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SYNTHETIC STUDIES ON 8-LACTAM ANTIBIOTICS. 19.1 

SYNTHESIS OF 3'-NOR-TYPE l-OXACEPHEMS 

Yoshio Hamashima,* Sadao Yamamoto, Tadatoshi Kubota, Katsuya Tokura, Koji Ishikura, 

Kyoji Minami, Fumihiko Matsubara, Masaaki Yamaguchi, Ikuo Kikkawa, and Wataru Nagata 

Shionogi Research Laboratory, Shionogi & Co., Ltd., Fukushima-ku, Osaka, 553 Japan 

Summary: Synthesis of optically active 3'-nor-type 1-oxacephems from 6-APA was described. 
R-Nitrobenzyl 7B-amino-3-chloro-7a-methoxy-l-oxa-3-cephem-4-carboxylate 39 was also prepared. - 

Chauvette et al. 
2a 

described that some 3-norcephalosporins showed antibacterial activity 

equivalent to naturally occurring cephalosporins, among which 7-(D-Z-amino-2_phenylacetamido)- 

3-chlor-3-cephem-4-carboxylic acid 1. (Cefaclor) 
2b 

is found to have an antibacterial activity 

higher than Cefalexin 2 (X = Me), a widely used oral cephalosporin. It has been known that 

replacement of the sulfur atom at position 1 of the cephem nucleus with oxygen enhances the 

biological activity. 
3a,b 

To date, however, there is no report on synthesis of an optically 

active 3'-nor-type 1-oxacephem nucleus except an ambiguous synthesis reported in the patent 

literature. 
4 

We have succeeded in synthesizing the 3-hydroxy-1-oxacephem nucleus and some 3'- 

nor-type derivatives. 
5 

Our synthetic plan is to use the azetidinone propargyl ether 2 derived 

from 6-APA as the starting material and to apply the intramolecular Wittig reaction to an 

activated carboxylic acid for constructing the desired 3-hydroxy-1-oxacephem nucleus. 

1, X=CI 

2, X=Me 

NH, 

0 

3 C4CHPb 
- 

Preparation of azetidinone Lfrom C-APA has already been reported from our laboratories.5 

Compound A6 prepared from 2 was selectively hydrogenated (Pd-C, CaC03, MeOH) to allylic ether 

5 (98%), which was treated with mCPBA to give epoxide 5 (81.2%). An isomeric mixture of glycols 

8 was obtained in 94% yield on treating 5 with HC104 in aqueous acetone followed by hydrolysis 

of the partially formed acetonide I. Oxidative cleavage of 8 with HI04 afforded aldehyde 2, 

which was subsequently submitted to further oxidation (Cr03, acetone) to the carboxylic acid 

10 (92%). - The isopropylideneacetate moiety of methyl ester 117 - obtained from 10 (CH2N2, CH2C12) - 

was converted into the triphenylphosphoranylideneacetate group by the procedure established in 

our laboratories, 
8 
involving ozonolysis and successive reduction (03, -78'C, CH2C12; then En, 

HOAc, -50°C to ambient temp) to a 1:l mixture of epimeric alcohols 12, chlorination of 12 (3 mol - 
equiv SOC12, pyridine, CH2C12, O'C, 30 min) to a mixture of chlorides I3, and treatment with 
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PPh3 (CH2C12, reflux, 2 hr) to afford ylide 14 in 78% overall - yield from 11. - Alkaline hydrolysis 

of 14 (1.0 mol equiv NaOH, aqueous acetone, O'C, 30 min) gave - acid 15 quantitatively. - 
An applicable intramolecular reaction between an activated carboxylic acid and the phos- 

phorous ylide has been briefly reported by Woodward' in synthesis of a 3-acetoxycephem 

derivative. Treatment of 15 with Ac20 in dioxane gave only degradation products. After an - 

extensive study, 
10 

the intramolecular Wittig reaction to form the desired 1-oxacephem nucleus 

was found to proceed smoothly in the presence of dimethylacetamide. Although the role of DMA 

in this reaction is not clear, it may be reasonably considered to act as a trapping agent of 

HOAc produced during the reaction and/or a promotor of the mixed anhydride formation. A typica 

example is given below to illustrate the reaction procedure. To a solution of ylide g (7.9 g) 

in toluene (150 ml) were added DMA (4.44 g) and Ac20 (20.7 g). After the mixture was heated at 

