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The antibiotic chartreusin (I)2 was first fully character
ized by Schmid et al. in I960.3'4 Although the antibacterial 
properties of 1 failed to attract lasting attention, recent findings 
that chartreusin exhibits pronounced activity in a number of 
anticancer screens5 led to a resurgence of interest in the 
pharmaceutical applications of this structurally unique mol
ecule. To date no synthesis of either 1 or its aglycone 2 has 
appeared. We now report a short, regiospecific preparation of 
2. 

The general strategy was based on the perception that 2 
might be available by oxidative cleavage of an appropriately 

1, R=fucose-digitalose 3 

2, R=H 

substituted benzanthracene as shown in 3. The synthesis is 
outlined in Scheme I. Thus Diels-Alder reaction between 21 
gof juglone(4) and 33 gof 56 in refluxing toluene for 1 week 
under oxidizing conditions (chloranil plus O2 atmosphere) 
following the procedure of Manning et al.7,8 affords 14.5 g of 
6 regiospecifically. There is no evidence to indicate that any 
of the alternative regioisomer is produced. The assignment of 
regiochemistry to 6 was initially based on the known re-
giochemical propensities of juglone9 and styrenes'0 in their 
Diels-Alder reactions with unsymmetrical partners;11 the 
eventual obtention of 2 affirms this assignment. 

Reductive methylation of 6 (Na2S204, K2CO3, and 
(CH3)2S04 in refluxing acetone) provides 7 (90%). Attempts 
to effect conversion of 7 to 8 in a single step (O3, purple ben-
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Scheme I 

zene, ICr/KMnCU) failed, but the more circumspect ap
proach employing successive oxidations with OsCU/ 
NaClO3,

12-13 CrO3, and H2O2
14 gives 8 in 54% overall yield 

via 9 and 10. Treatment of 8 with refluxing HBr/HOAc3 for 

9 10 

16 h followed by workup in hot aqueous acid3 affords 2 (64%), 
identical with an authentic sample. 

Experimental Section 
Melting points were determined in Pyrex capillaries and are un

corrected. NMR spectra were recorded on a Hitachi Perkin-Elmer 
Model R-24 spectrometer in CDCl3; chemical shifts are reported in 
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parts per million downfield from internal Me4Si. IR and UV-vis 
spectra were recorded on Perkin-Elmer spectrometer Models 421 and 
575, respectively. Chromatographies were performed on either Merck 
silica gel 60 (230-400 mesh) or neutral, activity I alumina (80-200 
mesh, Fisher Scientific). Analyses were performed by Galbraith 
Laboratories, Knoxville, Tenn. 

T1 -Hydroxy-1 -methoxy-4-methy lbenz] a ]anthracene-7,12-dione 
(6). A solution of 21.0 g of juglone (4) and 60.0 g of chloranil in 300 
mL of toluene was heated to reflux in a 1-L round-bottom flask. A 
solution of 33.0 g of 5-methoxy-2-methylstyrene (5)6 in 300 mL of 
toluene was added and the solution was refluxed for 6 days under an 
O2 atmosphere. The mixture was then cooled to room temperature, 
filtered, washed with 2 X 500 mL of 10% NaHSO3 (to remove residual 
4), dried over Na2S04, filtered twice, and evaporated to dryness. 
Filtration through 200 g of silica gel using CH2CI2 as eluent and 
chromatography on 350 g of alumina using 50:1 CH2CI2/ACOH 
yielded 14.5 g (37%) of pure 6. Recrystallization from EtOH/CH2Cl2 
gave an analytical sample as brown crystals: mp 181 -182 0C; NMR 
6 2.51 (3 H, s), 3.85 (3 H, s), 6.6-7.6 (5 H, m), 8.01 (2 H, s), 11.65 
(1 H, s). Anal. Calcd for C20Hi4O4: C, 75.46; H, 4.43. Found: C, 
75.37; H, 4.44. 

