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Abstract:  By modulating the reactivity of the Lewis acid promoter it was possible to 
obtain, in a single stereoselective condensation step, the methoxyketone 7, an 
advanced intermediate in the synthesis of Sanfetrinem GV 104326. 
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Recently, the trinem antibiotic Sanfetrinem GVIIM326 1 (the trinem antibiotics were formerly 
referred to as tribactams) and its orally active ester pro-drug GV118189 2 (Fig. 1) have been the 
subject of considerable study t due to their broad spectrum antibacterial activity, resistance to 
[5-1actamases and stability to renal dehydropeptidases, a potential problem for the penem and 
carbapenem classes of antibiotics. 
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The abovementioned compounds, and other members of this class, also represent a considerable 
synthetic challenge. 2 One of the earliest routes to compounds 1 and 2, used to make multi- 
kilogram quantities, is outlined in Scheme 1. 
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v. LDA, THF. vi. Mg-monoperoxypMhalate, CH2C12. vii. MeOH, PTSA. viii. Py/SO3. 
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There are, however, drawbacks to this strategy, in particular the number of steps involved and 
the unsatisfactory yield and selectivity of the first sequence to the ketone 4. Wc have recently 
described our work aimed at synthesising the olefin 5 in a single step from compound 3 either by 
using cyciohexenylboranes 2a or an intramolecular Sakurai reaction. 2b 

We wish to report in this Letter work carried out in our laboratories on the single-step 
synthesis of methoxyketone 7a by direct condensation of compound 3 with the silyl enol ether 9 of 
2-methoxycyclohexanone 8. 3 This latter route removes seven steps from the original synthesis, but 

poses the question of stereocontrol over the three stereogenic centres introduced onto the ~-lactam 

nucleus. Assuming that the incoming nucleophile enters t r a n s  to the bulky substituent at the 
3-position, 4 with racemic silyl enol ether (+)-9 four isomers of compound 7 could be produced in 
the condensation reaction, as outlined in Scheme 2. 
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In order to study the direct condensation reaction it was necessary to prepare the 
corresponding trimethylsilyl enol ether of 2-methoxycyclohexanone 8. The reaction of 2- 

methoxycyclohexanone 8 with a base and silylating agent can provide both the desired "kinetic" 
product 9 and the "thermodynamic" regioisomer 10. We found that deprotonation of ketone 8 with 
lithium 2,2,6,6-tetramethylpiperidide, quenching with TMSCI at -78°C gave a disappointing 2.5 : 
1 ratio of isomers 9 and 10 in 48% yield. 5 However, an adaptation of a procedure employed for a 

similar substrate, using a combination of triethylamine and trimethylsilyl triflate, 6 gave a high 
yield of the desired isomer 9 with no traces of compound 10 detectable in the crude mixture by 
high field NMR. At the conclusion of the reaction, the solution was diluted with hexanes, causing 

precipitation of the triflate salts as an oil. The upper hexane phase was passed through a pad of 
alumina, eludng with further hexane, and the fractions containing the silyl enol ether 9 collected. 
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Scheme 3 Ratio 9 : 10 -- >20 : <l 

In order to eliminate the possibility of closed transition states in the condensation reaction of silyl 
enol ether 9 with acetoxyazetidinone 3, involving the azetidinone nitrogen, which would lead to 
isomers 7e and 7d, it was decided to protect the nitrogen with a trimethylsilyl group giving 
compound 11. 7 To prevent the formation of isomers 7b and 7d it would simply be necessary to 
carry out the condensation reaction with optically pure silyl enoi ether 9. However, in the initial 
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ca ta lys t  s c r een ing  phases  o f  the s tudy  we  carr ied out  the react ion us ing  the more  readi ly avai lable  

racemic  9. T he  resul ts  o f  this  pre l iminary  screen are g iven  in T a b l e  1. 
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Isomer Ratio 
Entry Catalyst Temp Time Yield* 7a 7b 7c 7d 

(eq) ('C) 01) 
1 TMSOTf 0 5 51% 1,5 4 2 1 
2 ZnCI 2 0 to 23 27 60% 1.7 1.7 1 3.3 
3 TiCI 4 0 to 5 2.5 dec 

4 TiCl(Oipr)3 0 to 5 3 dee 
5 CeCI 3 23 24 n.r. 
6 SnCI4.2Et20 0 to 5 1 30% 1.5 n.d. n.d. 1 

dee = deeomposition, nx. = no reactiOn observed, n.d. = not detectable by high field NMR of crude reaction mixture * Tile yields 
quoled are combined isolated yields of all htomers. 

