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Abstract: The chiral synthesis of the (+)-naphthoquinone (4), 

the CDEF-ring system of nogalamycin congeners, has been accom- 

plished following the synthetic scheme developed for the model 

(-)-DEF-ring system (3) in the preceding paper. This synthe- 

sis features (1) stereoselective construction of the C~I- 

asymmetric center by introducing the naphthalene moiety into 

the (-)-methyl ketone (5), the glycoside part, (2) regio- 

selective oxidation of the 1,4,5,8-tetramethoxynaphthalene 

moiety with cerium(II1) ammonium nitrate , and (3) efficient 

formation of bicyclic acetal system. 

Nogalamycin (1) and its congeners are notable members of the anthracycline family 

because of their unique structures and prominent antitumor activity. Especially, 

7-con-0-methylnogarol (2), a semisynthetic derivative of 1, has been reported to 

exhibit more promising anticancer activity than the parent compounds (1).2 
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As described in the preceding paper,lap2 we have already achieved the chiral 

synthesis of the (-)-bicyclic acetal (3), the DEF-ring system of nogalamycin 

congeners, from readily available (-)-D-arabinose. This model study explored an 

efficient synthetic scheme to construct the DEF-ring system stereoselectively in 
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an optically active form. Based on the results accumulated in this model study, 

we next examined the stereocontrolled synthesis of the (+)-naphthoquinone (4), the 

CDEF-ring system of nogalamycin congeners which had been supposed to be the key 

intermediate of our synthetic plan.* In the second part of this series of papers, 

we wish to disclose full details of the stereoselective synthesis of 4 in an 

optically active form." 

Results and Discussion. 

Stereocontrolled Synthesis of the (-)-Dimethylamine (151, the Substrate for 

Regioselective Oxidation with Cerium(lI1) Ammonium Nitrate (CAN). For the syn- 

thesis of 4 according to the previously explored synthetic scheme, introduction of 

a suitably protected 1,4,5,8-tetraalkoxynaphthafene moiety into the (-)-methyl 

ketone (5) was required to construct the bicyclic acetal system at the later stage 

of the synthesis. After several preliminary experiments employing various types 

of tetraalkoxynaphthalene derivatives, 3p4 it was finally found that 1,4,5,&J- 

tetramethoxynaphthalene (6) prepared from 1,4_dimethoxybenzene by way of 5,%- 

dihydroxy-1,2,3,4-tatrahydronaphthalene-l,4-d~one,'t6 was only usable for this 

purpose. As shown in Scheme 1, addition of the 2-lithio-1,4,5,8_tetramethoxy- 
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a) 6, “BULL, THF, 30 min, 57% (7, from 5), 4% (8, from 51, 10% (5, from 5) b) 

'Bu4NF, THF, rt, i h, 98% c) 7) (COC1)2-DMS0, CH2C12, -80 'C, 20 min 2) 

Bt3N, -60 + 0 'C, 30 min, 95% a) DIBAL, PhMe, -78 OC, 20 min e) X2C03s 

MeOH, reflux, 30 min, 82% (11, 2 StePSI f) MOMCl, iPrZNEt, THF, reflux, 3 h, 

91% (13) g) LIAIH~, Et20, reflux, 1 h, 95% h) CAN, h2O-EtCHp -78 + -10 'C, 

2.5 h, 74% (21), 16% (22). 
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Table I. 'H NMR Spectral Data of 15, 18-22 

Compound 

Chemical Shifts (6: ppm, in CDC13) 

C,- and C4-OMe C5- and C8-OMe C3-H C6- and C7-H 

18 (3.71, 3.93, 3.96, 3.96ja 7.16 6.86 

19 3.98, 3.98 6.96 7.33 

20 3.82, 4.02 7.65 6.82 

15 (3.74, 3.87, 3.93, 3.95ba 7.73 6.83 

21 3.92, 3.96 7.27 7.27 

22 3.85, 4.01 8.08 6.80 

a) These four singlets could not be rigorously assigned. 

at 6 3.82 and 4.03 in the NMR spectrum of 20. It is noteworthy that the oxida- 

tion took place preferentially at the more sterically hindered Cl- and C4- 

positions of the 2-alkyl-1,4,5,8-tetramethoxynaphthalene ring rather than at the 

less hindered C5- and C8-positions. This remarkable regioselectivity may be 

accounted for by the electron density of naphthalene ring affected by the elec- 

trondonating I-methoxy-l-methylethyl group. 

As expected from the results of the model study, when 15 was oxidized with CAN 

at a lower temperature (-78 + 0 OC)," the desired (+)-naphthoquinone (21), mp 

147-148 ‘C and [a]~" +14.3' (c 0.280, CHC13), was found to be produced as a major 

product along with the minor regioisomer (223 in 5:l ratio and in a high combined 

yield. These regioisomers (21 and 22) could be readily separated by column chroma- 

tography. Structure assignments of 21 and 22 were achieved by comparing the 'H 

NMR spectra of these compounds with those of 19 and 20 as showninTable I. 

