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Summary: The synthesis of biaryl ether lactone 3 by macrolactonization of hydroxy acid 8 under defined 

Mitsunobu conditions is described. In accord with the literature, attempts to cyclize 8 via carboxyl 

activation failed. 

Macrocyclic lactones and lactams which incorporate a biaryl ether moiety in their ring occur as subunits in 

several natural productsJ~2 Attempts to obtain these compounds by macrolactonization or macrolactamization 

methods have so far been unsuccessful. Thus, Boger et al. observed the formation of cyclodimers when using this 

approach for the synthesis of combretastatin D-2 (1)3 and lactam4 2 and overcame this obstacle by taking 

advantage of an intramolecular Ullmann aryl ether coupling. During our studies on the total synthesis of 

retipolide A2 we became interested in the preparation of 3, the lactone analogue of 2. In the following letter we 

describe an effective method for the synthesis of this compound by macrolactonization of the corresponding 

hydroxy acid 8. 

Compound 8 was synthesized as shown in Scheme I. Ullmann coupling5 of isovanillin (4) with benzyl (J&4- 

bromocinnamate (5) yielded the biaryl ether6 6 which was transformed into the aldehyde6 7 by homologization 

with methoxymethyltriphenylphosphonium chloride.7 Subsequent reduction with sodium borohydride followed 

by catalytic hydrogenation afforded the hydroxy acid6 8 which served to examine the viability of different 

macrocyclization methods’ as detailed in Table I. 
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Scheme I 
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(a) 4 (1.0 equiv), 5 (1.0 equiv), CuO (2.5 equiv), K&O, (2.0 equiv), pyridine, 1WC. 18 h, 65%; (b) W$‘+CH@CH~ Cl- 
(1.8 equiv), KOr-Bu (1.7 equiv), THP, -78-C to 25’C. 3 d; (c) p-TsOH (0.2 equiv), dioxane&O (51). 4 h, 43% (from 6); 
(d) NaBH,, (0.5 equiv), EtOH, 25’C. 1 h; (e) 10% Pd/C, Hz (3 arm), EtOAc, 25°C. 3 h, 69% (from 7). 

Table I: Cyclization of hydroxy acid 8 

entry reaction conditions tinat concentration (M) yield (%) 

3 9 

8 and 2.2’~dipytidyl disulfide (1.5 equiv) in p-xylene, 25’C, 18 h, 
then added dropwise to refluxing pxylene over a period of 46 h 

8, 2,2’-bis(4-f-butyl-N-isopropyl)imidazolyl disultide (1.5 equiv), toluene, O’C, 
1.5 h, then added dropwise to toluene (SOC, bath) over a period of 19 h 

8 added dropwise to a refluxing solution of N-methyl-2-chloropyridinium iodide 
(4.0 equiv) and Et’PraN (8.0 equiv) in CHsCN over a period of 42 h 

8 added dropwise to a refluxing solution of N-methyl-2-chloropyridinium iodide 
(5.0 equiv) and Et’PrzN (10.0 equiv) in CHzCl, over a period of 70 h 

8 added dropwise with DMAP (3.0 equiv) to a refluxing solution of 
DCC (11.0 equiv) and DMAP.HCl(7.0 equiv) in CHCl, over a period of 40 h 

8.2.4,~trichlorobenzoyl chloride (1.0 equiv), EtsN (1.1 equiv), THF, 25°C. 2 h, 
then added to a refluxing solution of DMAP (6.0 equiv) in toluene over 12 h 

8 added dropwise to a solution of DEAD (7.7 equiv) and PPh, (7.5 equiv) 
in toluene over a period of 10 h at 25” C 

8, DEAD (5.0 equiv) and PPh, (5.0 equiv) in toluene, 25°C. 18 h 

0.0026 

0.0031 

0.0011 

0.0013 

0.0005 

0.0004 

0.0015 

0.0006 

0 25 

0 59 

0 0 

0 0 
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0 39 
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The Corey-Nicolaou double-activation method using 2,2’-dipyridyl disulfideo (entry 1) or 2,2’-bis(4+butyl- 

N-isopropyl)imidazolyl disulfidelo (entry 2) failed to provide any of the lactone 3 and yielded only the diolidee 9. 

Treatment of 8 by the Mukaiyama protocol” resulted in intractable mixtures containing neither 3 nor 9 (entries 3 

and 4). Keck’s variantl2 of the DCC/DMAP method (entry 5) and Yamaguchi’s procedure13 (entry 6) yielded 

only 9. Surprisingly, dropwise addition of the hydroxy acid 8 over a period of 10 h to a mixture of diethyl 

azodicarboxylate (DEAD) and triphenylphosphine afforded the desired lactone 3 in 59% yield (entry 7).14 Under 

the usual Mitsunobu cyclization conditions 15~6 only traces of 3 were formed, and the diolide 9 was obtained in 

40% yield (entry 8). 

In accord with Boger’s results,f~‘t all of those cyclization methods which proceed via carboxyl activation lead 

exclusively to the cyclic diolide 9. In contrast, ring closure under special Mitsunobu conditions affords the desired 

lactone 3 presumably by S,2 reaction of the carboxylate ion with an intermediate alkoxytriphenylphosphonium 

salt.15 Obviously, attack by the hydroxy group at the activated carbonyl group is sterically inhibited whereas the 

intramolecular nucleophilic substitution can still take place. It is crucial for the success of this lactonization, 

however, that the hydroxy acid 8 is added slowly to the preformed Mitsunobu reagent to avoid higher stationary 

concentrations of 8. Application of this macrocyclization protocol to the total synthesis of retipolide A is in 

progress and will be reported in due course. 
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