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The Regiospecific Preparation of 1,4-Dioxygenated Anthraquinones : 
A New Route to Islandicin, Digitopurpone, and Madeirin 
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S.ummary A direct, versatile, one-step synthesis of anthra- 
quinones which exhibits total regioselectivity (> 99 yo) 
and involves the reaction of the anion of 4- or 7-methoxy- 
3-phenylsulphonylphthalides with variously substituted 
quinone monoacetals is reported. 

RETROSYNTHETIC analysis of anthraquinones naturally 
suggests the use of phthalic anhydrides as bisacylating 
agents of benzenoid partners. In practice such reactions 
frequently lack regiocontrol if the two reagents are un- 
symmetricallq2 and are only useful where such control is 
not required.3 Whilst modification of this synthetic 
strategy has led to alternative regiospecific routes to 
anthraquinone~,~ few of the reaction sequences afford the 

anthraquinone directly, and subsequent oxidation steps 
are usually unsatisfactory. The development of a reaction 
which is both regiospecific and capable of yielding an 
anthraquinone directly offers a marked improvement over 
existing methods. In considering this problem, we were 
mindful of the structural requirements of the clinically 
useful anthracyclines,5*6 and concentrated our attention 
upon anthraquinones containing potential hydroxy-groups 
in the 1- and 4-positions. For reasons outlined elswehere,' 
we consider that 0x0-bridged intermediates of the type (8) 
hold the key to a successful route to anthraquinones. We 
now report a new regiospecific, single-step reaction (Scheme 
1) based upon this premise, and exploit it to synthesize the 
naturally occurring anthraquinones madeirin* (15), islandi- 
cingt (1 l), and digitopurponelOt (12). 

f These compounds were obtained by demethylating the ethers (17 or 18) and (16 or 19) with boron tribromide. 
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The process takes advantage of the Michael acceptor 
propertiesll of quinone monoacetalsl2 to ensure regio- 
control, and the nucleophilic properties of phthalide anions13 
to initiate bond formation. The intermediate enolate 
anion (7), derived from the Michael adduct, undergoes 
subsequent ring closure14 to form the bridged ether (8). 
The value of the phenylsulphonyl (or other)$ leaving group 
in the nucleophile (1) is now apparent. Ring opening of 
the oxo-bridge in the ether (8),  together with elimination 
of the phenylsulphonyl group, affords the triketone (9) 
which subsequently eliminates methanol to give the 
anthraquinones (13)-(21). All these processes occur under 
basic reaction conditions, but a t  different temperatures. $7 
A major feature of this reaction is its versatility with regard 
to regiochemical control. For example, the regiochemical 

(1) R ~ =  R ~ = H  
1 2 

( 2) R = H , R = OMe ( 5 ) R3= H , R4= Me 
(3)R'=OMe ,R2=H ( 6 ) R 3 = M e , R 4 = H  

( 4 )  R3= R4= H 

G O ,  Ph 

0 0  0 OH 

0 OMe 

R1-R5, for (11)-(21) : 
(11) 
(12) 
(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 
(20) 
(21) 

R1 = R4 = R5 = H, R2 = OH, R3 = Me 
R1 = R3 = R5 = H, R2 = OH, R4 = Me 
R1 = R2 = R3 = R4 = H, R5 = Me 
R1 = R2 = R3 = H, R4 = R6 = Me 
R1 = R2 = R4 = H, R3 = R5 = Me 
R1 = R3 = H, R2 = OMe, R4 = R6 = Me 
R1 = OMe, R2 = R3 = H, R4 = R5 = Me 
R1 = R4 = H, R2 = OMe, R3 = R5 = Me 
R1 = OMe, R2 = R4 = H, R3 = R5 = Me 
R1 = R3 = R4 = H, R2 = OMe, R5 = Me 
R1 = OMe, R2 = R3 = R4 = H, R5 = Me 

SCHEME 1. 

requirements of islandicin (11) are met by treating either 
(2) with (6) to yield (18) or (3) with (5) to yield (17). The 
reversal of regiochemistry (in this case to that of digito- 
purpone), can therefore be achieved by suitable variation 
of substituents on either the phthalide or the dienone. 

n 

(22) 

The following is an example of the reaction conditions. 
Addition of the phthalide (3) to 1-2 equiv. of lithium 
di-isopropylamide in tetrahydrofuran a t  - 80 O C  afforded 
the yellow anion which, when quenched with 1.2 equiv. of 
(5),  gave a green-yellow solution. After stirring at -80 "C 
for 20min the reaction mixture was allowed to warm to 
room temperature over 30 min. A t  about -20 "C the 
colour of the solution changed to brown and finally to a 
red-violet, indicating the formation of the anthraquinone 
phenolate anion. The solution was acidified a t  - 10 "C, 
the solvent removed, and the product extracted into 
dichloromethane. The anthraquinone (17) was isolated 
either by direct crystallisation from methanol or by t.1.c. 
followed by crystallisation. Compounds prepared by this 
method are listed in the Table. 

r I 

L J 

(23) R3= R7= H ,R6= OMe (regioselective) ( 26 ) 
(24)  R3= Me, R6= R7= OMe(non-regioselective) 
(25) R3= Me, R t  OH a R7= OMe 

(no quinonoid 
product 1 

(27) 
(28)  
(29) 

SCHEME 2.  

3 Other leaving groups, such as phenylthiolate, can be used but the yields are lower. 

5 The major by-products of these reactions appear to be the Michael adducts [cf. (22)]. 

T[ A similar reaction using a quinone rather than a quinone manoacetal failed to yield any anthraquinone. 