Synthesis of the (+)-CDEF-Ring System (4). After reduction of the 1,4-naphtho- 

quinone (21) with sodium hydrosulfite, brief exposure of the formed unstable 

hydroquinone (23) to trimethylsilyl bromide effected simultaneous cleavage of the 

three methoxymethyl ethers and intramolecular acetalization. Selective acetyla- 

tion of the C21- and C41-hydroxyl groups of the resulting bicyclic acetal (24) 

readily gave the (+)-diacetate (25), mp 182-183 ‘C and [crl~" +79.7' (c 0.310, 

CHC13). The protons involved in the C-glycoside moiety of 25 showed similar 

Scheme 3 
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a) Na2S204, H20-CHC13, rt b) 1) TMSBr, CH2C12, reflux, 10 min 2) 

MeOH, -78 'C + rt c) KOAc, Ac20, MeOH, rt, 1 h, 78% (3 steps) d) 

1) BBr3, CH2C12, 0 'C, 30 min 2) Et3N, MeOH, -78 'C + rt 3) CAN, 

H20-EtOH, -78 'C, 10 min, 71%. 
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chemical shifts and coupling constants to those observed for the protons of the F- 

ring of the 2',4'-diacetate of 3." Thus, the structure of 25 was definitely 

established as depicted in Scheme 3. Cleavage of the two methyl ethers of 25 with 

boron tribromide followed by quenching with triethylamine gave rise to the de- 

methylated product in a form of the triethylamine complex. This was further 

subjected to oxidation with CAN,12 furnishing the (+)-naphthoquinone (41, mp 153- 

155 'C and [algo +420° (0.050, CHC13). 

Conclusion 

As mentioned above, the efficient chiral synthesis of 4 was acheived following 

the synthetic scheme previously explored for 3. With 4 in hand, the regioselec- 

tive Diels-Alder reaction employing 4 as a dienophile, the key step of our syn- 

thetic plan, was next examined to construct the II-deoxyanthracylinone skeletons 

of nogalamycin congeners. This is the subject of the accompanying paper. 13 

Experimental 

General. All melting points were determined with a Yamato MP-21 melting point 

apparatus and are uncorrected. Measurements of optical rotations were carried out 

using a Horiba SEPA-200 automatic digital polarimeter. IR spectra measurement 

were performed with a JACSO A-200 IR spectrometer. 'H NMR spectra were measured 

with a Hitachi R-90H spectrometer (90 MHz) and a Bruker AM 400 spectrometer (400 

MHz). ~11 signals are expressed as ppm down field from tetramethylsilane used as 

an internal standard (6 value). The following abbreviations are used: singlet 

(s), doublet (d), triplet (t), multiplet (m), broad (br). Assignments of peaks 

are indicated according to the numbering of IUPAC nomenclature to avoid confusion. 

Mass spectra were taken with a Hitachi RMU-6MG mass spectrometer. Unless other- 

wise noted, all reactions were performed using anhydrous solvents. Especially, 

tetrahydrofuran and ether freshly distilled from sodium benzophenone ketyl were 

used. Wako Gel C-200 was used as an adsorbent for column chromatography. The 

following abbreviations are used for solvents and reagents: acetic anhydride 

(Ac2D), cerium(II1) ammonium nitrate (CAN), chloroform (CHC13), dichloromethane 

(CH2C12), diisobutylaluminumhydride (DIBAL), N,N,-dimethylformamide (DMF), di- 

methyl sulfoxide (DMSO), ethanol (EtOH), ethyl acetate (AcOEt), methanol (MeOH), 

tetrabutylammonium fluoride (Bu4NF), tetrahydrofuran (THF), Trimethylsilyl bromide 

(TMSBr). 

5,8-Dihydroxy-l,2,3,4-tetrahydronaphthalene-l,rl-dione. The Friedel-Crafts re- 

action of 1,4_dimethoxybenzene with 2,3-dichloromaleic anhydride in fused NaCl- 

A1C13,5 followed by reduction of crude 2,3-dichloro-5,8-dihydroxy-1,4-naphtho- 

quinone with &Cl2 under acidic condition (30%, 2 steps),6 gave the product as 

yellow crystals, mp 145-148 'C (recrystallized from EtOH) [lit. mp 152 oC6a]. 'H 

NMR (90 MHz, CDC13) 6 2.06 (4H, 5, C2-H2, C3-H2), 4.88 (2H, s, OH x 21, 8.01 (2H, 

s, C6-H, C,-H). 

1,4,5,8-Tetramethoxynaphthalene (6). A suspension of NaH (12 g, 50% dispersion 

in oil, 0.25 mol) was added to a stirred solution of 5,8-dihydroxy-1,2,3,4-tetra- 

hydronaphthalene-1,4-dione (6.0 g, 31 mmol) and dimethyl sulfate (32 g, 0.25 mol) 

in DMF (300 ml) cooled at -35 OC under an argon atmosphere. The reaction mixture 

was heated at 40 'C for 1 h. After cooling to ambient temperature, another 

portion of dimethyl sulfate (13 g, 0.11 mol, total 0.36 mol) was added to the 

reaction mixture and stirring was further continued for 30 min. KOH (30 g) and 

water (2.5 1) were successively added to the reaction mixture cooled in an ice 

bath. The precipitate was collected by filtration, washed with water, and dried 

over P205 in vacua. The crude Product was chromatographed (SiO2, AcOEt-CHC13) to 
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give crude 6 as a yellow solid. Recrystallization from EtOH afforded pure 6 as 

colorless crystals (6.1 g, 79%), 167-169 "C. 'H NMR (90 MHz, CDC13) 6 3.90 (IZH, 

s, OMe x 4), 6.84 (4H, s, ArH4); IR (KBr) 1600, 1380, 1270, 1075, 1050, 795 cm-'; 

MS m/z 248 (M+), 233, 205, 202, 190. Anal. Calcd. for C14H1604: C, 67.73; H, 

6.50%. Found: C, 67.87; H, 6.54%. 

