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Depsidone Synthesis. Part 16.' n 2  Benzophenone-Grisa-3',5'-diene-2',3- 
dione-Depsidone lnterconversion : a New Theory of Depsidone Bio- 
synthesis 

By Tony Sala and Melvyn V. Sargent," Department of Organic Chemistry, University of Western Australia, 
Nedlands, W.A. 6009, Australia 

The synthesis of a number of grisa-3',5'-diene-2',3-diones by oxidative coupling of substituted 2,2'-dihydroxy-4- 
methoxybenzophenones is described. The rearrangement of these grisadienediones to depsidones under basic, 
acidic, and thermal conditions is described and the mechanisms of these reactions are discussed. It is proposed that 
depsidone biosynthesis involves the oxidative coupling of benzophenones to grisadienediones which then rearrange 
to depsidones. 

h l ~ ~ i s  tlian twenty years ago the hypothesis was 
advanced that t lie biosynthesis of depsidones involved 
the oxidative coupling of P-depsides. Thus tlie simplest 
depsidone diploicin (1) woiild arise from the depside (2). 
The first synthesis * of diploicin (1) which followed 
shortly after the biosynthetic hypothesis involved the 
oxidation of the depside (3) and thus purported to be 

0 0 

i 3 )  

lioniirnctic. 1 Ic>iitlrickson t t  ~ c l . ~  wcre suslicious of tlic 
generality and efficacy of tlic sevcn-membered ring 
closure of this synthesis and sought to exploit a kinetic- 
ally niorc favourable five-membered ring closure such as  
tliat involved in the oxidative coupling of substituted 
~,4'-dihydroxybenzoplienones to grisa-2',5'-diene-3,4'- 
tliones.6 These compounds, which include dehydro- 
griseofulvin , were known to undergo hydrolytic cleavage 
to 2-phenoxybenzoic acids; an example (Scheme 1) is 
the conversion of sulochrin (4) by oxidative coupling into 
bisdechlorogeodin ( 5 )  and thence, by hydrolysis, into 
asterric acid (6). 

In work5 connected with the investigation of the 
structure of the lichen depsidone gangaleoidin 8.9 

Hendrickson et aL5 oxidized the benzophenones (7) and 
(8). The crude products (11) and (12) of these reactions 
were not adequately characterized but were thought to 
arise by hydrolysis of the intermediate grisadienediones 
(9) and (10) (Scheme 21, and on treatment with hot 
acetic anhydride they yielded the depsidones (13) and 
(14). Similarly, oxidative coupling of the benzophenone 

(16) was claimed 5 to yield tlie grisadienedione ( I  8). How- 
ever the spcctroscoyic data reported for this compound 
[ v , , , ~ ~ ,  (CHC1,) 1 740 and 1 820 cm-l; hllldx. (EtOH) 272 nm 
(E  9 200) ; 6 2.46 and 2.Gl (each 3 H, s, Me)] are incom- 
patible with the grisadienedione (16) but are in keeping 
with the depsidone (17).  We have also used the oxi- 
dative coupling of benzophcnones in the synthesis of 
depsidones. Thus we found that treatment of the 
benzophenones (18) lo and (22) l1 (Scheme 3) with potas- 
siuin hexacyanoferratc( 111) in aqueous potassium carbon- 
ate solution gave directly the depsidones (21) and (24). 
\Ye reasoned l2 that the initially formed species in these 
oxidations were the phenoxy-radicals, e.g. (19), a t  the 
positions ortho to the carbonyl group of the uniialogenated 
A-ringS of the benzophenones rather than on the halo- 
genated B-rings which would be expected to be of higher 
oxidation potential. Homolytic aromatic substitution 
followed by loss of an electron would then yield the 
grisadienediones, c.g. (20) and (23), presumed to be the 

/ 
(5) 
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intermcdiates but not isolated. Tlic nicchanism of the 
conversion of the grisadienediones (20) and (23) into the 
depsidones (21) and (24) was open to speculation.l09l1 
In this paper we present results which throw light on this 
easy conversion and we propose that the biosynthesis of 
deysidones follows the same course. 
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As well as investigating the mechanism of the benzo- 

phenone-grisadienedione-depsidone interconversion we 
sought to synthesize dechlorodiploicin (46) .l I t  was 
therefore necessary to synthesize several new benzo- 
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pheriones by Friedel-Crafts reaction in the presence of 
trifluoroacetic anhydride between appropriately sub- 
stituted orsellinic acids and orcinols both protected as 
their benzyl ethers. The hydroxybenzophenones were 
then obtained by hydrogenolytic debenzylation. The 
preparation of the required mononuclear intermediates 
is now described. Chlorination of methyl orsellinate 
(25) with one molar equivalent of sulphuryl chloride 
gave the monochloro-ester (27) l3 which on boiling with 
aqueous sodium hydroxide underwent hydrolysis and 
decarboxylation and afforded the chloro-orcinol (29) 13*14 

and thence the di-0-benzyl compound (30).14 A similar 
sequence starting from methyl everninate (26), readily 
available by selective methylation of methyl orsellinate 
(25), gave the chloro-ester (28),15 the phenol (31), and 
finally the 0-benzyl compound (32). Treatment of 
methyl orsellinate (25) with two molar equivalents of 
sulphuryl chloride gave the dichloro-ester (33) l6 which 
was best converted into the everninate (35) l6 by complete 
methylation and selective demethylation of the resultant 
di-0-methyl compound (34) with boron trichloride. 
Benzylation of this compound then gave the benzyl ether 
(36) which was readily hydrolysed to the acid (37) on 
treatment with potassium hydroxide in aqueous dimethyl 
sulphoxide at  ca. 90 "C. Similar routes gave the acids 
(38) and (39). 

When the benzophenone (40) in aqueous potassium 
carbonate solution was treated rapidly with potassium 
hexacyanoferrate( 111) and the reaction quenched after 

(18) (19) 

30 s, a single grisadienedione was isolated in high yield. 
This grisadienedione was formulated as the linearly con- 
jugated isomer (43) rather than the cross-conjugated 
isomer (45) since the chemical shift (6  6.80) of the low- 
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field one-proton singlet in the n.m.r. spectrum of this 
product was characteristic of an aromatic proton rather 

Me Me Me than an olefinic proton. The direction of the oxidative 
coupling was thus as expected. When this reaction was 
prolonged for 15 min the products obtained were the 
grisadienedione (52), or possibly its linearly conjugated 
tautomer, and the depsidone (46), identical with dechloro- 
diploicin,l in the ratio 1.17 : 1. When exposure of the 
above product (43) to base was lengthened to 3 h the 
products isolated were the depsidone (as), the acid (QQ), 

= CH,Ph, R2=Nc and the grisadienedione (52). The results of treating this 
product mixture with hot acetic anhydride are detailed 

Me Me in the Experimental section. The acid (49) arose by 
hydrolysis of the depside linkage of the depsidone (46) 

O C O z H  ‘ 0CH2Ph conditions as shown by in exposure a separate of experiment. this compound The to grisadiene- the same 
dione (52) presumably arose from the grisadienedione (43) 

(25) R’ = R2= H 
(26) R1 =H,  R2=Me 

(27) R = H 

(28) R =Me 

~ 9 )  R’=R’=H 
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by basic hydrolysis of the vinylogous ester function. On 
treatment with sodium methoxide in methanol the 
grisadienedione (43) gave the diphenyl ether (50). This 
compound is probably formed by rearrangement of the 
grisadienedione (43) to the depsidone (46) which then 
undergoes methanolysis of the depside linkage. 

Brief oxidation (2 min) of the benzophenones (53),12 
(18),1° and (22) l1 gave the grisadienediones (54), (201, and 

OMe 

Me 
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(55) 

(23) in high yield. When these compounds were allowed 
to remain in contact with the basic reaction mixture for 
3 11 the depsidones (55), (21), and (24) l1 resulted. Hence 
the grisadienediones must undergo rearrangement to the 
depsidones. Oxidation of the benzophenones (41) and 
(42), in contrast, gave only the grisadienediones (44) and 
(52) even after prolonged exposure to the basic reaction 
conditions. Hence these grisadienediones do not undergo 
base-catalysed rearrangement to depsidones. On treat- 
mmt with the stronger base sodium methoxide in meth- 
anol, the grisadienedione (44) underwent p-diketonic 
cleavage and the diphenyl ether (51) resulted. In view 
of these results we therefore postulate that ketens are 
intermediates in the base-catalysed grisadienedione- 
depsidone rearrangement, 8.g. (43) to (46) (Scheme 4). 
The grisadienedione (44) is therefore unable to rearrange 
to a depsidone under basic conditions because keten 
formation is blocked. Furthermore the grisadienedione 
(52) is unable to rearrange to a keten because the ring c 
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phenolate ion (56) is a poor leaving group. Precedent 
for the mechanism of this rearrangement is found in the 
hydrolysis of aryl acetoacetatesl' which occur by an 
ElcB mechanism involving a keten only when the leaving 
group is sufficiently powerful. A similar mechanism but 
operating by acid catalysis has been postulated by Barton 

( 4 3 )  
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and Scott for the racemization of geodin (57) l* (Scheme 
5) .  We also found that the grisadienediones (82) (see 
later) and (20) underwent rearrangement to the depsid- 
ones (83) and (21) on treatment with trifluoroacetic acid 
in dry dichloromethane. 

It was observed on m.p. determination that the grisa- 
dienedione (43) changed from yellow prisms to colourless 
needles a t  146-155 "C and that these then exhibited the 
m.p. of the depsidone (46). When this reaction was 
repeated on a preparative scale by melting the grisa- 
dienedione under nitrogen the product indeed proved to 

(56) 

be the depsidone (46). This thermal rearrangement is a 
general reaction since compounds (52), (44), (23), and 
(541 all rearrange to the respective depsidones (47), (48), 
(24), and (55) on heating in the solid state or in solution 
in phenetole or diphenyl ether. The grisadienedione 
thus requires a keto- or a hydroxy-function a t  the 2'- 
position for this reaction to occur. A [1,3] or a [1,7] 
sigmatropic shift is allowed by the rules of conservation 
of orbital symmetry for these thermal rearrangements, 

SCHEME 6 

but is probably precluded by unfavourable steric inter- 
actions; hence a radical mechanism e.g. (43) --)- (46) 
(Scheme 6) is more likely. 

With a view to determining the direction of coupling 
we investigated the oxidation of the benzophenones (58) 
and (59). Oxidation of the benzophenone (58) gave 

only one grisadienedione which was formulated as (GO) 
rather than (62) since the chemical shift (6 5.46) of the 
low field one proton singlet in its n.m.r. spectrum was 
consistent with an olefinic rather than an aromatic 

0 n 
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proton. On thermolysis this grisadienedione (60) gave 
the depsidone (63). Further support for the structures 
of these compounds is the mass spectrum of the depsidone 
(63) which exhibits peaks ascribed to the ions (65) and 
(66). The direction of this oxidative coupling can again 
be rationalized in terms of the oxidation potentials of the 
phenolate ions ortho to the carbonyl group: that on 
ring A which bears a phenalate ion, a methyl group, and 
two chlorine atoms presumably being lower than that 
of ring B which bears a methyl group, a methoxy-group, 
and one chlorine atom. 

Oxidation of the benzophenone (59) gave the linearly 

(58) R t C 1  
(59) R = H 

HO CI 

(65 1 
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conjugated grisadieneciiorie 

(60) R = Cl 
(61) R = H  

0 

Me 
(63) R = CI 
(64)  R = H 

+ 

Cl 

(66) 

(68) 

(61) as expected. This 
grisadienedione (61) did not rearrange to a depsidone 
under the basic reaction conditions since the leaving 
group is not sufficiently powerful. Methylation of this 
grisadienedione with iodomethane and potassium carbon- 
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ate in NN-dimethylformamide gave the methyl ether 
(67) different to its known isomer (68).l9 On reduction 
with zinc dust in acetic acid the grisadienedione (67) gave 
the benzophenone (69). The grisadienediones (61) and 
(67) on thermal rearrangement gave the depsidones 
(64) and (70) respectively. 

\Ve have previously reported 9 that chlorination of the 

0. 

(71) (72) 

dcpsidone (64) gave a trichloro-compound which from 
its mass spectrum, which exhibited the ions (65) and 
(66), had two chloro-substituents on the A-ring. This 
compound is different from compound (63) and therefore 
must have structure (71). Mahandru and Gilbert have 
isolated a depsidone, for which they suggest the trivial 
name fulgidin, from the lichen Fulgevzsia fulgida (Nyl.) 
Szat., to which they assign the structure (63) on tenuous 
grounds, since no evidence is provided for the location 
of the chlorine on ring B. Hence structure (71) is 
equally tenable. The m.p.s of all three compounds are 
different, the i.r. spectra (CHC1,) of all three are in- 
distinguishable, and the lH n.m.r. spectra of (63) and (71) 
are indistinguishable but slightly different from that 
reported for fulgidin. Unfortunately an authentic 
sample of fulgidin is no longer extant so that its structure 
remains unresolved. 

