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w - ( + ) - 1 0 - H y d r o n y - 1 1 - m e r h o x y - d r a c a e n o n e  ( I )  and (+I-7.10-dihydrony-11- 

methoxy-dracaenone (2) were synthesized by phenolic oxidative coupling from the 

hamoisoflavan derivatives q and !2, respectively. -- 

INTRODUCTION 

In a previous paper3 we described the isolation and structure determination of two 

representatives, ! and 2, of a new class of cyclized homoisoflavan derivatives. Together with 

caesalpin J ( 2 )  from Caesalpina =an4 these compounds constitute the first examples of the 

apparent phenolic coupling of a 7.3'-dihydroxy-homoisoflavan system to a terracyclic skeleton, to 

which we have given the name dracaenom5. I r  was reasoned that these isolates could be produced 

biomimetically via phenolic oxidative coupling of an appropriately svbstitufed hamoisoflavan. We 

report here on the successful realization of this goal, i.e. the synthesis, in racemic form, of 

the t w o  isolates from Dracaena loureiri (Agavaceae); 10-hydroxy-ll-methoxy-dracaenone (A) and 

7,1O-dihydroxy-1l-methoxy-draaaaaone ( 2 ) .  



DISCUSSION 

In order to ~~nthesize the range of functionality displayed by the isolates ! and 2, benzal- . 

chromanone 4 appeared to be an appropriate intermediate from which both of the target natural . 

products could be achieved. The starting material for the synthesis of 4 ,  7-hydroxychramanone (z), 
was prepared according to a literature procedure6 through the condensation of resorcinol and 3- 

chloropropionyl chloride in nitrobenzene in the presence of AlC13. Condensarion of with 

isovanillin in ethanol saturated with HCI gas afforded benzalchromanone 4 in 65 % yield, which an 

the basis of nmr evidence was indicated ro  be a mixture of the E- and ?-isomers in the ratio of 

95:5, respectively, which subsequently were separated by column chromatography. 

Transfer hydrogenation of 4 in 98 % formic acid at 80 OC on the presence of Pd(C) resulted in 

three products. Chromatographic separation on silica gel led to the target homoisoflavan 6 in 42 I 

~ield, together with lesser amounte (20 % yield of each) of the homoisoflavone ! and the homoiso- 
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Scheme I. Synthesis of (?)-10-Hydrony-11-mefhhhy-dracaenone (1) . 
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flavanone B .  - An improved yield of g (64 1:  was obtained through cafaly~ic hydrogenation over Pd(C) 

in 20 Z HC1 gas1EtOH at atmospheric pressure. In this case, compound 8 was obtained in only 10 X 

yield together with traces of 7. Characl:erisric l~-nmr data of compounds 4, 2-g are presented in 

Table 1. 

Compound P is appropriately substituted for para-para ~henolic oxidative coupling in order ro 

obtain 10-hydrony-11-methoxy-dracaenone (1). Two reagents have thus far been utilized to perform 

this reaction. The appropriate para-para coupling was achieved in 24 Z ~ield with lead 

tetraacetate (LTA) in dry chloroform in the presence of 3 mole equivalent of trichloroacetic acid7 

TABLE 1. ~ H - N I ~  DATA OF COMPOUNDS 4, 2-ga 

PROTON COMPOUND 

a All spectra were recorded in DMSO46. Chemical shifts ( 6 ) are given in ppm using TMS as 
internal standard. Coupling constants are given in Hz in parentheses. The assignments of the 
signals were fully supported by COSY experiments. 

- 4 4 7 -  



at -25 "C, bur an improved yield (37 %) of ! was obtained wirh thallium tristrifluoroacetate 

(TTFA)~ in dry chloroform at -25 "C. Synthetic ! was identical in every physical and spectroscopic 

detail (co-tlc, uv, ir, ln-nmr, I3c-nmr, me) with natural i3, except for optical rotation. 