(2R,3R,4S,5S)-(-)-6-(tert-Butyldimethylsilyloxy)-4-(N-methoxycarbonyl-N-methyl- 

amino)-3,5-bis(methoxymethyloxy)-2-(l,4,5,8-tetraarethoxy-2-naphthalenyl)-2-hexanol 

(7) and Its (2S,3R,4S,5S)-(-)-Isomer (8).. Butyllithium (4.6 ml, 1.5M hexane 

solution, 7.0 mmol) was added to a solution of 6 (1.7 g, 7.0 mmol) in THF (180 ml) 

in an ice bath under an argon atmosphere. After stirring for 20 min, a solution 

of 5 (2.1 g, 4.9 mmol) in THF (10 ml) was added to the reaction mixture and 

stirring was further continued for 3 min. The reaction was quenched by the 

addition of saturated aqueous NH4C1. The mixture was extracted with toluene and 

the combined extracts were washed with brine and dried (MgS04). Filtration and 

concentration in YBCUO gave a crude mixture of 5-8. This was triturated with 

ether and the solid was colleced by filtration. The solid was recrystallized from 

dioxane to give pure 6 (0.73 g, 43% from 6) as pale yellow crystals. Mother 

liquor from the trituration was concentrated in vacua and the residue was purified 

by column chromatography (Si02, AcOEt-hexane and AcOEt-CHC13), affording 5 as a 

pale yellow caramel (0.21 g, 10% from 5), pure 7 as a pale yellow caramel (1.9 g, 

57% from 5), and pure 8 as a pale yellow caramel (0.13 g, 4% from 5). 

7: [up -35.5' (c 1.00, CHC13). 'H NMR (90 MHz, CDC13) 6 0.03 and 0.05 (6H, 

two s, SiMe2), 0.86 and 0.90 (9H, two s, SitBu), 1.74 and 1.76 (3H, two s, C2-Me), 

2.9-5.0 (IOH, C3 -H, C4-H, C5-H, C6-H2, Cg20Me X 2, OH), 3.00 and 3.02 (3H, two s, 

NMe), 3.10, 3.29, 3.33, 3.37, 3.55, 3.64, 3.70, 3.81, 3.84, 3.86, and 3.89 (2lH, 

eleven s, CH20!#e x 2, ArOMe x 4, C02Me), 6.84 (2H, s, C61-H, C7g-H), 7.13 and 7.25 

(IH, two s, C31-H); IR (neat) 3450, 1690, 1600 cm-'; MS m/z 685 (M+), 653, 628. 

Anal. Calcd. for C33H55N012Si: C, 57.79; H, 8.08; N, 2.04%. Found: C, 57.76; H, 

7.93; N, 1.99%. 

8: [al;' -105“ (c 1.15 CHC13). 'H NMR (90 MHz, CDC13) 6 -0.31, -0.25. and 0.06 

(6H, three s, SiMe2), 0.68 and 0.91 (9H, two s, SitBu), 1.65 and 1.69 (3H, two s, 

C2-Me), 3.00 and 3.04 (3H, two s, NMe), 3.1-5.0 (IOH, m, C3-H, C4-H, C5-H, C6-H2, 

CIi20Me x 2, OH), 3.42, 3.71, 3.75, 3.90, and 3.98 (21H, five s, CH20fie x 2, ArOMe 

X 4, C02Me), 6.80 and 6.84 (2H, two s, C~I-H, C71-H), 7.07 and 7.31 (IH, two S, 

C3I -H); IR (neat) 3450, 1690, 1600 cm-'; MS m/z 685 (M+) 653, 628, 394. Anal. 

Calcd. for C33H55NO12Si: C, 57.79; H, 8.08; N, 2.04%. Found: C, 57.51; H, 7.85: 

N, 1.91%. 

(2s,3s,4R,5R)-(-)-3-(N-Wethoxycarbonyl-U-methylamino)-2,4-bis(methoxymethyloxy) 

-5-(1,4,5,8-tetramethoxy-2-naphthalenyl)-l,5-hexanediol (9). Bu4NF (5.0 ml, I.OM 

THF solution, 5.0 mmol) was added to a solution of 7 (I.5 g, 2.2 mmol) in THF (50 

ml) at room temperature under an argon atmosphere. After stirring for 1 h, the 

reaction mixture was concentrated in vacua- Column chromatography (Si02, AcOEt) 

of the residue gave pure 9 as a colorless caramel (1.2 g, 98%), [al20 -31.4O 

(c 1.25, CHC13). IH NMR (90 MHz, CDC13) 6 1.73 (3H, 6, C5-Me), 2.96 (3H, s, NMe), 

3.2-4.1 (28H, m, Cl-H2, C2-H, C3-H, C4-H, OMe x 7, OH x 2), 4.4-5.0 (4H, m, CH20Me 

X 2), 6.81 (ZH, s, Cgl-H, C7a-H), 7.05 and 7.22 (IH, two s, C31-H); IR (neat) 

3450, 1680, 1600 cm-'; MS m/z 571 (M+). 

