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Summary.  Condensation of azetidinone 1 with mercaptan 3 gave compound 5.  Bromination 
of 5 afforded two isomeric bromohydrins l l a  and l l b  which differ in the configuration at  C(4). 
Acetylation and reduction with zinc and acetic acid of the above bromohydrins gave 7-deamido- 
cephalosporin lactone (14). 

Since a long time we were interested in the synthesis of cephalosporin derivatives. 
In our earlier approaches [l] 121 we used substituted butenolides L3] [4] as suitable 
synthetic intermediates. 

In recent years a number of workers have demonstrated that p-lactams having a 
good leaving group a t  the position 4 could be successfully substituted by thiols 
[5] [6]. We describe now the condensation of butenolide 3 with 4-acetoxyazetidin-Z- 
one (1) [5] to compound 5 and the successful transformation of 5 to cephem 14. 

Compound 3 was readily obtained in almost quantitative yield (as oil) from the 
3-hydroxy-4-acetylthiomethylfuran-2(5H)-one [7] in two steps : (i) treatment with 
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2,3-dihydropyran in presence of $-toluene sulfonic acid [8] and (ii) deacetylation 
with ammonia [9]. 

NMR. (CDCl3) : 5.80 (m, l H ,  -0-CH-0-); 4.86 (s, 2H,  lactone CH2); 3.72 (m, 2H, 
THP-OCHz); 3.52 ( d ,  2H, J = 8 Hz, on D20 exchange collapsed into a two proton 
singlet, SCH2); 2.10-1.50 (m, 6H, other THP-protons); 1.91 ( t ,  l H ,  J = 8 Hz, SH 
exchangeable with DzO). 

Condensation of mercaptan 3 with azetidinone 1 in presence of sodium hydroxide 
followed by hydrochloric acid treatment gave compound 5 in 85% yieldz), mp. 111". 
- IR. (KBr): 3310, 3010, 2960, 1755, 1725, 1625 cm-1. - NMR. (DMSO-dc): 10.42 
(br., l H ,  NH exchangeable with D20); 8.48 (br., l H ,  OH exchangeable with DzO); 
4.79 (d xd, l H ,  Jeis = 5, Jtrans = 3 Hz, lactam CH); 4.76 (s, 2H, lactone CH2); 3.64 

Jcis = 5, Jgem = 16 Hz, lactam CH2). 
Compound 5 gave an 0-acetyl derivative (6) with pyridine and acetyl chloride, 

m.p. 114". - IR. (KBr) : 3270, 1780, 1760, 1730, 1685 cm-1. - NMR. (CDCl3) : 6.66 
(br., 1H,  NH exchangeable with DzO); 4.96 (s, 2H, lactone CHZ); 4.79 ( d x d ,  l H ,  

(s, 2H, SCHz); 3.34 ( d x d ,  l H ,  Jtrans = 3, Jgem = 16 Hz), and 2.75 ( d x d ,  l H ,  

Jets = 5, Jtrans = 3 Hz, lactam CH); 3.56 (s, 2H, SCH2); 3.46 ( d x q ,  1H,  J c a s  = 5, 
Jgem = 16, J H ,  NH = 2.5 H z ) ~ )  and 2.93 (d xd, 1 H, Jtrans = 3, Jgem = 16 Hz, lactam 
CHZ); 2.36 (s, 3H, acetyl). - MS.: M +  = 257. 

Treatment of 5 with acetic anhydride at  80" for 12 h gave a diacetyl derivative (7), 
oil. - IR. (CHC13): 1790, 1710 cm-1. - NMR. (CDC13): 5.12 ( d x d ,  1H,  Jets = 6, 
Jtrans = 4 Hz, lactam CH); 5.10 and 4.84 (Zd, 2H, Jgem = 16 Hz, lactone CH2); 4.51 
and 3.43 (Zd, 2H,  Jgem = 14 Hz, SCH2); 3.52 ( d  xd, l H ,  Jets = 6, Jgem = 16 Hz) and 
2.88 ( d x d ,  lH ,  Jtrans = 4, Jgem = 16 Hz, lactam CHz); 2.39 (s, 3H, acetyl); 2.31 
(s, 3 H, acetyl). 

