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Biogenetically Modeled Synthesis of /3-Resorcylic Acids1 

Sir: 
The biosynthesis of "polyketide"-derived natural 

products can be rationalized on the basis of condensa
tions of acetate and malonate units to form polyketo 
acids (e.g., 1), which are cyclized by aldol condensa
tions to aromatic compounds.2,3 However, little is 
actually known concerning the intermediates in this 
pathway.3 For example, triketo acids 1 remain un-
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detected in biological systems and relatively inacces
sible synthetically.4 

Recently, Money, Scott, and co-workers reported 
that dipyrones 2 can be used to study the chemistry of 
this pathway, since alkaline hydrolysis apparently 
affords the closely related triketo dicarboxylic acids 
3.5 Under their reaction conditions the acids 3 were 
not isolated, but instead derivatives resulting from 
aldol condensations and decarboxylation reactions 
were obtained. Under one set of conditions /3-
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resorcylic acids 4 were isolated, although the yields were 
not reported. This system has provided interesting 
results, but the relevance to biological reactions is open 
to question because of the strongly alkaline (potassium 
hydroxide) conditions employed. 

In our investigation of this problem a method has 
been devised to prepared many of the triketo acids 
I.6 1,3,5-Triketones on treatment with 3 or more 
equiv of alkali amide in liquid ammonia were converted 
to mixtures of the di- and trianions. Treatment of 
the mixtures in ether or tetrahydrofuran with carbon 
dioxide afforded the triketo acids 1. The yields of 
triketo acids 1 varied widely as shown in Table I. 
Triketo acids la-d were crystalline compounds and 
afforded satisfactory elemental analyses. Triketo acids 

Ie and If were formed in amounts too small to purify 
and were employed in crude form in the subsequent 
cyclization reactions. 
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The cyclization of la to resorcylic acid 4a was in
vestigated under a variety of conditions. Optimum 
results (80% yield) were obtained in aqueous buffer 
at pH 5. Cyclization was complete within 16 hr at 
25°. More rapid cyclization occurred in solutions 
closer to neutrality, but decarboxylation of la and of 
4a competed significantly. 

The other triketo acids lb-f were treated similarly 
to afford good yields of the corresponding /3-resorcylic 
acids 4b-f (see Table 1). Resorcylic acid 4a analyzed 
satisfactorily, but analyses of 4b differed from theory 
significantly more (~0.6%) than experimental error. 
Although the latter appeared to be chromatographically 
pure, the elemental analysis (and neutralization equiva
lent) varied with recrystallization solvent and drying 
conditions. Possibly, the crystals were partially sol-
vated. Facile decarboxylation of the acid prevented 

(6) We have previously described the synthesis of one of these.4 

In that report the generality of the reaction was questioned because of 
the failure of 2,4,6-heptanetrione to be converted to significant amounts 
of the corresponding acid 1. 

Table I. Formation of Triketo Acids 1 by Carboxylation of Triketones; Cyclization of Triketo Acids 1 to /3-Resorcyhc Acids 4 

Carboxylation 

R Product 
Yield, 

Cyclization 

Mp, 0C Product 
Yield, 

%• 
80 

88 

95 
90 
Good' 

Mp, 0C 

156-158 
dec 

158-161 
dec 

142-144' 
142.5-143* 
180-181 

dec/ 

C6H6 7-Phenyl-3,5,7-trioxoheptanoic acid (la) 386 

C 6 H 6 C H = C H 9-Phenyl-3,5,7-trioxo-8-nonenoic acid (lb) 52 

H-C7Hu 3,5,7-Trioxotetradecanoic acid (Ic) 30 
/1-C5Hn 3,5,7-Trioxododecanoic acid (Id) 14 
W-C3H7 3,5,7-Trioxodecanoic acid (Ie) Low" 

CH3 3,5,7-Trioxooctanoic acid (If) Trace" 

100-101 6-Phenyl-/3-resorcylic acid (4a) 
dec 

125-126 Pinosylvic acid (4b) 
dec 

82-83 Spheropherolcarboxylic acid (4c) 95 
80-81 Olivetolcarboxylic acid (4d) 

Divaric acid (4e) 

Orsellinic acid (4f) Good" 

° Yields are reported in some cases of material melting slightly lower than the reported melting point. b Previously reported; see ref 4. 
' Reported mp 140°: A. Hasimoto, J. Pharm. Soc. Japan, 58, 776 (1938); Chem. Abstr., 33, 2504 (1939). * Reported mp 142°: Y. Asahina 
and M. Yasue, Ber., 7OB, 206 (1937). • Acid Ie was not purified. It was converted to divaric acid (4e) in 1.8 % yield based on triketone. 
i Reported mp 179° dec; Y. Asahina and H. Akagi, Ber., 68B, 1130 (1935). « Acid If was not purified. However, the conversion to 4f 
appeared to occur in good yield. Acid 4f was identified by thin layer chromatography; see text. 
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drying at a temperature sufficiently high to assure 
removal of this solvation. Acids 4a and 4b were de-
carboxylated; they afforded good yields of 5-phenyl-
resorcinol (5a), mp 157-158° (reported7 mp 157— 
158°), and pinosylvin (5b), mp 152-155° (reported8 

mp 156°), respectively. The melting points of resor-
cylic acids 4c-e conformed satisfactorily to reported 
values. Only a small quantity of orsellinic acid (4f) 
was obtained, although the yield based on If appeared 
to be good. Orsellinic acid was identified by thin 
layer chromatographic comparison with authentic 
material.9 