These compounds are the intermediates 
which cyclise to yield the oxo-bridged compounds (8) and their presence in the reaction mixture supports the proposed mechanism. 

Presumably under 
the reaction conditions the intermediate Michael adduct exists as a less nucleophilic phenolate anion as observed by Treub and 
Eugster (W. Treub and C. H. Eugster, H e h .  Chim. A d a ,  1972, 55, 969). 
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quinone mono- 

M.p ./"C 
173-1 74a9d 
174-1 76" 
187-188"*' 
172-1 74a 
193-194" 
164-165"*" 
2 34-2 35" 9 C 

176--178"1' 
260-261 

a From MeOH; b from CHC1,-MeOH; C softens 150 "C; 
d Lit. map. 167-168 "C ('Dictionary of Organic Compounds,' 
4th edn., eds. I. Heilbron, A. H. Cook, M. M. Bunbury, and 
D. H. Hey, Eyre afid Spottiswoode, London, 1965); e Lit.* m.p. 
188-189 "C; f Lit. m.p. 177-178 "C (J. E. Baldwin and K. W. 
Blair, Tetrahedron Lett., 1978, 2559). 

Our reaction finds some analogy with the route to 
anthraquinones recently reported by Sammes. l5 We have 
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established16 that this methodology can be extended by 
the use of phthalides (1)-(3) to yield an anthraquinone in 
one step (Scheme 2), again using the leaving ability of the 
phenylsulphonyl group to obtain the higher oxidation state. 
Furthermore, the reaction is regioselective if a mono- 
alkoxybenzyne, is employed, e.g. (23) -+ (27), but we have 
been unable to  observe any regiospecificity with dioxy- 
genated species, e.g. (24) -+ (28 + 29). Contrary to ex- 
pectation,15 phenolic benzynes such as (25) yield no quino- 
noid products, and this underlines the value of the present 
procedure. Our methodology has been applied to the syn- 
thesis of anthracyclines and will be reported in due course. 

We acknowledge the financial support of the Australian 
Research Grants Commission (A.R.G.C.). 

(Received, 4th November 1980; Cow. 1185.) 

1 M .  Hayashi, J .  Chem. SOC., 1927, 2516; R. D. Gleim, S. Trenbeath, F. Suzuki, and C. J .  Sih, J .  Chem. SOC., Chem. Commun. ,  
1978, 242. 

2 For a review of the application of Friedel-Crafts and other methods to the synthesis of anthracyclines see T. R. Kelly in 'Annual 
Reports in Medical Chemistry,' ed.-in-chief H.-J. Hess, Academic Press, New York, 1979, Vol. 14, p. 288. 

3 A. V. Rama Rao, V. H. Deshpande, and N. L. Reddy, Tetrahedron Lett., 1980, 21, 2661 ; S. Terashima, N. Tanno, and K. Koga, 
ibid., pp. 2749, 2753. 

4 Inter alia S .  U. de Silva and V. Sniekus, Tetrahedron Lett., 1978, 5103; I .  Forbes, R. Pratt, and R. A. Raphael, ibid., 1978, 3965; 
M. Braun, Angew. Chem., In t .  Ed .  Engl., 1978, 17, 945; A. S. Kende, J .  L. Belletire, J .  L. Herrman, R. F. Romanet, E. L. Hume, 
and R. H. Schlessinger, Synth. Commun., 1973, 3, 387; D. K. Jackson, L. Narashimhan, and J. S. Swenton, J .  Am. Chem. SOC., 1979, 
101, 3989. 

6 K. Krohn and M. Radeloff, Chem. Ber., 1978, 111, 3823; R. J. Blade and P. Hodge, J .  Chem. SOC., Chem. Commun., 1979, 85. 

' R. A. Russell, D. M. Marsden, M. Sterns, and R. N. Warrener, Aust. J .  Chem., 1980, in the press. 
8 A. G. Gonzalez, R. Freire, J .  Salazar, and E. Suarez, An.  Quim., 1971, 68, 53. 
9 B. H. Howard and H. Raistrick, Biochem. J . ,  1949, 44, 227. 
lo E. J .  C. Brew and R. H. Thomson, J .  Chem. SOC. ( C ) ,  1971, 2007. 
l1 K. A. Parker and S.-K. Kang, J .  Org. Chem., 1980, 45, 1218; B. L. Chenard, D. K. Anderson, and J .  S. Swenton, J .  Chem. SOG., 

l2 M. G. Dolson, D. K. Jackson, and J .  S. Swenton, J .  Chem. SOG., Chem. Commun., 1979, 327 and references cited therein. 
l3 F. M. Hauser and R. P. Rhee, J .  Am. Chem. SOC., 1979, 101, 1628; F. M. Hauser and R. P. Rhee, J .  Org. Chem., 1978, 43, 178. 
l4 Analogous ring closures have been utilised in the synthesis of naphthols: see ref. 13 and N. J. P. Broom and P. G. Sammes, J .  

15 P. G. Sammes and M. Dodsworth, J .  Chem. SOC., Chem. Commun., 1979, 33. 
l6 R. A. Russell, R. N. Warrener, D. E. Marsden, and G. J .  Collin, unpublished results. 

F. Arcomone, 'Topics in Antibiotic Chemistry,' ed. P. G. Sammes, Halsted Press, New York, 1978, Vol. 2, Ch. 3. 

Chem. Commun., 1980, 932. 

Chem. SOC., Chem. Commun., 1978, 162. 