The i.r. spectra of the grisa-3’,5’-diene-2’,3-diones are 
sufficiently similar to those of their grisa-2’,5’-diene-3,4’- 
dione isomers to prevent their differentiation on these 
grounds. Thus they exhibit a band a t  1 710-1 740 cm-l 
due to the coumaranone carbonyl group. The coumar- 
anone (72) 21 exhibits a carbonyl stretching frequency 
(CCI,) a t  1 714 cm-l. The carbonyl stretching frequency 
of the dienone of the grisa-3’,5’-diene-2’,3-diones falls in 
the range 1 650--1 690 cm-l. The higher values are due 
to those compounds with halogens adjacent to the 
carbonyl group.22 An examination of the electronic 
spzctra of grisadienediones and related compounds 23 has 
sometimes been used to differentiate cross-conjugated 
isomers from their linearly conjugated counterparts. 
In the Figure is shown the electronic spectra of the grisa- 
dienedione isomers (67) and (68) and the p-coumaranone 
(72). It is seen that the dienone chromopliore is coxn- 

pletely dominated by the P-coumaranone chromophore. 
The significant difference between the two dienones is 
that the linearly conjugated isomer exhibits weak 
absorption at  longer wavelength than its isomer. This is 
also true for simple cyclohexadienediones.= 

Many of the naturally occurring depsidones retain a 
carboxy-group at  the 7-position. None of the benzo- 
phenones yet subjected to oxidative coupling and sub- 
sequent rearrangement have yielded depsidones possess- 
ing this feature. It was expected that the benzo- 
phenone-grisadienedione-depsidone interconversion 
would occur in the desired way with a carboxylic ester 
present in such a position. In order to test this we 
sought to synthesize norcolensoic acid (84), a depsidone 
which co-occurs with colensoic acid 26 in an unidentified 
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Electronic spectra of 4’, 6-dimethoxy-4,6’-dimethylspiro[benzo- 
furan-2,l’-cyclohexa-3’,5’-diene]-2’,3(2H)-dione (67) (- - - -), 
2’, 6-dimethoxy-4,6’-dimethylspiro[benzofuran-2,~’-cyclohexa- 
2’,5’-diene]-3(2H),4’-dione (68) ( a  - - *), and 6-methoxy-4- 
methylbenzofuran-3(2H)-one (72) (-) 

Australian Lecavtora species.26 Hence for the synthesis 
of the benzophenone (81) (Scheme 7) we required di-0- 
benzylolivetol, which was readily prepared from olivet01,~’ 
and the acid (79). The acid (79) was prepared from 
methyl olivetolcarboxylate (73) 25 by the following 
sequence since both benzyl ethers 28 and free phenols @ 

give low yields on formylation with dichloromethyl 
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methyl ether. Selective isopropylation 28 of the ester 
(73) gave the intermediate (74) which on methylation 
afforded the methyl ester (75). Formylation of this 
with dichloromethyl methyl ether and tin(1v) chloride 
gave the aldehyde (76) which was deprotected by treat- 
ment with titanium(1v) chloride28 thus yielding the 0- 

(73) RL R*=H (76) R1=Me,R2= Pr' (79) 

(75) R 1 =Me,RZ=Pri / 
(74) R'= H, R2=Pri (77) R1=Me,R2=H 

(78) R1=Me,R2=CHZPh 

benzyloxybenzyl alcohol (86) 32 on boiling in carbon 
tetrachloride with triphenylphosphine 33 gave the chloride 
(87). This was used to alkylate 2-lithio-2-pentyl-l,3- 
dithian= and the product (88) was deprotected by 
treatment with copper(I1) chloride and copper(I1) oxide 
in boiling aqueous acetone35 which yielded the ketone 
(89). Lithium aluminium hydride reduction of this gave 
the alcohol (90) which was converted into the acetate (91), 
which on Friedel-Crafts reaction with the acid (79) and 
subsequent debenzylation gave the benzophenone (92). 
Oxidative coupling of this followed by thennolysis of the 
crude product gave the depsidone (93). Attempts to 
remove the acetate protecting group from the derived 
bcnzyl ether (94) under a wide range of conditions met 

0 
J 

(85)  (86) R =OH 
(87) R = C I  0 

1 
(82) (80) R =CH,Ph 

(81) R = H  
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(89) (88) 

f f b O R  \ 
HO CO,R H i i c # A c o H c ~  C02Me - G C H O R * C , H , ,  

/ OMe 
'5" 11 

Ho '  OH HO PhCH20 \ OCHZPh (83) R =Me 

(84) R =h 
SCHEME 7 (92) (90) R = H 

hydroxy-aldehyde (77). The derived benzyl ether (78) 
on oxidation with tetrabutylammonium permanganate 29 

in pyridine gave the required acid (79). Friedel-Crafts 
reaction between the acid (79) and di-0-benzylolivetoi 
gave the tri-0-benzylbenzophenone (80) which on 
hydrogenolytic debenzylation gave the required tri- 
hydroxybenzophenone (81). Brief oxidation of the 
benzophenone (81) gave the expected grisadienedione (82) 
which underwent thermal and acid- or base-catalysed 
rearrangement to the depsidone (83). Treatment 26 of 
this depsidone (83) with lithium iodide in hot hexamethyl- 
phosphoric triamide under dry nitrogen gave norcolensoic 
acid (84), identical with an authentic sample. 

We attempted to extend this synthesis to that of the 
more complex depsidone physodic acid (85) (Scheme 8). 
Hence we required for the construction of the benzo- 
phenone (92) the acetate (91) which had already been 
synthesized by Whalley and his co-worker~ .~~ The 
synthesis now described is more convenient. 3,5-Di- 

(91) R = A C  \ 

(93) R = H  

(941 R =CH,Ph 
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with no success. Under mild conditions no reaction 
occurred but more vigorous conditions lead to cleavage 
of the depside linkage. The synthesis was not further 
pursued . 

The ready oxidative coupling of benzophenones to 
grisadienediones and the rearrangement of these to 
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depsidones under acidic or basic conditions suggests that rearrangements have been reported iit vitro for derivatives 
the biosynthesis of depsidones probably follows this of the depsidone psoromic acid.37 The depsidone 
course. We have generally used substituted 2,2',4- catabolism product canesolide (99) also appears to have 
trihydroxy-4'-methoxybenzophenones in our in vitro arisen from diploicin (1) by lactone cleavage, oxidation, 
experiments. The lichen or mould presumably uses Smiles rearrangement, and 0-methylation. 
benzoylbenzoic acids such as (95) (Scheme 9) which we If the above hypothesis concerning the biosynthesis 

of depsidones is accepted then the question arises as to 
the biosynthetic origin of their benzophenone precursors 
none of which has been isolated from a lichen. Although 
benzophenones are doubtlessly important and reactive, 
and hence short-lived biosynthetic intermediates, their 
occurrence as secondary metabolites is comparatively 
rare; only about twenty have been recorded.38 At least 

- 
(95) (96) three different pathways are apparent for the biosynthesis 

of these benzophenones. Those of the higher plants are / 
J 

n 
W. 

0 

envisage is involved in the biosynthesis of diploicin. 

presumably occurs on an enzyme surface such that the 
ring-c carbonyl group is protonated or only the ring-A 
phenol is ionized since it would be expected that ioniz- 

would cause this ring to be apoor leaving group. Further 
transformations of the resultant depsidone such as obviously derived from a combination of the shikimate 
decarboxylation, chlorination, 0-methylation, C-prenyl- and acetate pathways.39 The xanthones of the higher 
ation, and oxidation of methyl substituents as in the p- plants*O arise from such benzophenones by oxidative 
orcinol depsidones are unexceptional. coupling or cyclodehydration (or its equivalent) although 

benzophenones and xanthones have been rarely found 

Fungal benzophenones all arise by the acetate-poly- 
malonate pathway but the details of the process may 

HO &:%- - CHO Me , "o@r% vary. of griseofulvin42 The benzophenones arise directly involved by folding in the biosynthesis of a hepta- 

ketide. Presumably the same process, followed by 
cyclodehydration or its equivalent, is involved in the / biosynthesis of the lichen xant l~ones .~~ On the other 

The rearrangement of the grisadienedione, e.g.  (96) &iyye HO \ 
C02Me C l  

ation of the phenol and the carboxylic acid on ring c (101 1 

0 in the same plant.41 

(97) 

0 

OH CHO 

(98) 
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hand sulochrin (4) arises by the biosynthetic equivalent 
of a Baeyer-Villiger oxidation of the polyketide anthra- 
quinone questin (loo).& Similarly geodin (57) is 
presumably the result of oxidative coupling of the seco- 
anthraquinone dihydrogeodin (101) .45 A number of 
fungal xanthones such as the ergochr~rnes,~~ ra~enelin,~6 
~terigrnatocystin,4~ and tajixanthone 48 arise from benzo- 
phenones which are also sew-anthraquinones derived by 
Baeyer-Villiger oxidation. Indeed tajixanthone co- 

One unusual modification is encountered in the bio- 
synthesis of the depsidones of the fungus Chaetomium 
wzoZZiceZZ.um which produces a series of eight depsidones 36 

som2 of which, e.g. mollicellin G (97) and mollicellin H (98), 
appear to be related to each other by lactone opening, 
Smiles rearrangement, and lactone reclosure. Smiles 

occurs with precursor-like benzophenones. 
We now postulate that a fourth mode of benzophenone 

biosynthesis 49 operates for the depsidone precursors 
namely the acylation of one unit of an orsellinic acid 
type by another. Thus 9-depside and depsidone hio- 
synthesis would diverge at  the mononuclear stage. 
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EXPERIMENTAL 

Electronic 
spectra were determined for ethanolic solutions using a 
Beckman Acta MIV spectrophotometer. 

Methyl 5-Chloro-2,4-dihydroxy-6-methylbenzoate (2 7) .- 
Freshly distilled sulphuryl chloride (2 I .O g) in tlichloro- 
methane (40 ml) was added dropwise with stirring to a 
suspension of methyl orsellinate (25) (26.9 g) in dichloro- 
methane (245 ml). After the addition the mixture was 
heated uncler reflux for 2.75 h. Tlie solution was diluted 
with ether and washed with water. 'The residue was 
crystallized from ether-light petroleum which gave the 
chloro-orsellinate (27) as prisms (29.8 g), n1.p. 135-137 "C 
( I i t . , l3  134 "C); 8(CL)C13, 60 MHz) 2.54 (3 H ,  s, Me), 3.01 
(3  H, s, OMe), 5.78vbr (1 H, OH), G.43 (1 H ,  s, ArH), and 
11.23 ( 1  H, s, OH). 

2-CJdoro-3,5-dihydroxytoluene (29) .-The cliloro-orsel- 
linate (27) (25.8 g) ancl aqueous sodium hydroside (Tio/:, ; 
1 340 ml) were boiled under reflux under nitrogen for 3.5 11. 

The cooled solution was acidified and extracted with ethyl 
acetate. The chloro-orcinol (29) (14.3 g) formed prisms 
(from benzene), m.p. 136-140 "C (lit.,1491u 138-140, 139- 
141 "C); 8(CDC13, 60 MHz) 2.23 ( 3  H ,  s ,  Me), 6.22 antl 6.35 
(2 H, AB, J 2.5 Hz, ArH), ant1 7.35br (2 H, OH). 

3,5-Dibenzyloxy-2-chZorotoluene (30).--'Ilie cliloro-orcinol 
(29) (14.0 g), benzyl bromide (33.2 g) ,  and dry potassium 
carbonate (49.0 g) were stirred under dry nitrogen in dry 
NN-dinietliylformamide (150 nil) for 17 11. Tlie excess of 
benzyl bromide was removed from the crude product by 
steam distillation, and the residue was crystallized froni 
light petroleum to form blades (2G.2 g) of tlie orcinol (30), 
m.p. 76.5-77 "C (lit.,14 75.5-76.5 "C) (1;ountl: C, 74.05; 
H,  5.75; C1, 10.36%; M c ,  338, 340. Calc. for C,,H,,C10,: 
C, 74.45; H ,  5.65; C1, 10.45%; M ,  338, 340); &(CC14, fi0 
MHz) 2.30 ( 3  H ,  s, Me), 4.87 and 4.95 (each 2 H,  s, CH,), 
6.33 (2 H, s, ArH), and 7.24 (10 H ,  s, Ph). 