OH 

4 a and 4b -A-* I ^ 5a, R = C6H5 

H O S ^ R b, R = C6H5CH=CH 

The 6-alkyl-/3-resorcylic acids 4c-f are common 
metabolites of lichens and 4f, the simplest of the series, 
is produced by fungi, as well.3 Pinosylvin (5b) is 
found in the heartwood of pines, and is probably formed 
from 4b.2,3 The conversion of triketo acids 1 to res-
orcylic acids 4 in high yields under mild "physiologi
cal" conditions lends support to the postulate that 
triketo acids (or their esters) are precursors of such 
resorcylic acids in living systems. The ease with 
which these cyclizations occur in aqueous solutions 
tempts us to question whether they are of necessity 
effected enzymatically. 

Variations in the cyclization conditions are currently 
being investigated to determine whether other equally 
mild conditions may lead to acylphloroglucinols or 
other aromatic condensation products. 
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Allylic Oxidation of Olefins by Palladium Acetate1 

Sir: 

As reported recently,2 allylic oxidation of certain 1-
and 2-olefins by mercuric acetate in acetic acid involves 
SEi' formation of allylic mercurials which rapidly 
equilibrate in favor of the primary isomer. This 
undergoes a unique SNi demercuration reaction leading 
to secondary allylic acetate, and thus pure secondary 
ester is obtained from either the 1- or 2-olefinic isomer. 
In this communication we report the contrasting allylic 
oxidation of olefins by palladium acetate. 

The oxidation of olefins by Pd11 salts under aqueous 
conditions to yield carbonyl compounds is well known,3 

and certain features of the mechanism have been recog
nized.3,4 However, allylic oxidation of olefins by Pd11 
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salts has received little attention, and the pathways 
to allylic products have been far from clear. Only in 
the case of cyclohexene has clean allylic oxidation been 
effected,5 A2-cyclohexenyl acetate being essentially the 
sole product8 from oxidation with Pd(OAc)2 in AcOH. 
Further investigation, the results of which are now re
ported, shows that in olefin-Pd(OAc)2 oxidation: (i) 
1-olefins give mainly enol acetate while 2-olefins give 
mainly allylic acetate; (ii) 1-olefins and 2-olefins give 
different allylic acetates. 

Oxidation of excess propene (Ia), 1-butene (Ib), 
cis- and trans-2-butsne (lib), 1-pentene (Ic), and cis-
2-pentene (lie) by Pd(OAc)2 in AcOH proceeds smoothly 
at 25° to give high yields of monoacetate products. 
Any diacetates formed represent < 2 % of the product. 
From the 1-olefins, the predominant monoacetates are 
enol acetates, allylic acetate being a minor product. 
Thus, the monoacetate product from propene consists 
of 98.6% isopropenyl acetate7d (Va), ca. 0.5% cis-
and rrarcs-propenyl acetates70'80 combined (Via), and 
ca. 0.9% allyl acetate70 (Vila). From 1-butene, the 
monoacetate product contains somewhat more allylic 
acetate, ca. 9% being observed. This material is 
purely primary (>99.5%), the crotyl acetate7b (VIIb) 
showing an 80:20 trans:cis ratio. The major product 
(ca. 80%) is the enol acetate7a Vb, other products 
being enol acetate70'80 VIb (ca. 9%) and a material 
having the same vpc characteristics as 3-buten-l-yl 
acetate8" (ca. 2%). The product from 1-pentene con
tained ca. 10% of allylic acetate, >98% primary70 

(VIIc), ca. 85 % of an enol acetate73 Vc, and ca. 5 % 
of two other materials with vpc behavior appropriate 
for enol acetates. 

As in the case of cyclohexene,6 oxidation of cis-
or trans-2-butene leads nearly exclusively (>97%) 
to allylic acetate.9 The latter is exclusively (>99.2%) 

included references; see the suggestion of J. Halpern quoted by R. 
Stewart, "Oxidation Mechanisms," W. A. Benjamin, Inc., New York, 
N. Y., 1964, p 88. 

(5) C. B. Anderson and S. Winstein, / . Org. Chem., 28, 605 (1963). 
(6) Other reports of allylic oxidation have appeared. E.g., see I. I. 

Moiseev, et al., Dokl. Akad. Nauk SSSR, 133, 377 (1960), and sub
sequent papers. These workers reported that oxidation of propene 
by PdCl2 in AcOH yielded 15% allyl acetate. The Pd(OAc)2-AcOH 
system is mechanistically simpler than PdCl2-AcOH-NaOAc where 
questions of ligand competitions on Pd arise. 

(7) (a) Identified by nmr and infrared spectra. A useful diagnostic 
feature of the infrared spectra of allylic and enol acetates concerns the 
relative intensities of the C = O and C = C absorptions. In allylic 
acetates, the former is far more intense, but the intensities are more 
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(d) Identified by comparisons of infrared and nmr spectra with those of 
an authentic sample. 
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