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We have found that the preparation of acyl derivatives of penicillin V 

involving the intermediacy of an activated carboxyl group often lead5 to new 

rearrangement products containing neither the B-lactam nor the thiaeolidine 

ring systems. In an attempt to prepare the acyl azide of penicillin V (1) 

by treatment with triethylamine and methylchloroformate in DMF followed by 

sodium aside, 1 two new products (2 and 1) were isolated. 
2 We have subsequently 

established that these are formed solely from the reaction of triethylimine 

and methylchloroformate with 1 in DMF. 

Compound 2, mp 114', gives a peak in the mass spectrum at m/e 346, corres- 

ponding to C17H18N204S (found 346.099, requires 346.0991, and major fragmenta- 

tion peaks at m/e 299 (M+-SMe), 271 (M+-SMe, -CO), 202 (M+-SMe, -CO, -NHC,+Hs), 

197 (M+-PhOCH,CONIi), and 174 (PhOCH2CONHCB=CH+). The ir spectrum shows peaks 

at 3370, 1802 (ah), 1776, 1701, 1667, 1600, and 1492 cm-' (CHC13], seemingly 

indicating the presence of a B-lactam ring; however the'extended uv chromo- 

phore [amax (EtOH) 335, 275, and 269 mu, 5 = 30,200, 13,200, and 7.700; amax 

(EtOH/OH-) 285 mu, s = 15,000] and nmr spectrum3 12.18 (5,3H], 2.32 (5,3H), 

2.47 (5,3H), 4.63 (5,2H), 6.8-7.5 (m,6H), and 8.01 (s,lHj] showed no B-lactam 

moiety and suggested 2. as the structure. Treatment of 1 with methanolic 

sodium hydroxide gave the methyl ester 4. mp 153'. The mass spectrum showed 8 

molecular ion at m/e 378 (C,,H,,N,O,S] and major 

(14)SMe), 271 (M+-SMe, -COOMe), and 250 (M+-NH Y. 

ragmentation peaks at 331 

COpMe). Compound 4 had'the 

following spectral properties: Amar (EtOH) 285 (E = 15,000); irVmax N"Jol 3300 , 

1700, 1670, and 1490 cm -l; nmr 1.80 (5,3H), 2.10 (5,3H), 2.37 (5;3H), '3.67 

(s,3H), 4.00 (s,3H), 6.8-7.5 (m,6H), 7.83 (s,lH, exchanges with D,O), and 8.00 

(s,lH, exchanges with D20). This data suggests that 4 is tha structure Of the 



3382 No.39 

BaOH/MeOH product, thus also establishing the presence of the oxasolone ring in 

2 -* Further evidence for the oxasolone ring was provided by the ir spectrum of 

2 as it is known4 that the ir spectra of 4-alkylidene-5(4)-oxazolones h8Ve 

maxim8 of 1795, 1764, 1667, and 1626 cm-l, whereas the 4-amino substituted 
-1 derivatives have peaks at 1727, 1623, and 1605 cm . 

02H 

PhOCH2C0 H 
0 

bA 

+ 

0 

5 
- 

3, n 1.1 
7; _,n=2 

J2 

The second product was identical with 1, one of two substances, 3 and 6, 

we had isolated in 8 preparation of phenoxymethyl anhydropeniciliin (2) 8CcOrd- 

ing to the prodedure reported for phenoxyethyl anhydropenicillin.5 The 

sulfide (1). C32Hgog1,OgS. has mp 205-206.5~; Amax (EtOH) 366 mu, E = 31,200; 

ir (CHC13) 1800, 1710, 1668, 1600, and 1515 cm-'; and nmr (CDC13) 2.19 (s,3H); 

2.34 (s,3H), 4.64 (s,2H), 7.0 (m,5H), 7.41 (e,lH), and 8.35 (s,BH). Compound 

6, mp 135-138', is tentatively identified as 8 symmetrical disulfide on the 

basis of correct analysis for CJ~H~OBI+O~S~: A,,, (EtOH) 332, 375 mu, E = 

15,500, 12,100; ir (CHC13) 1790, 1695, 1668, 1600, and 1515 cm-'; and 

fragmentation in the mass spectrum. , 

The "dimer" reported by S. Wolfe and co-workers5 is probably the sulfide 

derivative corresponding to 2. Compound 2 is often the major product in both 

the anhydropenicillin 8nd the methyl chloroformate-triethylamine reaction, the 

yields varying with the exact experimental conditgons. 