MetJijd 5-CJiZoro-2-hydroxy-4-met~io.~y-S-metJzylhenzonte 
(28) .-Methyl orsellinate (25) (25.0 g), potassium carbonate 
(19.0 a),  and methyl sulphate (17.3 g) were heated and 
stirred under reflus in dry acetone (200 nil) for S O  11. The 
cooled mixture was poured into dilute hydrochloric acid and 
extracted with ethyl acetate. 'I'he crude product was 
passed through a column of silica gel with 2.6-574 ethyl 
acetate-light petroleum as eluant ; this gave methyl 
everninate (26) (23.0 g) as prisms (from dic1~loroiiietli~~Iie- 
light petroleum), m.p. 147-148 "c' ( l i t . ,51 148 "C) ; B(CllCI,, 
60 MHz) 2.41 (3  H, s ,  Me), 3.71 and 3.82 (each 3 H, s, OMe), 
6.10 (2 H ,  s,  ArH), and 11.51 (1 H ,  s,  OH). Chlorination 
of methyl everninate (26) ( 2  1.7 g)  as above gave the chloro- 
everninatc (28) (18.4 g) as needles (from tlicliloronietliane- 
light petroleum), ni.p. 143-144 "C (1it.,l5 143-144 "C) ; 
S(CI)CI,, 60 MHz) 2.58 (3 H, s,  Me), 3.83 and 3.89 (each 3 H, 
s, OMe), 6.31 (1 H ,  s, ArH) ant1 11.40br (1 H,  OH). 

2-CJ~loro-5-/i~ydro,y-3-ynethoxytoluene (3  1) -The chloro- 
everninate (28) (7.4 g) ,  sodium liyclrosicle (18.5 g ) ,  arid water 
(370 nil) were boiled under reflux under nitrogen for 4 h. 
Acidification and isolation with ethyl acetate gave the crude 
product which was boiled ancl stirred under reflux under dry 
nitrogen with 2,2'-bipyritlyl(O.6 g) and copper(1) oxide (0.2 g)  
in dry bis-(2-niethoxyethyl) ether (50 ml) for 2 h. The 
cooled mixture was poured into dilute hydrochloric acid antl 
extracted with ethyl acetate. Tlie orcinoZ(31) (3.5 g) formed 
needles (from dichloroniethane-light petroleum), m.p. 
104-104.5"C (Found: C, 55.7; H ,  5.1; C1, 20.45y0; M ' ,  
172, 174. C,H,C102 requiresC, 55.65; H,  5.25; C1, 20.55(>;; 

General directions have been given before.60 
M, 172, 174); 8(CC1,, GO MHz) 2.21 (3 H, s ,  Me), 3.70 
(3 H ,  s,  OMe), 4.72br ( 1  H,  D,O exchangeable OH), and 
6.10 (2 H ,  s, ArH). 

5-Benzyloxy-2-chlo~o-3-~ethoxytoluene (32) .-Benzylation 
of the orcinol (31) as before gave the benzyl ether as a thick 
oil; 8(CC14, 60 MHz) 2.23 (3 H,  s ,  Me), 3.65 (3 H, s ,  OMe), 
4.82 (2  H ,  s, CH,), 6.22 (2 H ,  s ,  ArH), and 7.20 ( 5  H, s, Ph);  
?n/e 264 and 262 ( M I ) .  

3,5-I)ic Jiloro- 2,4-dihydroxy- S-~net hylbenzoate (33). 
-Freshly distilled sulphuryl chloride (32.0 g) in dichloro- 
methane (50 nil) was added tlropwise with stirring to methyl 
orsellinate (25) (20.0 g) in dicliloroii~etliane (500 nil). The 
mixture was then heated under reflux for 7 h and most of the 
dicliloromethane was evaporated off. The residue, in ethyl 
acetate, was washed with water. The crude product 
crystallized from tlichloromethane-light petroleum as 
prisms (23.2 g) of the tlichloro-orsellinate (33), m.p. 118- 
119 "C (1it.,l6 118-1 19 "C) ; S(CUCl,-CD,SOCI),, 60 
MHz) 2.51 ( 3  H, s ,  Me) and 3.90 ( 3  H, s ,  OMe). 

Methyl 3,6-l)~c?iloro-2-~iyd~oxy-4-methoxy-(~-met~ay~be~a~o~te 
(35) .--The clichloro-orsellinate (33) (22.9 g) \\.as converted 
into the di-O-methyl ether (31) by methylation with methyl 
sulphate antl potassium carbonate in acetone in the usual 
way. The criide product (24.5 g) in dichloromethane (500 
nil) was stirred a t  0 "C whilst boron tricliloritle (47.6 g)  i n  
dichloromethane (300 nil) was added dropwise over 1 h. 
The solution was then stirred a t  rooiii temperature for 2.5 11. 
'Hie usual work-up gave the tlichloroeverninate (35) (22.3 g) 
as needles (from dichloroniethane-light petroleum), ni .p. 
80-82 "C (1it.,l6 7!)--81 "C); 6(CC1,, G O  MHz) 2.46 (3  H, 
s ,  Me), 3.80 and 3.87 (each 3 H, s, OMe), and 11.40br (1 H, 
OH). 

2-Benzylo,ty-3,A-~~lichlovo-4-~net~ioxy-6-~~zetJaylben~o~c Acid 
(37).-'L'lie tlicliloroeverninate (35) (22.2 g )  was benzylated 
as  before, and the crude benzyl ether (36),  potassiuni 
hydroxide (30.0 g), diinethyl sulpliosicle (700 nil), and water 
(190 nil) were stirred ancl heated on a steam-bath for 3.5 h. 
The usual work-up gave tlie acid (37) (26.0 g) ,  which 
crystallized from dichloromethane-light petroleum as fine 
needles, n1.p. 151-153 "C, or as stout rods, 1n.p. 166-16!) O(* 

(l i t . ,5 166-168 "C) ; S(CDCl,-CL),SOCL),, 60 MHz) 2.40 
(3 H ,  s, Me), 3.91 ( 3  H, s, OILIe), 5.03 (2 H ,  s, CH,), 7.30 
( 5  H,  m, l'h), and 9.67 ( I  H, s, OH). 

2,4-L)ibenzyloxy-3,5-dicl~lovo-6-rnetlzylbenzoic A ciil (38) .-- 
Bemylation of the dicliloro-orsellinate (33) (17.G g)  as above 
gave the di-O-benzyl ether which was hytlrolysetl (4 11) with 
potassium hydroxide (30 g) , water (40 nil), and climetliyl 
sulphoxicle (400 nil), as before. 'I'he acid (38) (22.3 g )  
formed needles (from chloroforiii-metl~~~nol), m.p. 186- 
188 "C (lit. ,5 185-187 "C). 

2-Renzylo,vy-4-naet Jioxy- 6-?nethylbenzoic A cid (3 9). -Met h y 1 
everninate (26) (13.3 g),  benzyl bromide (9.0 nil), and potas- 
sium carbonate (19.0 g) were stirred and boiled under reflus 
in acetone (300 nil) for 20 h. The salts were separated by 
filtration and washed with acetone ancl the solvent was 
removed under reduced pressure. 'The excess of benzyl 
bromide was removed in steam. This gave methyl 2- 
benzyloxy-4-methoxy-6-methvlbeiizoate as an oil; 6(CC14, 
60 MHz) 2.18 (3 H, s ,  Me), 3.57 and 3.69 (each 3 H ,  s ,  OMe), 
4.87 (2  H ,  s, CH,), 6.11 (2 H, s ,  ArH), and 7.17 (5 H, s,  Ph).  
'This ester, potassium hydroxide (20.0 g), water (25 ml), and 
dimethyl sulphoxicle (200 ml) were stirred together on a 
steam-bath for 6 h. Work-up in the usual way gave the 
acid (39) as needles (17.1 g) (from dichloromethane-light 
petroleum), 1ii.p. 09-100 "C (Found: C, 70.55; H, 6.00/, ; 
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M+,  272. C,,H,,O, requires C, 70.6; H,  5.9%; MI 272); 
6(CC1,, 60 MHz) 2.32 (3 H,  s, Me), 3.58 (3 H,  s, OMe), 
4.90 (2 H,  s, CH,), 6.10 (2 H,  s, ArH), 7.09 ( 5  H,  nil Ph), and 
12.10 (1 H, s, OH). 

General Method for  Preparation of Benzophenones.- 
Trifluoroacetic anhydride (15 ml) in 1,2-dichloroethane 
(20 ml) was added in a thin stream a t  0 “C with stirring to 
the orsellinic acid (10 mmol) in lI2-dichloroethane (40 ml). 
Then a t  room temperature the orcinol (10 mmol) in 1,2- 
clichloroethane (40 ml) was added dropwise over 15 min. 
The solution was stirred a t  room temperature for 1 h and 
then heated under reflux for 5 h. The solution was cooled 
and diluted with ether and washed in turn with water, 
dilute ammonium hydroxide solution, water and finally with 
saturated brine. The 0-benzylbenzophenone was then 
purified by chromatography over silica gel with ethyl 
acetate-light petroleum as eluant. The O-benzylbenzo- 
phenone (5.0 g) was stirred under hydrogen with 10% 
palladium-charcoal (0.5 g) in ethyl acetate (200 ml), con- 
taining concentrated hydrochloric acid (5 drops), until 
absorption ceased. Work-up then gave the benzophenones 
in >goyo yield. 

3,5, 5’-Trichloro-2,2’, 4’-trihydroxy-4-methoxy-6,6’-dimethyZ - 
benzophenone (40) .-Friedel-Crafts reaction between 3,5- 
dibenzyloxy-2-chlorotoluene (30) and 2-benzyloxy-3,5-di- 
chloro-4-methoxy-6-metliylbenzoic acid (37) gave 2,2’,4’- 
tribenzyloxy-3,5,5’-trichloro-4-methoxy- 6,6’-dimet hylbenzo- 
phenone (42%) as stout prisms (from chloroform-methanol), 
m.p. 142-143.5 “C (Found: C, 67.1; H, 4.7; C1, 16.35%; 
M+,  660, 662, 664. C,,H,,Cl,O, requires C, 67.15; H,  4.7; 
Cl, 16.05%; M ,  660, 662, 664); G(CDCl,, 90 MHz) 2.06 and 
2.24 (each 3 H ,  s, Me), 3.87 (3 H,  s ,  OMe), 4.34 (2 H, W )  
12.0 Hz, CH,), 4.70 and 5.16 (each 2 H ,  s, CH,), 6.45 (1 H ,  
s, ArH), and 6.76-7.46 (15 HI ni, 3 x Ph). Hydro- 
genolysis gave the benzophenone (40) as yellow prisms (from 
dichloromethane-light petroleum), n1.p. 168.5-169.5 “C 
(Found: C, 49.2; H,  3.3; C1, 27.3%; M+, 390, 392, 394. 
C,,H1,C1,O, requires C, 49.05; H,  3.35; C1, 27.15%; M ,  
390, 392, 394) ; G(CDCl,, 90 MHz) 2.01 and 2.15 (each 3 H,  
s. Me), 3.93 (3 H ,  s, OMe), 6.40vbr (2 H ,  OH), 6.59 (1 H I  s, 
ArH), and 12.22vbr (1 H I  OH). 

5-Chloro-2,2’,4’-trihydroxy-4-methoxy-3,3’ , 6,6’-tetramethyl- 
benzophenone ( 18) .-This method is an improvement on that 
of Sargent et aZ.1° Trifluoroacetic anhydride (30 nil) in 
dichloromethane (50 ml) was added dropwise with stirring 
a t  0 “C to a solution of 1,3-dibenzyloxy-2,5-dimethyl- 
benzene ( 16.25 g j and 2-benzyloxy-5-chloro-4-methoxy- 
3,6-dimethylbenzoic acid (6.5 g) in dichloromethane (200 ml) 
over 15 min. The cooling-bath was removed and the 
mixture was stirred at room temperature for 5.5 h and then 
worked up as above. The crude product was chromato- 
graphed over silica gel with O - l O ~ o  ethyl acetate-light 
petroleum as eluant. 2,2’,4’-Tribenzyloxy-5-chloro-4- 
methoxy-3,3’,G,6’-tetramethylbenzophenone (5.0 g, 40%) 
was obtained as plates (from chloroform-methanol), m .p. 
143-144 “C (1it.,lo 143-144 “C). Hydrogenolysis gave the 
benzophenone ( 18) as pale yellow prisms (from chloroform), 
m.p. 176-177 “C (1it.,lo 176-177 “C). 

metlzylbenzophenone (41) .-Friedel-Crafts reaction between 
5-benzyloxy-2-chloro-3-methoxytoluene (32) and 2-benzyl- 
oxy-3,5-di chloro-4-me thox y-6-me thylbenzoic acid (3 7) gave 
2,2 ’-dibenzyZoxy-3,5,5’-hichloro-4,4’-dimethoxy- 6,6‘-dimethyl- 
benzophenone (88%) as needles (from dichloromethane- 
light petroleum), m.p. 104--ZC,G “C (Found: C, 63.45; H, 

3,5,5‘-Trichloro-2, 2’-dihydroxy-4,4’-dimethoxy-6,6‘-di- 

4.7; C1, 18.35%; M+, 584, 586, 588. C,,H,,C1,0, requires 
C, 63.55; H ,  4.65; C1, 18.1570; MI 584, 586, 588); 8(CDC1,, 
90 MHz) 2.05 and 2.24 (each 3 H, s, Me), 3.87 and 3.88 (each 
3 H,  s, OMe), 4.46 (2 H I  W+ 12.OHz, CH,), 4.80 (2 H, s, CH,), 
6.42 (1 H ,  s, ArH), and 6.82-7.37 (10 H ,  m, 2 x Ph). 
Hydrogenolysis gave the benzophenone (4 1) as yellow prisms 
(from dichloromethane-light petroleum), m.p. 137-1 38 “C 
(Found: C, 50.4; H, 4.0; C1, 26.15%; M+, 404, 406, 408. 
C,,H,,C1,0, requires C, 50.35; H ,  3.75; C1, 26.2%; M ,  404, 
406, 408) ; G(CDCl,, 60 MHz) 2.00 and 2.16 (each 3 H,  s, Me), 
3.92 (6H,  s, 2 x OMe), 6.38 (1 H,  s, OH), 6.46 (1 H ,  s, ArH), 
and 12.49 (1 H,  s, OH). 

