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Abstract The RuCls catalyzed reaction of B-lactams 1n the presence of acetaldehyde and

molecular oxygen 1n an acid and ethyl acetate under buffer conditions gives the corresponding 4-
acyloxy B-lactams lghly efficiently

Duning the course of our study on the simulation of enzymatic function with metal complex catalysts,
we have found that the ruthenium-catalyzed oxidations of amines! and amides? with peroxides give the
corresponding oxygenated compounds at o-position of nitrogen  For the oxidation of B-lactams, peroxides
such as peracetic acid and methyl ethyl ketone peroxide have been used However, these peroxides are not
always available and sometimes contain undesirable matenals, therefore we have examined the formation of
peracids in suu from aldehydes with molecular oxygen 1n the presence of catalysts It 1s well known that
peracetic acid, for example, can be prepared upon treatment of acetaldehyde with molecular oxygen 1n the
presence of cobalt salts 3 We have found that ruthenium-catalyzed transformation of f-lactams 1nto the
corresponding 4-acyloxy B-lactams can be performed readily upon treatment with molecular oxygen in the

presence of acetaldehyde and acids (eq 1)

R2 R3 R2 R3

R! H Rucat, CH,CHO,0, R! OCOR a
NH  RCO,H, AcONa, EtOAC S NH

O

Acetoxylation of f-lactams at C-4 position can be performed by the ruthemum trichlonde catalyzed
oxidation 1n the presence of acetaldehyde and acetic acid with molecular oxygen 1n ethyl acetate at 40 °C In
parucular, the oxidation of (1'R, 35)-3-[1'-[(tert-butyldimethylsilyl)oxylethyl]azetidin-2-one @4 gives (I'R,
3R, 4R)-4-acetoxy-3-[1'-[(zrert-butyldimethylsilyl)oxylethyllazendin-2-one (2a) (91%), which 1s a versatile
key intermediate for the synthesis of carbapenem antibiotics ¥ Under the present reaction conditions the
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catalytic activity of various ruthentum complexes has been examined for the oxidation of 1 RuCl3 gives the
best results, and the catalytic activity 1s 1n the order of RuCl3>RuBr3>Ru(OAc)3>1% Ru-graphite
>Ru3(CO)12 OsClz shows the similar catalytic activity to RuCly
examined for the oxidation of 1 Acetaldehyde gave the best results, and the other aliphanc aldehydes such as
propanal, 2-methylpropanal, and hexanal gave good to excellent yields 6 The solvent effect 15 remarkable
Ethyl acetate was found to be the best solvent for the present oxidation Acetonitrile can be used, but solvents
such as DMF and DMSO could not be used because of their strong coordination ability to the ruthemum
catalyst Sodm acetate was added as buffer in order to avoid ring opening of B-lactams and desilylation

reaction

Table 1. Conversion of 3-Lactams 1nto 4-Acyloxy B-Lactams®

entry substrate product yield, %°
+Bu(Me),SIO +-Bu(Me),S10
1 O O 2apcocH, 91
2 2b R=COC,H; 83
3 2¢ R=COCH,0OCH; 74
4 2d R=COCH,CgH; 83
5 2e R=COCH,CN 81
2 2f R=COCH,Cl 92

2g R=COCHCI, 70
OAc

88

9 OAc 7
NH NH
Ac
1
O

11
N

O g

Ac 63

*The reaction was carried out as descrived mn the text. Isolated yield “Propanal was used

1n place of acetaldehyde

The effect of an aldehyde was also
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Typically, the oxidation of B-lactam 1 1s as follows A mixture of RuCl3.3H20 (130 mg, 0 5§ mmol, 5
mol%), anhydrous sodium acetate (205 mg, 2 5 mmol), B-lactam 1 (2 29 g, 10 mmol), acetic acid (5 mL), and
ethyl acetate (100 mL) was charged to a side-armed round-bottomed flask, and atmosphere was replaced with
molecular oxygen Keeping the temperature at 40 °C, acetaldehyde (1 1 mL, 20 mmol) was added to the
muxture all at once, and the resulting mixture was stirred under oxygen atmosphere for 3 h  The reaction
mixture was poured into 10% aqueous solution of sodium sulfite (400 mL) and extracted wath two 500 mL
portions of hexane The hexane solution was washed with brine (200 mL) and dried over anhydrous
magnesium sulfate Evaporation followed by column chromatography on silica gel (hexane/ethyl acetate, 5 1)
gave 2a (2 61 g, 9 1 mmol, 91%)

