
Pergamon 
Tetrahedron Letters, Vol. 38, No. 34, pp. 6087-6090, 1997 

@ 1997 Elsevier Science Ltd 
All rights reserved. Printed in Great Britain 

PII :  S0040-4039(97)01374-9 0040-4039/97 $17.00 + 0.00 

Tota l  Synthesis  of (+)-Ligudentatol v/a Photoaddition-Fragmentation-Aromafic 
Annula t ion  Sequence  

Nizar Haddad* and Husein Salman 

Department of  Chemistry, Teclmion, Israel Institute of  Teclmology, Haifa 32000, Israel. 

Abstract: First synthesis of  the naturally occurring compound (+)-ligudentatol is presented. It 
demonstrates the synthetic utility of  the "Photoaddition-Fragmentation-Aromatic Annulation" 
sequence, recently developed v/a the intramolecular photocycloaddition of  dihydropyrones to I 
alkenes. © 1997 Elsevier Science Ltd. 

The synthesis of substituted phenols, fused to aliphatic ring(s) usually starts with the aromatic unit, followed 

by construction of  the remaining aliphatic part. Alternative approaches are based on subsequent construction of  

the aromatic part via intermolecular annulation on substituted cyclic ketones. 1 Most of  the approaches derived 

from both strategies suffer from limitations associated with controlling regioselectivity in the preparation of  

polysubstituted compounds. Recently, we have developed a versatile and highly regioselective approach for the 

synthesis of  substituted phenols of  type 4, fused to aliphatic rings of  different sizes. The method based on the 

sequence of"PhotcLaddition-Fragraentation-Aromatic Ammlation" of dihydropyrones 2 of  type 1. Two 

alternative methods provide efficient transformation of  the photoproduct(s) to the corresponding phenol. 3 The 

position of  subsfituents at the aromatic and/or the aliphatic ring(s) can be defined by their corresponding 

position at the photosubstrate, whereas, the aliphatic ring size (n=1,2) can be determined by the number of 

carbons connecting the dihydro-4-pyrone to the C=C double bond of  the alkenyl side chain in 1. 
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Scheme I 

Substituted phenolic structures of  type 4 can be found in the useful insecticides 4 indan-5-yI-N-methyl- 

carbamates 5, the phenoxy and alkoxy, di- and tetrahydronaphthalenes of  type 6 which are prepared as 

antagonists of LTI~  and useful as anti-allergy and anti-flammatory agents. 5 It is also found as a substructure 

in a number of  des-A-steroids 7 known as potential anti androgens, 6 the compound with R=Me is considered 
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as one of the most potent compounds with 73% relative binding affinity for the androgen receptor compared 

to testosterone; and in a number of naturally occurring compounds such as juncunol 7 8 and the norsesqui- 

terpene (+)-ligudentatol 9, isolated from the rhizomes ofLigularia dentata Hara. s We present herein the first 

synthesis of  (+)-Iigudentatol (9) which demonstrates the synthetic utility of the title sequence. 
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Figure 1 

The isopropenyl substituent and its configuration in (+)-ligudentatol could be derived from (+)-limonen. 

The C---C double bond must be protected in order to preclude its addition to the dihydropyrone at the 

photocyclo-eddition step. 9 The synthesis starts by transforming (+)-limonen to acetal 10, following the 

literature procedure, l0 Hydroboration of 10 with 9-BBN 11 afforded the corresponding diol 11 in 68% yield. 

The primary alcohol in the products mixture was protected as its benzyl ether (BnI, Nail) affording 12 in 81% 

yield 12. The secondary alcohol in 12 was transformed to the terminal alkene 13, needed for the photocyclo- 

addition to the dihydropyrone. 13 prepared via the corresponding tosylate of 12 (TsCI, Pyridin, 0oc), 

followed by selective elimination with potassium tert-buto~dde 13 (tert-butanol, 60oc), which afforded after 

hydrolysis of the acetal protection (3N HCI in acetone) the desired aldehyde 13 in 60% yield from 12. 
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Aldehyde 13 was transformed to the desired photosubstrates mixture 16 in 47% yield by modification of a 

reported procedure for the synthesis of  4-pyrones. 14 
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Scheme 3 
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Irradiation of  16 under the usual conditions 15 at 0°C, afforded a mixture ofphotoproducts 17 in 90% yield. 

The mixture was transformed to the corresponding phenol products 18 in 75% yield upon treatment with 

TMSI. 3 Fragmentation of 17 to its corresponding diketoalcohol of  type 3 (scheme 1), then aromatic annulation 

via the alternative two step sequence was examined also. Treatment of 17 with borontrifluoroctherate then 

concentrated hydrochloric acid, afforded 18 in 60% yield. The synthesis of  the naturally occurring compound 

(+)-Iigudentato116 was completed from 18 by protection of  the phenol, reductive cleavage of  the benzyl ether 

followed by elimination of the corresponding iodide and deprotection of  the phenol upon treatment with 

tert-BuOK, as described in the following scheme. 
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In summary, the first synthesis of  the naturally occurring compound (+)-ligudentatol has been achieved. The 

synthesis demonstrates the utility of  the photoaddition-fragmentation-aromatic armulation sequence of dihydro- 

4-pyrones to alkenes in the regioselective preparation of  polysubstituted phenols. The two step sequence (15 

--> 17) afforded the corresponding substituted phenol in over 63% yield. 
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