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Abstract-A general solu11on IS provtdcd 10 the problem of synthcsirmg linear chams of polyjkarbonyl 

function and their succcss~vc condcnsatlon lo aromanc compounds. 

INTRODUCTION 

THE first suggestion that head-to-tail condensation of acetic acid units could account 
for the biosynthesis of certain classes of aromatic compounds was made in 1907.’ 
These considerations were based upon the reactivity of synthetic linear P-polyketones 
(as I; n > 2) which underwent condensation of the aldol type in basic solution to 
form aromatic phenolic compounds reminiscent of structural types found in Nature. 

Similar ideas were adduced by Robinson’ but, in the absence of experimental 
support. remained for many years simply as interesting speculations. By extrapolating 
the known biochemical data on fatty acid biosynthesis. Birch in 19533** independently 
rediscovered Collie’s hypothesis and laid the experimental basis of the biochemical 
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l Present address: The Chemical Laboratory. University of Sussex. Bnghton. 

t Prehmmary Communication, J. Am. Chem. Sot. 87, 3004 (1965). 

’ J. N. Colhc, J. Chom. Sot. 91. 1806 (1907); Proc. Chtm. Sot. 230 (1907). 

’ R. Robinson. Srrucwol Relariotu ofNofura/ Products Clarcodon, Oxford (1955). 

’ A. J. Birch and F. W. Donovan, Ausrral. 1. Chem. 36, 360 (1953). 

l A. J. Birch. Proc. Chem Sot. 3 and Refs cited (I 962). I 
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“acetate’* route to aromatic compounds. Further studiess-9 have &en summarized 
by Birch4 and by Lynen “* * * whose uniFying “multi-en~me complex” theory 
rationalizes the known biochemical steps where a starting acetyl coenqme unit 

-detaches successive units of enzyme-bound malonate in fatty acid biosynthesis. 

CO*H 
CH,COSCaA + &H&O-S- Enzyme 

HSCoA + CO, x 
CH,COCH&O- S-Enzyme 

FIG. 1. 

Extension can be made to the production of aromatic compounds such as (Fmethyl- 
salicylic acid or orsellinic acid (II) via the (hypothetical) fi-tetraketone (III) chain.‘* 

HoJ54H - tic 
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s 1. D. Bu’Lock. H. M. Smalley and G. N. Smith. Proc. Chem. Sot. 209 (196t); J. Biof. Chem 237. 1778 
(1962). 

* D. C. Allport and J. D. Bu’Lock, J. Chem. SIX. 4090(1958); 654 (1960). 
’ Review: S. W. Tanenbaum in Biogenesis of Anfibiotic Svbstances Ch, 12. Academic Press, New York 

(1965). 
’ G. Ehrcnsvard in XVIIIth Cortgres of Pw and Appliul Chemistry 1959. (Plenary Lectures) Buttar- 

worth%, London (1961). 
’ Review: S. Gatenbeck in Biogenesis of Antibiotic Substunces Ch. 19. Academic Press, New York (1965). 

lo F. Lyttcn and M. Tada, Angew. Chem 73,513 (1961). 
” F. Lynen. Fed. Pruc. 28% 941(1961). 
I2 d. J. W. Richards and 1. B. Hcxtdrickaon, Biosyn&es& of Terpenes, Steroids cud Acetogetdns Cb, L-5. 