With the synthesis of (+)-! in hand, attention focused on the synthesis of the corresponding 7- 

hydroxy derivative, 2. . Benzalchromanone 4 was prorected with benzyl bromide in refluxing methyl 

ethyl ketone in the presence of K2C03 to give 2 . in 92% yield. Eporidation of 2 - with 30% H202 in 

acetone-methanol ( 4 : l )  in the presence of 2N NaOH afforded in 86% yield, and reducrion of the -. 

epaxide with LiAlH4 in dry THE gave, in 90% yield, a mixture of the cis and rrans 
dihydroxychromans I! and LZ in the ratio of 3:2. Either prior to, or following, separation, the .- 

isomeric dihydroxychromans 11 and 12 were subjected to  catalytic hydrogenation over Pd(C) in .- -- 

ethanol in the presence of a catalytic amount of HC1 at atmospheric pressure to afford the 3- 

hydroxy-homaisaflaoan derivative ?? in 72% yield. As anticipated, deben~~lation also occurred 
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Scheme 2. Synthesis of (t)-7.10-Dihydroxy-11-methoxy-draaeaaaon (2) 
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under these conditions. lH-~mr data of compounds ?-!? - are shown in Table 2. Phenolic oxidative 

coupling of 13 with thallium tristrifluo-coacetate in dry chloroform at -25 OC gave (+)-7,lO- 

dihydroxy-11-methoxy-dracaenone ( 2 )  in 12% yield, identical in every respect wirh natural 2, 
except for optical rotation. 

Thus, the total synthesis of the new cyclized homoisoflavan derivatives 2 and 2 . isolated irom 

Dracaena loureiri has been achieved. Contained within the biomimeric route, and utilized as -- 
intermediates, are compounds such as homoisoilavans g and 12, homoisoflawme I and .- 

homoisoflavanone 3 which may subsequently also prove to be natural products. - 

PROTON COMPOUND 

a Spectra of compounds 9 .  A?, were recorded in DMSO-$6, while compounds 11 and were measured 
in CDC13 solution. Chemical sEifts ( 6 ) are given in ppm using TMS -is inEernal standard. 
Coupling con~tants are given in Hz in p,nrentheses. The assignments of the signals were fully 
supported by COSY experiments. 



EXPERIMENTAL 

Melting points were determined on a Kofler-type hot-stage apparatus and are uncorrected. 

Preparative column chromafography was performed on Silica gel 60 (70-230 mesh)(E.Merck), Thin- 

layer chromatography was performed on Silica gel GHLF uniplates (Analtech Inc.). l ~ - ~ m r  spectra 

were obtained on a Varian XL-300 spectrometer operating at 300 MHz. For the homonuclear COSY 

Spectra the standard Varian pulse program was used. All compounds gave satisfactory mass spectra 

(not reported), which were recorded an a Varian HAT 1125 double focusing mass spectrometer 

operating at 80 eV. 

7 - H y d r o x y - 3 - ( 3 ' - h y d r a x y - 4 ' - m e t h o ~ y b e n z ~ l i d - h m - 4 -  (E-$ and 2-4). 

7-Hydroxychromanone (5l6 (3.28 g, 0.02 moll and isovanillin (3.34 g, 0.022 moll were dissolved in 

abs. EtOH (40 ml). The solution was saturated with HC1 gas while its temperature wae maintained at 

30-40 OC with external cooling. The reaction mixture was kept at room temperature overnight, then 

poured into cold water (300 ml). The crude mixture was filfered and dried. Separerion by column 

chromatography using CHC13-MeOH (100:2) as eluent afforded 2-4 (0.19 g, 3%, mp. 193-194 OC) and 5- 

4 (3.68 g, 62%. mp 221-222 OC). 

( f ) - 7 - H y d r o x y - 3 - ( 3 ' - h y d ~ o x y - 4 ' - m e t h h h y b ~ n  (2). 
7,3'-Dihydroxy-4'-methoxyhomo-isoflavone ( 2 )  

(~)-7,3'-Dihydraxy-4'-methoxy-homoi~oflavanone ( 8 ) .  

A ,  A solution of 4 (1.5 g, 5.0 mmol) in 98% formic acid (40 ml) was added under nitrogen 

atmosphere to a suspension of Pd(C) catalyst (0.5 g) in 98% formic acid (10 ml), and the reaction 

mixfvre kept at 80 OC for 4 h. After filtration, the reaction mixture was neutralized (pH 7) with 

saturated aqueous Na2C03 solurion and thoroughly extracted with CHCI3 (3x70 ml). The organic layer 

was dried and evaporated. Separation of the reaction mixture by calumn chromatography using CHC13- 

MeOH (100:Z) as eluent gave (+I-5 (0.60 g, 42%, mp 133-135 OC), (0.30 g, 20%. rnp 196-197 OC) and 

(')-! (0.31 g, 202, rnp 157-158 OC). 