T a b l e  1 

With  bo th  t r ime thy l s i ly l  tr if late and  zinc ch lor ide  as  ca ta lys t s  ( E n t r i e s  1 and  2) we  ob ta ined  

e n c o u r a g i n g  g lobal  y ie lds  bu t  the  s tereoselec t iv i ty  was  poor.  T i t a n i u m  tetrachlor ide and  t i t an ium 

ch lo ro t r i i sop ropox ide  ( E n t r i e s  3 and  4) c a u s e d  e x t e n s i v e  degrada t ion  o f  the  s ta r t ing  ma te r i a l s  

whe rea s  ce r ium tr ichloride failed to p romote  the react ion to any  appreciable  extent .  A cons iderable  

i m p r o v e m e n t  in s tereoselec t iv i ty  was  obse rved  wi th  tin te traehloride etherate ,  and  by  ca r ry ing  out  

the react ion at r oom tempera ture  we  were  able  to increase  the  yield to 45%.  However ,  the  react ion 

was  vi r tual ly  ins tan taneous .  In order  to modu la t e  the  react ivi ty  o f  the  tin te t rachlor ide  we  s tudied  

the effect  o f  va ry ing  the  L ewi s  base  l igands,  s A s u m m a r y  of  the resul ts  is g iven  in T a b l e  2. 

TBDMSO [~O~IeOTMS T B O M ~ _  
T OAc (±)-9 J, OMo 

(3/,) "-NTMS SnC14 +Ligancb O/J"-NH O 
11 CH2CI2 7a-d 

Isomer Ratio 
Entry SnCI 4 Eq. of Temp Time Yield 

7a 7b 7c 7d + 2 eq of cat. (°C) (h) 
l Et20 1.5 23 0.16 45 % 1.5 n.d. n.d. l 
2 THF 2 23 2 30% 3 l n.d. 3 
3 1,4-dioxane 2 23 3 39% 1 n.d. n.d. 1 
4 MeCN 2 0 to 23 3 31% 1 n.d. n.d. 1 
5 iPr2NEt 2 23 12 40% 1.5 n.d. n.d. 1 
6 Et3N 2 23 n.r. 0 
7 DMSO 2 23 n.r. 0 

[ 8 Me2S 2 23 2 .N)% 1 n.d. n.d. 1 [ 
9 Et2S 2 23 0.3 40% 1 n.d. n.d. 1 
10 iPr2S 2 23 0.3 45% 1.5 1 traces 1.5 

dec = decomposition, n.r. = no reaction observed, n.d. = not detectable by high field NMR of crude reaction mixture * Tile yields 
quoted are combined isolated yields of all isomers. 

T a b l e  2 
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In changing the tin tetrachloride ligands from diethyl ether to tetrahydrofuran we were able to 

observe a clear increase in reaction time (Table  2, Entr ies  1 and 2). However, this improvement 
was accompanied by a fall in both yield and stereoselectivity. With 1,4-dioxane and acetonitrile 

(Entries 3 and 4) we were able to recover the stereoselectivity but the yields were not acceptable. 

Diisopropylethylamine (Entry 5) significantly suppressed the reactivity of  the tin tetrachloride, 

the reaction needing 12 hours to go to completion. Despite the unsatisfactory yield of 40% we 

observed an interesting, if not necessarily useful, selectivity between the desired isomer 7a and 7d. 

More nucleophilic ligands such as triethylamine and dimethylsuiphoxide (Entries 6 and 7) caused 

complete inhibition of the reaction. We then screened a series of dialkyl sulphides as potential 

ligands. The most promising in terms of yield, reaction time and stereoselectivity, being 

dimethylsulphide (Entry 8). 

This system was then studied using enantiomerically pure silyl enol ether 9 prepared from (S)-(-)- 

2-methoxycyclohexanone (-)-8. Compound (-)-8 was prepared in large scale via the enzymatic 

resolution of (+)-trans-2-methoxycyctohexanol 9 and subsequent Swem oxidation. Conversion to 

the silyl enol ether (-)-9 was achieved as shown in Scheme 3 without detectable racemisation. 

Using optically active (-)-9 it was possible to obtain, in a single step, the methoxyketone 7a with a 

yield of 50% and with high diastereoselectivity (Scheme 4). Further work on the optimisation of 

this reaction will be published in due course. 
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