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Abstract

A carbapenem-2-stannane derivative was prepared via cross coupling of a carbapenem-2-triflate with hexa-
methylditin. A study of the reactions of the carbapenem-2-stannane with aryl halides, vinyl triflates and hydroxa-
moy! chlorides is described. © 2000 Elsevier Science Ltd. All rights reserved.

One of the areas of research in the field of carbapenem antibacterials has been the preparation of
synthetic analogue$ of thienamycin2,* with aryl and, to a lesser extent, heteroaryl groups attached
directly to the C-2 position. One method for preparing this class of compounds is the Stille cross coupling
proceduré, using the carbapenem triflaBeand aryl stannane.
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1 R = aryl or heteroaryl 3 R'=SiMe,!Bu, R* = 0SO,CF;
2 R = SCH,CH,NH, 4R'=H, R* = 0SO,CF;

5 R' = SiMe,!Bu, R? = SnMe;
6 R'=H, R? = SnMe;

For the preparation of novel carbapenem derivatives, this methodology is limited by the synthetic
availability of suitable substituted stannanes. For instance, many heterocyclic stannanes are difficult to
prepare if the heteroaromatic nucleus is unstable under anionic reaction conditions. Switching the reactive
groups such that the vinyl stannane is part of the carbapenem nucleus increases the potential diversity of
the reaction, by virtue of the fact that the coupling partners can now be halides or pseudohalides, which
in the case of many heterocycles are more accessible. A further advantage is that acid chlorides, benzyl

Corresponding author. Current Address: University of Southampton, Department of Chemistry, Highfield, Southampton
SO17 1BJ.

0040-4039/00/$ - see front matter © 2000 Elsevier Science Ltd. All rights reserved.
P1l: S0040-4039(00)00290-2

tetl 16570



2996

halides, and vinyl triflates are also viable partners in the coupling reatitms, efforts were directed
towards preparing carbapenem-2-stann&reesd6.

Three approaches were investigated. Radical introduction of tin by displacement of a C-2 thioalkyl
group has been shown to be effective in the formation of 2-stannylpehdrowever, under these
conditions 2-thioethylcarbapenem failed to react withnthutyltin hydride. The other approaches
utilised the triflate3 as the substrate. Attempts to displace the triflate group withHbityltin zincates
were uniformly unsuccessful, with or without Pd(0) catalysis. However, treatment with hexamethylditin
in a palladium(0) catalysed displacement reaction did show some promise. Initial experiments on triflate

3 are summarised in Table 1.
Table 1
Preparation of carbapenem-2-stannane

t-BuMe,SiO t-BuMe,Si0

H H H H
\_ ) —0SOCF, _Pd(0). Ligand ) _'N )—SnMe,
o Me,Sn,, LiCl, THF o
CO,pNB CO,pNB
3 5

Pd(0) (mol%) Ligand (mol%) Yield (conditions)
Pd(PPh;)s 5 - - 4%* (4h at reflux)
Pd,(dba); 5 [ R 20 8% (1h at reflux)

0" Is

Pd,(dba); 5 AsPh; 20 11% (1h atRT)
Pd,(dba); 5 AsPh; 10 37% (0.5h at RT)
Pd,(dba); 10 AsPh; 40 33% (0.5h atRT)

* Major product was carbapenem-2-chloride (25%)

The most effective ligand was found to be triphenylarsine, in keeping with the work of Fariné et al.
The optimal conditions were found to be 5 mol% Pd(0) with triphenylarsine in a ratio of 1:2 (Table
1). However, the best yields for this transformation were obtained using a substrate without 8-hydroxyl
protection, and under the conditions described above, triflat@s converted into stannaen 45%
yield.” The reaction was equally effective gnnitrobenzyl ando-methoxybenzyl esters. Attempts to
utilise hexabutylditin, however, resulted in substantially reduced yields.

A preliminary survey into the synthetic utility d (Scheme 1) has yielded the following results.
Coupling of 6 with iodobenzene was studied under a variety of conditions: (ajdBdy/AsPts; (b)
BzPdCI(PPB)2; (c) PACL(PPH)2; (d) Pd(PPB)4. Only catalyst (c) demonstrated any utility in the
coupling reaction. The yield was enhanced slightly (to 25%) by employing a zinc coc&t@lysibusly,
2-methylcarbapenem was also detected under these conditions; the mechanism by which this is formed
is unknown.

Reaction of6 with the vinyl triflate 11 produced only the 2-carbapenen8 (this transformation
was also obtained using the 8-TBDMS protected stan®n&his finding suggests that the required
oxidative addition between the triflate and Pd(0) catalyst occurs successfully, however, this species must
then undergo a-elimination process producing phenylacetylene and a H-Pd-G84por Cl) complex
before the rate determining transmetallation from tin to Pd(ll) can occur. Transmetallation to the above
Pd(ll) complex followed by reductive elimination gives the 2-H carbape@em

A desire to prepare carbapenem derivatives with an oxime substituent attached Yite€2s
to investigate the reaction of hydroxamoyl chloriti2'® with 6. Surprisingly, the reaction produced
the C-2 oxyimino derivativé®d as a single isomer. The structure was confirmed as EpésOmer by
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Scheme 1. Reactions of carbapenem-2-stanifariReagents and conditions: (i) Pd@Ph),, ZnCk, Phl, THF (i) 11,
Pdb(dba) (5 mol%)/AsPh (10 mol%), LiCl, THF (iii) 12, BzZPdCI(PPk),, THF (iv) 13, Pd(dba); (5 mol%)/AsPR(10 mol%),
THF
NOE experiments which showed a positive NOE between the carbapenem C-| protons and the oxime
proton (CDC4: 7.2 ppm, exchange in 4D). There are no literature examples of this reaction and,
therefore, further oxime analogues were investigated under the same conditions. When the unstable
derivative13 was submitted to the coupling conditions the only detectable product was the isoxazoline
10, presumably arising by cycloaddition of the nitrile oxide (derived through elimination of HC1 from
the hydroxamoyl chloride) across the carbapenem 2,3-double bond. The cycloaddition could only occur
if prior destannylation had taken place under the acidic reaction conditions. Reaction with methoxime
14, which cannot eliminate HCI, gave no coupling or cycloaddition product. These latter results suggest
that sequential loss of HCI frorh2, destannylation, cycloaddition and ring opening of the isoxazoline
represent a more plausible mechanism for the production of o8ime

In conclusion, the carbapenem-2-stannaéasd6 have been prepared by the Pd(0) catalysed reaction
of hexamethylditin with3 and 4, respectively, and a preliminary investigation has been made into the
reactions ob with aryl halides, vinyl triflates, and hydroxamoy! chlorides.
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