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(1.471 for reversal enantiomorph) with N = number of Bijvoet 
pairs, R, = AI,/(F, ') ,  R, = lIc/(F:), AZO = F,,'?+h) - F,2(-h), 
and AI, = F:(th) - F?(-h). 
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In view of the recent communication3 in which the 
synthesis of 7,12-dimethylbenz[a]anthracene-3,4-dione (1) 
by oxidation of 3-hydroxy-7,12-dimethylbenz[a] anthracene 
(2) with benzeneselenic anhydride was described, we 
thought it of interest to report some of our results in the 
same area. 

We have oxidized 24 with Fremy's salt5 to obtain pure 
1, mp 154-155 "C, in 72% yield calculated on the recovery 
of 22% of 2. We made no attempt to reduce 1 to 3,4-di- 
hydro-3,4-dihydroxy7,12-dimethylb;enz[a]anthracene3 but 
did reduce 1 to 3,4-dihydroxy-7,12-dimethylbenz[a]- 
anthracene (3) in almost quantitative yield by sodium 
dithionite. 

In a similar wa:y l-hydroxy-7,12-dimethylbenz [ a ]  - 
anthracene4 (1) wa!; oxidized to 7,12-dimethylbenz[a]- 
anthracene-1,4-dione ( 5 )  in 94% yield based on recovery 
of 47% of 4, and 5 was reduced to 1,4-dihydroxy-7,12- 
dimethylbenz[a]anth.racene (6). The yields of 1 and 5 were 
not increased by using larger amounts of Fremy's salt, and 
unchanged 2 and 4 were always recoverable in about the 
amounts mentioned above. Interestingly, 2-hydroxy- and 
4-hydroxy-7,12-dimethylbenz[a]anthracenes4 were re- 
covered unchanged on treatment with Fremy's salt, 
probably because oxidation would require attack at the 
hindered I-position. A similar failure of enzymic hy- 
droxylation of 7,12-dimethylbenz[a]anthracene to yield 
appreciable amounts of 1,2-dihydro 1,2-diols has been 
noted, 5,6-dihydro ldiols, 3,4-dihydro diols, 8,g-dihydro 
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diols, and 10,ll-dihydro diols being the productsa6 
The 3-hydroxy-7,12-dimethylbenz [ a] anthracene (2) we 

used was prepared by a new route, shown in Scheme I, 
which we regard as preferable to the other syntheses of 2.3)4 

The starting materials for our present synthesis of 2 were 
two readily available chemicals, namely, phthalic anhy- 
dride and 2-brom0-6-rnethoxynaphthalene.~ Condensation 
via the Grignard reagent afforded o-(6-methoxy-2- 
naphthoy1)benzoic acid8 (7) in 65% yield. The remaining 
steps to 3-hydroxy-7,12-dimethylbenz[a]anthracene (2) 
went well as indicated in Scheme I. 

Experimental Section9 
0-(6-Methoxy-2-naphthoyl)benzoic Acid (7) .  In the best 

of several experiments a hot solution of 11.85 g of 2-bromo-6- 
methoxynaphthalene in 150 mL of benzene was added to a sus- 
pension of 1.21 g of sublimed magnesium in 50 mL of 1:l eth- 
er-benzene containing 0.5 mL of ethylene dibromide'O during 30 
min. After reflux was maintained for 15 h the Grignard reagent 
was added to a stirred suspension of 8.88 g of phthalic anhydride 
in ivO mL of 1:l ether-benzene. After 4 h a t  reflux the mixture 
was cooled, treated with dilute HC1, and worked up as usual to 
yield 11.3 g (72%) of 7, mp 164-166 "C. Recrystallization from 
benzene yielded 7,  mp 169-170 "C, with little loss.* In a similar 
run starting with 47.4 g of bromo compound a somewhat lower 
yield was obtained. 

3-Met hyl-3-( 6-methoxy-2-naphthy1)pht halide (8) .12 To a 
solution of 6.0 g of 7 in 100 mL of 1:1 ether-THF was added 32 
mL of 1.6 M methyllithium (Ventron). After refluxing for 15 h 
the mixture was worked up as usual to yield 5.5 g (91%) of 8, mp 

o -[ 1- (6-Methoxy-2-napht hy1)ethyllbenzoic Acid (9) .I2 A 
mixture of 4.56 g of 8, 30 g of zinc dust activated with 0.5 g of 
CuS04, 25 mL of pyridine, and 240 mL of 10% KOH was held 
at  reflux for 15 h and worked up to yield 4.4 g (97%) of 9, mp 

3-Methoxy-7,12-dimethylbenz[a]anthracene (11). Ten 
milliliters of anhydrous HF was stirred in 0.55 g of 9. After 15 
min the solution was poured on ice and worked up as usual to 
yield a yellow viscous oil which was dissolved in 10 mL of ether 
and treated with 3 mL of 1.5 M methyllithium. After 15 h of 
refluxing, the crude product was chromatographed over neutral 
alumina using benzene to yield 450 mg (87 '7 )  of 11,4 mp 131-132 
"C. 