3 , 5,5’- Trichloro- 2,2’, 4,4’-tetrahydraxy- 6,6’-dimethylbenzo- 
phenone (42) .-Friedel-Crafts reaction between 3,5-di- 
benzyloxy-2-chlorotoluene (30) and 2,4-dibenzyloxy-3,5- 
dichloro-6-methylbenzoic acid (38) gave 2,2’,4,4’-tetra- 
benzyloxy-3,5,5’-trichloro-6,6’-dimethylbenzophenone 
(33%) as a viscous oil; G(CDCl,, 60 MHz) 2.03 and 2.21 (3 H,  
s, Me), 4.31br (2 H, s, CH,), 4.60, 4.90, and 5.04 (each 2 H ,  
s, CH,), 6.32 (1 H I  s, ArH), and 6.52-7.60 (20 H ,  m, 4 x 
Ph). Hydrogenolysis gave the benzophenone (42) as pale 
yellow prisms (from dichloromethane-light petroleum) , 
m.p. 201-203 “C (Found: C, 48.1; H, 3.2; C1, 28.3%; 
M+, 376, 378, 380. C,,H,,Cl,O, requires C, 47.7; HI  2.95; 

MHz) 2.06 and 2.10 (each 3 H, s, Me) and 6.48 (1 HI s, 
ArH) . 

3,5,5’- Trichloro-2,2 ’, 4-tri hydroxy-4’-methoxy-6,6’-dimethyl- 
benzophenone (58) .-Friedel-Crafts reaction between 5- 
benzyloxy-2-chloro-3-niethoxytoluene (32) and 2,4-dibenzyl- 
oxy-3,5-dichloro-6-methylbenzoic acid (38) gave 2,2‘,4- 
tribenzyloxy-3,5,5’-trichloro-4’-methoxy-6,6 ’-dimethylbenzo- 
$henone (42%) as translucent plates (from chloroform- 
methanol), m.p. 155-156°C (Found: C, 67.35; H ,  4.9; 
C1, 16.5. C,7H,,C1,0, requires C, 67.15; H I  4.7; C1, 
16.05%); G(CDCl,, 60 MHz) 2.02 and 2.21 (each 3 H,  s, 
Me), 3.81 (3 H,  s, OMe), 4.40br (2 H,  s, CH,), 4.71 and 4.90 
(each 2 H,  s, CH,), 6.30 (1 H I  s, ArH), and 6.70-7.60 (15 H, 
m, 3 x Ph). Hydrogenolysis gave the benzophenone (58) as 
yellow prisms (from dichloromethane-light petroleum) , m.p. 
174-175.5 “C (Found: C, 49.2; H,  3.45; C1, 27.35%; M+,  
390, 392, 394. Cl,H,,C1,O, requires C, 49.05; H ,  3.35; C1, 
27.15%; M ,  390, 392, 394); G(CDCl,, 90 MHz) 1.98 and 
2.07 (each 3 H, s ,  Me), 3.94 (3 H ,  s, OMe), and 6.49 (1 H ,  s, 
ArH). 

2,2’, 4‘-Trihydroxy-4-methoxy-6,6‘-dimethylbenzoPhenone 
(5 9). -Friedel-Craf ts reaction bet ween 3 , 5-di ben zyloxy- 
toluene 52 and 2-benzyloxy-4-methoxy-6-methylbenzoic 
acid (39) gave 2,2’,4’-tribenzyloxy-4-methoxy-6,6’-dimethyl- 
benzophenone (95%) as a viscous oil, m/e 558 (Mf). Hydro- 
genolysis gave the benzophenone (59) as prisms (from di- 
chloromethane-light petroleum), m.p. 158-160 “C (Found: 
C, 66.4; H ,  5.7%; M’, 288. Cl6H1,O, requires C, 66.65; 
H, 5.6%; M ,  288), G(CDC1,-CD,SOCD,, 90 MHz) 1.91 and 
2.00 (each 3 H ,  s, Me), 3.77 (3 H, s, OMe), and 6.24 (4 H,  ni, 
ArH). 

Oxidative Coupling of 3,5,5’- TrichZoro-2,2‘,4’-trihydroxy-4- 
methoxy-6,6’-dimethyZbenzophenone (40) .-(a) Potassium 
hexacyanoferrate(II1) (100 mg) in water (6.25 ml) was added 
in one portion to a stirred solution of the benzophenone (40) 
(50 mg) and potassium carbonate (375 mg) in water (12.5 
ml). After 30 s the solution was poured into the calculated 
amount of dilute hydrochloric acid and extracted with ethyl 
acetate. This gave 3’,5,5’-trichloro-6-hydroxy-4’-methoxy- 
4,0’-din~etliyZs~iro[benzofu~a~a-2,1 ’-cyclol~exa-3’,Fif-di~ne] - 

C1, 28.15% ; M ,  376, 378, 380); G(CDCl,-CD,COCD,, 60 
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2',3(2H)-dione (43) (43 mg) as brilliant yellow prisms (from 
ether-cyclohexane) , which changed into colourless needles 
a t  146-155 "C, m.p. 268-270 "C (Found: M f ,  387.965 1. 
12C161Hl,35C13160, requires M, 387.967 2) ; G(CDC1,-CD,- 
COCD,, 60 MHz) 1.88 and 2.50 (each 3 H,  s, 6'- and 4-Me), 
4.20 (3 H I  s, OMe), and 6.80 (1 H I  s, ArH); Am,. 206, 220, 
283, 335, and 380 nm (E 31 600, 30 600, 10 900, 7 000, and 
2 200); v,,~,. (CCl,) 1 732 (GO) ,  1 696 (GO) ,  and 1 605 
(C=C) cm-1. 

( b )  A solution of potassium hexacyanoferrate(II1) (7.0 g) 
in water (437.5 nil) was added dropwise to a stirred solution 
of the benzophenone (40) (3.5 g) and potassium carbonate 
(26.25 g) in water (875 ml). The solution was stirred for a 
total of 3 h, acidified, and extracted with ethyl acetate. 
The extract was extracted several times with saturated 
aqueous sodium hydrogencarbonate and these extracts were 
also acidified and extracted with ethyl acetate. The 
hydrogencarbonate-insoluble material was passed through a 
column of silica gel with 15-30y0 ethyl acetate-light 
petroleum as eluant. This gave 2,7,9-trichloro-3-hydroxy-8- 
methoxy-1,6-dimethyZdibenzo[b,e][l,4]dioxepin- 1 1-one (de- 
clilorodiploicin) (46) (860 mg) as needles (from chloroform- 
methanol), m.p. and mixed m.p. 272.5-274 "C, identical 
(mass and n.m.r. spectra and RF values in three solvent 
systems) with a sample of the natural material (Found: 
C, 49.55; H I  3.15; C1, 27.25. C,,Hl1C1,O5 requires C, 49.3; 
H I  2.85; Cl, 27.3%). A portion (200 mg) of the hydrogen- 
csrbonate-soluble material was subjected to preparative 
t.1.c. [benzene-dioxan-acetic acid (120 : 10 : 1 v/v)] which 
gave from a fast band 3-chloro-6-(3,5-d~chloro-2-hydroxy-4- 
methoxy-6-methyl~kenoxy)-4-hydroxy-2-metlayZbenzo~c acid 
(49) (31.1 mg) as needles (from aqueous methanol), m.p. 
165--190°C (Found: C, 46.8; H,  3.35%; M+, 406, 408, 
410. C16Hl,C1,0, requires C, 47.15; H ,  3.20,/,; M ,  406, 408, 
410); G(CDCl,, 90 MHz) 2.27 and 2.50 (3 H, s, Me), 3.90 
(3 HI s, OMe), 4.32br (3 HI OH), and 6.18 (1 H,  s, ArH). 
The slower band gave 3',5,5'-trichlo~.o-2',6-d~hydroxy-4,6'- 
dimethylspiro [benzo f uran- 2,l '-cyclohexa- 2', 5 ' -d iene] - 3 ( 2H), 4'- 
dione (52) (157 mg) as prisms (from acetone-benzene), map. 
192-195 "C with resolidification to needles a t  220 "C and 
m.p, 275-277 "C (Found: fW+, 373.953 8.  12C151H,35C1,- 
1 6 0 5  requires MI 373.951 5); G(CD,SOCD,, 90 MHz) 1.71 
(3 H, s, 6'-Me), 2.45 (3 H ,  s, 4-Me), and 6.61 (1 H ,  s, ArH); 
A,,,,, 223, 240, 285, and 330 nm ( E  23 600, 19 200, 21 600, 
and 10 600); v,,,. (CHC1,) 1 728 (GO) ,  1 681 ( G O ) ,  1652, 
and 1 608 (C=C) an-'. The remaining hydrogencarbonate- 
soluble material was heated on a steam-bath with acetic 
anhydride (100 nil) for 12 h and the solvent was removed 
under reduced pressure. The residue was chromatographed 
over silica gel with 2.5-30y0 ethyl acetate-light petroleum 
as eluant. This gave first 3-acetoxy-2,7,9-trichloro-S- 
methoxy- 1,6-dimethyldibenzo[b,e] [ 1,4]dioxepin-l l-one (207 
mg) as needles (from dichloromethane-light petroleum), 
m.p. 180.5-182 "C (Found: C, 49.9; H, 2.9; C1, 24.6%; 
M+,  430, 432, 434. Cl,Hl,C1,O, requires C, 50.1; H, 3.05; 
C1, 24.650/; M ,  430, 432, 434); G(CDCl,, 90 MHz) 2.37 
( 3  H, s, MeCO), 2.48 and 2.57 (each 3 H, s, Me), 3.86 (3 H ,  
s, OMe), and 7.01 (1 H, s, ArH); Y,,,. (CC1,) 1 791 (acetate 
C=O) and 1 770 (depsidone C=O) cm-l. On treatment with 
aqueous pyridine a t  90 "C this gave dechlorodiploicin (46), 
m.p. and mixed n1.p. 272.5-274 "C. Further elution gave 
3,8-diacetoxy-2,7,9-trichloro-1,6-dimethyldibenzo[b,e][ l,4]- 
dioxepin- 1 l-one (474 mg) as needles (from dichloromethane- 
light petroleum), m.p. 219-222°C (Found: C, 49.7; H, 
2.7; C1, 23.15%; M+, 458, 460, 462. Cl,H13C1,0, requires 

C ,  49.65; H, 2.85; C1, 23.15%: MI 458, 460, 462); G(CDCl,, 
90 MHz) 2.36 and 2.38 (each 3 H, s, MeCO), 2.49 and 2.56 
(each 3 H, s, Me), and 7.02 (1 H,  s, ArH); vmak (CCl,) 1 795 
(acetate G O )  and 1770 (depsidone C=O) cm-1. On 
hydrolysis with aqueous pyridine a t  90 "C this gave 2,7,9- 
tvichZoro-3,8-dihydroxy- 1,6-dimethyldibenzo [b, e] [ 1,4]dioxepin- 
1 l-one (47) as needles (from chloroform-carbon tetra- 
chloride), m.p. 275-277 "C (Found: M+, 373.959 2. 
12C151H,35Cl,1~0, requires M ,  373.951 5) ; G(CDCl,-CD,- 
SOCD,-CD,,COCD,, 60 MHz) 2.46 and 2.50 (each 3 HI s, Mk) 
and 6.76 (1 H, s, ArH). Further elution gave 6-acetoxy- 
3',5,5'-trichloro-2'-hydroxy-4,6'-dimethyls~iro[benzofuran- 
2, l'-cyclohexa-2',5'-diens]-3(2H),d'-dione (896 mg) as pale 
yellow prisms (from methanol), m.p. 193-198 "C (Found: 