Bmjamin, New York (1964). 
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Our main objective has been to devise a general synthesis of g-polyketo acid 
chains of varying length and to convert these to aromatic compounds of natural type. 
Inherent in such a complete solution would be the control of aldol (type a) or Claisen 
(type b) condensation (III + 11 or IV). At the outset of our investigations the literature 
contained reports 13- ls* 22 describing the conversion of protected and unprotected 
bpolyketones to aromatic compounds. The classical examples were provided by the 
work of Collie13* I4 who succeeded in converting dehydroacetic acid (IX) (a protected 
g&ketone) to orcinol (VI) under alkaline conditions. Similar treatment of heptane- 
2,4,6_trione (I; n = 2; R = Me) yielded orcinol and three other aromatic com- 
pounds whose structures have been established14. 14’, ” as V, VII and VIII. The 
latter compounds clearly arise by intermolecular condensation of the trione I (n = 2; 
R = Me). Birch” has extended the work of Collie and has achieved a biogenetic-type 
synthesis of dihydropinosylvin (XI) by base treatment of the *I-pyrone (X). In spite 
of these successes considerable difftculty has been encounteredI in synthesizing 
higher members of the linear f%polyketone series and at the beginning of our investi- 
gations no general solution to the problem of.bpolyketo acid synthesis had emerged. 

We therefore elected to extend the pyrone concept as a convenient form of the 
masked p-polycarbonyl system, and for this we considered several variants which at 
least seemed open to experimental verification. 

Thus, embodied in the first member of an extended pyrone system (as XII) we 
fmd the dehydrated form of the 3,5,7-trioxo-octanoic acid (XIII) bearing a carboxyl 
group at the Cposition and reminiscent of the kind of intermediate possible in 
biochemical acetate-malonate condensation with the exception that one of the 
malonate carboxyl groups has, for the moment, been retained. Decarboxylation of 

I’ J. N. CoUic and W. S. Meyers. 1. Chcm Sot. 63. 122 (1893). 

I* J. N.Collie.I.C~am.Soc.~329(1893);Ibld.91, 1806(1907). 

l&J. R. Bethel and P. Maitland. 1. Char SOC. 3751 (1962). 
I5 A. J. Birch, D. W. Cameron and (1. W. Rickards, 1. Chem Sot. 4395 (1960). 
I‘ & A. J. Birch, F. Fittos D. C C Smith, D. E Stuxe and A. R Stclfox. J. Chum Sot. 2209 (1963). 
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XIII prior to cyclization would lead to 3,5,7-trioxo octanoic acid (XIV; R = OH) 
whose preparation and cyclization has recently been described.” 

The results of our experiments with the “condensed” pyrone system (type XII) 
are now de&b@ in detail and later papers will deal with alternative modes of 
synthesis of polyketide progenitors (e.g. type XV). 

Logical extension of the simple tricarbonyl function latent in triacetic acid lactone 
(XVI) can be made, in principle, by adding forther successive units of &dicarbonyl 
functionality. Thus we were aware of the condensation of various malonic esters 
with coumarins” to give products such as XVII. Also the synthesis of the pyrono 
pyrone” (XVIII) although not quite belonging to a series relevant for polyketide 
assembly, still showed that a substantial array of acetyl functions constrained within 
a polypyrone framework could not only be prepared, but moreover exhibited well- 
defined physical and chemical properties.? 

Our first objective was to test the pyrone concept in its simplest form using the 
new dipyrone XII. The reactivity at the 3-position of triacetic acid lactone (XVI) 
indicated that such a pyronopyrone could be prepared. In a preliminary experiment 
cyanoacetic acid?’ and triacetic acid lactone were heated in trifluoroacetic acid 
solution to give the desired compound XII m.p. 228-230” in 18% yield. The dipyrone 
XII showed 1 _ 269 and 328 mp and displayed CO absorption in the IR spectrum at 
1747 and 1705 cm-’ due to unbended (a) and bonded (b) CO function respectively. 

t The conversion of XVIII to a phcnolic compound has recently been announced (P. F. Hedgecock. 
P. F. G. Praill and A. L. Whitcar, C&m. ct Ind. 1268 (1966). 

