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A Novel Cephalosporin Dehydrothiazine Ring Cleavage Mode. 

W.H.W. Luna* and Philip A. Hipskiad 

Recent years have seen the advent of the microbiologically very important thienamy~ins and 

cafbacqhalosp&ts. This has led to keen interest in devising intrum0kuku pmazses. whereby the sulfur 

atom of thiacephalosporins is tither replaced by carbon to afford carbacqhcms, or is lost with concomitant 

C(2)-C(6) bond formation to yield carbapenems. In&cd, experimental precedence for the former has been 

establlshcdt - on gene&ion of a mdical at C(2’) of the ccphalosporio sulfone 1, sulfur dioxick was lost and 

the original C(z? catkm assumed the C(1) i&ntiv of the *wly fkmcd carbacephsloepolin . 

Wesoughtothcrwaysofdoingthisandvkwcd oximcsofthcsmlcmraltypeSascandidatesfordllstype 

ofcleavage-xcAosmescqucncc,asslunvninScheme1. (E~onofm&lsklicakdthata%italoverlapin 

5 is less favofable for formation of a five-membcrtd ring.) It was during the invcstigatioo of this potential 

synthetic sequence that we uncovcnxl an interesting and novel mode of cleavage of the cephalospok~ 

dellydmthunc ring. 
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Therequired~~~oxime52was~ina71%overaU~step,yieldbyfirstFeacting2 

with vilsmciu leagent and pylidinc in cH3cN to give 3, and then ueating 3 with NIi~OI-LHCl aad c!F$02H 

(Scheme 2). the CF3COOH being necessary to obtain satisfactay yields. All attempts to amvert aldehyde 4 to 

5 gave gcncndly poor n?sults. 
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Scheme 2: (a) (CH3)3N=CH-Cl+.Cl-/ pyridk / CH3cN; (b) NH3OKHCl/ 1y HCl /CH3CN; 

(c) NH30KHCl / CF3COOH / CH3m (d) NHflH.HCl / CH3CN 60“ or pH 10 phosphate buffer / 
CH3CN l:l, 10 min.; (e) 0.7 eq. NaOH, pH 10 phosphate buffer / CH3CN 1:4,2h. 

NMR studies, investigating the pteparation of oxime 5, revealed that the oxime readily underwent 

rearrangement. This was first noted by the appearance of two new NMR signals, at 1.34 and 1.41 ppm 

(unassociated with 3 m 5) upon treatment of 3 with NHgOH.HCl in CH3CN at 60°C for 3 h. On heating for 

longer periods of time, the NMR spectrum of the crude products was suggestive of a thtee component mixture 

consisting of 3,s and yet an additional new compound. The new compound, which became the principal 

~wasseemin%yfonnedattheexpenseoftheone(s)exhibitingtheprotonNMRsi~inthe1.3to1.4 

ppmregion. 
We conjectured that the oxime 5 was being converted to 7 in the manner shown in Scheme 2. 

Intramolecular Michael addition of the oxime oxygen of 5 to the unsammM esterfunctioncouldgivethehvo 

tricyclic structures encompassed by 6 (two possible dihydroisoxaxole cis ring junctions), with methyl gtoups 

exhibiting NMR signals at 1.34 and 1.41 ppm. Intetmediate 6 could, in turn,, afford the isoxaxole 7 upon 

proton transfer. 

A variety of data conformed to the structme of 7.3 The high tesolution FAB-MS of the new compound 

was in acaad with its elemental composition, and the high resolution FAB-MS/MS of the patent MH+ ion 

produced a major fragment corresponding to scission between the sulfone group and the plactam ring. The IR 

spectrummdicamdtetentionofthe~lactam. ComparisonoftheNMRspectnunof7withthatofamixaueof 

10 and 11. obtained by refluxing 9 with NH2OHHCl in EtoH, then chtomatography. showed cor~oulance of 

dCtllilS.4J 
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(a) NHflHHClI EtOH 

Furthcrconflnnationofstmcture 7wasdelivedfromthefactthat isoxa7Dlesanzknowntoundergoring 

cleavage to give cyanoketonesP Indeed, while it was later found that a 63% yield of isoxazole 7 could be 

obtainedbystiningSin1:1CH3CN/aq.pH10phosphatebufferfor10minutes;7itselfwasconvertedina 

58% yield to 8 on being stirred in 4:l CH3CN/ aq. pH 10 buffer in the presence of 0.7 eq. of Na0I-L Thk 

struc~of8wassupporkdbyseveralpiecesofi&nma&x~ ItsFAB-IUISgaveapxWaWedmokularionof 

the-mass, andpeaLscharacteristicofnitrih:and~lactamgroupswafwndintheIRspectnun. The 

absence of an NMR -S~(CN)CHCCk singlet, and a strong UV absorption indicated that the eaol sauctme is 

preklxdovertheketostructule. 

