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Abstract The red pigment, radermachol(1). has been synthesized from 1,4-dimethoxynaphthelene In thrrfeen steps. 

Radermachol (l),’ a red prgment Isolated from Radermachera xylocarpa, has a fused aromatlc structure not en- 

countered previously in any other natural product A retrosynthebc analysis (Scheme 1) indicated the preparation of 3 as a key 

Intermediate for introduction of the dimethylacryloyl group and subsequent cycllzation. 
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Five synthetic routes for the preparation of 3 proved to be unsuccessful (Scheme 2) 2,3 We then considered the syn- 

thesis of a monoketone and mtroductlon of the second carbonyl group by oxidation Between the two monoketones (5) and 

(6), we chose 5 as our synthetic target, since the two methylenes In 5 should have different properlies and therefore could be 

manipulated separately, whereas in 6, the methylenes have similar features 

The synthesis of 5 (Scheme 3) commenced by the benzoylatlon of 1,4-d~methoxynaphthalene in the presence of 

TFAA to give 2-benzoyl-1,4-dlmethoxynaphthalene, which by reduction with Et3SiH In acidic medium afforded 2-benzyl-1,4- 

dlmethoxynaphthalene (7), mp 61-620C. lntroduchon of the acid cham in 7 was accompllshed by bromomethylation, dis- 
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Scheme 2 

placement of the bromrne by a cyano group and hydrolysrs4 to give 8 In a yreld of 59%. Cyckzatlon of the carboxyllc acrd (8) 

with PPA furnished 6,7-benzo-3,4(1,4-dlmethoxy-2,3-naphtho)-l-oxosuberane (5) mp 134-136OC 516 
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(a) CeHsCQH, CFsCOsH, (CF&O)20, Reflux, (b) Et&lH, CFsCQH, 25’C; (c) (CHsO),, HE?; (d) KCN, (e) OK , 
(1) PPA, 60-75’C 

Scheme 3 

Oxidatron of 5 with KMnO4-n-Bu4NBr afforded the drketone (12) Similarly, oxidation of 5 with PCC or DDQ gave 12 

as the only major product. An attempt to protect the keto group with ethylene glycol, resulted in the formatron of the enol 

ether 13 Refluxing 5 with NBS In CC14 in the presence of dibenzoyl peroxrde gave the bromo denvatrve, which was easily 

hydrolyzed by water during aqueous work-up or dunng purificatron on silica-gel to afford the alcohol (14) as an amorphous 

compound (Scheme 4) Oxidation of 14 wtth PCC gave the desired intermediate 6,7-benzo-3,4 (1,4-drmethoxy-2,3-naph- 

the)-1,5-droxosuberane (3) mp 121 5-122.5’C, In 50% yreld from 5 The structure of 3 was confirmed by an X-ray crystal 

structure determination 2b The high strain of the cyclopentanedrone nng can be clearly seen from the folded shape of the 

molecule In which the two planes formed by two drfferent aromatrc rings have a dihedral angle of nearly 100” The next step In 

our retro-synthetic analysis features the introduction of the srde chart-r at the benzykc posrtron In 3 
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(a) NBS, CCLt, (PhCOO)p, Hydrolysrs, (b) PCC, (c) Base, (d) Dimethylacryloyl chloride, (e) 2 eq AICls, CHzCl2, Reflux, 
(f) 5 eq Me&Y, CDC13, RT, 27 h; (g) MeOH, (h) p_TsOH, Benzene, Reflux, 5 h 

Scheme 4 

Theoretically, the acylatron could be accomplrshed by an intermolecular Clarsen condensation. However, treatment Of 3 

with a base, followed by addrtron of 3,3-drmethylacryloyl chloride gave the enol ester (15) in poor yield Varying conditions 

failed to give the required acylation product The formation of the enol ester 15 IS due probably to the generation of a stable 

enolate, which upon formatron of the ester extends the confugation The final step of introduction of the 3,3-dimethylacryloyl 

moiety at the benzylrc positron was achieved by acylatron under acidic condrtron 

Heatmg drketone 3 with 3,3-dimethylacryloyl chloride 4 in the presence of AICl3 in CH2Cl2, afforded 16 as the mafor 

product The crude product was demethylated wdh Me3SrI in GDCl3 at rt and then treated with MeOH The resulting hydro- 

qurnone was subsequently heated with a catalytic amount of pTsOH in refluxrng benzene to afford radermachol (1) as red 

needles, mp 214 5-216 5X, tdentrcal in all respects (co-tic, mixture mp, ir, ms, 1 H nmr and 13~ nmr spectral comparison) with 

the natural product A minor compound obtained rn the cyclyzatron has been assigned structure 17 The last step of 

demethylatron IS not straightforward and probably proceeds by hydrolysis and cyclizatron as shown in Scheme 5 The 

demethylatron reaction was followed by determmrng the1 H nmr spectrum from trme to time Addition of 5 equivalents of 

Me3SrI rmmedrately formed 18, in which the two-proton AB pattern was observed at 6 2 90 and 3 28 ppm (J = 16 0 Hz), re- 

spectively, and the chelated hydroxyl proton and the vinyl proton in the starting matenal disappeared This AB system can be 

assrgned to magnetically non-equivalent protons of the methylene group in 18 After one hour, the AB system disappeared, 

grvrng 19 in which two protons of the methylene group became equivalent 
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Scheme 5 

The synthesis of radermachol (1) has been accompkshed m thrrteen steps from I ,4drmethoxynaphthalene 
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All new compounds gave spectral and analytical data consistent with their structures 

The atternate cyclization product 9 via the cyclopropane intermediate 11 arising from the carbocahon 10 was ruled 

out by an nOe experiment When the two methoxy groups at 6 3.93 and 3 09 were irradiated separately, two methy- 

lene singlets at 6 4.41 and 4.51, respectively, showed enhancements, demonstrattng that both methylene groups In 

the product must be located at the positions benzylic to the 1,4 -drmethoxynaphthlene ring as in structure 5 
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