(3S,4R,5R,6R)-I-(N~nethoxycarbonyl-N-methyl~ino)-3,5-bis(~ethox~=thyloxy)-6- 

methyl-6-(1,4,5,8-tetramethoxy-Z-naphthalenyl)tetrahydro-2-pyranone (IO). A solu- 

tion of DMSO (0.20 g, 2.6 mmol) in CH2C12 (0.50 ml) was added to a solution of 

oxalyl chloride (0.15 g, 1.2 mmol) in CH2C12 (3.0 ml) cooled at -60 OC under an 

argon atmosphere. After stirring for 2 min at the same temperature, a solution of 
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9 (0.29 g, 0.50 mmol) in CH2C12 (1.0 ml) was added to the reaction mixture and 

stirring was further continued for 20 min. After triethylamine (0.61 g, 6.0 

mmol) was added, the reaction mixture was allowed to warm up to 0 OC! over 30 min 

and diluted with AcOEt. The ethyl acetate solution was washed with brine, dried 

(MgS04), filtered, and concentrated in YBCUO. Column chromatography (Si02, AcOEt- 

hexane) of the residual oil gave pure 10 as a colorless caramel (0.27 g, 95%). 'H 

NMR (90 MHz, CDC13) 6 2.04 (3H, s, C6-Me), 2.97 (3H, s, NMe), 3.20 and 3.36 (6H, 

two 9, CH20e x 2), 3.66, 3.70, 3.86, 3.90, and 3.92 (ISH, five s, ArOMe x 4, 

C02Me), 4.51 and 4.60 (2H, two d, each J = 8 Hz, Cg20Me), 4.73 and 5.13 (2H, two 

d, each J = 7 Hz, CX20Me), 6.84 (2H, s, C~I-H, C~I-H), 7.00 (IH, S, C31-H); IR 

(neat) 1740, 1695, 1600, 1025 cm-'; MS m/z 567 (M+), 491. 

(2R,3R,4R,5S,6S)-(+)-6-Hydroxy-4-(N-methoxycarbonyl-R-nethyino)-3,5-bis- 

(methoxymethyloxy)-2-methyl-2-(1,4,5,8-tetramethoxy-2-naphthalenyl)tetrahydropyran 

(11) and Its (2R,3R,4R,SS,6R)-Isomer (12). 

a) Preparation of 11. DIBAL (0.92 ml, l.OM hexane solution, 0.92 mmol) was 

added to a solution of 10 (0.44 g, 0.77 mmol) in toluene (30 ml) cooled at -78 'C 

under an argon atmosphere. After stirring was continued for 20 min at the same 

temperature, the reaction was quenched by the addition of MeOH (0.50 ml). The 

mixture was diluted with saturated aqueous NH4C1 and extracted with AcOEt. The 

combined extracts were washed with brine, dried (MgS04), filtered and concentrated 

in vacua. The residue was dissolved in MeOH (30 ml) and anhydrous K2CO3 (2.0 g, 

11 mmol) was added to the methanolic solution at room temperature. The mixture 

was heated at reflux for 30 min, cooled to ambient temperature, filtered, and 

concentrated in vacua. The residual oil was chromatographed (Si02, AcOEt-hexane) 

to give pure 11 as a colorless caramel (0.35 g, 82%), [c!lp +12.2O (c 1.05, 

CHC13). 'H NMR (90 MHz, CDC13) 6 1.83 and 1.91 (3H, two s, C6-Me), 2.96 and 2.99 

(3H, two s, NMe), 3.28 and 3.37 (6H, two s, CH201+le x 2), 3.4-4.3 (19H, m, C3-H, 

C4-H, C5-H, ArOMe x 4, C02Me, OH), 4.4-4.9 (5H, m, C6-H, CIi20Me x 2), 6.80 (2H, s, 

C61-H, C71-H), 7.72 (IH, s, C31-H); IR (neat) 3450, 1690, 1600, 1070, 1030 cm-'; 

MS m/z 569 (M+). 

b) Preparation of a Mixture of 11 and 12. DIBAL (8.0 ml, l.OM hexane solution, 

8.0 mmol) was added to a solution of 10 (0.82 g, 1.5 mmol) in toluene (50 ml) 

cooled at -78 “C under an argonatmosphere. After stirring for 20 minatthe same 

temperature, the reaction was quenched by the addition of MeOH (5.0 ml). After 

addition of CHC13 and water, the mixture was neutralized to pH 7 with IM HCl. The 

lower chloroform layer was separated and dried (MgS04). Filtration and concentra- 

tion in vacua, followed by separation by column chromatography (Si02, AcOEt), gave 

a mixture of 11 and 12 as a colorless caramel (0.57 g, 70%). This was immediately 

used for the next step. 

(2R,3R,4R,5S,6R)-(-)-4-(N-Methoxycarbonyl-N-methylamino)-3,5,6-tris(methoxy- 

methyloxy)-2-methyl-2-(1,4,5,8-tetramethoxy-2-naphthalenyl)tetrahydropyran (13) 

and Its (2R,3R,4R,5S,6S)-(-)-Isomer (14). 

a) Preparation of 13. Chloromethyl methyl ether (3.2 g, 39 mmol) was added to 

a solution of 11 (0.35 g, 0.62 mmol) and ethyldiisopropylamine (4.4 g, 34 mmol) in 

THF (5.0 ml) at room temperature under an argon atmosphere. The reaction mixture 

was heated at reflux for 3 h. After cooling, triethylamine (2.0 ml) and MeOH (3.0 

ml) was added successively to the mixture cooled in an ice bath and stirring was 

continued for 15 min. The mixture was diluted with AcOEt, washed successively 

with 3M HCl, saturated aqueous NaHC03, and brine, and dried (MgS04). Filtration 

and concentration in vacua, followed by purification by column chromatography 

(SiO2 AcOEt-hexane), afforded pure 13 as a colorless solid (0.34 g, 91%). Recrys- 

tallization from ether-hexane gave an analytical sample of 13 as colorless crys- 
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tals, mp 115-116 'C and 1~1~~ -16.2' (c 1.10, CHCl3). 'H NMR (90 MHz, CDC13) 6 