We also investlgated tosylh~e 12 as a possible progenitor of a sequence analogous to that shown in 

Scheme 1. The tosylhydrazone was also found to undergo rearrangement involving a cephalosporin 

dehydrothioazine ring cleavage giving pyrazolt 13, as shown below. The FAB-MS and NMR of this 

compound conform with the. cyclic StructWe.~ 

3 12 13 

(a) pTsNHNH2 / CF3C0OH / CH3CX (b) pH 10 phosphate buffer / CH3CN 1:l 

Summarily these are representative of a novel, relatively clean, cleavage mode of the A3 double bond of a 

cephalosporin dehydrothiazine ring. As far as we m aware, it is the first example of this occuning by a non- 

oxidativeintramolecularme&anism. 
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Halligan. N. G.; Spry, D.O.; Blasxcxak. L. C. Organic Free Meals: pihh Jnmmatbal Symposium, 

Zurich, 18-23 September, 1988. 

Compounds 3,4,5.7,8,9,10 and 11 (mixture), 12, and 13 all gave correct elemental analyses. 

7: JR (KBr) v 1801 (~kctam) cm-l. FAB-MS, MH+ = 464.1141 (cakukted for C&I~N3Ot$ is 

464.1128). MB-MS/MS of m/z 464 (MH+) gave I mass of 317.1151 (cakulated for QH17NgO5 is 

317.1137). 1H NMR (300 MHZ, CDCl3) 8 8.34 (1H. s, isoxazok ring-H). 7.90 (lH, d, J = 10.7 Hx 

NH), 7.37-6.96 (5H, m, phenyl-H), 5.98 (1H. dd, J = 4.9, 8.7 Ha, p-lactam-H), 5.95-5.85 (1H. m, 

aRyl-C!H). 5.38-5.29 (3H, m, ~lactam-H and aRyM!H2), 4.66-4.48 (5H, m). 4.02 (1H. d, J = 18.5 Hz 

l/2 N-CH2), 2.70 (3H, s. CH3). 

10: LH NMR (300 MHZ CDCl3) 8 8.34 (U-J, 8, isoxazok ring-H), 7.9-7.2 (4H, phenyl-H). 2.67 (3H, 

s, isoxaxole.-C!H~). 2.48 (3H, s, phenylCH3). 

WewishtothankRSuhrfbrrsampkofthismixune. 

Lang, Jr., S. A.; Lin, Y.-i. In Comprehensive Heterocyclic Chemistry; Kauixky, K. R.; Rees. C. W.; 

Potts,, K. T.; Rds.; Fergamon Press, Oxford: 1#14; Vo16, p 29. 

8: IR (KBr) v 2200 (n&rile),1793 (B_lactam) cm- 1. UV (RtOH) Xmax 249 (11.200) in. FAB-MS, 

MH+ = 464. 1H NMR(300 MHZ, CDC13) 8 7.94 (lH, d, NH), 7.346.% (5H. phenyl-H). 6.00 (H-J, 

dd, J = 5.0.9.0 Ha, &lactam-H), 5.96-5.88 (1H. m, allyl=CH), 5.60 (D-J, d, J = 6.0 Hz, &lactam-H), 

5.37 (2H, m, allyl=CH2), 4.69-4.55 (5H, m, l/2 N-CH2, allylCH2, phenoxyCH2), 4.10 (lH, d, J = 

18.0 Ha, l/2 N-CH2), 2.42 (3H,s. CH3). 

13: FAB-MS, MH+ = 617. 1H NMR (300 MHZ CDCl3) 8 7.95 (lH, d, J = 10.7 Ha, NH). 7.88 (2H, 

d, Ts-aromatic-H), 7.83 (lH, s pyraxok ring-H). 7.39 (2H, d, Ts-ammatic-H), 7.37-6.93 (5H, phenyl- 

H), 5.98-5.85 (2H, m, b-lactam-H, allyl=CH), 5.33 (2H, m, allyl=CH2), 5.22 (lH, d, J = 4.9 Ha, 8- 

lactam-H), 4.6 - 4.40 (5H, m, l/2 N-CH2, allylCH2, phenoxyCH2), 4.00 (lH, d, J = 18.5 Hz, N- 

CH2), 2.83 (3H. s, TsCH3), 2.46 (s, 3H, pyraxoleCH3). 
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