” T. M. Harris and R. L. Car&y, J. Am. Chn Sue. 88.2053 (1966). 
I’ F. tic&r, H. Junch and H. Bicmann, Monarsh. 92,927 (1961). 
” P. F. G. PmiIl and A. Whitcar, Proc. Chem. Sot. 112 (1961). 
ao cf. L. L. Wooda and J. Sterling, Texp( J. Science 15, 200 (1963). 
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The very simple NMR spectrum displayed protons at T 7.44 (Me-singlet), 7 3.30 
(H, singlet) and T 4.02 (H, singlet). 21 Elemental analysis and mass spectra mol wt 
determination confirmed the structure. Only a slight improvement in yield (to 21%) 
was obtained using ethylchloroformyl acetate although the use of excess malonyl 
chloride2’ in hot trifluoroacetic acid eventually gave a S-60% yield of XII. The 
principal by-product of the latter reaction is the acetyl dipyrone (XIX) which could 
also be prepared by acetylation of X11 with acetyl chloride. 

The acetyl dipyrone (XIX) was a crystalline compound m.p. 247” with a principal 
UV max at 347 mu and protons in the NMR spectrum at T 7.48 (Me. s). T 7.1 (Me, s) 
and T 3.45 (H,. s). The formation of the acetyl derivative was welcome testimony to 
the sustained activity with respect to electrophilic attack at the starred atom in XII. 
Further elaboration of the condensed pyrone system by another “malonate” unit 
therefore seemed feasible but before proceeding to this stage. we examined the 
reactivity of the dipyrone in basic media in order to test our premise at the C, level. 

Accordingly thedipyronexll was dissolved in normal aqueous potassium hydroxide 
solution under nitrogen. A::*dilication of this solution after 70 min afforded orsellinic 
acid (6%) as the sole identifiable product. Thus the condensed pyrone XII served 

(1) KOH aqueous 

xx 

(2) KOH/90% McOH (3) KOH/McOH 

as the progenitor in vitro of the naturally-occurring orsellinic acid. In order to assess 
the elfect of other basic media we next examined the effect of methanolic potassium 
hydroxide on XII. In a 35 hr experiment this reagent afforded dimethylorcinol 
dicarboxylate (XX; 5.4%). methyl orsellinate (XXI; 18%) and the monomethyl ether 
of orsellinic acid which occurs naturally as eveminic acid (XXII; 10%). Although 

” cf. M. A. Butt and J. A. Elvidge, J. Chem Sot. 4483 (19631.. 
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methanolysis of the pyrone at both lactonic termini had occurred. thus retaining all 
of the carbon atoms of XII in the cyclized product. the mode of closure was unaffected 
and a&f condensation maintained. Finally. when the dipyrone was opened in 
aqueous methanolic potassium hydroxide solution methyl orsellinate (18%) and the 
ether (XXII ; 5%) were formed. Aqueous alkaline conditions thus promote decarboxy- 
lation of the carboxyl group at position 4 of the intermediate triketo acid or ester 
X111. A more rigorous test of the synthetic method was now made by passing on to 
the next homologue. having tirst subjected the acetyl dipyrone (XIX) to methanolic 
alkaline conditions to afford orcacetophenone (XXIII) in 6% yield oia the tetra- 
ketone22 (XIXa). 

In principle the same reactivity is retained in the dipyrone with respect to electro- 
philic attack at the position C* in XII and the condensation of X11 with malonyl 
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chloride produces the tripyrone XXIV in 20% yield. Preliminary experiments (see 
Experimental) indicate that a 30% yield of XXIV can be achieved by using b&(2,4- 
dichlorophenyl) malonate instead of malonyl chloride. The tripyrone XXIV which 
is equivalent to one starter acetate combined linearly with four malonate units 
(XXIVa) isa crystalline high melting compound whose NMR spectrum (Experimental) 
is almost identical with that of its bicyclic precursor (XII). Two unbonded and one 

11 H. Stettncr and S. Vestncr, Chm. Ber. 97, 169 (1964). 



Pyrone studies-1 3441 

hydrogen-bonded CO groups appear in the IR spectrum of XXIV and the appropriate 
shift to longer wavelengths (compared with XII) is found in the UV spectrum. 
Characterization was completed by mass spectral and analytical data and by the 
subsequent ring opening reactions which. although complex. clearly show that the 
pyrone XXIV serves as an excellent model for the production of 3.5.7.9~tetra- 
oxodecanoic acid and its aromatic dehydration products. 