105°C for 16 hr, it was poured into ice-H20 and extracted with EtOAc. The organic layer was 

washed with H20, saturated aqueous NaHC03 and H20 successively, dried over MgS04, and evapo- 

rated. The residue was chromatographed on silica gel (C6H6:EtOAc:HOAc = 9:1:0.01) to give the 

desired 3-acetoxy-1-oxacephem ester 17 - l1 (2.54 g, 48%) and a small amount of 18 (0.81 g, 10.7%) - 

as a by-product. The use of excess DMA in this reaction reduced the yield of 17 and raised the - 
yield of the undesired 18. - 

Z = PhCH,OCO 

CO&H Pb 

4, R’ = C=CH 

2, R’ = CH=CH, 

P 6, R’ = C’&,, 

7 R’= $+ 
-1 

CH-CH, 

8 R’=O’-’ $“-’ -f t H-CH, 

2, R’ = CHO 

2, R’ = CO,H 

11, R’ = COfle 

20, R’ = CO,Me 
t- Bu instead 
Gf CHPh, 

C02CHPh2 

2, R2 R3 = <;H 

2, R2R3= c’ 

3, R2 R3 = PPb 

32 '=zCHPh, 
- 

5, ti = CHPh, 

16, R’ = CHPh, 
PhCHzCO instead of Z 

2J, ti = t-But 

24, RJ = t-But 
COSFh instead of 
CO,H 

The cyclization reaction is reasonably expected to proceed more efficiently by exchange of 

the ester moiety for an electron-rich substituent such as I-butoxycarbonyl. Intramolecular 

cyclization of z12 proceeded very smoothly as expected l3 (90°C, 3 hr) to give the desired 3- 

acetoxy-1-oxacephem 22 (69%), which was smoothly hydrolyzed to 23. - Unfortunately, as modifica- - 

tion at position 3 did not proceed well on this t-butyl ester 2, although produced in yield 

better than that of 26, we had to use the latter as the intermediate for preparing 3'-nor-type 

I-oxacephems. 

Mild hydrolysis of 17 (aqueous pyridine, room temp, 30 min) quantitatively gave 3-hydroxy- 

1-oxacephem 26, 
14 - 

which was converted into 3-chloro- (mp 130-131"C, 59%) (Ph3P, C12, CH2C12, O°C 



then at room temp, 1.5 hr), 3-methanesulfonyloxy- (mp 67-7O"C, 94%) (MsCl, NEt3, CH2C12, -5O"C, 

15 min) and 3-methoxy- (amorph, 75%) (CH2N2, CH2C12, room temp) -1-oxacephems, 1, 2, and 9. 

Either the chloro or mesyloxy group in 27 or 28 was replaced with the 1-methyltetrazol-5-ylthio -- 

group to give 30 (87%) or reductively removed to give l-oxacephem 31 (95%) (Zn, HOAc-CH2C12, 

room temp, 1 hr). Compound 31 was also obtained by an alternative route. Conversion of the - 

acetonide 1 into the phosphorane 21 was achieved similarly. Acid hydrolysis of 32 and - 

successive oxidation (HI04) gave the aldehyde, which was treated witI_ NaHC03 to give the 

desired 31 though in rather poor yield (6.5% from I). As selective deblocking of the 2 group - 

in these esters was unsuccessful, compounds 27, _, _, 28 29 30, and 31 were converted respectively 

into amino acids 33-37 in more than 80% yields by the method l5 (A1C13, anisole, CH2C12, room -- 

temp, overnight) developed in our laboratories. 

kO&HPh, 

lJ X = OCOMe 27, X=CI 

X = OCOMe 3, X = 0S02Me 
t-&l instead of CHPh, 29 x = OMe 

_’ 
23, X=OH - 

t-&r instead of CHPh, 30, x = Jw# - 

25, X = SPh 
t-Bu instead of CHPh, Ae 

26, X=OH 3l_, X=H 

d02H 

33, X=CI 

2, X = OSO,Me 

35, X=OMe 

2, x = sA> y 

I 
Me 

37, X=H 

C02CHPh2 

lJ, R=Z 

19, R = PhCH,CO 

Cl 

e02CH2C,H,N02-p 

E,Y=H 

E,Y=OMe 

Next, methoxylation at C7 of the 78-amino-3-chlor-l-oxacephem 38 prepared from 27 in four 

steps 
16 

was successfully carried out by applying the known method, 17and the desiredya- 

methoxy-1-oxacephem 39 
18 was obtained in 35% overall yield. - 

In conclusion, the present work provides the first synthesis of optically active 3'-nor- 

type l-oxacephem nuclei from 6-aminopenicillanic acid. These amino acids described above can 

be reacylated to give biologically active 3'-nor-type 1-oxacephems, whose antibacterial 

activity will be reported in a separate paper. 
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