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Abstract: The synthesis and antibacterial activity of some trinems having a sulfur atom in various 

positions of ring C are presented. © 1997 Elsevier Science Ltd. 

The trinems 1 1 (formerly referred to as tribactams) represent a novel class of antibacterial agents 2 

discovered at GlaxoWellcome. The extremely good biological profile shown by sanfetrinem 2a and its 

metabolically labile ester sanfetrinem cilexetil 2b 3,4 (Fig. 1), together with the novelty of the structure and the 

commercial availability of the starting material 3, 5 prompted us to undertake a further exploration on the class. 
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As part of our research programme, we were particularly interested at exploring the effect of the introduction of 

an heteroatom at different positions in ring C. Preliminary results have already been reported on compounds 

bearing a five-membered ring C containing a sulfur atom 6 showing a promising effect on the biological profile, 

and here we wish to report the synthesis and the antibacterial activity of some tfinems bearing a six-membered 

ring C containing a sulfur atom at different positions 7. The aim of the present work was to evaluate the 

antibacterial profile of thio trinems and to verify the possibility to improve the activity against Gram negative 

strains including possibly Pseudomonas spp. 

In Scheme 1 the synthesis of the 4-thiotrinem 9a is reported. The thiolactone 4 was converted into the 

silylthioketene aceral 5 using trimethylsilylchlofide and triethylamine in refluxing dimethylformamide according 

to procedure of House. 8 Reaction of 5 with the commercially available (3R,4R)-4-acetoxy-[(1R)-tert- 

butyldimethylsilyloxyethyl]-azetidin-2-one 3 in the presence of a catalytic amount of boron tfifluoride etherate 

afforded a mixture of the two epimers 6a and 6b in a 80/20 ratio. The isomers were not separated at this stage 

but reacted with allyl oxalyl chloride and triethylamine in dichloromethane to give the oxalimide intermediates 9 

that were immediately COlwerted into the two trinems 7a and 7b in moderate yield using triethylphosphite in 

refluxing xylene. The two isomers were separated by flash chromatography, then treated with 
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tetrabutylamonium fluoride and acetic acid to remove the tert-butyldimethylsilyl protecting group on the 

hydl'oxyethyl side chain. The isomer 7a, gave tile ester 8a in 40% yield, while the r-isomer 7b, gave only a 

mixtt, re of unidentified products. The allyl ester of compound 8a was removed using Pd(Ph3P) 4 and 

potassium-2-ethylhexanoate to give the desired trinem 9a. 
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The Scheme 2 illustrates the general route to 6-thio tfinems. The silylenolether 11 was formed using the House 

procedure, from the corresponding 4-thiopyranone 10, in 8(1% yield after distillation and allowed to react with 3 

in the presence of a Lewis acid catalyst to yield a mixture of the isomers 12a and 12b. A limited study 

undertaken demonstrated that the nature of the catalyst affected both the isomeric ratio and the overall yield. 

Using strongly acidic conditions such as trimethylsilyltriflate the yield was moderate and no selectivity was 

observed even at low temperatures. Moreover, an unwanted side reaction occun'ed resulting in the formation of 

compounds 17 and 18, that could be ascribed to the 13-elimination of 4-thiopyranone and its subsequent 

addition to the 4-acetoxy-azetidin-2-one (Fig.2). 
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Fig. 2 Proposed mechanism of formation of compound 1 8 

The use of boron trifluoride diethyl ether complex gave 80% overall yield and 8/2 isomer ratio, with the 

preferential formation of the compound having absolute configuration (3'S) 12a, in analogy to the results 

ah-eady described for trimethylsilyloxycyclohexene 10. Using the softer Lewis acid zinc chloride a better 

12a/12b isomer ratio (9/1) and 85% yield after 5 days at room temperature, were obtained. Therefore as we 

were interested in obtaining both isomers, tfimethylsilyltriflate was the catalyst of choice in order to obtain 

enough material of isomer 12b to complete the synthesis. 

Compounds 12a and 12b were separated by flash chromatography and converted to the fully protected trinems 

13a and 13b in 28% and 41% yield respectively using the oxalimide cyclisation procedure that has already been 

described in Scheme 1. The tully protected tfinems 13a and 13b were converted into the potassium salts 15a 

and 15b by sequential removal of the tert-butyldimethylsilyl group on the hydroxyethyl side chain to give 

intermediates 14a and 14b, and deallylation of the ester moiety as shown in Scheme 2. 

The microbiological results obtained at that time for the thio trinems, were in agreement with the general 

observation that compounds having (813) configuration have a better activity than the corresponding (800 and 

therefore we concentrated our efliwts on the synthesis of such derivatives. 

In Scheme 3, the synthesis tff tfinems having a sulfur atom at position 7 and 813 stereochemistry is depicted. 