Application of the same basic conditions as used above to ring opening of XXIV 
yielded at first a trivial result. In particular a solution of XXIV in aqueous potassium 
hydroxide returned the starting _material in 50% yield, together with some orca- 
cetophenone (XXlIk !I%), previously obtained from acetyl dipyrone (XIX). The 
latter compound was indeed formed in small yield by hydrolysis of XXIV with dilute 
aqueous potassium hydroxide. 

A completely different but welcome result was obtained in methanolic potassium 
hydroxide solution. After careful chromatography of the crude reaction mixture 
from this experiment, no fewer than 8 crystalline compounds were obtained in a 
total of 1215% yield together with starting material (30%). Six of these compounds 
are in fact derived by internal aldol condensation of XXIVa at positions 2 and 7. 
The exceptions are XX and orcacetophenone (XXIII), whose appearance under these 
conditions is due to prior degradation of XXIV or XXIVa.23 The remaining products 
represented conversion of the intact C ,0 chain and a~ variants of the 2,74dol 
condensation of XXIVa. Perhaps the most sign&ant of these are 6,8-dihydroxy-3- 
methyl ~urn~n (XXVQ2* and the methyl ester of C-acetyl orsellinic acid 
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(XXVII) whose identities were confirmed by comparison with authentic samples, the 
acid XXVII (Me = H) having been previously obtained from Penicillium breui- 
compact~rn.~’ The biogenetic simulation of the formation of C,, polyketides has thus 
been achieved. The next products were 7-carbomethoxy-6,8-dihydroxy-3-methyl- 
isocoumarin (XXVIII) whose structure is based partly on spectroscopic evidence 
(Experimental) and partly on its conversion to another product of the reaction, viz. 
the dimethyl ester XXIX. 

The final two compounds are the methyl ether XXX and the dimethyl derivative 
of the lactol of C-acetyl orsellinic acid viz. 3,4-dihydro-3,6-dimethoxy-8-hydroxy-3- 
methyl isocoumarin (XXXI).c’.24 The close similarity of this biogenetic type synthesis 
to the construction of naturally-occurring aromatic compounds is thereby nicely 
illustrated, for while the isocoumarin XXX1 may be compared with Raistrick’s 
metabolite,24 the ether XXX has, since our preliminary communication on tliis topic, 
been isolated from Endothia parasitica. 26 Clearly several variants of these reaction 
conditions merit investigation and such studies will be described in later papers of 
this series. However, since both C8 and CT,,, aromatic metabolites can be prepared 
by solution of the polypyrones XII and XXIV respectively in a simple alkaline medium 
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O,H 

“Hcxakctide” 

under mild conditions without recourse to a long search for optimal conditions we 
felt that it was important at this stage to ensure that the synthetic route to polypyrones 
could be extended to the precursor of “hexaketide”, oiz. the tetrapyrone XxX11. 
Once again the design of XXIV is such that if condensation with, for example, bis- 
(2,4_dichlorophenyl)alonate takes place it will lead to the required compound. 

We have found that although the reactivity at c* in XXIV is somewhat impaired 
(compared with the same reaction on XVI or XII) both acetyl tripyrone (XxX111) 

” R. F. Curtis, P. C. Harries and C. H. Has&l, J. Chcm. Sot. 5382 (1964). 

” E. Hardcggcr, W. Ricder. A. Walscr and F. K&r. He/u. Chcm. AC&I 49. 1283 (1966). 
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and tetrapyrone IXXXII) can be prepared and once again XXX11 exhibits the 
predicted NMR spectrum identical with that of XXIV. 