Cl,O, requires C, 48.9; H, 2.65; C1, 25.45y0; MI 416, 418, 
420); G(CDCl,, 90 MHz) 1.91 (3 H, s, 6'-Me), 2.41 (3 H, s, 
MeCO), 2.66 (3 H ,  s, 4-Me), 4.16vbr (1 H, OH), and 7.01 
(1 H, s, ArH) ; A,,,. 225.5, 268, and 333 nm ( E  35 400, 23 900, 
and 6 700); v,,~?, (CC,l,) 1 792 (GO) ,  1 740 (GO) ,  1 692 
( G O ) ,  1661, and 1 618 (C=C) cm-l. Further elution gave 
material (938 rng) which was treated with hot wet pyridine 
as before, and the crude product was chromatographed over 
silica gel with 15% ethyl acetate-light petroleum. This 
gave 3,5-dichloro-2,4-dih ydroxy - 6-metlzylphenyl 4-chjoro-5- 
hydroxy-3-metlaylphenyl ether (429 mg) as prisms (from 
dichloromethane-light petroleum), m.p. 86 "C with re- 
solidification to platelets at ca. 120 "C, and m.p. 188-190 "C 
(Found: C, 46.65; H I  3.70. C14HllCl,0,*~H20 requires 
C, 46.9; H, 3.3504; Found: M+, 348, 350, 352. C14H11- 
Cl,O, requires MI 348, 350, 352), G(CDCl,, 90 MHz) 2.14 
(3 H ,  s, Me), 2.31 (3 H ,  s, W ,  1.9 Hz, 6-Me), and 6.34 (2 H,  
s, W )  2.0 Hz, ArH). 

(c) Oxidation of the benzophenone (40) (50 mg) as under 
(b), but for 15 min gave the grisadienedione (52) and the 
depsidone (46) in the ratio 1.17 : 1 (n.m.r.) 
Treatment of the Depsidone (46) with Aqueous Potassium 

Carbonate.-The depsidone (46) (50 nig) and potassium 
carbonate (375 mg) were stirred in water (15 ml) for 3.25 h. 
The solution was acidified and extracted with ethyl acetate. 
The crude product contained the acid (49) and the depsidone 
(46) in the ratio 2.2 : 1 (n.1n.r.). 
filetlinnolysis of 3', 5,5'- Trichloro- 6-hydroxy-4'-naethoxy- 

4,6'-diwtethylspiro jbemo furan-2,1 '-cyclohexa-3', 5'-dienef- 
2',3(2H)-dione (43) .-The grisadienedione (43) (40 mg) was 
stirred a t  room temperature for 2 h with sodium methoxide 
[from sodium (40 mg)] in dry methanol (10 ml) when more 
sodium (50 mg) was added and stirring was continued for a 
further 2 h. The usual work-up gave a crude product which 
was subjected to preparative t.1.c. (15% ethyl acetate- 
light petroleum) which gave methyl 3-chloro-6-(3,5-di- 
chloro-2-hydroxy-4-methoxy- 6-methylphenoxy) -4-hydroxy- 
2-methylbenzoate (50) (20 mg) as prisms (from dichloro- 
methane-light petroleum), m.p. 175-176.5 "C (lit.,l 175- 
176.5 "C), identical (mass and n.m.r. spectra) with a sample 
prepared previously. 
Oxidative Coupling of 5-Chloro-2,2', 4'-frihydroxy-4-meth- 

oxy-3,6,6'-tvirnethylbenzophenone (53) .-(a) Potassium hexa- 
cyanoferrate(II1) (0.4 g) in water (20 ml) was added in one 
portion to a stirred solution of the benzophenone (53) l2 

(200 mg) and potassium carbonate (1.4 g) in water (20 ml). 
After 2 min, acidification with the calculated volume of 
dilute hydrochloric acid and extraction with ethyl acetate 
gave 6'-chZoro-6-hydroxy-4'-methoxy-3',4,6'-h.imethyls~~ro- 
[benzo furan-2,l'-cyclohexa-3', 5'-diene]-2', 3( 2H)-dione (54) 

C, 48.75; H, 2.6; C1, 25.2%; M', 416, 418, 420. C17W11- 
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(180 mg) as yellow prisms (from acetone-benzene) which 
changed to colourless needles ca. 170 “C with m.p. 296- 
298°C (decomp.) (Found: C, 61.0; H,  4.8; C1, 10.6. 
C,,H15C105 requires C, 61.0; H ,  4.5; C1, 10.6%) ; G(CDC1,- 
CD,COCD,, 60 MHz) 1.81 (6 H ,  s, 3’- and 6’-Me), 2.38 (3 H ,  
s, 4-Me), 3.89 (3 H, s, OMe), 6.34 and 6.43 (2 H, AB, J 2.5 
Hz, ArH) ; Am,. 206, 283, and 316 ntn (E 33 300, 13 100, and 
7 goo), and Ainn. 380 nm (E 1 300) ; vmx. (CHC1,) 1 717 ( G O ) ,  
1 661 ( G O ) ,  1 615 (C=C), and 1 590 (C=C) cm-l. 

(b) The benzophenone (53) (100 mg) was oxidized as under 
(a) except that the solution was stirred for 3 h. This 
gave 7-chloro-3-hydroxy-8-methoxy- 1,6,9-trimethyldibenzo- 
[b,e][l,4]dioxepin-l l-one (55) (91 mg) as prisms (from 
methanol), m.p. 297-299 “C (decomp.) [lit.,’, 270 “C 
(decomp.)], identical (mass and n.m.r. spectra) with a 
sample synthesized previously.12 

Oxidative Coupling of 5-Chloro-2,2‘4’-trihydroxy-4-methoxy- 
3,3’6,6’-tetramethylbenzophenone (18) .-(a) This benzo- 
phenone (18) was oxidized in the same manner as the 
benzophenone (53) [method (a)] and gave 5‘-chloro-6- 
hydroxy-4’-methoxy- 3’, 4,6’, 7-tetramethylspiro [benzo furan-2,l’- 
cyclohexa-3’,5’-diene]-2’,3(2H)-dione (20) (89%) as yellow 
prisms (from ether4yclohexane) which changed into 
colourless needles a t  ca. 150 “C, and again into prisms a t  ca. 
200 “C, n1.p. 290-291 “C (Found: M+, 348.075 2. l2C,,- 
1H,,35C11s05 requires M ,  348.076 4) ; G(CDC1,-CD,COCD,, 
60 MHz) 1.81 (6 H ,  s, 3’- and 6’-Me), 2.12 and 2.31 (each 
3 H ,  s, ArMe), 3.87 (3 H ,  s, OMe), and 6.30 (1 H,  s, ArH); 
Amx. 218.5 and 293 nm (E 25 000 and 15 400) and Ai,,fl. 380 nm 
(E 1400); vmBx. (CHC1,) 1710 ( G O ) ,  1668 ( G O ) ,  1632 
(C=C), and 1 599 (C=C) cm-’. 

(b) The benzophenone (18) was oxidized in the same 
manner as the benzophenone (53) [method (b)]. Integration 
of the n.m.r. spectrum of the product indicated that i t  
contained the grisadienedione (20) (40%) and the depsidone 
(21) lo (60%). 

Oxidative Coupling of 5-Bromo-2,2‘,4’-trihydroxy-4-meth- 
oxy-3,6’-dimethyl-6-s-butylbenzo~henone (22) .-This benzo- 
phenone (22) l1 was oxidized in the same manner as the 
benzophenone (53) [method (a)] and gave 5’-bromo-6- 
hydroxy-4’-methoxy-3’, 4-dimethyl-6‘-s-butylspiro[benzo furan- 
2,lf-cyc1ohexa-3‘, 5’-diene]-2’,3( 2H)-dione (23) (87 yo) as 
yellow needles (from ether-cyclohexane), m.p. 134-136 “C 
(Found: C, 56.95; H ,  5.2; Br, 18.6y0; M+, 420, 422. 
C2,H,,Br0, requires C, 57.0; H ,  5.0; Br, 18.95% ; M ,  420, 
422); G(CDCl,, 80 MHz) 0.86 (3 H ,  t, 4”-Me), 1.22 (3 H,  d, 
1”-Me) , 1.66br (2 H ,  quintet, diastereotopic CH,) , 1.90 
(3 H, s, 3’-Me), 2.38 (3 H, s, 4-Me), 3.00 (1 H,  ni, CH), 4.05 
(3 H ,  s, OMe), 6.38 and 6.56 (each 1 H ,  apparent s, ArH); 
A,, 204, 282.5, and 317 nm (E 28 800, 11 200, and 7 000), 
and Ainfl. 385 nin (E 1 050); vmx. (CCl,) 1 722 ( G O ) ,  1 652 
( G O ) ,  and 1629 ( C X )  cm-l. 

Oxidative Coupling of 3,5,5’-Trichloro-2,2’-dihydroxy-4,4‘- 
dimethoxy-6,6’-dimethylbenzophenone (4 1) .-Potassium hexa- 
cyanoferrate(II1) (1.0 g) in water (60 ml) was added dropwise 
to a stirred solution of the benzophenone (41) (0.5 g) and 
potassium carbonate (3.75 g) in water (125 ml). The 
mixture was stirred for 1 h and then worked up. This gave 
3’,5,5‘-trichloro-4’, 6-dimethoxy-4,6’-dimethylspiro[benzofuran- 
2, l  ’-cyclohexa-3’, 5’-diene] -2’, 3 (2H) -dione (44) (0.3 g) as 
yellow rods [from dichloromethane-light petroleum (char- 
coal)], m.p. 174-195 “C with resolidification to colourless 
needles, m.p. 228-231 “C (Found: C, 50.55; H, 3.2; C1, 
26.46% ; M+, 402, 404, 406. C1,H1,C1,O, requires C, 50.6; 
H,  3.25; C1, 26.35%; M ,  402, 404, 406); G(CDCl,, 60 MHz) 

1.88 and 2.52 (each 3 H ,  s, 6’- and 4-Me), 3.99 and 4.22 (each 
3 H ,  s, OMe), and 6.13 (1 H,  s, ArH); A,,,, 223, 280.5, and 
332 nm (E 25 700, 18 100, and 10 400), and Ainfl. 385 nm 
(E 2 000); v,,,,. (CC1,) 1730 (GO) ,  1690 ( G O ) ,  and 1613 
(C=C) cm-l. 

Oxidative Coupling of 3,5,5’- Trichlovo-2,2 ’, 4,4’-tetra- 
hydvoxy-6,6’-dimethylbenzophenone (42) .-Potassium hexa- 
cyanoferrate(II1) (200 nig) in water (12.5 nil) was added 
dropwise to a stirred solution of the benzophenone (42) 
(100 mg) and potassium carbonate (750 mg) in water (25 ml). 
After the addition the solution was stirred for a further 5 
min and worked up as above. This gave the grisadienedione 
(52) (85 mg) as prisms (from acetone-benzene), m.p. 192- 
195 “C with resolidification to needles at 220 “C and m.p. 
275-277 “C. The same product was obtained when the 
reaction mixture was stirred for 0.5 h after the addition of 
the potassium hexacyanoferrate(II1). 

Methanolysis of 3‘,5,5’-Trichloro-4’,6-dimethoxy-4,6’- 
dimethylspiro[benzo furan-2,l’-cyclohexa-3’, 5’-diene] -2’, 3 (2H) - 
dione (44) .--The grisadienedione (44) (50 mg) was methan- 
olysed as above. This gave methyl 3-chlovo-6-(3,5-dzchloro- 
2-hydvoxy-4-methoxy-6-methyl~henoxy) -4-methoxy-2-methyl- 
benzoate (51) (760;) as prisms [from dichloroiiiethane-light 
petroleum (charcoal)], m.p. 111-112 “C (Found: C, 49.75; 
H,  3.95; C1, 24.25%; M’, 434, 436, 438. Cl,H,,C1,O, 
requires C, 49.4; H ,  3.9; C1, 24.3%; M, 434, 436, 438); 
G(CDCl,, 60 MHz) 2.28 and 2.38 (each 3 H ,  s, Me), 3.68, 3.80, 
and 3.95 (each 3 H ,  s, OMe), and 5.98 (1 H ,  s, ArH). 