1.82 (3H, s, C2-Me), 2.96 and 3.00 (3H, two s, NMe), 3.23, 3.28, and 3.40 (9H, 

three s, CH201'le x 3), 3.5-4.3 (18H, m, C3-H, C4-H, C5-H, ArOMe x 4, C02Me), 4.3- 

5.3 (7H, m, C6-H, Cg20Me x 3), 6.82 (ZH, s, C6t-H, C71-H), 7.74 (lH, s, C3r-HI; IR 

(KBr) 1700, 1600, 1450, 1390, 1350, 1270, 1020, 990, 920, 810, 750 cm-'; MS m/z 

613 (M+). Anal. Calcd. for C2gH43N013: C, 56.76; H, 7.06; N, 2.28%. Found: C, 

56.63: H, 7.17; N, 2.21%. 

b) Preparation of a Mixture of 13 and 14. The treatments of a mixture of 11 

and 12 (0.60 g, 1.1 mmol) in the same manner as that described in a) gave a crude 

mixture of 13 and.14 after concentration of the ethyl acetate solution in vacua. 

Separation by column chromatography (Si02, AcOEt-hexane) afforded pure 13 as a 

pale yellow solid (0.49 g, 76%) and pure 14 as a pale yellow caramel (0.11 g, 

17%), [al;’ -14.8' (c 1.00, CHC13). The spectral data of 14 are as follows. 'H 

NMR (90 MHz, CDC13) 6 1.94 (3H, s, C2-Me), 3.03 and 3.06 (6H, two s, NMe, CH20M=), 

3.32 and 3.36 (9H, two s, CH20fie x 3), 3.71, 3.75, 3.89, and 3.96 (lSH, four s, 

ArOMe x 4, C02Me), 4.4-5.0 (6H, m, Cli20Me x 3), 5.24 (lH, d, J = 3 Hz, C6-H), 6.75 

(2H, s, C61-H, C7e-H), 7.72 (lH, s, C31-H); IR (neat) 1700, 1600, 1450, 1385, 

1355, 1270, 1150, 1070, 1030, 990, 920, 810, 750 cm-'; MS m/z 613 (M+). 

(2R,3R,4R,5S,6R)-(-)-4-Dimethylamino-3,5,6-tris(methoxymethyloxy)-2-methyl-2- 

(1,4,5,8-tetramethoxy-2-naphthalenyl)tetrahydropyran (15). LiA1H4 (0.18 g, 4.8 

mmol) was added to a solution of 13 (0.73 g, 1.2 mmol) in ether (40 ml) at room 

temperature under an argon atmosphere. The reaction mixture was heated at reflux 

for 1 h and then cooled to ambient temperature. The excess hydride was decomposed 

by the addition of MeOH (1.0 ml) and the mixture was diluted with AcOEt. The 

ethyl acetate solution was washed with brine, dried (MgS04), filtered, and concen- 

trated in vacua. The residue was chromatographed (Si02, AcOEt-hexane) to afford 

pure 15 as colorless crystals (0.64 g, 95%), mp 109-110 "C and [alz" 0.00' (c 

1.08, CHC13), [a]$;5 -10.3" (c 1.08, CHC13). 'H NMR (90 MHz, CDC13) 6 1.85 (3H, 

s, C2-Me), 2.54 (6H, s, NMe2), 3.05 (lH, t, J = 9 Hz, C4-H), 3.37 (6H, s, CH20Me x 

2)P 3.40 (3H, s, CH20fi=), 3.70 (lH, dd, J = 8 and 9 Hz, C5-H), 3.74, 3.87, 3.93, 

and 3.95 (12H, four s, ArOMe x 4), 4.6-5.3 (7H, m, C6-H, CH20Me x 3), 6.83 (2H, s, 

;;;oH;mc?l';"M'; ~;:35(6bH;M~;,c:~;l)iA~aR11",",:'c~~"f"dr ;:;43:oy:r: y7;;.;;;:,:;;;; 

N, 2.46%. Found: C, 58.86: H, 7.57; N, 2.40%. 

(2R,3R,4R,5S,6S)-(-)-4-Dimethylamino-3,5,6-tris(methoxymethyloxy)-2-methyl-2- 

(1,4,5,8-tetramethoxy-2-naphthalenyl)tetrahydropyran (16). The same reduction of 

14 (0.16 g, 0.26 mmol) as that described for 13 gave crude 16 after concentration 

of the ethyl acetate solution in vacua. This was separated by column chromato- 

graphy (Si02, AcOEt-hexane) to give pure 16 as a colorless caramel (0.13 g, 86%), 

[al:' -24.1' (c 1.70, CHC13). 'H NMR (90 MHz, CDC13) 6 1.91 (3H, s, C2-Me), 2.53 

(6H, s, NMe2), 3.11 (lH, t, J = 9 Hz, C4-H), 3.23, 3.34, and 3.45 (9H, three s, 

CHROME x 3), 3.74 (3H, s, ArOMe), 3.90 (6H, s, ArOMe x 2), 3.96 (3H, s, ArOMe), 

4.2-5.2 (6H, m, Cg20Me x 3) 5.42 (lH, d, J = 3 Hz, C6-H), 6.78 (2H, s, C61-H, C 1 

H), 7.61 (lH, s, C31- H); IR (neat) 1600, 1450, 1380, 1350, 1250, 1050, 1020 cm"; 

MS m/z 569 (M+), 464, 348. Anal. Calcd. for C28H43NOll: C, 59.04; H, 7.61; H, 

2.46%. Found: C, 58.79; H, 7.86; N, 2.33%. 