Since the publication of our initial communication other groups2*s 2g have 
succeeded in converting dipyrones to aromatic compounds. Of particular note is the 
recent synthesis of /3-triketo acids and their conversion, in high yield, to naturally 
occurring phenolic compounds. ” A convenient synthesis of p-tetraketones has also 
been reported.31 

With the presumed synthetic precursor of C,2 aromatic compounds in hand, the 
complexity of ring opening at this level requires some measure of control over 
subsequent closure reactions of the P-polyketo-acids and -esters. A method for 
effecting this control has now been established2’ and this, together with further 
details of polypyrone chemistry will be described in succeeding papers of this series. 

EXPERIMENTAL 

UV spectra were measured in EtOH, and IR spectra on KBr discs (unless spcciftcd to the contrary). 

60 mc NMR spectra were recorded at 20” in tritluoroacetic acid (unless stated otherwise) with TMS ax 

internal standard. Mass spectra were obtained on an A.E.I. MS 9 instrument at 70 ev. with a dirazt 
insertion probe. 

Preparation of polypyrones 

Dehydroacetic acid IX (Eastman Organic Chemicals) was deacctylatai to triacetic acid lactone (XVI) 

by the method of Butt and Elvidge. *’ The latter had m.p. 19&191” (dec) 1, 284 mp (c: 6750) v_(Nujol) 
1720, 1660. 1630. 1590 cm-’ 

NMR 

H 

HI 

fi 

1 

\ H2 3.48. m (H,) 

3.79. d (H,; J H,, H, = 2 c/s) 

Mr 0 7.53. s (CH_,) 

The dipyrone (XII). (a) To a soln of triacctic acid lactonc (IO0 g) tn trifuloroacetic acid (300 ml) was 

added malonyl chloride (222 g). The resultant deep red-brown soln was maintained at retlux temp with 

exclusion of moisture for 5 hr. After cooling to 0” AcOEt (130 ml) was added and after 10 min the crude 

ppt (100 g) collected by liltration. Filtration of a Chf soln (13 I) through a silica gel column (400 g. 

35 x 5 cm) removal of solvent and recrystallization from Chf gave pure XII (82 g; 53%) m.p. 23&232”. 

I,, 271 and 392 mp (c I I.800 and 7300); I,,,,. 234 and 292 mp (E. I500 and 2700); v, (Nujol) 3200. 3050. 

1755. 1690, 1625. 156Ocm-‘. 

NMR 

r 
3.30. s (H,) 

4a2, s (_~x) 
744. s (Cl&) 

a7 T. Money, J. Douglas and A. I. Scott, J. Am. Chem. Sot. 88,624 (1966). 

x‘ L. Crombic and A. W. G. James. Chem Cowan. 357 (1966). 

29 P. F. Hedgecock, P. F. G. Praill and A. L. Whitcar. Chem & Ind. 268 (1966). 
‘O T. M. Harris and R. L. Barney, J. Am. Chem Sot. 88 2053 (1966). 

‘l G. Gunati, A. Quilico. A. Ricca and P. Vita Fin& 7&rahedron L.etters 233 (1966). 
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(Found: C. 5590; H, 3.19; 0. 41.28%; M = 194. C,H,Os requires: C 5568; H. 3.12; 0, 41.21%; 
M = 194.) 

Later washings of the column atforded XIX (5%) m.p. 245-247” identical with a sample prepared as 
described below. 

(b). Triacctic lactonc (10.06 g) and cyanoaatic acid (12.1 I g) were dissolved in trifluoroacctic acid (30 ml) 
and refluxcd under N, for 6 hr. Water (IO ml) was added and the orange reaction solo heated to boiling 
for 5 min. and allowed to cool. Treatment with AcOEt (40 ml) and cooling to 0” yielded XII (2.81 g 18%) 
m.p. 225230”. 