This route involves the fonnation of the advanced intermediate 23b, that can be easily functionalized at position 

4. The 3-thiopyranone 19 was regioselectively I 1 converted into its lithium enolate 21 using lithium-2,2,6,6- 

tetramethylpiperidine 20 at -70°C 12 and this reacted with the acetoxyazetidinone 3 to afford a mixture of 

isomers 22a and 22b in 7l)/30 ratio and 36% yield that were separated by flash chromatography. Compound 

22b was converted into the trinem 24b using a multistep procedure that involved the formation of the 

phosphorane 23b in 49% yield using the Woodward procedure 13. Removal of tert-buthyldimethylsilyl group 
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was accomplished in 20% yield giving derivative 25b that was treated with Pd(Ph3P)4 and Na-2- 

ethylhexanoate in THF affording the tfinem 26b in 68% yield. 
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i) 20,THF, -78°C, 3l)'; ii) 3, THF, -78°C; iii) AllO2CCHO, Toluene, reflux; iv) SOC12, 2,6-1utidine, 
THF, 0°C; v) PPh 3, 2,6-1utidine, RT; vi) o-xylene, 10(l°C;vii) TBAF, AcOH, THF, RT; viii) Pd(Ph3P) 4, 
Na-2-ethylhexanoate, THF: ix) LDA, MeSO2SMe, THF. 

Among the unsubstituted thio trinems synthesised, compound 26b showed a promising antibacterial profile, 

therefore its basic skeleton was selected for chemical derivatization. We have already shown in the carbocyclic 
analogues, 14 that introduction of a 4or substituent results in an increase of potency and stability to hydrolytic 

enzymes. The beneficial effect of functionalization may depend upon the nature of the substituent and the 

stereochemistry of the newly formed stereocentre. We sought in the phosphorane 23h an useful advanced 

intermediate for the introduction of the metbylthio side chain, 15 already successfully used on the carbocyclic 
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analogue. The phosphorane 23b  was treated with lithium bis trimethylsilyl amide in THF at -70°C to 

regioselectively forna the less substituted enolate, which was reacted with methanethiomethylsulfonate to yield 

the 4-thiomethyl phosphorane 27b as a single product. In this case the presence of a bulky substituent on the 

six membered ring of the enolate derived fi'om 23b explains the addition of methanethiomethylsulfonate from 

the less hindered si face. Cyclization under the standard reaction conditions produced the 4-thiomethyl trinem 

28b in 73% overall yield. Desilylation and subsequent removal of the allyl ester were achieved in 44% 16 and 

85% yield respectively to afford compound 30b as sodium salt. 

In Table 1, the in vitro antimicrobial activity of these compounds in comparison with imipenem is summarised. 

The MIC values suggest that all the compounds have an overall spectra of activity which is inferior to Imipenem, 

although it is balanced and not profoundly affected from permeability problems (compare the MIC data for 

strains 185111 and 1919 t)f E. coli.). Colnparison of MIC data for Staphylococcus attreus 663E and 

Staphylococcus attreus 853E ([3-1actamases producing strain) is indicative that all the compounds tested are 

significantly stable to [3-1actamases. Cotnpound 30b (4-thiomethyl derivative of 26b) showed higher potency 

on Gram positive strains hut a decrease of activity versus Gram negatives compared to 26b.  Moreover, 

compound 3lib was found significantly more stable to human renal DHP-I of the corresponding unsubstituted 

thio trinem 26b as showed an half life which is about 3.5-4 times longer than imipenem. Despite this good 

result, the lack of a significant activity against Pseudomonas aeruginosa (MIC>32) has suggested us to not 

further investigate tiffs class of COlnpounds. 

Tab le l .  h7 vitro antibacterial activit' 

C o m p o u n d  

8a  

15a  

15b  

2 6 b  

3 0 b  

S . a .  S . a .  

6 6 3  8 5 3  

1 1 

1 1 

1 0 . 5  

1 1 

11.2 0 . 5  

I m i p e n e m  0 . 0 6  0 . 1 2  

'* (MIC m~/ml) of trinelns in comparison with Imi ~enem 

E . c o l i  E . c o l i  C . p e r .  B . f r a g .  

18511 1 9 1 9  6 1 5  21117 

1 2 0 . 5  N T  

4 2 1 0 . 1 2  

4 1 0 . 2 5  0 . 5  

0 . 5  0 . 5  0 . 0 3  0 . 2 5  

2 1 _<0.01 0 . 2  

0 . 5  0 . 5  0 . 0 3  0 . 1 2  

D H P - 1  

t l / 2 ( m i n )  

10 

12 

< 7  

n . d .  # 

3 8 6  

100  

* Minimum Inhibitory Concentration (MIC) determined in Mueller llinton broth; Anaerobes Schadler broth inoculum = 

5x 105Clq l/ml. S.a. 663 = Staphylococcus aureus 663E; S.a. 853 = Staphylococcus aureus 853E [~-lact,'unases producing strain; 

E.coli 1850 = Escherichia coli 1850E; E.coli 1919 = Escherichia coli 1919 [~-lact,'unases producing strain; B.frag. 2017 = Bacteroides 

fragilis 2017; C.per. 615 = ( ',losu'idium perfi'ingens 615E; DI [P-I = human I'emd dehydropeptid,'t,~e I. 

#n.d. = not determined. 
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