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Abstract. Cross-over exlxaSments unveil that the mechanism of the tide reaction consists in cleavage 
of enol esters by cyanide with transient formation of acyl cyanides. These react as 'soft" C-acylating 
agents with the enolate, freed in the initial step. Use is made of the acyl cyanide derived from pyrrole- 
2-carboxylic acid to set up the triketide type skeleton 12 of the antibiotic pyoluteorin 16. The 
aromatization of 12 with mercuric acetate gave the pyrrolo[a]indoione 18. 

The antibiotic pyoluteorin 16, a secondary metabolite of various species of  Pseudomonas, is a well 
documented example of  the naturally occurring 2-aeyl resorcinols.1 We were interested, in connection with our 
studies on the suppression of  root diseases by P. fluorescens, 2 in devising a simple, efficient synthesis of 16. 
Nearly all the known preparations of 16 exploit benzoylation of an appropriate pyrrole preeursur. 3 However, 
the methods entail multiple proteetion/deprotection steps and give modest yields. An alternative approach ~ 
for synthesizing 16 would be to exploit the base-catalyzed reaction of an acyl chloride 2 with cyelohexane-l,3- 
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dione 1 (scheme 1). The first event is O-acylation to give 3, which on treatment with cyanide ion and base 5 
rearranges to the C-aeyl isomer 4. 6 Oxidation of the latter gives 5 the desired 2-substituted resorcinol, which 
has relevance to polyketide chemistry ~ and of  course to various biologically active products such as 16. 

When pyrrole-2-earbonyl chloride (9) s was used in this sequence the reaction unexpectedly took another 
course. The acylation of  1 proceeded normally and gave the O-aeylated product 11. However, subsequent 
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rearrangement with triethylamine and potassium cyanide failed to give the C-acylated product 12. Instead, the 
carboxylic acid 14 and its decarboxylation product 15 were obtained. ~ This result can be interpreted in terms 
of the intermediate spirocyelie lactone 13 which then opens to 14 (scheme 2). 
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We tried to modify the above approach in order to circumvent the undesired spirocyclization. The 
seemingly obvious solution to the problem, i:e. N-protection of the intermediate enol ester 11 turned out to be 
impractical. Heady all protection protocols of pyrroles 9 involve treatment with base and, under these 
conditions spirocyclization invariably occurred. We therefore decided to examine the mechanistic details of  the 
cyanide-catalyzed rearrangement 3--,4. Of the conceivable pathways, initial attack by cyanide at the carboxylic 
C-atom of 3 with cleavage of  the enol ester and concomitant formation of  an acyl cyanide (7) 1° seemed the 
most plausible. Confirmation of  this idea was obtained by crossin~ experiments with an external acyl cyanide. 
Thus, the enol ester 19 derived fi'om 5,5-dimethylcyclohexane-l,3-dione, n, 12 when allowed to react in 1M 
acetonitfile solution with KCN in presence of  an equivalent of  pyruvonitrile 20, gave the normal C-acylation 
product 2113 together with the C-acetyl counterpart 22 in a 3:1 ratio. Moreover, when the ester 3 (R = CH3) 
was treated in 1M acetonitrile solution with KCN/NEt3 in the presence of  5,5-diraethylcyclohexane- 1,3-dione, 
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the normal C-acylation product 4 (It = CH3) and 22 were obtained, again in a 3:1 ratio. Preferred 
recombination within the primary solvent cage accounts for these proportions./4 
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These findings provided the key for tackling the assembly of the triketone 12. To this end, we prepared 
the awl cyanide 10 by treating chloride 9 with trimethylsilyl cyanide in the presence of  tin(IV) chloride, is When 
10 was allowed to react with 1 in the presence of NEt3, the desired C-acylation product 12 was obtained 
directly in 78 % yield. ~6 Much to our surprise, the seemingly trivial aromatization of  12 into the resorcinol 17, 
a known precursor to pyoluteorin 16, 3" could not be achieved. The use of mercuric acetate, following a 
standard protocol for synthesizing resocinols, 44 4b gave 7-hydroxy-3a-azacyelopenta[a]inden-8-one (18) in 85 
% yield. 17 Successive treatment of 12 with isopropenyl acetate and DDQ ~8 in a one-pot procedure, was not 
efficient, affording 17 in only 18% yield. Our studies, although they did not lead to an economical synthesis of 
pyolutcorin, demonstrate the usefulness of cyanide catalysis and the role of aeyl cyanides in the acylation of 
chelates. Clearly such reactions will prove to be useful in polyketide chemistry. 
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