(c) Ethyl chloroformyl acetate (102 g) was added over a 30 mitt period to a soht of triacctic lactone 
(646 mg) in trifluoroacctic acid (1 ml) held at 112” in an oil bath for 3 hr. HCl was evolved. The reaction 
mixture was heated to rcflux to destroy excess acid chloride, and allowed to cool to room temp. Crystal- 
lization from Chf gave XII (206 mg, 21%) m.p. 228-230”. Comparison by TLC with the product from the 
reaction (a) showed the product from the two sources to be identical. 

Aceryl dipyrone (XIX). The pyronc XII (1.9 g) was dissolved in trifluoroaatic acid (4 ml), AcCi (2.2 ml) 
added and the mixtutc heated on the steam bath for 2 hr. Addition of ia water. filtration and crystahixation 
from Chfgavc prisms (1.2 g; 52%) m.p. 245252”. 

Filtration in chloroform soln through silica gel gave colourlcss needles (from CHCI,) m.p. 245-247”. 
A-225.261.347 mu (c 12.800.6400. 1400); v,, 1765. 1730. 1638. 1550 cm“. 

NMR 

7.48, s (CH,a) 
7.10, s (C&b) 
3.45. s (H,) 

(Found: C. 55.76; H. 350; 0.4074%; M = 236. C,,H,O, requires: C, 55.95; H, 341; 0.4064%; 
M = 236.) 

Tripyronc (XXIV). To a soht of X11 (10 g) in trifluoroaatic acid (20 ml) was added malonyl chloride 
(59 g) and the reaction held at loo” for lf hr. The cooled mixture was trituratcd with ether (50 ml) and 
the resultant crude product chromatographcd on silica gel. Elution with chloroform afforded tirst bispyronc 
(2 g) then the trispyronc (2.7 g; 20%) as yellow needles after recrystallization from aatonc m.p. 260” (dcc). 
1,281.360.370 mu (E 8700,8900,8900); Y, (Nujol) 3200, 1755, 1720. 1635 cm-‘. 

NMR 

r 

3.30. m (H,) 

HI 
3.96. s (H,) 
7.43. s (CH ,) 

(Found: C. 54.95; H. 2.59; M = 262. CIsH60, requires: C, 5497; H, 2.31%; M = 262.) 
Acerylrripyronc (XxX111). To tripyronc (517 ma) dissolved in ttitluoroaatic acid (3 ml) was added 

AcCl (19 ml). Tbc mixture was heated on a steam batb for 24 hr then tbc reaction mixture was poural 

into ia water (25 ml) precipitating a yellow sold which was tiltcrcd off and washed several times with 
cold water. The crude material was dissolved in hot AcOEt (6M) ml), treated with activated charcoal, 
and filtered. Tbc pale yellow tiltratc was conantratcd in vucuo until crystalliz.ation occurred with cold 
AcOEt, yield: 410 mg. 68%. m.p. 285-290” (de@. 1,, 430 mp (E 2000) shoulder. 390 mp (E 12,ooO) shoulder. 

373 rnp (E 16.000) 269 mu (E 9WO); v,, (Nujol) 1750. 1640. 1600. 1540 cm-‘. NMR 745 T (3H). 7.18 T (3H). 
340 t (1H). 

(Found: C. 5502; H. 250; 0.4248. CIIHsOd rqJirca: C 55.27; H, 2.65; 0.4208%) 
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Tmapymne (XXXIV). Tripyrone XXIV (300 mg) and bis~2.4dicbloropbenyl) malonatc (550 mg) were 
heated at 250-255” for 2 min The product was dissolved in benzene and chromatographcd on silica gl. 
Elution with chloroform &a~ (in the later fractions) almost pure XXXIV (I20 mg. 31%) finally purified 
by sublimation at 195”/Oal mm and recrystallization from acetone to give tiny orange prisms. m.p. 280 
(dac). & 272, 385. 398,420 mp (c 8600, 9800, 9800. 6000; &,. 243. 318 mp (c 5800. 3800); v, 1755. 
1705 1645 159ocm”. 7 * 

NMR 

3.43. s (H,) 

(Found: C. 54.67; H. 202; hi = 330. CI,H609 rcqu&: C. 54.56; H. 1.83%; M = 3302.) 

