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AM Substituted pheools are oxidized by pbenyliodonium diacetabz in metbanol to yield eithex cyclobexa2,W or the. 
isomexic 2$dienoues depend@ upon the structure of tbe phenol. Annulation of these oxidatioo pmducts with the snion of 3- 
cyanophtbalide affords sccess to a range of anUnaquiMlvles not previouJly accetGile by this mu@. 

The annulation of p-q&one monoacetals (3) with anions of 3-phenylsulfonylphthalide* (1) or 3- 

cyanophthalide2 (2) (Scheme 1) has for the past decade been crucial to the synthesis of a wide variety of 

anthraquinones3 and related natural products including the anthracyclines4. Indeed, the mild conditions and 

regiochemical integrity of this process has made it the reaction of choice when assembling anthraquinones 

containing the 1,4-dioxygenated pattern e.g. (4). The acceptance of this reaction has been further enhanced 

by the ready availability of a wide variety of p-quinone monoacetals either by electrochemical or chemical 

oxidation of l&dioxygenated aromatic molecules~. 

(1) R1 = PhS02 
(2) R1 = CN 

(3) 

Scheme 1 

(4) 

Although recent applications of hypervalent iodine based oxidants have also focussed upon the 

conversion of 4-alkoxyphenols to p-quinone monoacetalse. isolated cases of Calkylphenols being oxidized 

have been repot%&. However no comment has been made on the reactivity or synthetic utility of products of 

the latter reaction. 

We now wish to report that the Calkylphenols (5a-c) and the Carylphenol (Sd) are readily converted 

to dienones (6a-d) upon oxidation with one equivalent of phenyliodonium diacetate (PIDA) in methanol at 
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ambient temperature. The resulting products of these oxidations are stable enough to permit isolation8 and 

may be annulated efficiently with the anion of 3-cyanophthalide, (-78°C in TIFF), to yield the respective 

anthraquinones (7a-d)9*1o in high yield (Scheme 2). 

6; - j&-&; 
Rl 1 0 4 

(5) (6) (7) 
EX; F4;=$ $=H R3=H c) Rl=Me F&p; R3=Me 

= =Me R3=H d) R1 =Ph R3 =H 
e) RI = f-Bu Rg =H R3=H 

Scheme 2 

Furthermore, oxidation of eugenol(8a) and creosol(8b) with one equivalent of PIDA affords the u- 

quinone monoacetals (9a) and (9b) respectively. Whilst these compounds self dime&G on standing at 

ambient temperature they can nevertheless be rapidly isolated and immediately annulated to afford 

anthraquinones (10a) and (lob) respectively (Scheme 3) in high yield. 

This is the first report of such o-quinone acetals undergoing annulation and presumably involves 1.4 

elimination of methanol from the intermediate (11) (Scheme 4). In general, o-quinone monoacetals have 

attracted little attention as synthetic intermediates due to their propensity towards self diierisationt3. In the 

present context the use of these compounds is facilitated by a combination of the rapid oxidation and work up 

coupled with an inert reaction by-product, iodobenxene. which can be carried through the annulation 

sequence8. 

(6) (9) (10) 

a) RI = ally1 b) RI =Me c) R1 = t-Bu 

Scheme 3 

With 1.5 equivalents of PIDA oxidation of 4-r-butylphenol (SC) occurs both ortho and para to the 

hydroxyl group to afford (9c) and (6e) in 43% and 55% yield respectively. The o-quinone acetal (SC) 

presumably arises vita the intermediacy of (8c), which is more susceptible to oxidation than the starting phenol 

(6e). Whilst (9c) annulates efficiently with the cyanophthalide anion (2), surprisingly, (6e) fails to yield any 
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detectable trace of an anthraquinone. This latter outcome is one of the rare exceptions to the otherwise 

general annulation reaction. A mixture of dienones is also obtained upon oxidation of 2&dimethylphenol 

(5~). this time the product being a 3:l mixture of (6c) and its isomeric 2Pdienot&. This mixture, which is 

not readily separated, affords a single product (7c) upon annulation to the anthraquinone. This product can 

clearly arise from either of the isomeric dienones. 

23-Dimethylphenol (12) oxidises with two equivalents of PIJJA to afford a 1:4 mixture of dienones 

(13a) and (13b). which upon annulation afford the corresponding anthraquinones (14a) and (14b) (Scheme 5). 

The monohydroxyanthraquinone (14a) is the fast example of such a structure being obtained by the phthalide 

anion route, and points to the utility of 2,4-dienones for the synthesis of other natural products. Work 

currently underway in our laboratories is addressing this issue. 

t 

0 OH 

0 

ow 
Scheme 5 

0 OH 

The fmancial support of the Australian Research Council is gratefully acknowledged 



548 

References and Notes. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

(a) Hauser, F.M.; Rhee, R.P. J. Am Chem Sot., 1977.99.45334534; (b) Hausex, F.M.; Rhee, R.P. J. 
Org. Chem. 1978.43,178-180. 

