
Tetrahedron Letters, Vol. 38, No. 40, pp. 6981-6984, 1997 
Pergamon © 1997 Elsevier Science Ltd 

All rights reserved. Printed in Great Britain 

PII :  S0040-4039(97)01669-9 0040-4039197 $17.00 + 0.00 

Use of an Iodonium Ylide in the Synthesis of p-Nitrobenzyl (6R, 7S) 3-hydroxy-8-oxo-7- 
phenoxyacetamido- 1-azabicyclo[4.2.0] octa-2-ene-2-carboxylate 

Radhe K. Vaid* and Thomas E. Hopkins 

Contribution from Lilly Research Laboratories; Development and Technical Services 

Eli Lilly and Company; Clinton Laboratories; Clinton, IN 47832 

Abstract: p-Nitrobenzyl (61L7S)-3-hydroxy-8-oxo-7-phenoxyacetamido-l-azabicyclo [4.2.0]octa-2-ene- 

2-carboxyate (6) was synthesized utilizing rhodium(II)- or acid-catalyzed cyclization of iodonium ylide 

(5). The iodonium ylide (5) was easily prepared from the corresponding 13-keto ester (4) and 

[(diacetoxy)iodo]benzene in good yield. © 1997 Elsevier Science Ltd. 

Loracarbef (1), the 1-carba analog of Cefaclor (2) is an orally active antibiotic marketed by Eli Lilly and 

Company. ~'2 In the synthesis of carbacephalosporins the stereospecific construction of the bicyclic ring system is a 
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major challenge. One of the previous approaches investigated involved Rh(II)-catalyzed intramolecular carbene 

insertion from corresponding cx-diazo derivative of p-nitrobenzyl (21Lcis)~, 4-dioxo-3-phenoxyacetamido-2- 

azetidinep~ntane carboxylate (3). 3 The nature and synthesis of the ct-diazo 13-dicarbonyl compound 3 on a large 

scale makes this route less attractive. 
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Iodonium ylides derived from 13-dicarbonyl compounds have been used for cyclopropanation and 

insertion reactions. 4 Recently, the use of an iodonium ylide in an intramolecular insertion reaction to construct 

the bicyelic ring system of carbapenems has been also reported. 5 In this paper, we report an efficient and facile 

method for the stereospecific synthesis of p-nitrobenzyl (61L 7S)- 3-hydroxy-8-oxo-7-phenoxyacetamido-1- 

azabicyelo[4.2.0]octa-2-ene-2-carboxylate, 6, (a key intermediate to the carbacephalosporins) from iodonium 

ylide, 5 via the use ofhypervalent iodine compounds 6. (Scheme 1) 
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The preparation of the iodonium ylide 5 was accomplished using the following methodology. A solution 

of [(diacetoxy)iodo]benzene (0.644g, 0.0020mole) in methanol (20ml) was treated with potassium mc~hoxide 

(0.28gm, 0.041mole) in methanol. The I~-ketoester, 4 (0.94gm, 0.0020mole) was added to the resulting solution. 

The contents were stirred at room temperature for 1.5 hr during which the iodonium ylide 5 precipitated. The 

reaction mixture was diluted with 15 ml of cold water and the product was isolated by filtration and dried under 

vacuum. Thus, 1.28gm of 5 was obtained in 88.3% yield. The ylide 5 was characterized by a variety of 

analytical techniques. 7 The ylide, 5, was used without further purification in the ring closure step. 

The ring closure reaction was studied using several transition metal catalysts. The results obtained for 

each catalyst are listed in Table 1. The use of commonly employed Cu(I)C! and copper acetylacetone as catalysts 

in the iodonium ylide reactions did not yield the desired product, 5. The use of Cu(I)I or Cu(I)OSO2CF3 and 

Pd(OAC)j in the ring cyclization reaction also lead to the formation of a complex mixtures. 

Based upon i) the analogy between 13-dicarbonyl iodonium ylides and ¢t-diazo 13-dicarbonyl compounds 6, 

and ii) the reported success in the ring closure in carapenems using idonium ylides ~, we attempted the use of 

dirhodium(II) tetraacetate for the ring closure of iodonium ylide (5). The cyclization reaction proceeded 

smoothly at room temperature to give the desired product (6) in 87% yield) 

Table 1 Transition metal-catalyzed cyclization of iodonium ylide, 5. 

Catalyst Reaction Time Results (Yield) 

Rh2(OAc)4 12-15 minutes 87% 

Cu(I)C1 2hrs complex mixture 

Cu(I)O SO2CF3 3 hr complex mixture 

Cu(I)I 1 hr complex mixture 

Pd(OAc)2 10hr complex mixture 
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Mechanistically, the formation of  6 from 5 using dirhodium(II) tetraacetate may involve the formation of 

Rh(II)-carbene complex in a similar way to the Rh(II)-catalyzed eyclization of  an ct-diazo 13-keto ester. (Scheme 

2) This would involve the nucleophilie attack of the ylide carbon on the electrophilic rhodium followed by the 

extrusion of  phenyl iodide resulting in the formation of  the metal carbene complex, 7. The lone pair of the 

azetidine nitrogen would then attack the now electrophilie carbon followed by proton migration. Rhodium 

diacetate would then be reductively eliminated, making it available for the next catalytic cycle. 
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It is also known that iodonium ylides of 13-dicarbonyl compounds upon protontion undergo rupture of C-I 

bond with subsequent nucleophilic substitution. 5' 9 In a similar manner, we expected that protonation of the ylide 

with a strong acid followed by nucleophilic addition of  13-1actam nitrogen and subsequent reductive elimination of 

iodobenzene may afford the desired product 6. Thus, the use of  methanesuifonic acid, p-toluenesulfonic acid, in 

the cyclization reaction with the ylide resulted in the formation of 6 in 50 and 55% yield, respectively, after 

column chromatography 1°. The use of trifluoroacetic acid or triflic acid in the cyclization reaction with 5 led to 

the formation of a complex mixtures. 

The formation of  6 from 5 in presence of acid may involve i) protonation of ylide 5 to form intermediate 

8, ii) nucle.ophilic addition of azetidine nitrogen to electrophilic iodine to form 9 and iii) C-N bond formation with 

reductive elimination ofiodobenzene to field 6 (Scheme 2). 

In conclusion, we have successfully demonstrated a novel and efficient synthesis of 713- 

phenoxyacetamido-3-hdroxycarbaceph-4-carboxylate (6, a key intermediate in the synthesis of 

carbacephalosporins) utilizing rhodium (II) or acid catalyzed cyclization of the iodonium ylide (5). Since, the 

synthesis involves no hazardous compounds and requires simple operations, it could be readily applied to 
manufacturing purposes. 
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