Polykeride Generation and Cyclization 

I Dipyrone XII 

(a) With aqueosu alkuli. Dipyronc XII (2.2 g) wax dissolved in IN KOH (150 ml), kept under N, at room 
tcmp for 70 min, then acidified to pH 2 at 0” with COW HCl. The freeze dried concentrate of this preparation 
wax extracted with aoztone and the soln concentratal to leave, after removal of some AcOK crystalline 
orsellinic acid (123 mg 6%) identical with an authentic sampk (TLC m.p. mixed m.p.. IR spectra). 

(b) With merhanolic potassium hydroxide. A soln of X11 (3G g) in methaoolic IN KOH (I200 ml) was kept 
under N, for 35 hr. Removal of solvent in uacw to 250 ml, addition of i-water (250 ml) and adjusting 
the pH to 6 at 0” precipitated feathery needles of XX (200 mg; 5.4%) m.p. 112-l 13”; M, 232,247,260 sh. 
315 mp (e 33,000,5600, 12.400.5600); e- 289 (e lO.C@O); Y_ 1659 1620, 1570 cm-‘. 

3.48 (H,) 
5.85 (Cl&r) 
5.91 (C_H,b) 
7.53 (C&c) 

(Found: C, 55.27; H, 5.24; 0, 39.5; M = 240. C,,H,,O, requires: C 55GO; H. 595; 0, 3995%; 
M = 240.) Tbc filtrate was extracted with Chf and the extract evaporated to give XXI (@5 g; 18%) mp. 
138-140’ idcntial with an authentic sample. NMR (dcuteroacetone) T - 1.58 (OH bonded). r Ia3 (aro- 
matic OHX T 3.73 (2H ; uomrtic), T 6-I I. (OCIi,), T 754 (-CM,). 

The 4ucour layer from tbc Chf extraction was acidified (to pH 2) and extracted with Chf a~ before 
to afford XXII (220 rng; 3%) mp. 166” (depends on rate of heating) lit. m.p. 160-170”-depcnding on rate 
of beating). U_ 260,302 m)c (a 7410.2621); v, 1640.1585 cm-‘. 

NMR 

Me r 

3$4 (2H ; aromatic) 
6.16 (ocy,) 
7.43 (C_H,) 
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(c) With aqueous methanolic potussiwn hydroxide. Dipyronc (1.47 g) was dissolved in methanolic IN 
KOH (10% aqueous; 150 ml) and kept under nitrogen for 48 hr. Working up as in (b) yielded XXII (65 mg; 
47%) m.p. 166” and methyl orsellinate (251 mg; l8?{,). 

II Acetyldipyrone (XIX) 
A soln of XIX (1.42 g) in mcthanolic IN KOH (3ooO ml) was worked up as in l(b) after 48 hr lo yield 

XX111 (65 mg;6%)m.p. and mixed m.p. 158‘; AI,,, 233.283 mp(c 5960.7560); Y,,, 1610. 1565 cm. ’ NMR 
T -399 (Olj). I -0.13 (O_H). I 3.73 (2H; aromatic). 7 740 (-COC_H,), T 748 (&Ctl,). 

111 Tripyrone (XXIV) 
(a) With aqueous olkoli. A soln of XXIV (200 mg) in IN KOH (120 ml) was kept under N, for 90 min. 

The initial dark green colour changed to orange within 5 min. Working up as in l(a) afTorded a crude 
product (140 mg) which was shown by TLC to be largely unchanged XXIV. Preparative TLC on silica 
using CHCI,: HOAc (9: 1) as solvent afforded orcacctophenone (30 mg) and mixed m.p. and m.p. 157-158” 
as well as XXIV (100 mg). 