5,8-Dimethoxy-1,4-naphthoquinone (17). An aqueous solution (0.50 ml) of CAN 

(0.20 g, 0.45 mmol) was added to a solution of 6 (82 mg, 0.33 mmol) in aceto- 

nitrile (1.0 ml) in an ice bath. After stirring for 40 min in an ice bath, the 

mixture was extracted with CHC13. The combined extracts were washed with brine 

and dried (MgS04). Filtration and concentration in vacua gave 17 as an orange 

solid (70 mg, 97%). Recrystallization from ether-hexane gave pure 17 as orange 
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crystals, mp 153-155 'C (lit. I57 oC6bl. 'H NMR (90 MHz, CDC13) 6 4.00 (6H, s, 

ArOMe x 2), 6.83 and 7.38 (4H, two s, ArH4). 

2-(l-Hethoxy-l-methylethyl)-l,4,5,8-tetramethoxynaphthalene (18). Butyllithium 

(1.3 ml, 1.5M hexane solution, 2.0 mmol) was added to a solution of 6 (0.50 g, 2.0 

mmol) in THF (50 ml) cooled in an ice bath. After stirring for 30 min in an ice 

bath, acetone (2.0 ml) was added to the reaction mixture and stirring was further 

continued for 1 min. The reaction was quenched by the addition of saturated 

aqueous NH~C~ and the mixture was extracted with AcOEt. The extracts were com- 

bined, washed with brine, and dried (MgS04). Filtration and concentration in 

vacua gave a residue, which was separated by column chromatography (SiO2, A&Et- 

cycle) to afford a crude 2-(l-hydroxy-l-methylethyl)-l,4,5,8-tetramethoxynaphtha- 

lene as a colorless solid. Recrystallization from ether-hexane gave a pure sample 

as colorless crystals (0.38 g, 62%), mp 100-101 'C. 'H NMR (90 MHz, CDC13) 6 1.69 

(6H, s, CMe2), 3.82, 3.90, 3.92, and 3.93 (12H, four s, OMe x 4), 5.01 (IH, s, 

OH), 6.83 (2~, s, C6-H, C7-H), 6.90 (lH, s, C3-H); IR (KBr) 3360, 1600, 1470, 

1380, 1355, 1255, 1220, 1130, 1070, 1045 cm-'; MS m/z 306 (M+), 291, 276, 261, 

248, 234. Anal. Calcd. for C17H2205: C, 66.65; H, 7.24%. Found: C, 66.85; H, 

7.31%. 

NaH (96 mg, 50% dispersion in oil, 2.0 mmol) and methyl iodide (4.6 g, 32 mmol) 

were successively added to a solution of the alcohol (0.37 g, I.2 mmol) in DMF 

(3.0 ml) in an ice bath under an argon atmosphere. The.mixture was heated at 40 

'C for I h, cooled to room temperature, and diluted with ether. The ethereal 

solution was washed with water, dried (MgS04), filtered, and concentrated in 

vacua. The residue was chromatographed (Si02, AcOEt-CHC13) to give pure 18 as a 

colorless solid (0.37 g, 96%). Recrystallization from ether-hexane gave an anal- 

ytical sample of 18 as colorless crystals, mp 99-100 'C. 'H NMR (90 MHz, CDC13) 6 

1.72 (6H, s, CMe2), 3.21 (3H, s, OMe), 3.71 and 3.93 (6H, two s, ArOMe x 2), 3.96 

(6H, SI ArOMe x 2), 6.86 (2H, s, C6-H, C7-H), 7.16 (IH, 8, C3-H); IR (KBr) 1605, 

1390, 1260, 1070, 1060 cm-'; MS m/z 320 (M+), 305, 274, 273. Anal. Calcd. for 

C18H2405: C, 67.48; H, 7.55%. Found: C, 67.46; H, 7.72%. 

5,8-Dimethoxy-2-(1 -methoxy-1-methylethyl)-1.4~naphthoquinone (19) and 5,8-Di- 

methoxy-7-(1-methoxy-l-methylethyl)-l,4-~phtoquinone (20). An aqueous solution 

of CAN (0.43 g, 0.78 mmol) was added to a solution of 18 (96 mg, 0.30 mmol) in 

acetonitrile (IO ml) in an ice bath. After stirring was continued for 15 min in 

an ice bath, the reaction mixture was diluted with AcOEt. The ethyl acetate 

solution was washed successively with water and brine, dried (MgS04), and filter- 

ed. Concentration in vacua, followed by purification of the residue by column 

chromatography (Si02, AcOEt-hexane), gave pure 19 as an orange solid (75 mg, 86%) 

and pure 20 as an orange solid (10 mg, 11%). 

19: Recrystallization from ether-hexane gave an analytical sample of 19 as 

orange crystals, mp 166-167 "C. 'H NMR (90 MHz, CDC13) 6 1.58 (6H, s, CMe2), 3.28 

(3H, 5, OMe), 3.98 (6H, two 8, C5-OMe, C8-OMe), 6.96 (lH, s, C3-H), 7.33 (2H, 8, 

C6-H, C7-H); IR (KBr) 1650, 1270, 1205, 1145, 1050, 1035, 950 cm-'; MS m/z 290 

(M+), 275, 245. Anal. Calcd. for C16H1805: C, 66.20; H, 6.25%. Found: C, 65.97; 

H, 6.38%. 

