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AbStract - Exomethylenrcephams rearrange by reaction with diazo compounds in the 

presence of cupric sulfate to generate the homocepham ring-system. 

The hornocephem class of compounds was originally examined by Woodward and co-workers, derivative 

(1) was found to be devoid of antimicrobial activity.' More recently, Baldwln and co-workers have 

described the preparation of Lhis type of ring-system (compound 21 utilizing structurally modified 

tripeptides in the presence of isopenicillin N synthetase (IPNS).' It has heen suggested that 

study of derivatives containing this ring system (night prove fruitful in the discovery of new 

antibiotic  substance^.^ This paper describes a simple one-step ring expansion of e~omethylene- 

cephams to the corresponding enomethylenehomocephams, which in principle allows the preparation of 

a wide variety of modified lhomocephem deri~atives.~ 

A refluxing slurry of examethylenecepham-4-cccbobylate ester (3, 5.0 m o l l  and anhydrous cupric 

sulfate (3.0 m o l l  in either diethyl carbonate or metbylene chloride when treated with slow 

addition w i ~ h  a diazo reagent afforded the desired rearranged products ( 5 )  in moderate yield 

(Table I). The structures of the rearranged products were determined a n  the basis of 'H mr 

spectra in combination with other spectral and analytical data.5 For example, mass spectral (m/z 

= 597) and combustion analysis mdicated a maleruldr formula of C29H31N309S for compound ( 5 ~ 1 .  The 

ir spectrum showed absorption at 1770 (p-lactarn), 1740 (ester), and 1690 (amidel cm-' .  The 'H nmr 

spectrum (270 MHz, DHSO-de) displayed signals at 6 9.27 (d, J = 10.1 Hz, lH), 8.26 (d, J = 8.9 Hz, 

2H1, 7.52 ( d ,  J = 8.9 Hz, ZH), 7.29 (m,  2H), 6.94 (m,  3Hl, 5.77 (dd, J = 10.1, 4.6 Hz, 1H1, 5.46 



( d ,  J = 4.6 Hz, IH), 5.35, 5.32 (ABq, J = 13.1 Hz, 2H), 5.27 ( s ,  2H), 5.21 (s, IH), 4.5R, 4.56 

(ABq, J = 15.6 Hz, 2H), 3.77 (dd, J = 7.3, 3.0 Hz, IH), 3.12 (dd, J = 14.7, 7.3 Hz, IH), 2.86 

(dd, J = 14.7, 3.0 Hz, IH), and 1.44 ( s ,  9H) clearly indicating a formal insertion of the 

CH(CO~~BU) fooction between the I-sulfur/Z-carbon bond of the starting cepham (3). The cis 

relationship between Hs (5.77 ppm) and H7 (5.46 ppm) was evident from the coupling constant of 

4.6 Hz and a difference NOE observed upon irradiation of either proton. In addition, difference 

NOES were also observed between H7 (5.46 ppm) and HE (3.77 ppm) indicating a cis relationship for 

these two protons. The ester configuration at C-5 could not be absolutely assigned on the basis 

of spectral data. It was assumed to he alpha as this center does not appear to be involved in 

the rearrangement reaction. 

Table I 

Substrate Diazo reagent (solvent] Product (yield) 

3 dimethyl diazomalonate [(EtO)ZCOl 5a:  R,  = R, = CO,Me (76%) 

3 ethyl diazoacetate [CH2ClZJ 5b: R1 = H,Rz = C02Et (45%) 

3 t-hutyl diazoacetate [CHzClZI t 
5 c :  R 1  = H,R2 = COz Bu (45%) 

3 diphenyl diazomethane I(EtO)2CO] 5d:  R1 = R z  = CsH5 (73%) 

A plausible mechanism for this rearrangement would involve carbenoid addition to the sulfur atom 

followed by [2,31 sigmatropic rearrangement of the intermediate ylide (4) resulting in the ring 

expansion to give (5)."8 The stereochemistry at C-2 ohserved for compound (Sc! is consistent 

with a mechanism that involves formation of the alpha-ylides and subsequent rearrangement via a 

transition state with the ester function assuming a conformation situated away from the six- 
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These honmcepham analogs obtained could then be converted by olefin isamerization and appropriate 

side-chain modification to hornocephen, derivatives for biological testing. The olefin af triester 

(5.3) was isomerized (Et3N, CH2Clz, 92%) and the p-nitrobenryl ester was removed by hydrogenolysis (Hz, Pd/l 

MeOH-THF, 84%) to afford the acid ( 6 8 ) .  Compouctd (5b) was isomerized (Et3N, CH2C12, 78%) to ester 

i 
(6b) and the phenoxyacetyl side-chain was removed (PClS, py, CH2Clz, BuOH, 58%)'' to afford m i n e  

(6"). Arylatian with tBO~-~-phenylglyciae (EEDQ. THF, 81%)" followed by p-nitrobenzyl ester 

cleavage (Hz, Pd/C, MeOH, 81%) and removal of the BOC group (HC02H, EtsSiH, 50%) afforded deriva- 

tive (6d). Compound (6e) was prepared from (6c) by acylation with trityl proterted 2-aminothia- 

rol-4-yl-methoximinoacetic acidL2 (DCC, CH2C12, 63x1, followed by removal of the p-nitrobenryl 

ester ( H z ,  PdIC, ELOH, 32%) and removal of the trityl protecting group (HC02H, Et&H, 28%). 

Derivatives (ba, 6d, and 6e) exhibited no antimicrobial activity against a variety of micro- 

organisms at carlcentrations as high as  128 pg/rnl. 

6a:I3 R = C6H50CH2CONH, R1 = R2 = COzMe, Rg = H 

6b: R = CeH50CH2CONH, R1 = H, R p  = C02Et, R3 = PNB 

6r:  R = HzN, R ,  = H, R2 = COZEt, Ra = PNB ATMO = 

6d: R = C,H5CH(NHz)CONH, R1 = H ,  R2 = COzEt, Rs = H 

6e:I4 R = ATMONH, R ,  = H, R2 = C02Et, R Q  = H 
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( 6 a ) :  m/z 479; nmr (CDCI3) 6 7 . 7 5  ( d ,  J = 8 Hz, IH), 7 .05  (m, 211), 6.7 (m, 3H), 5 . 5 5  (dd ,  J = 

S ,  8 Hz, lH) ,  5 .18  ( d ,  J = 5 Hz, lH) ,  4 . 3 5  ( a ,  ZH), 3 . 5 6  ( s ,  3 H ) ,  3 .53  ( s ,  3H), 3 .18 ,  3 .10  

(ABq, J = 15 Hz, 2H), 1.95 (s, 3H). 

( 6 e ) :  m l z  484; i r  v (KBr) 1767 c K 1 ;  nmr (DMSO-ds)6 9.56 ( d ,  J = 9 Hz, IH), 7.18 (s, 2H), 6.70 

( s ,  lH),  5.47 (m, lH) ,  5 . 1 3  ( d ,  J = 4 Hz, IH), 4.10 (m, 2H), 3 . 7 9  (s, 3H), 2.77 (m,  2H), 2.46 

( s ,  IH), 1 .99  (s, 3H), 1.16 (m, 3H). 
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