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Abstract: A novel macrolactonization method was developed using a chiral β-lactam as the 
template.  This novel method features that the macrocyclization is simultaneously achieved while 
a TBS protected hydroxy group is deprotected. 
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β-Lactam is the pharmacophore of the most important class of antibiotics used to combat 
bacteria infections.  In recent years, β-lactams, especially those with stereogenic centers, 
have also been used successfully as chiral building blocks in various areas of organic 
synthesis1.  In our recent efforts2, 3 towards the synthesis of macrocyclic antibiotic agent 
lankacidin C 1, it was observed that a key intermediate 2 containing a N-acylated 
trisubstituted β-lactam moiety and a TBS protected hydroxy group at 3´ position 
underwent rearrangement to form the β-keto-δ-valerolactone when the TBS protection 
was removed using TBAF (Scheme 1).  This interesting transformation can be 
reasoned as the alkoxide, which was generated during the deprotection, intramolecularly 
attacking the lactam carbonyl that is sterically strained.  Similar rearrangements have 
been observed under acidic conditions4-6. 
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Scheme  2 
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From this observation it was envisaged that a β-lactam with suitable length of 
substituents locating at C3 or C4 could undergo similar reaction to form macrolactones 
(Scheme 2), which are important structure units in many biologically active natural 
products. In this letter we would like to report our preliminary finding of the synthesis of 
a 12 membered lactone employing this strategy. 

β-Lactam 10, which was prepared by the known route5 from L-aspartic acid with 
modifications, was chosen as the template. 

Esterification of L-aspartic acid with benzyl alcohol and p-toluenesulphonic acid 
gave its dibenzoate tosylate salt 5, which was further treated with saturated potassium 
carbonate aqueous solution to give the free amine 6.  Treatment of 6 with trimethylsilyl 
chloride followed by tert-butyl magnesium chloride gave β-lactam 7.  Since an enolate 
would have to be formed at C3, the ester group in 7 was reduced to avoid possible 
racemisation at C4 chiral center.  Thus the lactam amide nitrogen in 7 was TBS 
protected.  Lithium bromide mediated sodium borohydride reduction of the benzyl ester 
in 8 followed by further TBS protection of the resulting hydroxy group afforded the 
required β-lactam 10. 

With the β-lactam template 10 in hand, the attachment of a side chain at C3 and the 
crucial rearrangement reaction were investigated.  Alkylation at C3 via the enolate 
using TBS protected 1-iodononan-1-ol afforded a pair of diastereomeric isomers in ca. 
1:3 mixture in favor of the trans isomer 11.  The two isomers were separated by silica 
gel column chromatography.  The stereochemistry of the substituent at C3 relating to 
C4 was revealed by the coupling constants of H-3 and H-4 in the 1HNMR spectra in 
which the trans isomer display a coupling constant of 7.5 Hz, larger than its cis 
counterpart  (~5.0 Hz).  

Before the macrolactonization was attempted it was necessary to exchange the TBS  
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Scheme  3 
 

NTBS
O

OTBS i

NTBS
O

OTBS
TBSO(CH2)9

ii, iii

NCOPh
O

OTBS
TBSO(CH2)9

NHCOPh

OO

OH
(CH2)9

iv

10 11 12 13  
i, LDA, -78℃ then TBSO(CH2)9I, separation; ii, KF, MeOH; iii, PhCOCl, Et3N; iv, TBAF 
 
protecting group on the β-lactam nitrogen in 11 into an acyl group so that the lactam 
carbonyl was activated for the rearrangement.  The selective deprotection of N-TBS in 
11 was achieved by treatment with potassium fluoride in methanol.  Acylation of the 
resulting amide with benzoyl chloride in the presence of triethylamine gave the acylated 
lactam 12 in 91% yield.  Finally treatment of 12 in THF (0.15 mol/L) with TBAF 
removed the two TBS groups on oxygen and concomitantly opened the lactam ring to 
give the 12 membered macrolide 13 in 64% yield. 

In conclusion we have developed a novel macrolactonization strategy using 
β-lactam as a template.  This method features that the macrocyclization is achieved 
while an TBS protection of a hydroxy group is removed.  This strategy coupling with 
the structural diversity of β-lactams could provide a valuable method for the synthesis of 
biologically active macrolides with various ring sizes and functional groups.  Further 
investigation on the application of this macrocyclization strategy is underway.   
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