The representative results of the formation of 4-acetoxy B-lactams are listed 1n Table 1 Various
acyloxy substituents can be ntroduced at the C-4 position of P-lactams Thus, the ruthemum-catalyzed
oxidation of 1 1n the presence of propanal and propionic acid under the same reaction conditions gave (1'R,
3R, 4R)-3-[1'-[(tert-butyldimethylsilyl)oxy]ethyl]-4-ethylcarbonyloxyazetidin-2-one (2b) 1in 83% yield
Furthermore, the present reaction provides various 4-acyloxy fB-lactams such as 4-methoxyacetoxy- (2¢), 4-
phenylacetoxy- (2d), 4-cyanoacetoxy- (2e), 4-chloroacetoxy- (2f), and 4-dichloroacetoxy- (2g) i good to
excellent yields These 4-acyloxy B-lactams are useful intermediates for the synthesis of carbapenem
antibiotics, because these compounds have highly reactive leaving groups 7

Kaneda etz al reported that the cleavage of carbon-carbon double bonds occurs upon treatment of
alkenes with RuCl3 catalyst 1n the presence of molecular oxygen and acetaldehyde, and claimed that ruthenium
tetroxide 15 formed as a key intermediate 8 However, neither ruthenium dioxide (IV) nor ruthenium tetroxide
(VIID) show catalytic activity for the oxidation of f-lactams Therefore, the active species of the present
oxidation seems to be oxoruthemum species, as we have already shown as the key intermediate for the
ruthenium-catalyzed oxidation with peracenc acid 2

Two pathways can be considered to generate oxoruthemum species The reaction of acetaldehyde with
molecular oxygen promoted by ruthenium catalysts would give peracetic acid likewise cobalt-promoted
formation of peracetic acid 3 Subsequent reaction of peracetic acid thus formed with ruthenmum trichlonde
gives oxoruthenwm species (10) 2 An altanative process involves the formarion of metalacyclic intermediate
(11) as observed for planum and other complexes 9 Protonolysis of 11 give oxoruthemum species (10)
along with acetic acid

RU“I RCOSH RUV=O Ru/ H RCHO Ruu]
-RCOH  H_d R O,
10 2 0-0
11
OCOR
L | 0 RU'”OH LCO%I:_>
NH NH -Ru NH
O O O
H,0

12 13

It 1s noteworthy that the acetoxylation did not take place, when this reaction was carried out without a
proton source such as acetic acid, and N-acylated products were obtained Hydrogen abstraction of C4-H of



5994

B-lactams with 10, followed by electron transfer would give four-membered acyliminium 10n intermediate 12
Nucleophilic reaction of acids would give 4-acyloxy B-lactams The intermediacy of the four-membered
acyliminium 10n 15 supported by the exclusive formation of 4-dichloroacetoxy B-lactam upon oxidation of 1 1n
a muixture of acetic acid and dichloroacetic acad (1 1)

The present reaction provides an efficient method for the synthests of 4-acyloxy B-lactams, which will
be supenior key intermediates for the synthesis of various carbapenem antubiotics Actually, TMSOTf
promoted reaction of 4-cyanoacetoxy P-lactam 2e with ketene silyl acetal 14 1n CH2Cl; at -78 °C gave 4-
methoxycarbonylmethyl -lactam (15) stereoselectively 1n 92% 1solated yield, while the same reaction with 2a
gave 15 1n 60% yield

0Si(Me),-+-Bu OSi(Me), OSi(Me),-t-Bu
. __sococHCN A 1a _ pA COMe
NH TMSOTY, CH,Cl, NH
o) -78°C o) 2%
2e 15
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