduction of different 4-formyloxy-l~-lactams 2 with NaBH4 in methanol at 0oc gave 

the corresponding or-substituted [$-hydroxyamides 6 in high yields. II ~-Hydroxyamides related to 6 are 

intermediates in the synthesis of malonamide derivatives and are useful retroamide isosteres in biologically 

relevant peptidomimetics. 12 The reduction of the formyloxy group should occur sequentially to afford first the 

ct-formylamide 7, the open tautomer of the 4-hydroxy-13-1actam 8, which is further reduced to give the 

corresponding [~-hydroxyamide 6. While this work was in progress, the synthesis of a 4-hydroxy-l~-lactam 

(type 8) was reported from (3R)-4-acetoxy-3-benzyl-3-fluoro-13-1actam. 12 In our hands, the hydrolysis of 

compound 2i under analogous conditions gave the corresponding open chain aldehyde mutemer (type 7, R 1 = 
R 2 = Me) in 71% yield. 13 4-Formyl-[i-lactams can be very efficiently transformed into compounds 6 in only 

two steps following our procedure, in contrast with the reported method which requires four steps to effect the 

analogous transformation in related systems. 

R 2 H R 2 H R 2 

R ' - ~ ' - - -  0 C H 0 CAN R ' - - i ~ I - -OC H 0 NaBH4 R ' O ~  N 
O/~-N,A r aq. acetone O/~"N. H aq./-PrOWl . 

0oc 0oc H 
2 4a : R 1 = Ph, R 2 = H (75*/.) 5a (80%) 

4 b : R  1= R 2 = M e  (75%) 
NaBH4 

I M e O H  

~ OOC 

R 2 H R 1 R~ 
i i 

R I ~ - - - I - O  H ,. ArNH H 
9 

0 ~ ' -  N'Ar 0 0 

8 7 

Scheme 

R 1 R 2 

• . ArNH@,,/O H 

O 

6a : R 1 = Ph, R 2 = H (85%) 
61) : R 1 = R 2 = Me (89%) 

6c : R 1 = vinyl, R 2 = H (86%) 

In conclusion, the Baeyer-Villiger oxidation of 4-formyl-l~-lactams provides a facile, efficient and totally 

stereoselective entry to cis-4-formyloxy-~-lactams which in turn are suitable building blocks for 13-1actam 

antibiotics. 
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