Acid-catalysed Rearrangement of Methyl 2,3-Dihydro-6- 
hydroxy-4‘-methoxy - 2’, 3-dioxo-4,6’-dipentylspiro [benzo furan- 
2,l’-cyclohexa-3’,5’-diene]-5’-carboxylate (82) .-The grisa- 
dienedione (82) (102 nig) and trifluoroacetic acid (0.5 ml) 
were stirred in dry dichloromethane (30 ml) a t  room 
temperature for 2 h. The solution was diluted with ethyl 
acetate and washed in turn with water, aqueous sodium 
hydrogencarbonate, water, 2nd finally saturated brine. 
The crude product was subjected to preparative t.1.c. (5- 
15% ethyl acetate-light petroleum). This gave the depsi- 
done (83) (49.7 mg) as a gum, identical to that prepared 
later. 

A cid-catalysed Rearrangement of 5’-Chloro-6-hydroxy-4’- 
methoxy-3’,4,6’, 7-tetramethylspiro[benzo furan-2,1 ’-cyclohexa- 
3’,5’-diene]-2’, 3( 2H)-dione (20) .-The grisadienedione (20) 
(17 mg) and trifluoroacetic acid (0.2 ml) were stirred in dry 
dichloromethane (10 ml) for 15 min. Work-up as above 
gave 7-cliloro-3-hydroxy-8-methoxy-1,4,6,9-tetramethyldi- 
benzo[b,e][l,4]dioxepin-l l-one (21) (10 mg) as prisms (from 
methanol), m.p. 287-288 “C (lit.,lo 287-288 “C) identical 
(mass and n.m.r. spectra) with an authentic sample. 

General Method for Thevmolysis of Grisadienediones.-The 
grisadienedione under dry nitrogen was heated alone, with 
the aid of a Wood’s metal bath a t  the stated bath tempera- 
ture, or heated under reflux in phenetole or diphenyl ether 
for the stated time. The solvent was removed by steam 
distillation. 

Thermolysis of 3’, 5,5’-Trichloro-6-hydroxy-4’-methoxy- 
4,6‘-dimethylspiro[benzofu~an-2,1 ’-cyclohexa-3’, 5’-diene] - 
2’,3(2H)-dione (43) .-This grisadienedione (43) (33 mg) 
(190 “C for 5 min) gave a melt which was crystallized from 
chloroform-methanol and furnish:d dechlorodiploicin (46) 
(20 mg), m.p. and mixed m.p. 272.5-274 “C, identical 
(mass and n.m.r. spectra) with the sample prepared previ- 

Thermolysis of 3’,5,5‘-Trichloro-2‘,6-dihydroxy-4,6‘-di- 
ously. 

methylspiro[benzofuran-2,1 ’-cycloh~exa-2‘, 5’-diene]-3(2H) ,4’- 
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dione (52) .-This grisadienedione (52) (58 mg) [diphenyl 
ether (15 ml), 45 min] gave a crude product which was 
subjected to preparative t.1.c. (30% ethyl acetate-light 
petroleum) and furnished 2,7,9-trichloro-3,8-dihydroxy-1,6- 
dimethyldibenzo[b,e][1,4]dioxepin-l l-one (47) (25 mg), m.p. 
and mixed m.p. 275-277 “C. The derived cli-O-methyl 
ether (48), prepared in the usual way, had ni.p. and mixed 
1n.p. 230-231.5 “C (lit.,l 230-231.5 “C). 
Tliermolysis of 3’5,5’-Trichloro-4‘,6-dzmethoxy-4,6’-di- 

metlzylspiro [benzof uran-2,1 ’-cyclohexa-3’,5’-diene] -2’, 3( 2H) - 
dione (44).-This grisadienedione (44) (42 1ng) (250 “C for 5 
min) gave a melt which was crystallized from tlicliloro- 
methane-light petroleum (charcoal) and furnished 2,7,9- 
trichloro-3,8-dimetlioxy- 1,6-dimethyldibenzo[b,e] [ 1,4]di- 
osepin-1 l-one (dechloro-O-methyldiploicin) (48) (3  1 mg) as 
needles, m.p. and mixed m.p. 230-231.5 “C (lit.,l 230- 
231.5 “C), identical (mass and n.m.r. spectra and RF values 
in three solvent systems) with the natural product.1 

TJiermolysis of 5’-Bromo-6-hyd~oxy-4~-metJ~oxy-3’,4-di- 
methyl- 6’-s-butylspiro [benzo furan- 2,l ’-cyclohexa- 3 ’, 5’-diene] - 
2’,3(2H)-dione (23).-This grisadienedione (23) (100 mg) 
[diphenyl ether ( 5  nil), 5 niin] gave a crude product which 
was subjected to preparative t.1.c. (10% ethyl acetate- 
light petroleum) and furnished 7-bromo-3-hydroxy-8- 
inethoxy- 1,9-dimetliyl-6-s-butyldibenzo[h,e] [ 1,4]tliosepin- 
1 l-one (24) (95 mg) as prisms (from ether-light petroleum), 
m.p. 171-171.2 “C (1it.,l1 161-163 “C) identical (mass and 
n.m.r. spectra) with the sample synthesized previously.11 

Thermolysis of 5‘-Cldoro-6-hydroxy-4’-unethoxy-3’,4,6’- 
tvimethylspivo[benzo fuvan-2,1 ’-cyclohexa-3’, 5’-diene] -2’, 3 (2H)- 
dione (54).-This grisadienedione (54) (20 mg) (220 “C for 5 
min) gave ‘i-cliloro-3-hydroxy-8-methosy- 1,6,9-trimethyl- 
dibenzo[b,e] [ 1,4]diosepin- 1 l-one (55)  ( 15 nig) as prisms 
(from methanol), n1.p. and niised m.p. 297-299 “C 
(deconip.), identical (mass and n.1n.r. spectra) with the 
sample obtained above. 
Oxidative Coupling of 3,5,5’-TricJdoro-2,2’,4-fvihydroxy-4‘- 

methoxy- 6, 6’-dimethylbenzophenone (58).  -Po ta  ssiu ni hexa- 
cyanoferrate(Ir1) (100 mg) in water (6.25 nil) was added in 
one portion to a stirred solution of the benzophenone (58) 
(50 rng) and potassium carbonate (375 mg) in water (12.5 
ml). After 2 min the solution was acidified with the 
calculated volume of dilute hydrochloric acid ancl extracted 
with ethyl acetate. l‘liis gave 5,5’,7-tvicJdovo-6-J~ydvoxy-4’- 
metho,vy-4,6’-dimetkyls~iro[benzo fuvan-2,l’-cyclolaexa-3’, 5’- 
diene]-2’,3(2H)-dione (60) (45 nig) as pale yellow prisms 
(from acetone-cycloliesane), 11i.p. 138-142 “C with re- 
solidification to needles which changed to lustrous prisms 
at 195-200 “C, and m.p. 25!).6-261.5 “C (Found: M ’ ,  
387.968 1. 1~Cl,1Hl~3~”C1,~60, requires M, 387.967 2) ; 
G(CDCl,,, 60 MHz) 1.88 and 2.61 (each 3 H ,  s, 6’- and 4-Me), 
3.97 (3  H, s, OMe), ancl 5.43 ( 1  H, s, 3’-H); hl,l:LY. 224, 290, 
333, and 380 nm (E 20 500, 12 400, 6 400, and 1 200); v,,,, 
(CHCI,) 1 728 ( G O ) ,  1 869 ( G O ) ,  1 G3O ( G C ) ,  and 1 (i04 
(C=C) c1n-I. 
lhermolysis of 5,5‘ ,  7-Trichloro-6- hydvoxy-4’-methoxy- 

4, 6’-diwaetl~~ylspiro [benzofuran-2,1 ’-cyclo hexa- 3’, 5’-die ne] - 
2’,3(2H)-dione (60) .-This grisadienedione (60) (100 mg) 
[phenetole (10 inl, 10 min)] gave a crude product which was 
subjected to preparative t.1.c. (30% ethyl acetate-light 
petroleum). The faster band €urnislied 2,4,7-tvichloro-3- 
hydroxy-8-metlaoxy- 1,6-dimethyldibenzo[b,e] [ 1,4]dioxepin- 1 1- 
one (63) (65 mg) as needles (from dichloromethane-light 
petroleum) which changed to stout prisms a t  100-200 OC, 
m.p. 260--360.5”C (Found: C, 49.45; H, 3.2; C1, 27.2. 

C1,H1,C1,O5 requires C, 49.3; H, 2.85; C1, 27.3%); G(CDCI,, 
80MHz) 2.52 and 2.63 (each 3 H,  s, Me), 3.86 (3 H , s ,  OMe), 
and 6.71 (1 H, s, ArH), m/e 392 (15y0), 391 (ll), 390 (38), 
389 (lo), 388 (40), 375 (14), 373 (13), 357 (16), 356 (15), 
355 (70), 354 (21), 353 (loo), 347 (Il), 345 (ll), 327 (15), 
325 (20), 221 (5), 220 (6), 219 ( 5 ) ,  218 (5), 174 (13), 172 (16), 
170 (43), 155 (16), 137 (13), and 111 (18); v,,,. (CHC1,) 
1 749 ( G O )  cm-l. 
Oxidative Coupling of 2,2‘,4’-TviJiydroxy-4-methoxy-6,6‘- 

diniethylbenzophenone (59) .-(a) Potassium hexacyano- 
ferrate(II1) (1.0 g) in water (100 ml) was added in one 
portion to a stirred solution of the benzophenone (59) (0.5 g) 
and potassium carbonate (3.5 g) in water (100 ml). Work- 
up after 5 min in the usual way gave a crude product which 
was crystallized from ethyl acetate-light petroleum (char- 
coal) and gave 6-hydroxy-4’-methoxy-4,6’-dimetJaylspiro- 
[benzofuran-2,l’-cycloJ~exa-3’,5’-diene]-2’,3(2H)-dione (61) 
(0.2 g) as pale yellow blades, 1n.p. 170-173 “C (Found: 
C, 67.2; H, 5.0°/0; M+, 286. C1,H1,05 requires C, 67.15; 
H ,  4.95%; M ,  286); G(CDCI,, 80 MHz) 1.81 ( 3  H, d,  
Js’-Me,5’ 1.3Hz,6’-Me),  3.39 ( 3  H,s,4-Me),3.88(3 H,s,OMe), 
5.49 (1 H, d ,  J ,s ,~#  2.1 Hz, 3’-H), 6.13 (1 H, apparent t, 5’- 
H), 6.19 and 6.45 (2  H, broadened AB, J 2.0 Hz, ArH), and 
8.65 ( I  H, s, D,O eschangeable OH); irradiation a t  6 1.81 
caused the collapse of the triplet a t  6 6.13 to a doublet, 
J , S , ~ #  2.1 Hz; A,,,,,. 215, 287, and 318 nm (E 40 600, 20 200, 
and 13 900) and AiIlfl. 235 nni (E 14 200) ; vnlnX. (CHCI,) 1 712 
( G O ) ,  1669 ( G O ) ,  and 1618 (C=C) cmP. 

(b) Oxidation of the benzophenone (59) as above ancl 
work-up after 23 h gave the same products. 
Methylation of G-Hydroxy-4’-methoxy-4,6’-dimetl~ylspiro- 

[benzofuran-2, I ’-cyclohexa-3’,5’-diene]-2’,3(2H)-dione (61) .- 
The grisadienedione (61) ( 3  10 mg) , potassium carbonate 
(300 mg), and iodomethane (2 nil) were stirred together a t  
room teinperature in dry NN-cliiiietliylforinaiiiitle ( 10 nil) 
under dry nitrogen for 2 h. The usual work-up gave 4‘,6- 
dimethoxy-4,6’-dimetJ~ylspiro [benzofuran-2,l’-cycEohexa-3’, 5’- 
diene]-2’,3(2H)-dione (67) as prisms (250 mg) (from dichloro- 
methane-light petroleum), with no definite m.p. and slow 
conversion into depsidone above 180 “C (Found: C ,  67.95; 
H ,  5.4% ; M+, 300. C17H1,0, requires C, 68.0; H ,  5.35% ; 

6’-Me), 2.47 (3 H ,  s, 4-Me), 3.82 and 3.89 (each 3 H, s, OMe), 
6.42 (1 H,  (1, J ,F ,~ /  2.1 Hz, 3’-H), 6.13 (1 H ,  apparent t ,  
PL‘, 5.0 Hz, 5’-H), ancl 6.44 and 6.59 (2 H, broadened AB, 
J 2.1 Hz, ArH) ; irradiation a t  6 1.70 caused the collapse of 
the triplet a t  6 6.13 to a doublet, J 3 t , & ?  2.1 Hz; A,,,,,. 213, 
279, and 317 nm (E 34 900, 22 000, and 14 400), and 
230 nni (E 17 900); v,,,. (CHC1,) 1 738w ( G O ) ,  1 710 ( G O ) ,  
1669 ( G O ) ,  1645 (C=C), and 1620 (C=C) cm-l. 
Reduction of 4‘, 6-Dirnetlioxy-4,6’-diunethylspiro [benzojuran- 

2,l‘-cyclohexa-3‘,5’-diene]-2’,3(3H)-dione (67). The grisa- 
dienedione (67) (180 mg) in glacial acetic acid (10 nil) was 
stirred with zinc dust (1.0 g) for 1 h a t  room temperature. 
The reaction mixture was diluted with ethyl acetate and 
filtered through Kieselguhr. The filtrate was washed 
successively with water, aqueous sodium hydrogencarbonate, 
water, and finally with saturated brine. The crude product 
crystallized from dichloromethane-light petroleum as 
yellow prisms ( 1  70 mg) oi 2,2’-dihydroxy-4,4‘-dimetlzoxy-6,6’- 
dimethylbenzophenone (69), 1ii.p. 159-160 “C (Found : C, 
67.5; H, 6.1%; Mf, 302. C17H1,05 requires C ,  67.55; 
H, 6.00/; M, 302); G(CDCl,, 80 MHz) 1.92 (6 H ,  S ,  2 x 
Me), 3.82 (6 H, s, 2 x OMe), 6.27 and 6.37 (4 H ,  AR, J 2.6 
Hz, ArH), and 9.73 (2 H, s, OH). 

