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&&g& When treated with a reagent prepared from equimolar quantities of methyllithium and copper iodide, 

7,21-d&O-TMS baf%mycin A2 3 undergoes ring expansion to give the 1 I-membered lactone homolog 5 in nearly 

quantitative yield. Acid hydrolysis gives iso-bafilomycin Al. Ring contraction to the original M-membered 

lactone takes place in the presence of fluoride ion. A mechanistic rationale and X-ray crystallographic evidence a~ 

PEsented. 

The hygrolide group of macrolide antibiotics comprises bafdomycin A1 1 and the hygrolidins23 whose 

structures are characterized by an unusual M-membered tetraenic lactone ring, containing a sugar-like appendage. 

The structure and absolute configuration of batilomycin Al 1 was established by X-ray crystallographic analysis4 

and by NMR spectroscopy.~ 
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Bafilomycin A1 and related analogs have been shown to inhibit the growth of Gram-positive bacteria1s6 and 

fungi. More impressive is the selective enzyme inhibitory activity on membrane ATpases.6J A unique H-bonding 

netwcnk involving the lactone carbonyl, the hemiacetal hydroxy group, and an intervening Cl7 hydroxy group in 

bafilomycin A1 confers upon its suucture a topological feattue which may have important biological implications. 

As part of a research program directed toward to the total synthesis8b of bafilomycin A1 and related 

macrolides, we investigated a number of chemical transformations on the natural product with the aim of probing 

the reactivity of various functional groups. We describe herein, an unexpected ring-expansion reaction during the 

treatment of a bafdomycin A2 derivative with an organocopper reagent. 
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Addition of 7.21~di-O_tximcthylsilyl bafilomycin A2 310 to an organocoppcr reagent fmned from equimuls~ 

qufuNit.ics of methylithium and cupnxs iodide in THF. led to a single product 5 in 94% isolated yield. Extensive 

&I and l3C NMR (lD/2D) studies indicated the plesuvation of the general structure and functional features of the 

parent na~lcculc with perceptible changes in the chemical shifts of m&ine protons associated with the Ct5-Cl7 

region. Dcsilylation under mild conditions using a dilute solution of B~QNF in Cif#z (1 mL 1M THF solution 

of Bu&IF in 20 mL CHzCl2) led to a crystalline compound, mp 176175°C (from C&Cl2-hexane): [a]$’ - 71° (c 

0.24, C&Q& whose structure was definitively confirmed as the 2-carinm ring expansion product from an X-ray 

analysis. We give the trivial name iso-bafilomycin A2 6 to this new 18-membered analog (Scheme 1). 

Scheme 1 

: 
Me-Me 6 

aMcLi(lequiv),CuI(laquiv),THF,00C,5min, 

then 3 in THF, 00 C, 15 min, 94%; b. ByNF (0.05 M), 
C!H$l#I’HF (20: 1). 69%; c. B@F (0.2 M), CI-I#l/fI@ 

Treatment of 6 with 10% aq. citric acid -TI-IF (I:l) at 25°C for lhr gave iso-bafilotnycin AI, 2, which was 

isolated as a chromatographically homogeneous syrup, [c# -5o.F’ (c 0.78. CI-I2Ci2) 

A iiuther surprising event occurred when the deprotection of the 0-TMS groups in 5 was done in a solution 

of Bt@lF in CH$lz at a higher concentration ( 1-3 tnL 1M THF solution of Bt@F in 5 mL CH2C12). In a slow 

but clean reaction (7 days, 50% conversion) ting contraction took place to give bafiIomycin A2 as confinned by 

high field NMR, [a]~ and t.1.c. (Rf. 0.45 baf. AZ, 0.18 iso -baf. A2 in hexane/EtOAc 1: 1). 

The ring expansion reaction can be rationalized on the basis of the initial formation of a Cl7 alkox~~o~ 

species 7 which is suitably situated to undergo a potentially reversible rearrangement involving a copper I 

c&oacetatc in- 8. Evidently a kinetically controllal and presumably stmeoelectmnidy dlovved v 

leads to the ring expansion product g as the preponderant if not exclusive product. The behavior of 5 towat& 

fluoride ion at different concentrations can be explained as follows: In dilute dichloromethane, the effective 

concentration of 15-alkoxy tetra-bu@tnmotu ‘utn salts is not high enough to allow reversion, hence the isolation of 

is&afilomycin A2 6, as the major product. Presumably in a more concentrated solution of BLuNF. the ring- 

contraction takes place via the samz odoacetate with the tetrabutyl ammonium species ss the cation (Scheme 2). 
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1 M = BudNf 
Bafllomychr A2 (4) 

Intrigued by the above behavior toward the organocopper reagent, we investigated a variety of other’ 

organomctallic reagents (e.g. MeMgBr) but without success. Thus, the hasicity/nucleophilicity combination of the 

metallic copper species appears to he critical for the ring expansion. Undoubtedly, this phenomenon will also he 

encountered in related reactions under different circumstances depending on the reagent used. 

In an effort to assess the relative conformational energy differences between bafilomycins At, A2 and the 

corresponding iso-derivatives, we performed energy minimization calculations using the x-ray crystallographic 

parameters available from bafilomycin At,1 and those from iso-bafilomycin AZ. as a basis (Figure 2). 

BafilomycinAl iso-Bafllomycin At 
E = 57.36 kcal/mol E = 73.66 kcal/mol- 

BafilomyclnA2 iso-Bafilomycin A2 
E =74.7 1 kcal/mol E = 80.49 kcalJmo1 

UShtg the h@I3* module Of the MACROMODEL program, 11, the relative energies of the above-stated molecules 
were calculated and the results are shown in Figure 2. Both bafllomycin AI and A2 are significantly more stable 

than their iso-analogs. Considerable distortion can he found in the Cl-Q region, as well as in the orientation of 

the pseudosugar part in the iso-series relative to the parent structures. l2 

In conclusion, we have demonstrated the existence of an unusual and unprecedented’3 ring-expansion 

reacdon from a 16- to au 1%mcmbcred macrolide ring in the hygrolidc group of macrcc yclic lactone antibiotic~.~~ 



The reversibility of this reaction under specific reaction conditions has also been shown, and a plaudbfe 

mechanism is -med. Further studies to probe the generality of the unusual reactivity of maemlides in this 

saies, will he communicated in due course.15 
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