20: Recrystallization from ether-hexane gave an analytical sample of 20 as 

orange crystals, mp 116-117 OC. 'H NMR (90 MHz, CDC13) 6 I.65 (6H, s, CMe2), 3.28 

(3H, s, OMe), 3.82 and 4.02 (6H, two 5, C5-OMe, C8 -OMe), 6.82 (2H, 6, C2-H, C3-H), 

7.65 (IH, s, C6-H); IR (KBr) 1655, 1330, 1230, 1060, 1040 cm-'; MS m/z 290 (M+), 

275, 245. Anal. Calcd. for C16H1805: C, 66.20; H, 6.25%. Found: C, 66.07; H, 

6.36%. 
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(2R,3R,4R.5S,6R)-(+)-2-(5,8-Dimethoxy-l,4-dioxo-2-naphthalenyl)-4-dimethylamino 

-3,5,6-tris(methoxymethyloxy)-2-methyltetrahydropyran (21) and (2R,3R,4R,5S16R)- 

(+)-2-(1,4-Dimethoxy-5,8-dioxo-2-naphthalenyl)-4-dimethylaaino-3,S,C-tris(methoxy- 

methyloxy)-2-methyltetrahydropyran (22). An aqueous solution (30 ml) of CAN (19 

g, 35 mmol) was added to a solution of 15 (5.7 g, 10 mmol) in EtOH (80 ml) cooled 

at -78 'C. After stirring for 2 h at the same temperature, the reaction mixture 

was allowed to warm up to -10 OC over 30 min. After addition of AcOEt and water, 

the mixture was neutralized to pH 8 with saturated aqueous NaHC03. The upper 

organic layer was separated and the lower aqueous phase was further extracted with 

AcOEt. The ethyl acetate layers were combined, washed with brine, and extracted 

with 1M HCl. The aqueous extracts were combined and neutralized to pH 8 with 

saturated aqueous NaHC03. The neutralized aqueous layer was again extracted with 

AcOEt. The ethyl acetate extracts were combined, washed with brine, dried 

(MgSD4), filtered, and concentrated in vacua. The residue was separated by column 

chromatography (Si02, AcOEt) to give pure 21 as an orange solid (4.0 g, 74%) and 

pure 22 as an orange solid (0.85 g, 16%). 

21: Recrystallization from ether-hexane gave an analytical sample of 21 as 

orange crystals, mp147-148 'C and [a];' +14.3' (c 0.280, CHC13). 'H NMR (90 MHz, 

CDC13) 6 1.82 (3H, s, C2-Me), 2.46 (6H, s, NMe2), 2.83 (lH, t, J = 6 Hz, C4-H), 

3.32 (3H, s, CH20Ml), 3.40 (6H, s, CH20fle x 2), 3.83 (lH, dd, J = 6 and 7 Hz, C5- 

H), 3.92 and 3.96 (6H, two s, C5#-OMe, C81-OMe), 4.17 (lH, d, J = 6 Hz, C3-H), 

4.5-5.1 (7H, m, C6 -H, Cl120Me x 3), 7.27 (3H, s, C~I-H, C61-H, C~I-H); 'H NMR (400 

MHz, CDC13) 6 1.82 (3H, 6, C2-Me), 2.46 (6H, s, NMe2), 2.82 IlH, t, J = 5.7 Hz, 

C4-H), 3.32, 3.39, and 3.40 (9H, three s, CH20E x 3), 3.82 (lH, dd, J = 5.7 and 

6.9 Hz, C5-H), 3.91 and 3.95 (6H, two s, C5#-OMe, C81-OMe), 4.16 (lH, d, J = 5.7 

Hz, C3-H), 4.59 and 4.66 (2H two d, each J = 6.8 Hz, CH20Me), 4.68 and 4.69 (2H, 

two d, each J = 6.5 Hz, CIi20Me), 4.81 (lH, d, J = 6.9 Hz, C6-H), 4.88 and 4.97 

(2H, two d, each J = 6.5 Hz, Cl120Me), 7.25 (2H, s, C6f-H, C71-H), 7.26 (lH, SP 

C3'-H); IR (KBr) 1665, 1045, 1020 cm-'; MS m/z 539 (M+), 508, 479, 478. Anal. 

Calcd. for C26H37N011: C, 57.86; H, 6.91; N, 2.60%. Found: C, 57.46; H, 7.09; N, 

2.50%. 

22: Recrystallization from ether-hexane gave an analytical sample of 22 a8 

orange crystals, mp 115-116 'C and [a);' +44.9' (c 0.530, CHC13). 'H NMR (90 MHz, 

CDC13) 6 1.82 (3H, s, C2-Me), 2.50 (6H, s, NMe2), 2.85 (lH, t, J = 6 Hz, C4-H), 

3.25, 3.41, and 3.42 (9H, three s, CH20Me x 3), 3.83 (lH, t, J = 6 Hz, C5-H), 3.85 

and 4.01 (6~, two s, Cl'-OMe, C41-OMe), 4.28 (IH, d, J = 6 Hz, C3-H), 4.6-5.2 (7H, 

m, C6-H, cX20Me x 3), 6.80 (2H, s, C61-H, C7f-H), 8.08 (lH, s, C31-H); IR (KBr) 

1740, 1660, 1620, 1470, 1240, 1150, 1090, 1040, 1010 cm-l; MS m/z 539 (M+), 508, 

479, 478. Anal. Calcd. for C26H37NOll: C, 57.86; H, 6.91; N, 2.60%. Found: C, 

57.78; H, 6.80; N, 2.56%. 