(a) Krauss, G.A.; Sugimoto. H. Tetrahedron Lett., 1978, 2263-2266 (b) Krauss, G.A.; Cho, H.; 
Crowley. S.; Roth, B.; Sugimoto, H.; Prugh, S. J. Org. Chem, 1983,48,3439-3444. 

(a) Russell, R.A.; Warrener. R.N. J. Chem. Sot., Chem Ckmumm., 1981,108-110; (b) Russell, R.A.; 
Pilley. B.A.; Irvine, R.W.; Wammr, R.N. Aust. J. Chem, 1!387,40,311-323; (c) Russell. R.A.; Day, 
Al.; PiKey, B.A.; Leavy. P.J.; Warrener, RN. J. C/rem Sot., Chem Comrmm., 1987, 1631-1633; (d) 
Tatsuta, K.; Or&i, H.; Yammaguchi. M.; Tanaka M.; Okui. T. l’erruhedron L&t.. 1990,31,5495- 
5498. 

Inter alia (a) Dolson, M.G.; Chennard, B.L.; Swenton. J.S. J. Am Chem Sot., 198l,ZO3,5263-5264; 
(b) Swenton. J.S.; Freskos, J.N.; Morrow, G.W.; Sercel, A.D. Tetruhedron, 198q, 40.46254633; (c) 
Keay, B.A.; Rodrigo, R. Can. J. Chem. 1985,63,735-738; (d) Keay, B.A.; Rodngo, R. Tetrahedron, 
1984,40,45974607; (e) Irvine. R.W.; Kinloch. S-A.; McConniclc. AS.; Russell R.A.; Warmner, R.N. 
Tetrahedron, 1988.44,4591-4604. 

For reviews see inter a&a (a) Swenton, J.S. Act. Chem Res., 1!383,Z6; 74-81; (b) Swenton J.S. in The 
Cbemkby of the Qubwnoid Coqundr eds. Patai, S.; Rappaport, Z. John Wiley and Son, U.K. 1988, 
p. 899. 

Fleck, AR; Hobart, S.A. ; Morrow, G-W.; Syn. Commun., 1992.22.179-187. 

(a) Tamura, Y.; Yakura. T.; Harula, J-T.; Kita, Y. J. Org. Chew 1987.52,3927-3930; (b) Pelter, A.; 
Elgendy, S. Tetrahedron Letr., 1988.29.677-680. 

The reaction mixture was diluted with water, extracted with chloroform and the extract dried over 
MgS04. The products were used without further purification in the subsequent annulation reactions. 
only in the cases of (6d). (6e) and (SC) were the oxidation products purified by chromatography. 

All crystalline compounds gave satisfactory nmr, ir and mass spectra as well as combustion analyses. 
Non-crystalline dienones were identified by nmr prior to annulation. 

?&Yield of antbraquinone based on phenol, m.p. ‘C / lit.m.p.°C : (7a). 86/169-70/17171-2tta; 
(7b), 96/168-9/168-9*tb; (7~). 82/180-81/173-51% (lOa). 92/144-5; (lOb),79/212-213/212.5ltd; (13a), 
23/220-221.5: (13b). 4W159-60 : 
?&Yield of a;;thr&inone based on purified dienone, m.p. T : (7d), 88/206-7; (lOc), 84/160- 

163. 

(a) Thomas, F.D.; Shamma. M.; Femelius. W.C. J. Am Chem. Sot., 1958.80, 5864-5867; (b) 
Baddeley. G.; Holt, G.; Maker, S.M., J. Chem Sot., 1952, 2415-2420; (c) Bently, W.H.; Gardener, 
H.D.; Weixmann, C. .I. Chem Sot., 1907,1626 [Chem. Abstr., 1908,2: 8281; (d) Guay, V.; Brassard, 
P. Tetrahedron, 1984,40,5039-5045. 

That addition occurs 8 to the carbonyl is evident from the tH-nmr spectrum of the product which 
shows a resonance (8 13 ppm) indicative of a single hydrogen bonded phenolic proton. 
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recently14. 
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The assignment of the cyclohexa-2,4-dienone structure as opposed to the alternate cyclohexa-2,5- 
dienone was based on the characteristic tH nmr shift of the proton j3 to the carbonyl. Jn the case of 
2,4-dienones. this resonance occurs close to 6 6.0 ppm, whereas in the isomeric structure it occurs at a 
lower field closer to 6 6.4 ppm. 

(Received in UK 5 October 1992) 