M ,  300); G(CDCI3, 80 MHz) 1.79 (3  H ,  d, J a ’ - ~ e , 5 ’  1.3 Hz,  
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Thermolysis of 6-Hydroxy-4'-methoxy-4,6'-dimethyls~iro- 

[benzojuran-2,l'-cycZokexa-3',5'-diene]-2',3( 2H)-dione (61) .- 
This grisadienedione (61) (70 mg) [phenetole (10 ml), 10 min] 
gave a crude product which crystaliized from chloroform- 
light petroleum as needles (45 mg) of 3-hydroxy-8-methoxy- 
1,6-dimethyldibenzo[b,e][1,4]dioxepin-ll-one (64), m.p. 
198-201 "C (lit.,g 198-199 "C); G(CDCl,, 80 MHz) 2.41 
and 2.47 (each 3 H ,  s, Me), 3.73 (3  H, s, OMe), 5.81br (1 H ,  
OH), and 6.57 (4 H, s, U't 5.0 Hz, ArH). 

Thevmolysis of 4', 6-Dimethoxy-4,6'-dimethylspiro[ben~o- 
furan- 2 , l  '-cyclolzexa- 3', 5'-diene] - 2', 3 (2H) -dione (6 7). --This 
grisaclienedione (67) (100 mg) [phenetole (10 mi), 10 min] 
gave a crude product which was subjected to preparative 
t.1.c. (20% ethyl acetate-light petroleum). 3,8-Dimethoxy- 
l,(i-dimethyldibenzo[b,e][l,4]dioxepin-ll-one (70) (68 mg) 
formed prisms (from dichloromethane-light petroleum), 
1ii.p. 94-95 "C (Found: C, 67.8; H ,  5.4%; M+, 300. 
C1,H,,O, requires C, 68.0; H ,  5.35%; M ,  300); 6(CC14, 
90 MHz) 2.38 antl 2.43 (each 3 H ,  s, Me), 3.67 antl 3.78 
(each 3 H,  s, OMe) , 6.40 and 6.49 (2 H ,  AB, J 2.9 Hz, ArH), 
antl 6.49 (2  H ,  s, U': 2.9 Hz, ArH). 

CkZorinafion of 3- Hydvoxy-8-methoxy- 1,6-dimethyldibenzo- 
[b,e][l,4]dioxepin- 1 1-one (64) .-Chlorination of the depsi- 
done (64) by the method of Sargent and co-workers gave 
3,4,9-trichloi-o-3-hydroxy-8-niethoxy- 1,6-dimethyldibenzo- 
[b,e][ 1,4]dioxepin- 1 1-one (7  1) as needles (from chloroform- 
cyclohexane), m.p. 237-239 "C (lit.,g 238-240 "C) ; 
6(CDC1,, 80 MHz) 2.52 and 2.63 (each 3 H ,  s, Me), 3.86 
(3 H,  s, OMe) and 6.70 ( 1  H, s, ArH); m/e 392 (14%), 
390 (42), 388 (38),  375 (13), 373 (13), 357 (18), 356 (24), 
355 (70), 354 (33),  353 (loo), 347 ( lo) ,  339 ( l l ) ,  327 (16), 
325 (2(i), 319 (16), 221 (6), 220 (5), 219 (9), 218 (7) ,  211 (14), 
170 (32), and 136 (16); v,,,,. (CHC1,) 1748 (GO)  cni-l. 

3,5-L)ibenzyZoxy-l-Pentylbenzene.-Olivetol 27 (19.3 g), 
potassium carbonate (60 g) , NN-diniethylforniamide ( 150 
nil), and benzyl bromide (28 ml) were stirred together under 
dry nitrogen a t  room temperature for 18 h. The usual 
work-up gave the product (37.8 g) as a thick oil, homogeneous 
on t.1.c. (Found: M + ,  360.207 1. 12C251H281602 requires AI, 
360.208 9);  6(CC1,, 60 MHz) 0.84 (3  H, deformed t, Me), 
1.36br (6 H ,  3 x CH,), 2.42 (2  H, deformed t, CH,), 4.81 
(4 H ,  s, 2 x CH,), 6.13 ( 3  H, s, ArH), and 7.11 (10 H ,  s, 2 x 

Methyl 2-Hydvoxy-4-isopropyZoxy-6-pentylbenzoate (74) .- 
Methyl 2,4-dihydroxy-6-pentylbenzoate (73) (23.8 g), 2- 
bromopropane (12.3 g), potassium carbonate (13.8 g) and 
dry NN-dimethylformamide (75 ml) were stirred together 
under dry nitrogen a t  80 "C (bath) for 24 h. The mixture 
was poured into water and extracted with ethyl acetate. 
The crude product was chromatographed over silica gel 
with 0-2.504 ethyl acetate-light petroleum as eluant. 
The product (74) (15.7 g) was obtained as an oil, homogeneous 
on t.1.c. (Found : M ' , 280.167 3. 12C161H,41604 requires M ,  
280.167 4) ;  6(CC1,, 60 MHz) 0.89 (3 H ,  deformed t, Me), 
1.31 (12 H ,  d,  superimposed on br CH,, 2 x Me and 3 x 
CH,), 2.75 (2 H, deformed t, CH,), 3.80 (3 H ,  s, OMe), 
4.42 (1 H,  septet, CH), 6.01 (2 H ,  s, ArH), and 11.39 (1 H,  
s, OH). 

,Wethy1 4- IsopropyZoxy-2-methoxy-6-pentyZbenzoate (75) .- 
The phenol (74) (15.1 g), potassium carbonate (15 g), 
methyl sulphate ( 7  ml), and acetone (100 ml) were stirred 
and heated under dry nitrogen for 20 h. The usual work- 
up gave the product (75) as an oil (15.7 g)  homogeneous on 
t.1.c. (Found: M+, 294.182 5. 12Cl,1H,61604 requires M ,  
294.183 1); 6(CCl,, 60 MHz) 0.90 (3 H, deformed t, Me), 

I'll). 

1.30 (12 H, d, superinlposed on br CH,, 2 x Me and 3 x 
CH,), 2.46 (2 H, deformed t, CH,), 3.70 (6 H,  s, 2 x OMe), 
4.45 ( 1 H ,  septet, CH), and 6.08 (2 H, s, ArH). 

Methyl 3-Formyl-4-hydroxy-6-methoxy-2-pentylbenzoate 
(77) .-Tin(1v) chloride (10 ml) in dry dichloroinethane (20 
nil) was added dropwise a t  0 "C over 15 min to a stirred 
solution of the substrate (75) (12.0 g) and dichloroniethyl 
methyl ether (10 nil) in dry dichloromethane (100 1111). The 
mixture was stirred a t  0 "C for 4 h and then worked-up in 
the usual way. Tlie crude product (76) in dry dichloro- 
methane (150 ml) was stirred a t  0 "C and treated dropwise 
with titaniuni(1v) chloricle (15.5 8) .  The mixture was 
stirred a t  0 "C for 3 11 and then poured onto ice. Tlie crude 
product was filtered through a colunin of silica gel with 504 
ethyl acetate-light petroleum as eluant. The aldehyde 
(77) (7.3 g) formed needles (from light petroleum), m.p. 76- 
7 7  "C (Found: C, 64.1; H ,  7.30/; M+, 280. C15HZoO5 
requires C, 64.25; H ,  7.20/; 111, 280); 6(CC1,, 60 RIIHz) 
0.90 ( 3  H ,  deformed t, Me), 1.40br (6 H,  3 x CH,) , 2.69 (2  H , 
deformed t, CH,), 3.73 and 3.78 (each 3 H ,  s, (_)Me), 6.10 
(1 H ,  s, ArH), 9.91 (1 H ,  s, CHO), and 12.44 (1 H, s, OH). 

Methyl 4-BenzyZo,:y-3-jormyZ-6-methoxy-2-pentyZbenzoate 
(78).-The substrate (77) (8 .3  g), benzyl bromide (5 nil), 
yotassiuni carbonate (10 g), and dry NN-climethylforniamide 
(50 ml) were stirred together under dry nitrogen a t  room 
temperature for 18 11. The usual work-up gave the aldehyde 
(78) (10.3 g) as prisms (from methanol), m.p. 83-84 "C 
(Found: C, 71.0; H,  6.95; M+, 370. C2aH,605 requires 
C, 71.35; H ,  7.05"h; M ,  370); 6(CC1,, 60 MHz) 0.90 (3 H ,  
deformed t,  Me), 1.40br (6 H ,  3 x CH,), 2.71 (2  H ,  deformed 
t, CH,), 3.68 and 3.75 (each 3 H,  s, OMe), 5.01 ( 2  H, s, CH,), 
6.22 (1 H ,  s, ArH), 7.26 (5 H, s, Ph), and 10.46 (1 H,  s, 
CHO) . 

6-RenzyZoxy-4-metkoxy-3-~net~~~xycarbonyZ-2-pentylbenzoic 
4 c i d  (79) .-Tetrabutylammonium permanganate 2g (8.3 g) 
in pyridine (100 nil) was added dropwise with stirring over 
2 h to a solution of the aldehyde (78) (10.0 g) in pyridine (50 
ml) under dry nitrogen. The mixture was stirred for 5 h 
and then poured into an excess of ice-cold dilute hydro- 
chloric acid. The usual work-up gave a crude product which 
was filtered through a column of silica gel with 5-20% 
ethyl acetate-light petroleum as eluant. The acid (79) 
(7.5 g) formed plates (from tlichloromethane-light petro- 
leum), m.p. 88-89 "C (Found: C, 68.25; H ,  6.65%; Mt,  
386. C,,H,,O, requires C, 68.4; H ,  6.8%; M ,  386); 
G(CDCl,, 90 MHz) 0.85 (3 H, deformed t, Me), 1.43br (6 H ,  
3 x CH,), 2.63 (2 H ,  deformed t,  CH,), 3.71 and 3.86 (each 
3 H ,  s, OMe), 5.12 ( 2  H, s, CH,), 6.35 (1 H ,  s, ArH), 7.32 (5 
H ,  m, Ph),  and 10.48br (1 H ,  OH). 

3- (2,4- Dihydroxy - 6-pentylbe nzoyl) -4- hydvoxy - ti- 
methoxy-2-pentylbenzoate (8 1) .-Trifluoroacetic anhydride 
(25 ml) in dry dichloromethane (50 ml) was added in a thin 
stream a t  0 "C to a stirred solution of the acid (79) (5.0 g) 
in dry dichloroinethane (100 ml). Di-0-benzylolivetol 
(18.5 g) in dry dichloromethane (100 nil) was then added 
dropwise a t  0 "C over 15 min. The mixture was stirred at 
room temperature for 2 h and then worked up as usual. 
Chromatography gave the tri-0-benzylbenzophenone (80) 
which on hydrogenation gave the title benzophenone (81) 
(3.65 g) as aggregates of pale yellow prisms (from ether-light 
petroleum), m.p. 140-141 "C (Found: C, 68.1; H ,  7.4. 
C26H340, requires C, 68.1 ; H,  7.45%) ; G(CDC13, 90 MHz) 
0.77 (6 H, deformed t, 2 x Me), 1.17br (12 H ,  6 x CH,), 
2.19 (4 H ,  deformed t, 2 x CH,), 3.82 and 3.86 (each 3 H, s, 
OMe), 6.20 and 6.29 (2 H,  AB, J 2.5 Hz, ArH), 6.42 (1 H, s, 
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ArH), 6.48br (1 H, D,O exchangeable OH), and 9.40br and 
10.07br (each 1 H ,  D,O exchangeable OH). 