(b) With methanolic potassium hydroxide solution. A mixture of XXIV (1 g) and methanolic IN KOH 
(1 I) was stirred under N, for 48 hr. After 24 hr complete.soln had occurred. The soln was actdified with 
cone HCl(80 ml), concentrated in uacw to 130 ml and water (200 ml) added. Chloroform extraction gave 
a “CHCl, extract” (600 mg) whilst freeze drying of the aqueous layer and acetone extraction afforded an 
“aqueous extract”(30l mg). Two further runs of the experiment were made to give finally “CHCI, extract” 
(20 g) and “aqueous extract” (I.0 g). The “aqueous extract” was shown by TLC and IR evidence to 
consist largely of trispyrone. In addition an aromatic component was Isolated by preparati;e TLC 
and was shown IO be orcacetophenone XXIII (95 mg) by comparison with an authentic sample. The CHCI, 
extract was separately purilicd by preparative TLC on 20 x 60 x @IO cm plates spread with silica gel 
u&g benzene:etha (4:l) [system I] or Ccl.; CHCI,; HOAc (10:9: I) [system 21 as developing solvent 
mixtures. Detection of bands was made using a fluorescent indicator (GE. Electronic Phosphor) and the 
bands elutcd with chloroform-acetone mixtures. In order of their R, in system I these were: 

(1) Dimethylorcinol 2.4-dicurboxylote XX (12 mg). R, 0+4l m.p. 108-110” identical with the sample 
prepared as above. 

(2) 3,4-Dihydro-3,Gdimethoxy-8-hydroxy-3-methyl isocoumarin XXXI. (23 mg) R, 055 m.p. 101” from 
hexane. &,,, 216,268, and 303 mp (E 21,400, 13,300, and 5.600); Y,, 1675, 1640, 1540 cm-‘. 

NMR (deuteroacetone) 

1.28, s Olj (phenohc) 
3.65. s 2H (aromatic) 
6.17. s 3H (Ar-OCY,) 

OR 
6.68. s 

3H’C’ 

/\ 
OCH, 

6.84. s 2H (benzylic) 
RO CH, 

\/ 
8.37. s 3H C 

Me6 \ 

(Found: C. 6049; H. 6.12; h4 = 238. CllH,.O, requires: C. m50; H. 5.92%; M = 238.) Fe%: 
dark red. 

(3) 7-Cmbomrthoxy-6.&d~ydroxy-3-methyllsoco XXVIII. (95 mg) R, 050 m.p. 196198” (from 
EtOAc). L 257,291.303.340 mp (c 39.000,8400,8300,7700); v- 1685, 1650, 1625. 1570 cm- I. 
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(Found: C, 58.97; H, 548; M = 224. C,,H,IO, requires: C 5892; H, 540%; M = 224.) 
(7) 26DiccubomPtkxy_3,SdihydroxyphcnylpropM XXIX. (20 ma) R, 040 (rystcm 2) mp. 149-151” 

(benzen*hcxane). 1,231. 148.316 mp (E 14,600,11,800,3500); V, 1714 1665, 1614 1570 cm-‘. 

NMR (CDCI,) 

- 2.62 1H 

“O / 

F 

- 1.781 
, H Pheaolic OH_ 

1 
364 1H Ar-H 

MMrO*C ’ QMr 597 3H OCH, 

H 
6.11 (br) SH -CH,- 
7.84 3H CEI,CO 

Mass rpectrum m/c 284 (parent) 2SZ. 219.209 (baxe peak) 176. Gibbs Test: Positive. 
Conuerston oj XXVIII w XXIX. A soln of XXVIII (5 mg) in 0.2M NaOH (2 ml) was heated at 120 

for 20 min. Cooling, acidification and ether extraction afforded acidic material which was Mad with 
diazomethanc to give a product m.p. and mixed m.p. 145-150” with IR, UV. and TLC cbaractcrirticd 
identical with those of XXIX. 
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