Compound 5 gave a monomethyl ether (8) with diazomethane, m.p. 103". - IR. 
(CHC13): 3410, 1770, 1680 cm-1. - NMK. (CDC13): 6.82 (br., l H ,  NH); 4.80 (m, 3H, 
lactone CH2 and lactam CH); 4.07 (s, 3H, OCH3); 3.56 ( d x d ,  2H, Jgem = 14 Hz, 
SCH2); 3.38 and 2.92 (m, 2H, lactam CH2). This compound was also obtained by the 
condensation of mercaptan 4 with azetidinone 1. 

Based on the spectral characteristics, it was concluded that compound 5 exists in 
the acyclic form and not in the corresponding cyclic form 9, in contrast with the 
analog a-keto acid derivatives 16 which were known to  exist in the corresponding 
cyclic form 17 only [5]. 

Attempts to cyclize compound 5 to the cephem 14 under a variety of dehydrating 
conditions were not successful. The only experiment worth mentioning was the 
treatment of 5 in trifluoroacetic acid, which gave the dihydrothiazine 10 [m.p. 1999- 
IR. (KBr) : 3440, 3320, 1745, 1690, 1660 cm-1. - NMK. (DMSO-ds) : 7.52 (br., 1 H, 
NH or COOH, exchangeable with D20), 7.05 (br., 1H,  NH or COOH, exchangeable 
with DzO), 5.53 ( d x d ,  1 H ,  J 1  = 6, J Z  = 7 Hz, H-C(6)), 4.88 (s, 2H, lactone CHz), 
3.85 and 3.50 (Zd, 2H, Jgem = 18 Hz, SCHz), 2.77 ( d x d ,  2H, Ji = 6, J 2  = 7 Hz, 
CHzCOOH)], in which the desired cyclization did take place, but with opening of the 
8-lactam ring. 

2) 

3) 

Compound 5 could be obtained in poor yield by the condensation of mercaptan 2 with azeti- 
dinone 1. 
Such long range couplings are reported in [lo]. 
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However, we were successful in forcing compound 5 to the corresponding cepliam 
form by brominating the cnolic function ;I11 141. Treatment of 5 n7itl-1 bromine 
rebulted in the formation of two isomeric cepham bromoliydrins 11 a and 11 b in 85% 
J ield, in tlie ratio of 1: 1, obviously through tlie intermediacy of the corresponding 
bromo ketone 13. The two isomers were separated by careful fractional crystallization 
in metlianol in which only compound l l b  crystallized and l l a  was obtained from 
tlie mother liquor. 

Bromohydrin 11 a :  1n.p. 111" (recrystallized from methylenc chloride). - IR. 
(KBr) : 3440,1805,1730 cin-1. - NMR. (DMSO-d~) : 8.86 (br., 1 H, OH, exchangeable 
with D20) ; 4.67 (d X d ,  1 H, JCis = 5, Jtrans = 2 Hz, €1-C(G)) ; 4.63 (q, 2 13, Jgem = 9 Hz, 

Scheme 2 
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lactone CHs); 3.43 (d xd ,  1 H, Jcis = 5, Jgem = 14 Hz, H-C(7)) ; 3.44 (s, 2H, SCH,) ; 

Bromohydviit l l b :  m.p. 147" (recrystallised from metlianol). - 113. (KBr) : 3460, 
1805, 1745 cm-1. - NMR. (DMSO-ds) : S.20 (s, 1 H, OH, exchangeable with DzO) ; 
5.19 and 4.58 (2d, 2H, Jgem = 12 Hz, lactone CH,); 4.87 ( d  xd ,  lH, Jcis = 5, Jtrans = 

2 Hz, H-C(6)); 3.75 and 3.50 (Zd, 2H, J g e m  = 14 Hz, SCHa) ; 4.49 ( d  xd, I H ,  J e t s  = 5, 

2.92 (d xd,  1 H, Jtrans = 2, Jgem = 14 Hz, H-C(7)). - MS.: M+ z z  2931295. 

Jgem = 15 Hz, H-C(7)); 2.88 ( d x d ,  l H ,  Jtrans = 2, Jgem = 15 Hz, HpC(7)). - MS.: 
M+ = 2931295. 

The isomeric bromohydrins were stable in neutral conditions and they were inter- 
convertible in presence of catalytic amounts of bases such as pyridine or triethyl- 
amine showing that they differ in the configuration a t  C(4). 

Both l l a  and l l b  gave the corresponding acetyl derivatives 12a and 12b 
respectively, by treating with pyridine1acetyl chloride in the case o f  the former and 
triethylamine/acetyl chloride in the latter case. 

