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Preliminary experiments have shown that this method is 
applicable to a wide variety of molecules in photoexcited 
triplet states and should be of general value in photochemis- 
try. For example it is possible to use photosensitization to 
produce the triplet state of a molecule whose line broaden- 
ing is of interest as has been shown for the naphthalene- 
benzophenone system, where little broadening is observed 
on direct irradiation of naphthalene in the absence of ben- 
zophenone. The application of this method to determine hy- 
perfine interactions and thus structural information as well 
as  relative triplet energies for biologically important mole- 
cules such as  chlorophyll will be reported shortly. 
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Biogenetic-Type Syntheses of Polycyclic Polyketide 
Metabolites Using Partially Protected /3-Hexa- and 
8-Heptaketones: 6-Hydroxymusizi11, Barakol, Emodin, 
and Eleutherinol 

Sir: 
Biogenetically modeled syntheses of polyketide-type aro- 

matic natural products have recently attracted attention. 
Numerous syntheses of monocyclic compounds have been 
reported which involve free or partially protected @tetra- 
carbonyl compounds as precursors, but the corresponding 
use of higher polycarbonyl compounds or their derivatives 
has not, as yet, led to any naphthalenoid or anthracenoid 
natural products.2 W e  now report biogenetic-type syntheses 
of 6-hydroxymusizin (1) and emodin (2), a s  well as  the re- 
lated heterocyclic metabolites barakol (3) and eleutherinol 
(4).  The present approach involves polyketones having the 
two terminal carbonyl groups protected as ketals; these fa- 
cilitate synthesis of the polycarbonyl compounds and direct 
their subsequent cyclizations. 

Bis(ethy1ene ketal) 63 of hexaketone 5 was employed for 
the synthesis of 1 and 3 and was prepared by acylation 
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(30-45%) of the trilithium salt (0.03 mol, prepared with i- 
PrzNLi) of protected tetraketone 73,4 with ester 8 (0.015 
mol) in T H F  a t  -78' (Scheme I).  The only cyclization 
pathway readily available to 6 is formation of resorcinol 9; 
an 80% yield of g3 was obtained when 6 was treated with i- 
Pr2NH (C6H6, reflux, 0.5 hr). After acetylation (AczO, 
C ~ H S N ,  25O, 40 hr)  of 9, the ketal groups were removed, 
and the second ring was closed to give naphthol lo3 ( 5 5 % )  
by treatment with 1:40 hydrochloric acid-acetone ( 2 5 O ,  10 
hr). Saponification of 10 under Nz (4  M KOH, 25O, 25 
min) gave 70% of 6-hydroxymusizin ( l ) ,  identical with an 
authentic  ample.^ 

If 9 was not acylated prior to removal of the ketal groups, 
chromone 11 was formed instead (87%). Chromone 11, on 
treatment with concentrated H2SO4 (1 hr, 2 5 O ) ,  cyclized 
further to give barakol (3, 80%), which was identical with 
an authentic Both 3 and 11 are constituents of 
Cassia siamea.8 

The initial approach to 2 involved bis(ethy1ene ketal) 13a 
of heptaketone 12 (Scheme 11). Acylation of the trilithium 
salt (0.03 mol, formed with i-PrzNLi) of 7 with the sodium 
salt (0.015 mol, formed with N a H )  of ester 143-9 gave 13a 
(THF, 18 hr, 25O, 17%),1° which, although relatively stable 
a t  ambient temperature, could not be purified fully by chro- 
matography on silica gel. Cyclization of 13a could give ei- 
ther resorcinol 15a or 17a, but under all conditions exam- 
ined 15a was the major product, only traces of 17a being 
formed. For example, treatment with Et3N in toluene (3 
min, reflux) gave 57% of 15a (which cyclized spontaneously 
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lyzed deketalization (0.4:6: 14 hydrochloric acid, H20,  and 
acetone, 25', 16 hr) gave dimethoxynaphthol 19, which, 
when it failed to undergo further aldol cyclization, was 
methylated (Me2S04, K2CO3, acetone, reflux, 2 hr) to give 
trimethyl ether 20.3 The latter cyclized readily in the pres- 
ence of N a O M e  (MeOH,  60°, 0 .5  hr) to anthracene 21, 
which by treatment with H I  in acetic acid (3 hr, reflux) and 
then with C r 0 3  in aqueous acetic acid (5 min, 50') gave 
emodin (2) (20% yield based on 18b).".'2 

In the present study, the terminal carbonyl groups were 
protected because model studiesi3 had indicated that in po- 
lyketones 5 and 1 2  these groups would be too susceptible to 
intramolecular attack. The approach is highly effective for 
the synthesis of 6-hydroxymusizin, barakol, and eleutheri- 
no1 but only marginally useful for emodin because the 
wrong initial cyclization predominates. W e  are  currently in- 
vestigating an alternate approach to direct the cyclizations, 
namely, the use of ketals to prevent participation of the ad- 
jacent methylene groups in aldol reactions. Hopefully 
through use of a combination of these protective devices, 
pretetramid and other complex polyketide metabolites can 
be synthesized. 
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to  hemiketal 16a3) and 3% of 17a (isolated as  dimethyl 
ether 18a (CH2N2, EtzO-MeOH)). The  quantity of 18a 
which could be prepared was inadequate to justify comple- 
tion of the emodin synthesis using this intermediate. How- 
ever, isomeric 16a is a potential precursor of eleutherinol 
(4). Treatment of 16a with a 0.5:6:14 mixture of hydrochlo- 
ric acid, water, and acetone (8 hr, 25') followed by i- 
Pr2NH (benzene, 5 min, 25') closed the naphthalene ring; 
subsequent treatment with CF3C02H (0.5 hr, 25') closed 
the pyrone ring to give 4 ' '  (19% from 16a). 
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For the synthesis of emodin, the relative proportion of at- 
tack a t  the 6 vs. the 4 position of heptaketone 12 was in- 
creased by using the more bulky ketals of 2,2-dimethyl- 
1,3-propanediol. Diprotected heptaketone 13b, prepared an- 
alogously ( 1  1%) to 13a, cyclized (i-PrzNH, toluene, reflux, 
3 min) to give 54 and 10% yields of resorcinols 15b and 17b, 
with the former cyclizing spontaneously to 16b and the lat- 
ter being isolated as dimethyl ether 18b3 (CH2N2, Et2O- 
MeOH).  Further cyclization of 18b under more basic c.on- 
ditions (NaOMe,  MeOH, 50', 2 hr), followed by acid-cata- 
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