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A study of the biosynthesis of stipitatic acid (I, R = H), by 

Penicillium stipitatum NRRL 2l&, has shown that acetate has a major role 

while formate is the precursor of C7 (Bentley, 19%). It has now been 

determined that stipitatonic acid (II, R = Ii; Segal, 1959) is also formed 

by strain NRRL 2lOk but was destroyed under the strongly acid conditions 

used to isolate stipitatic acid. The enzymatic decarboxylation of stipita- 

tonic acid has also been described (Bentley and Thiessen, 1959). 

To investigate the origin of C8 and Cg in stipitatonic acid, ,P. 

stipitatum NRRh 2l.04 was grown on l- cl4 -glucose from the time of inoculation, 

or on ordinary @ucose with subsequent addition of labeled acetates on the 

seventh day of growth. The percentage recoveries of added Cl4 in the com- 
bined tropolones were as follows; glucose-l- C14, 

acetate-2-Cl4 

5.1; acetate-1-d14, 20.0; 

, 3 .O. The culture medium, originally 700 ml., was adjusted 4 ' 
to pH 6.7 and concentrated in vacuum to about 50 ml. Stipitatic acid pre- 
cipitated on addition of HCl to pH 3.5 and was completely removed by sub- 

sequent continuous ether extraction. On lowering the pR to 2.0, a crystalline, 
orange-yellow precipitate separated slowly on standing at O". This material 

recrystallized readily from water as beautiful orange-yellow plates and is a 
mono-sodium salt of the di-acid form of stipitatonic acid (Anal. Cslcd. for 
CgH507Na; Na, 9.3s. Found; Na, 9.6%). It was readily converted to stipita- 
tonic acid either by trituration With g RQ. or by treatment with Amberlite 

IR 120 (H) in aqueous solution. 
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The labeled stipitatonic acid ssmple-, purified by sublimation, 

were decarboxylated (Corbett et al - -*9 1950) to yield Cg as BaC03 (87 - 90% of 

theoretical) and crude stipitatic acid. After recrystallization, stipitatic 

acid was decarboqdated (Bentley, 19%) yielding C8 as BaCO 
3 

. The results 
of these experiments are summarized in Table I; it is clear that C8 of 

stipitatonic acid is derived from the methyl carbon of acetate and C 
9 

from 

the carbowl carbon. 

Carbon of 

stipitatonic acid 

$ Total radioactivity 

Glucose-l- cl4 A&ate-2-C14 Acetate-l-Cl' 

‘8 19 25 4 
c9 5 1 26 

Richards and Ferretti (1960) have described partial chemical aegrsda- 

tions of labeled puberulic acid (I, R = OH) and puberulonic acid (considered 

to be II, R = OH) from_P. aurantio-virens. They have concluded that Cl, C 
3’ 
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C5 and C8 are derived from the methyl carbon of acetate, as is the case in 

stipitatic acid, and C2, C4 and C6 from acetate carboql. Our previous con- 

clusion that only C4 and C6 of stipitatic acid are derived from acetate 

carboxyl rested on the assumption that the new carbovl formed on benzenoid 

re-arrangement of stipitatic acid was derived equally from Cl and C2. m chards 

and Ferretti have now suggested that the electrostatic influence of the COOH 

group may result in the preferential elimination of Cl as the new COOH group; 

in this event, C2, C4 and C6 of stipitatic acid are derived from acetate 

carboql. Although this suggestion is without e~erimental support, consider- 

ations presented later relating tropolone and other aromatic syntheses indicate 

that the conclusion may be valid. Despite these general similarities in the 

two tropolone series, a major difference is apparent in the origin of the 

labile carboxyl group, C 
9 

. In stipitatonic acid, this group is unsmbiguously 

derived from acetate carboql% in puberulonic acid, neither acetate carbon 

serves as a precursor, leading Richards and Ferret&i to suggest a Cl precursor 

such as formate for C 
9’ 

and also by analogy with stipitatic acid, for C 
7 

. 

The different origin of the labile carboxyl groups of stipitatonic 

and puberulonic acids, at first puzzling, may be understood when the precise 

structures of these acids are considered. Although stipitatonic acid is 

unambiguously the 4,5dicarboxylic acid, the precise location of the tropolone 

function on the four OH groups of puberulonic acid is less well underStood. 

There are, in fact, marked differences between the two s&y&ides. We have 

observed that whereas stipitatonic acid reacts readily with methanol, losing 

CO2 and forming the methyl ester of stipitatic acid, puberulonic acid is 

much mxe stable; further, tropolone-3,4-dicarboxylic anhydride is unaffected 

by hot alcohol, alone or in the presence of acids (Crow et 61., 1952). In 

tropolone 3,4-dicarboxylic acids, and in puberulonic acid, the separation of 

the carbonyl frequencies in the IR spectra is usually 60 'l(mi and cm 
-1 Kitahara, 1958); in stipitatonic acid, this difference is 78 cm . It is 

therefore most likely that puberulonic acid is to be regarded as the anhydride 

of 6,7-di&droxy-tropolone-3,4-dicarboxylic add and not, as indicated earlier, 

as II, R = OH. A different biogenetic origin for the carboxyl of puberulonic 

acid attached to C 
3 

and the carboxyl of stipitatonic acid attached to C 
5 

is 
therefore reasonable. 

An interesting possibility is that orsellinic acid, or a biofogicKLly 

active derivative, msy be the precursor of the tropolones as originally postu- 

lated by Seshadri (1955) but by a rather different mechanism. Addition of 

two Cl units to orsellinic acid yields III; m and c indicate the methyl and 

*In a personal conxnunication, Professor J. H. Birkinshaw has notified me of a 
similar observation in his laboratories. 
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carboxyl atoms of acetate and f, a carbon derived from formate. Ring fission 

similar to that observed in patulin biosyxdhesis (Bullock and l@n, 1958; 

!l?anenbaum and Bassett, 1959) would lead to IV and a re-cyclization to the 

seven membered ring compound, V. At some stage, appropriate oxidations of 

CH3 and CH20H to COOH must be presumed. Stipitatonic acid would be formed 

from V by loss of H2, H20 and the formate derived COOH; puberulonic acid by 

loss of 2 H2 and the acetate carboxyl derived COO% Alternatively, a comtwx 

precursor for puberulonic and stipitatonic acids is not mandatory and stipita- 

tonic acid might be derived by a single Cl addition to orsellinic acid. The 

labeling pattern in III is identical to that postulated for cyclopeJ.dic acid 

(VI; Birch and Kocor, 1960) and III might be a coxtxnon precursor for cyclo- 

polic and cyclops3dic acids as well as the mold tropolones. An anslogous case 

of a benzenoid compound carrying groups derived from form&e (2) and methyl 

and carboxyl of acetate in the ssme sequence is found in citrinin (Schwenck 

et al., 1958) and with one less formate derived group in mycophenolic acid 

(Birch et al., 1958 a,b). 

In an attempt to derive support for this hypothesis, carboxyl labeled 

orsellinic acid has been prepared and sdded to a g. stipitatlrm culture growing 

on non-labeled glucose. Most of the added radioactivity was recovered from 

the culture medium by ether extraction at pH 3.5 and there was only a very 

slight incorporation into stipitatonic acid. It is possible that this negative 

result is due to the fact that orsellinic acid itself &es not penetrate the 

ndd wcelium and the -thesis cannot be abandoned without further investi- 

gation. 
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