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Abstract: NBS oxidation of 2-substituted furans 9 and 15 tbllowed by further oxidation of the 
enals with NaClO 2 afforded the acids 11 and 17 in good yields, which are the intermediates of 
(+)-patulolide A and (-)-pyrenophorin, respectively. Copyright © 1996 Elsevier Science Ltd 

The trans ),-oxo-ot,13-unsaturated carboxylic moiety is a common structural unit of biologically important 

natural products such as A26771B, patulolide A, pyrenophorin, vermiculine, etc. 1 For synthesis of these 
molecules, a promising method appears to be oxidation of 2-substituted furans 1 to trans )'-oxo-oql3- 

unsaturated aldehydes 2 followed by further oxidation to the acids 3 because of the ready availability of 2- 

substituted furans (eq. 1). Another advantage of this approach is chemical stability of furans 1 under basic, 
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mild oxidative, and weakly acidic conditions, thus promising easy transformation of an initially introduced 

simple substituent to the desired one through carbon-carbon bond formations and/or functional group inter- 

conversions. Although a number of furan oxidations have been published so far, 2 surprisingly Br 2 in MeOH 
followed by hydrolysis, 3 PCC, 4 and CrO3/H2SO45 have been used for this purpose. 6 Except in one case, 3c 

however, these methods suffer from prolonged reaction time, strongly acidic conditions, low yield, and/or 

contamination of the cis isomer. To circumvent these disadvantages methods using reactive but unstable 
alkoxy furans have recently been devised, lb.7 for la,2a 

During the synthesis of brefeldin A, we found that NBS oxidizes the furan R ~ "Q~O~'Cv-'N~/N/V- 7B S 
la  into trans ~'-oxo-ct,13-unsaturated aldehyde 2a efficiently. 8 Slightly acidic 

conditions (pH 5-6) and short reaction time (4 h) coupled with easy handling OMOM 
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seem to meet the present purpose. Thus, to test the feasibility of the reaction we carried out asymmetric 
syntheses of (+)-patulolide A 9 and (-)-pyrenophorin.3b,5,Tc,9d, 10 Herein we report the results of this 

experimentation. 

The synthesis of (+)-patulolide A is revealed in Scheme 1. Our goal is the acid 12, from which (+)- 

patulolide A is synthesized by macrocyclization followed by deprotection. 9b Alkylation of 1-bromo-5-chloro- 

pentane with furyllithium (4) generated from furan (n-BuLl, 0 °C, 1 h) afforded the chloride 5 in 95% yield. 

Since our attempt to prepare the Grignard reagent from 5 failed due to instability of the reagent under 

preparatory conditions (THF, reflux), 5 was converted to the bromide 6 with LiBr (2 equiv) under P.T.C. 11 

in 94% yield (97% conversion by NMR). The Grignard reagent could be prepared from 6 in the usual way 

and was used for the reaction with optically active (S)-epichlorohydrin (7) (98.9% e.e.) to afford 8 in good 

yield. 12 Reduction of 8 with LiAIH 4 afforded the key intermediate 9 in excellent yield. The alcohol 9 

without protection of the hydroxyl group was subjected to NBS (1.5 equiv) in the presence of pyridine (2 

equiv) in acetone-THF-H20 (5 : 4 : 2) at -20 oC for 1 h and then at room temperature for 4 h to furnish t rans  

"/-keto aldehyde 10 in 73% yield. No cis isomer was found by 1H NMR spectroscopy. 13 Further oxidation 

of 10 with NaCIO 2 in the presence of 2-methyl-2-butene 14 under slightly acidic conditions afforded the t rans  

acid 11 in 87% yield. During the conversions the hydroxyl group was unaffected by these reagents. 

Finally, protection of the y-keto group and hydrolysis of the ethyl ester partially formed during ketalization 

furnished the acid 12, whose 1H NMR and IR spectra were in accord with the data reported. 9b 

The next target molecule was the acid 18, the intermediate for synthesis of (-)-pyrenophorin, 10c,d and its 

synthesis is summarized in Scheme 2. Commercially available 13 (86% e.e.) 15 was converted by the three- 

step sequence in 80% yield to the iodide 14, which upon alkylation with furyllithium (4) afforded 15 in good 

yield. NBS oxidation of 15 was carried out under the same conditions mentioned above for 9 to afford the 

enal 16 in 64% yield, which upon oxidation with NaCIO 2 (83c~ yield) and subsequent ketalization furnished 

the intermediate 18, whose spectra (IH NMR, IR) were in good agreement with the published data. 10c 

To obtain more examples of the conversion, furans lb-d were then examined. Reactions were carried 

out as mentioned above. As shown in Table 1, the corresponding t ra n s  enals 2b-d and acids 3b-d were 

obtained in good yields. 

Table 1. Two-step Conversion of Ib-d 

1-3 R 1---~2, ~7, 2---~3, % 

OAc 
b CH3-CH(CH2) 6 87 70 

OTHP I 
£ CH3_CH(CH2)2 62 78 

d Ph(CH2)3 65 77 

In summary, we have presented the usefulness of the two-step conversion of 2-substituted furans 1 into 

t rans  ~'-oxo-~,~-unsaturated carboxylic acids 3. Under the given conditions phenyl, ester, THP, siloxy, and 

even free OH groups are all tolerated. Usually 1 can he prepared quite easily by alkylation with furyllithium 
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Scheme 1. (a) 4, THF, room temp., 95%; (b) LiBr, (C8HIT)3NMc (cat.), 100 °C, 94%; (c) 6, Mg, THF; (d) 7 

(98.9% e.e.), CuCN (cat.), THF, 90%; (e) LiAIH4, THF, rocnn tcmp.. 93%; (13 NBS (1.5 equiv), pyridine (2 equiv), 
Tl-IF/acetone/H20 = 5:4:2; -20 °C, 1 h then room temp., 4 h, 73~ ; (g) NaCIO2, 2-methyl-2-butene, t-BuOH/phosphate 

buffer (pH 3.6)/H20 = 2:1 : 1, 87%; (h) HO(CH2)2OH, p-TsOH (cal.), ('6H6 thcn LiOH, MeOH/H20, 62%. 
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Scheme 2. (a) TBDPSCI, imidazole, DMF, 100%; (b) DIBAL, THF, -50 - -15 °C, 3 h, 91%; (c) 12, PPh3, C6H 6, 
88%; (d) 4, THF, room temp., 94%; (e) NBS (1.2 equiv), pyridinc (4 cquiv), THF/acetone/H20 = 5:4:2; -20 °C, 1 h 

then room temp., 5 h, 64%; (f) NaCIO2, 2-methyl-2-butene, t-BuOH/phosphate buffer (pH 3.6)//H20 = 2:1:1, 83%; 
(g) HO(CH2)2OH, p-TsOH (cat.), C6H6 then LiOH, MeOH/H20, 70c/~. 

(4) and are stable under various conditions necessary for manipulatit)n of  the substituent as exemplif ied above. 

Thus, furyl anion is now a synthetic equivalent to the supposed anion 19 (Fig. 1). 16 

(~) ~ - ~  ~ C ) ~ [ ~ ' C  O O H 19 

Fig. 1 
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