The reaction of penicillin V 

min afforded 8 mixture from which 

over silica gel. The simplest of 

(1) with acetic anhydride at 120-130' for 45 

four compounds were isolated by chromatography 

these was I-acetyl dehydroveline (81, identi- 
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6 cal with a synthetic sample. The second was 4-acetyl-thiomethylene-2- 

33m 

phenoxymethyl-5-oxazolone (11, C1zH118046, mp llO-111'; structural assignment 

PhOCHzCOBH-C=CHSAc 
_/c Me2 I 

1 -+ 
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was made on the basis of elemental analysis and physical data [Amax (EtOH) 

365 and 320 mu, E = 11,200 and 8,400; ir (CHClz) 1803, 1720, and 1648 cm-l; 

nmr (CDCIJ) 2.32 (s,3H), 4.8 (s,2H), 7.0 (m,5H), and 8.0 (s,lH). 

The remaining two compounds, 2 and l.0, mp 172-174" and 185-186', were 

isomeric, having empirical formula C1sHlsR20zS (m/e 374). Structural studies 

were carried out primarily with the lower melting isomer 2, formed in consid- 

erably greater yield. The lack of uncoupled aliphatic and olefinic proton 

signals in the nmr spectrum [(TFAdl) 2.37 (e,3H), 2.55 (s,3E), 2.61 ts,3H), 4.88 

(s,2H), 7.1 (m,5H), and pi00 (s,lH)] 'and the extended uv chromophore [Amax 

(EtOH) 230 mu, E = 28,800)] indicate a large degree of uneaturation. The 

presence of an S-acetyl group is indicated by the most predominant ion In the 

mass spectrum (m/e 299, &-SAC) and the oxazolone by the 1800 cm-l (Sujol) peak 

in the ir spectrum. 4 Structure 2 is consistent with this data and is confirmed 

by acid hydrolysis to thiazole (111, C16HlbR20,,S, mp 178-179’, and thiazole- 

oxazolone (u), C1@14B203SS mp 139-140°S and alkaline hydrolysis to 11 and 12, 

C10H12N203S, mp 198-1W”. 
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The minor isomer has ir and mass spectra nearly identical with those of 

2. an nmr spectrum similar except for the position of the olefinic proton 

18.80 (s,lH)], and an uv maximum shifted somewhat to longer wave length [Amax 

(EtOH) 332 mu, E = 20,200]'! A reasonable explanation would be that this is 



384 No.39 

ICI. the qeomatrice1 isomer of & This compound also gives the thiaeole-acid 

(11) on treatment with auid. The thiazole 11 was also obtained from an acid - 

hydrolysis of the disulfide 6. 

Reaction of penicillin G with.acetic anhydride was reported in the 

penIeIll~i7 nronogr+.a sna the sppesraaee 0P the absorption msxlmcm at 320 

mu was noticed. From the present work we believe that the corresponding 

derivative of 2 was formed. These examples indicate that the rearrangement 

of penicillin to oxazolones is a general reaction. 

A plausible mechanism for the formation of 2 and 2 could be a double g- 

‘?limiDBtiOTJ rETEbCtiD,-, With Sim,,ltBDeOUS OX- 8U‘bSeQUt?Dt m?kbyhtiOn Or BCety~8tiOIJ 

of the eulfhydryl group and cyclieation of the neighboring amide to the oxa- 

solane. Compounds 3 and 6 are formed by a similar mechanfsm except that the 

sulfhydryl group is converted to the sulfide and dieulfide. Phenoxymethyl 

anhydropenicillin is thought to derive from penicillin V by a B-elimination and 

cyclisation to the thiolactone. Fragmentation of penicillin V with acetic an- 

hydride to compouPde 1 and 4 can be envisioned as a double g-elimination on the 

oxaeolone-fhiasolidine (161, resulting from rearrangement of penicillin V. 
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