8 ,  Atmospheric hydrogenation of 4 (1.5 g, 5.0 mmol) in ErOH (50 ml) containing 20% HC1 gas over 

Pd(C) catalyst (0.2 g) followed by the usual work up including separation by column 

chromatography, afforded (9-6 (0.92 g, 64%) and (2)-g (0.15 g, 10%). 
(?)-10-Hydroxy-11-methoxy-dracaaaane (I). 

A,  To a solution of the homoisoflavone _6 - (200 mg, 0.7 -01) in dry CHC13 (50 ml), trichloroaeetic 

acid (410 mg, 2.53 moll and lead tetraacetate (370 mg, 0.84 mmol) w e r e  added at -25 OC, and the 

reaction mixture was maintained at this temperature for 8 h. After extraction with water (2x10 ml) 

the organic layer was dried and evaporated. Purification by column chromatography using CHC13 as 

eluenr gave (+)-A (48 mg, 24, mp 247-249 OC, lit. mp3 of (-)-L 263-265 OC). 
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8 ,  Under similar reaction conditions as above, the oxidation of the homoisoflavan 5 (200 mg, 0.7 - 

-01) wirh thallium tristrifluoroacetare (460 mg, 0.85 mmol) gave (+)-A (74 mg, 37%). 

7-Benayloxy-3-(3'-benzyloxy-4'-methoxybenzylidene)-chroman-4-one ( 9 ) .  

A mixture of compound 4 (4.0 g, 13.4 mmol), anhydrous K2C03 (20 g, 0.14 mal) and benryl bromide 

(4.2 ml, 36 mol) was refluned in methyl ethyl ketone (100 ml) for 24 h. After evaporation, CHC13 

(200 ml) was added to the residue and the mixture extracted with water (2x30 ml). The organic 

layer was dried and evaporated to give 9 (5.88 g, 92%, mp 154-155 OC) 

(~)-7-Benzylony-3.9-epony-3-(3'-benzyloxy-4-methoxybenzyl~-chroman-4-one (12). 

To a stirred solution of 9 (1.5 g, 3.0 mnol) in acetone (100 ml) and MeOH (25 ml) 30% aqueous Hz02 

solution (10 ml) and 2N NaOH (10 ml) were added and the reaction mixtvre kept at room temp. for 24 

h. The precipitate was filtered, washed with water and dried to afford 12 (1.33 g, 86%. mp 112- 

113 OC), which did not require further purification. 

(-i)-7-Benzylony-3,4-dihydroxy-3-(3'-benzyloxy-4-methoxybenryl)-chromans (11 and A2 1. 

To a solution of 1g .- (1.0 g, 2.0 mol) in freshly distilled THF (50 ml) LiAlH4 (220 mg, 5.8 -01) 

was added, and the reaction mixture refluxed for 4 h. After cooling, excess LiAlH4 was decomposed 

with water (5 ml), the THE was removed by distillation and the reeidve was treated wirh CHC13 (100 

ml). The resulting precipitate was removed by filtration and the washed with CHC13 (2x30 ml) and 

the combined organic layer was extracted with water (30 ml). The CHC13 layer was dried and 

evaporated to afford a mixture of ii -- and !? (0.91 g, 90%). For spectroscopic investigation the two 

isomers were separared by column chromatography using CHC13-MeOH (100:l) as eluent. 

( + ) - 3 , 7 - D i h y d r o n y - 3 - ( 3 ' - h y d d d x y - 4 ' - m e r h a y b 1 ) - o m  (12). 

Atmospheric hydrogenation of a mixture of !1 and 12 (0.8 g, 1.6 -01) in EtOH (20 ml) over Pd(C) 

catalyst (0.1 g) in the presence of 3 drops of HC11ErOH followed by the usual work up procedure 

including purification by column chromatography using CHC13-MeOH (100:2) as eluent, resulted in 

(?)-!? (346 mg, 72%, mp 146-148 OC). 

(?I-7,lO-Dihydroxy-11-methoxy-dracaenone ( 2 ) .  
To a solution of the homoisoflavan 12 (180 mg, 0.6 mol) in dry CHC13 (50 ml). thallium -. 

tristrifluoroaeetate (400 mg, 0.74 mmol) was added at -25 OC, and the reaction mixture maintained 

at this temperature for 8 h. After extraction with water (15 ml), the organic phase was dried and 

evaporated. Purification by column chromatography using CHC13-MeOH (100:l) as eluent afforded (+)- 

2 (21 mg, 12%). - 
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