(2R,3S,4R,5R,6R)-(+)-3,5-Diacetoxy-9,12-dimethoxy-4-dimethyl~ino-8-hydrOXy-6- 

methyl-2,6-epoxy-3,4,5,6-tetrahydro-2H-naphthaleno(l,2-bloxocine (25). An aqueous 

solution (20 ml) of Na2S204 (0.25 g, 1.4 mmol) was added to a solution of 21 (0.10 

g, 0.19 mmol) in CHCl3 (10 ml). The mixture was stirred vigorously until the 

yellow color disappeared. The lower chloroform layer was separated, dried 

(MgSD4), filtered, and concentrated in vacua. The residue was dissolved in CH2Cl2 

(5.0 ml) under an argon atmosphere. TMSBr (1.2 g, 7.8 mmol) was added to the 

dichloromethane solution under reflux and heating at reflux was further continued 

for 10 min. After being cooled to ambient temperature, the mixture was concen- 

trated in vacua. After MeOH (1.0 ml) was added to the residue cooled at -78 'C, 

the methanolic solution was warmed up to room temperature and concentrated in 

vacua. The residue was dissolved again in MeOH (1.0 ml) at room temperature and 
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the methanolic solution was concentrated in vacua. Potassium acetate (0.30 g, 3.1 

mmol) and Ac2O (2.2 g, 22 mmol) was added to a solution of the residual oil in 

MeOH (3.0 ml) at ambient temperature. After stirring for 1 h at room temperature, 

the reaction mixture was concentrated in vacua. Column chromatography (Si02, 

AcOEt) of the residue gave pure 25 as colorless crystals (69 mg, 78%), mp 182-183 

*C and [a]~0 +79.7' (c 0.310, CHC13). 'H NMR (400 MHz, CDC13) 6 1.57 (3H, s, C6- 

Me), 2.07 and 2.13 (6H, two 8, COMe x 21, 2.26 (6H, s, NMe2), 2.76 (IH, t, J = 

10.3 Hz, C4-H), 3.86 and 4.02 (6H, two s, OMe x 2), 5.12 (IH, d, J = 10.3 Hz, C5- 

H), 5.15 (IH, dd, J = 4.4 and 10.3 Hz, C3-H), 5.85 (IH, d, J = 4.4 Hz, C2-H), 6.61 

(IH, s, C7-H), 6.77 (2H, s, CIO-H, Cll- H), 9.35 (IH, s, OH); IR (XBr) 3440, 1745, 

1250, 1235, 1220, 1040 cm-'; MS mfz 475 (iY+), 318. Anal. Calcd. for C24H29NDg: C, 

60.62; H, 6.15; N, 2.95%. Found: C, 60.41; H, 6.13; N, 2.88%. 

(2R,3S,4R,5B16R)-(+)-3,5-Diacetoxy-4-d~methyl~ino-8-hydroxy-6-methyl-2,6-e~xy 

-3,4,5,6-tetrahydro-2H-~phthaleno[1,2-bloxocine-9,12-dione (41, BBr3 (0.90 ml, 

l.OM CH2C12 solution, 0.90 mmol) was added to a solution of 25 (45 mg, 95 pmol) in 

CH2C12 (4.5 ml) in an ice bath under an argon atmosphere. After stirring for 30 

min in an ice bath, the reaction mixture was concentrated in vacua at 0 OC. 

Triethylamine (0.50 ml) and MeOH (3.0 ml) was added to the residue cooled to -78 

OC. The mixture was allowed to warm up to room temperature , and then concentrated 

in VBCUO. A solution of CAN in a mixture of water (0.30 ml) and EtOH (1.5 ml) was 

added to a solution of the residue in EtOH (12 ml) cooled at -78 OC. After 

stirring was continued for 10 min at the same temperature, the reaction was 

quenched by the addition of triethylamine (0.27 ml). The mixture was diluted with 

water and extracted with CHC13. The combined chloroform extracts were washed with 

successively with brine, lM HCl, saturated NaHC03, and brine, and dried (MgS04). 

Filtration and concentration in vacua, followed by separation by column chromato- 

graphy (Si02, AcOEt-hexane), afforded pure 4 as red crystals (30 mg, '?I%), mp 153- 

155 “C and [cr]zO +420° (c 0.050, CHC13). 'H NMR (400 MHz, CDC13) 6 1.58 (3H, s, 

C6-Me), 2.12 and 2.15 (6H, two s, COMe x 21, 2.28 (6H, s, NMe2), 2.65 (In, t, J = 

10.8 Hz, C4-H), 5.11 (IH, d, J = 10.8 Hz, C5-H), 5.19 (IH, dd, J = 4.0 and 10.8 

Ha, C3-H), 5.85 (IH, d, J = 4.0 Hz, C2-H), 6.98 (2H, s, CIO-H, Cl,-H), 7.04 (IH, 

s, C7-H), 12.40 (IH, s, OH); IR (XBr) 3460, 1745, 1640, 1220, 1040 cm-'; MS m/z 

445 (M+). Anal. Calcd. for C22H23NOg=0.5H20: C, 58.15; H, 5.32; N, 3.08%. Found: 

C, 58.36: H, 5.26: N, 3.01%. 
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