4-Merhyl-l,7,ll,12-tetramethoxybenz[a]anthracene (7). A sus
pension of 1.01 gof adduct 6, 15 gof K2C03,and 10 mL of dimethyl 
sulfate in 100 mL of acetone was heated at reflux under an N2 at
mosphere. After 3 h 1.0 g of Na2S2O4 was added, and the stirred 
suspension was refluxed for 20 h. After cooling, 100 mL of water with 
10 mL of 1 N NaOH was added. After 2 h the solution was concen
trated, extracted with CH2CI2, and dried over MgSO4. Chromatog
raphy on alumina using CH2Cl2 as eluent yielded 1.00 g (90%) of pure 
7 as a yellow solid: mp 46 0C dec; NMR 5 2.65 (3 H, s), 3.40 (3 H, s), 
3.97 (3 H, s), 4.05 (6 H, s), 6.9-8.1 (7 H, m). Molecular ion calcd for 
C23H22O4: 362.1518. Found: 362.1528. 

4-Methyl-1,7,11,12-tetramethoxy benz[a ]anthracene-5,6-dione (10). 
Solutions of 498 mg of compound 7 in 20 mL of THF and 146 mg of 
NaClO3 in 20 mL of water were mixed. After the addition of 6 mg of 
OsO4, the mixture was stirred for 75 h at 50 0C. After cooling to 25 
0C, 5 mL of a 10% NaHSO3 solution in water was added. After 1 h 
the mixture was extracted with ether (3 X 100 mL). The organic ex
tracts were combined, dried over Na2SO4, and evaporated to dryness, 
yielding 525 mg of crude product.15 The crude material was dissolved 
in 20 mL of pyridine and a solution of 520 mg of CrO3 in 10 mL of 
pyridine was added. After stirring for 18 h, the mixture was extracted 
with 2 X 100 mL of ether. The ether extracts were washed with 1.5 
N HCl until all pyridine was removed, dried over Na2SO4, and 
evaporated to dryness. Chromatography on silica gel using ether as 
eluent yielded 358 mg of diketone 10 (65%). An analytically pure 
sample was obtained as brown crystals by recrystallization from 
EtOH: mp 187-188 0C; NMR 5 2.65 (3 H, s), 3.50 (3 H, s), 3.98 (3 
H, s), 4.07 (3 H, s), 4.25 (3 H, s), 7.0-8.1 (5 H, m). Anal. Calcd for 
C23H20O6: C, 70.40; H, 5.14. Found: C, 70.13; H, 5.26. 

3-(2-Carboxy-6-methoxy-3-methylphenyl)-l,4,5-trimethoxy-2-
naphthoic Acid (8). A solution of 20 mL of TH F, 5 mL of H2O2 (30%), 
and 128 mg of diketone 10 was prepared and allowed to stand for 24 
h. After this period, 5 mL of 1 N NaOH was added slowly and care
fully (very exothermic), and the solution was stirred for 4 h at room 
temperature. The solution was then acidified with 1.5 N HCl and 
extracted with ether. The ether extract was dried over Na2SO4 and 
evaporated to give a solid which was recrystallized twice from ethyl 
acetate/heptane, yielding 115 mg (83%) of diacid 8 as colorless 
crystals, mp 208-209 0C. A mixture of synthetic 8 with naturally 
derived3 8 [mp 207-209 0C (lit.3 208-209 0C)] melted at 207-209 
0C; NMR (both samples) 5 2.30 (3 H, s), 3.45 (3 H, s), 3.60 (3 H, s), 
4.05 (3 H, s), 6.85-7.9 (5 H, m), 9.45 (2 H, bs, exchanges with 
D2O). 

Chartreusin Aglycone (2). A solution of 58 mg of diacid 8 in 30 mL 
of AcOH saturated with HBr was heated at reflux for 24 h under N2. 
The mixture was evaporated to dryness; 30 mL of 1 N HCl was added 
and the mixture was stirred under reflux for 18 h. Evaporation to 

dryness and sublimation of the crude product at 265 0C (0.1 Torr) 
yielded 29.3 mg (64%) of pure aglycone as chartreuse needles, mp 
311 -312 0C. A mixture of synthetic 2 and authentic 2 [mp 309-310 
0C (lit. 310-31 l,3b 315-316 °C3a)] melted at 309-310 0C. Aglycone 
2 was insufficiently soluble to obtain an NMR spectrum. The IR and 
UV spectra of synthetic and authentic 2 are superimposable and in 
agreement with published3 data. 
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