C o k q ' m m l  12a: m.p. 84". - IR. (CHC13): 1820, 1785 cm-I. - NMII. (DMSO-d~): 
4.85 and 4.70 (Zd, 2H, J g e m  = 10 Hz, lactone CH,); 4.81 (d x d ,  l H ,  Jcis = 5, Jtrans = 

2 Hz, H-C(G)); 3.63 ( d  xd ,  l H ,  Jcis 15, Jgem = 15 Hz, H-C(7)); 3.55 (s, 2H, SCHZ); 
3.18 ( d x d ,  1.H, Jtrans = 2, Jgem = 15 Hz, H-C(7)); 2.20 (s, 3H,  acetyl). - MS.: 

= 3551357. 
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C o m p o b d  12b: m.p. 141". - IR. (KBr): 1820, 1785 cm-1. - NMR. (DMSO-&): 
5.32 and 4.62 (Zd, 2H,  Jgem = 12 Hz, lactone CH2) ; 5.01 (d xd, 1 H, Jcis = 5, J t rans  = 

2 Hz, H-C(6)) ; 4.08 and 3.58 (Zd, 2 H, Jgem = 14 Hz, SCH2) ; 3.54 (d x d,  1 H, Jc i s  = 5, 
Jgem = 15 Hz, H-C(7)); 2.95 ( d x d ,  l H ,  J t r a n s  = 2 ,  Jgem = 15 Hz, H-C(7)); 2.19 
(s, 3H,  acetyl). - MS.: M+ = 355/357. 

At this stage we were in a good position for introducing the double bond a t  C(3), 
C(4) in 12a and 12b since the vicinal halogeno acetoxy compounds were known to 
yield olefines more readily than the corresponding hydroxy compounds [la] 131 by 
treatment with zinc. As expected the acetates 12a and 12b 011 reduction with zinc 
and acetic acid gave the desired cephem 14 in almost quantitative yield4). 

Cephewz lactone 14: m.p. 194". - IR. (CHC13): 1S05, 1775, 1670 cm-1. - NMR. 
(DMs0-d~):  5.02 (s, 2H,  lactone CH2); 4.81 ( d x d ,  l H ,  Jcis  = 6, J t r a n s  = 4 Hz, 
H-C(6)); 3.84 ( d x d ,  l H ,  Je t s  = 6, Jgem = 16 Hz, H-C(7)); 3.76 (s, 2H, SCH2); 3.06 
( d x d ,  l H ,  J t rans  = 4, J g e m  = 16 Hz, H-C(7)). - MS.: M +  = 197. - UV. lg;: ( E )  : 
257 (9250). 

Thus the bromination of enol 5 turned out to be an added advantage because it 
gave way for the smooth introduction of the double bond at  C(3), C(4). In com- 
parison the yields of dehydration in the corresponding cepham derivative 17 without 
bromine at  C(3) were always very poor [5]. 

Scheme 3 
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The synthesis of cepham derivatives of type 17 by tlie condensation of b-iner- 
captocarbonyl compound 15 bearing at least one substituent at P-position was 
reported earlier [5]. In the absence of a substituent tlie mercaptan undergoes thio- 
lactonisation before addition to the azetidinone 1, under the reaction conditions, 
resulting in the side product 18. 

By our method, using the butenolide 3 in wliicll the niercaptan function could 
no longer participate in lactonisation, we obtained 2-unsubstituted cephem deriva- 
tives very easily and in high yield. 

Application of this method for the conversion of penicillin to cepldosporiii 
lactones is being reported in the next communication. 
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Summary. Penicillin G (1, R = CHZPh) was converted to cephaloram- and 6-eplcephaloram 
lactones 11 and 12 respectively by the initial replacement o f  thiazolidine part of penicillin by the 
mercaptan 9 followed by intramolecular cyclization and subsequent int.roduction of double bond 
at C(3). 

Morin. et al. [l] provided a useful method for the conversion of penicillin 1 into 
deacetoxy ceplialosporin 2 through a novel process of oxidation and ring expansion. 

In 1965 Sheehan. & Brandt [a] have demonstrated the liberation of the p-lactam 
nitrogen from the thiazolidine part by Curtius degradation of the acid azide and 
hydrolysis. Furthermore they have achieved the complete replacement of thiazolidine 
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part of penicillin molecule by nucleophiles such as niercaptans [ 31 [4], keeping intact 
the relatively labile /3-lactam ring. 

1) Author to whom correspondcnce should be addrcsscd. 