Oxidative Coupling of Methyl 3- (2,4-L)ihydroxy-6-pentyl- 
henzoyl) -4-hydroxy-6-methoxy-2-pen8ylbenzoate (8 1) .-(a) Po- 
tassium hexacyanoferrate(Ix1) (562 mg) in water (20 ml) was 
added in one portion to a stirred solution of the benzo- 
phenone (81) (228 mg) and potassium carbonate (1.32 g) in 
water (40 ml) and dioxan (20 ml). After 10 min the usual 
work-up gave methyl 2,3-dihydro-6-hydroxy-4'-uMethoxy-2',3- 
dioxo-4,6'-dipentylspiro[benzo furan-2,l'-cyclohexa-3',5'-diene]- 
5'-carboxylate (82) (197 mg) as very pale yellow needles 
(from ether-light petroleum), m.p. 128-130 "C (Found: C, 
68.35; H ,  7.15%; Mt, 456. C,,H3,07 requires C, 68.4; H,  
7.05% ; M ,  456) ; G(CDC13, 90 MHz) 0.77 and 0.86 (each 3 H,  
deformed t, Me), 1.29br (12 H ,  6 x CH,), 1.94vbr (2 H ,  6'- 
CH,), 2.70 (2 H,  deformed t,  4-CH2), 3.86 and 3.89 (each 
3 H ,  s, OMe), 5.53 (1 H,  s, 3'-H), 6.29 and 6.44 (2 H ,  br AB, 
J 2.0 Hz, ArH), and 8.86vbr (1 H ,  D,O exchangeable OH); 
lux. 215, 288, and 315 nm (c 37 200,21 000, and 15 200) and 
Ainfl. 375 nm (E 1 500); vmx. (CCl,) 1 742 (GO) ,  1 720 ( G O ) ,  
1 652 (GO) ,  and 1 624 (C=C) cm-l. 

(b)  Repetition of experiment (a) with stirring for 2 h gave 
a mixture of the grisadienedione (82) and the depsidone (83) 
in the ratio 63 : 37 (n.m.r.). 

Thermolysis of Methyl 2,3-Dihydro-6-hydroxy-4'-methoxy- 
2', 3-dioxo-4,6'-di~entylspiro[benzofuran-2,1 '-cyclohexa-3',5'- 
diene]-5'-carboxyZate (82) .-This grisadienedione (82) (660 mg) 
[phenetole (50 ml), 10 min] gave a crude product which was 
subjected to preparative t.1.c. (5-100/, ethyl acetate-light 
petroleum) and furnished methyl 3-hydroxy-8-methoxy- 1,6- 
dipentyl-1 l-oxo- 1 1H-dibenzo[b,e] [ 1,4]dioxepin-7-carboxylate 
(83) (511 mg) as a gum, homogeneous on t.1.c. (Found: M t-, 

456.212 2. 12C261H321s07 requires M, 456.214 8), G(CDC13, 
90 MHz) 0.85 and 0.88 (each 3 H ,  deformed t, Me), 1.43br 
(12 H ,  6 x CH,), 2.69 and 2.76 (each 2 H ,  deformed t,  CH,), 
3.74 and 3.90 (each 3 H ,  s, OMe), 6.58 (2 H ,  s, W )  3.1 Hz, 
2,4-H), 6.63 (1 H ,  s, 9-H), and 7.29vbr (1 H ,  OH). 

3,5-DibenzyloxybenzyZ Chloride (87) .-3,5-Dibenzyloxy- 
benzyl alcohol (86) 32 (50.0 g) and triphenylphosphine (42.0 
g) were boiled under reflux in dry carbon tetrachloride (1 1) 
for 60 h. The reaction mixture was then filtered and the 
residue was washed with hot light petroleum. Removal of 
the solvent under reduced pressure gave the crude product 
which was chromatographed over silica gel with 2.5% ethyl 
acetate-light petroleum as eluant. The benzyl chloride (87) 
crystallized from ether-light petroleum as rods (46.4 g), m.p. 
77-78 "C (Found: C, 74.45; H,  5.4; C1, 10.25% ; Mf, 338, 
340. CzlH1,ClO, requires C, 74.4; H ,  5.65; C1, 10.504; M ,  
338, 340); G(CCl,, 60 MHz) 4.37 (2  H ,  s, CH,), 4.90 (4 H ,  s, 
CH,), 6.53 (3 H, s, ArH), and 7.63 (10 H,  s, Ph). 

2-(3,5-Dibenzyloxybenzyl)-2-pentyl- 1,3-dithian (88) .-A 
solution of (2-pentyl-l,3-dithian-2-yl)lithium 34 [from 2- 
pentyl-1,3-ditliian (20 g) and butyl-lithium ( 1 . 1 3 ~  in 
pentane; 100 ml)] in anhydrous tetrahydrofuran (300 ml) 
was treated with 3,5-dibenzyloxybenzyl chloride (33.8 g) 
(87) in one portion a t  -78 "C under dry nitrogen. The 
resulting mixture was stirred at -78 "C for 2 h,  at -50 "C 
for 0.5 h, and then left to stand a t  0 "C for 16 h. Work-up 
in the usual way gave the crude product which was chromato- 
graphed over neutral alumina (activity 111) with 0-5% 
chloroform-light petroleum as eluant to give the dithian 
(88) (20.4 g) as a colourless oil homogeneous on t.1.c. 
(Found: Mf, 492.214 8. lsC301H3,1e0,32S, requires M ,  
492.215 7) ;  G(CDC13, 90 MHz) 0.90 (3 H ,  deformed t, 
Me), 1.12-2.18 (10 H, m, 5 x CH,), 2.80 (4 H,  deformed 

t ,  SCH,), 3.13 (2 H,  s, ArCH,), 5.00 (4 H,  s, OCH,), 6.55 (3 
H ,  s, ArH), and 7.35 (10 H,  ni, Ph). 

(89) .-Copper( 11) 
chloride dihydrate (2.5 g) and copper(I1) oxide (2.5 g) were 
added in one portion to a stirred solution of the dithian (88) 
(5 g) in acetone-water (99: 1 v/v; 250 ml). The mixture 
was heated under reflux for 1 h then filtered through Celite. 
The filtrate was diluted with ethyl acetate and worked up as 
usual to give the ketone (89) (4.1 g) as a viscous oil 31 homo- 
geneous on t.1.c. (Found: Mf, 402.218 9. Calc. for W,,- 

M ,  402.219 5);  G(CDCl,, 90 MHz) 0.87 (3 H, de- 
formed t, Me), 1.09-1.81 (6 H,  m, 3 x CH,), 2.39 (2 H, t, J 
7.2 Hz, COCH,), 3.56 (2 H,  s, ArCH,), 4.99 (4 H ,  s, OCH,), 
6.40-6.60 (3 H, AX,, JAX 2.0 Hz, 3 x ArH), and 7.36 (10 
H ,  m, Ph). 

1-(3,5-DibenzyZoxy~henyl)he~tan-2-oZ (90) .-A solution of 
the ketone (89) (5.25 g) in dry ether (50 ml) was added drop- 
wise over 10 min to a rapidly stirred solution of lithium 
aluminium hydride (1 .O g) in dry ether (50 ml). The mixture 
was heated under reflux for 5 h and then quenched with 
saturated aqueous sodium sulphate. The usual work-up 
gave the pure (t.1.c.) alcohol (90) (5.2 g) as an oil 31 (Found: 
M + ,  404.234 8. Calc. for 12C2,1H,21s03: M ,  404.235 1); 
G(CI>Cl,, 90 MHz) 0.89 (3 H, deformed t, Me), 1.07-1.62 
(8 H,  m, 4 x CH,), 1.75br (1 H,  D,O exchangeable OH), 
2.39-2.83 (2 H ,  AB part of ABX, JAB 13.5 Hz, ArCH,), 
3.73 (1 H, m, CH), 4.96 (4 H,  s, OCH,), 6.46 (3 H, s, ArH), 
and 7.33 (10 H,  m, Ph). 

1 - (3,5-DibenzyZoxytolyl) hexyl A cetafe (9 1) .-The alcohol 
(90) was acetylated in the usual way (acetic anhydride- 
pyridine) to give the acetate (91) in quantitative yield as an 
0i1,31 homogeneous on t.1.c. (Found: M+, 446.245 0. Calc. 
for 12C,,1H341s04: M ,  446.245 7); G(CDCI,, 90 MHz) 0.87 
(3 H ,  deformed t, Me), 1.03-1.73 (8 H, m, 4 x CH,), 
1.96 (3 H ,  s, COMe), 2.54-2.95 (2 H, AB part of ABX, JAB 
13.5Hz,ArCH,),4.99(4H,s,OCH,),5.07(1H,mJCH),6.46 
(3 H ,  s, ArH), and 7.36 (10 H, m, Ph). 

3- [6- (2-A cetoxyheptyl) -2,4-dihydroxybenzoyt]-4- 
hydroxy-6-metlzoxy-2-pentylbenzoate (92) .-Friedel-Crafts re- 
action between l-(3,5-dibenzyloxytolyl)hexyl acetate (91) 
and 6-benzyloxy-3-methoxycarbonyl-4-methoxy-2-pentyl- 
benzoic acid (79) for 100 h a t  room temperature gave, after 
chromatography over Sephadex LH-20 with methanol 
as eluant, methyl 3- [6- (2-acetoxyheptyl) -2,4-dibenzyloxy- 
benzoyl]-4-benzyloxy-6-methoxy-2-pentylbenzoate (54%) as 
an oil; G(CCl,, 60 MHz), 0.58-1.80 (20 H ,  m, aliphatic H),  
1.81 (3 H ,  s, COMe), 2.08-2.85 (4 H ,  m, ArCH,), 3.58 and 
3.70 (each 3 H ,  s ,  OMe), 4.56br (5 H ,  2 x OCH, and CH), 
4.89 (2 H ,  s, OCH,), 5.97 (1 H ,  s, ArH), 6.19br (2 H,  ArH), 
6.56-7.39 (10 H, m, 2 x Ph), and 7.20 (5 H, s, Ph). 
Hydrogenolysis of the tribenzyloxy-compound above 
gave the benzophenone (92) as a yellow gum, homogeneous 
on t.1.c. (Found: M', 544.266 2. 12C301H~01sOg requires M, 
544.267 2); G(CDCl,, 80 MHz) 0.62-1.81 (20 H, m, ali- 
phatic H),  1.92 (3 H, s, COMe), 2.01-2.81 (4 H,  m, ArCH,), 
3.86 (6 H ,  s, OMe), 4.84 (1 H,  In, CH), 6.26br (2 H, ArH), 
and 6.42 (1 H ,  s, ArH). 

Met hy 1 1 - ( 2- A cetoxy hepty 1) - 3 - hy droxy - 8 -met hoxy- 6 -pe ntyl- 
1 l-oxo-l1H-dibenzo[b,e] [1,4]dioxepzn-7-carboxylate (93) .-A 
solution of potassium hexacyanoferrate(rI1) (12 g) in water 
(300 ml) was added in one portion to a stirred solution of the 
benzophenone (92) (3 g) and potassium carbonate (21 g) in 
water (300 ml) and dioxan (300 ml). The solution was 
stirred for 10 min then acidified with dilute hydrochloric acid 
and worked up as usual. This gave the crude grisadienedione 

1- (3,5-DibenzyZoxyphenyl) heptan-2-one 

Methyl 
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which was heated under reflux in phenetole (130 ml) for 10 
min. The solvent was removed by steam distillation and 
the crude product obtained was chromatographed over 
silica gel with 5--15% ethyl acetate-light petroleum as 
eluant to give the depsidone (93) (1.6 g) as an oil, homo- 
geneous on t.1.c. (Found: M+, 542.252 8. 12C,,1H3,1s0, 
requires M ,  542.251 6) ;  6(CCI4, 60 MHz) 0.62-1.79 (20 H, 
m, aliphatic H),  1.85 (3 H ,  s ,  COMe), 2.32-3.34 (4 H, m, 
ArCH,), 3.66 and 3 . 7 5  (each 3 H ,  s ,  OMe), 5.07 (1 H, m, CH), 
6.32br (2 H, ArH) , 6.44 (1 H, s, ArH), and 7.42br (1 H, OH). 

We thank Dr. J .  A. Elix for details before publication of 
the conversion of the depsidone (83) into norcolensoic acid, 
Dr. M. M. Mahandru for copies of the i.r. and n.m.r. spectra 
of fulgidin, and the Australian Research Grants Committee 
for financial support. 
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