0-[ 1-( 6-Methoxy-2-napht hyl)ethyl]acetophenones ( 10).l2 
To a solution of 1.4 g of 9 in 30 mL of THF was added 10 mL 
of 1.5 M CH3Li. After 5 h at reflux the mixture was treated with 
dilute HCl and after removal of the THF on a rotary evaporator 
there was obtained an almost quantitative yield of 10, mp 

Attempts to cyclize 10 to 11 with PPA (room temperature for 
7 h gave 65% of 11), with HF for 15 min ( 3 7 7 ~  of 11). or with 
CF,CO,H + ZnC1, at reflux for 4 h (42% of 11) did not afford 
1 1  in as high a yield as was obtained by the t)enz[a]anthrone route 
above described. 
7,12-Dimethylbenz[a]anthracene-3,4-dione (l).'* A solution 

of 3.0 g of Fremy's salt and 1.36 g of 2' in 50 mL of M KH2P04, 
400 mL of water, and 400 mL of methanol was stirred for 15 h 

159-161 "C. 

207-208 "C. 

106-107.5 "C. 
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metabolites described in the past two decades.2 Quite 
recently, however, several indoles and indole-based com- 
pounds have been isolated from sponges3 and algaea4 In 
this note we report the isolation of two novel lactams, one 
of them an indole derivative, from an algae-infested Car- 
ribean sponge, Halichondria melan~docia .~  

Specimens of H. melanodocia were collected at  2-4 f t  
depths near Summerland Key, Fla. The new lactams were 
obtained from isopropyl alcohol extracts of the wet sponge 
through a sequence of solvent partitioning followed by 
chromatography over Sephadex LH-20 and finally silica 
gel. Crystallization of one of the fractions from the silica 
gel chromatography yielded a white solid, l a ,  mp 

Scheme I 

7 8 

188% 

CH3 CH3 

1 3 

at  room temperature. The dark green solid produced was collected 
and chromatographed over silica gel using benzene to produce 
300 mg (22%) of 2 from the early fractions and 800 mg (72% based 
on the recovery of 2) of 1, mp 155.5-156.5 “C.ll 
3,4-Dihydroxy-7,12-dimet hylbenz[ a ]anthracene (3).12 To 

a well-stirred solution of 200 mg of 1 in 100 mL of benzene 
saturated with N 2  was added under N2 a solution of Na2S204 in 
30 mL of water. -4fter 15 min (the blue color changed to yellow 
in a few minutes) the uvual workup afforded 180 mg (90%) of 
3, mp 174-175 “C, as pi& yellow crystals. 
7,12-Dimethylbenz[a]anthracene-1,4-dione (5).12 By a 

procedure entirely analogous to  the oxidation of 2 to 1, 3.0 g of 
44 was oxidized by 9.0 g of Fremy’s salt to give 1.47 g (94% based 
on recovery of 47% of ,4) of 5, mp 199-201 “C, as deep violet 
crystals. 

1,4-Dihydrox~~-7,12-dimethylbenz[ alanthracene (6).12 By 
a method entirely analogous to  that used in the reduction of 1 
above there was obtained 180 mg (90%) of 6, mp 114-116 “ C .  
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Although one of the earliest marine natural products to 
be extracted and used commercially, Tyrian purple, proved 
to be an indole derivative,l few other indole-related com- 
pounds have been reported among the numerous marine 

(1) J. T. Baker and M. I). Sutherland, Tetrahedron Lett.,  43 (1968); 
J .  T. Baker, Pure Appl .  Chem., 48, 35 (1976), and references cited therein. 
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l a , R = H  
b , R = A c  

OH O 

2 

235.0-235.5 “C, C13H13N03 (high resolution mass spectrum 
231.087; calcd 231.089). The infrared spectrum (KBr) of 
la showed absorption at  3377 (sharp, OH), 3200 (brd, NH), 
1680 (sh at 16891, and 1635 cm-’, consistent with hydroxyl, 
a,Sunsaturated ketone, and primary amide groups. The 
ultraviolet absorption spectrum showed maxima a t  273 (t  
20 600) and 218 nm (t 17 BOO), indicative of a p-hydroxy- 
benzoyl moeitya6 Further evidence for this structural 
feature was obtained from the ‘H NMR spectrum (CD- 
C13-CD30D) which contained a pair of two-proton doublets 
a t  6 6.86 and 7.92 (J  = 9 Hz) and also the mass spectrum 
which exhibited a base peak at  121 (high resolution mass 
spectrum 121.028; calcd for C7H502 121.029). 

In addition to the aromatic proton signals, the d o d i e l d  
region of the ‘H NMR spectrum of la contained a one- 
proton triplet signal a t  6.56 ppm ( J  = 4 Hz) attributable 
to the P proton of an a,Sunsaturated carbonyl system. 
This proton was coupled to a broad two-proton multiplet 
a t  6 2.44 (overlapping d t  J = -4, -7.5 Hz), which in turn 
was coupled to a two-proton triplet appearing a t  6 3.46 
ppm ( J  N 7.5 Hz). Irradiation of the signal a t  2.44 not 
only collapsed the triplets a t  6 6.56 and 3.46 to singlets, 
but also sharpened a broad two-proton singlet a t  6 3.92. 
Hence, the methylene groups resonating 6 2.44 and 3.92 
were confirmed to have a homoallylic relationship. These 
chemical shifts and proton interrelationships were best 
accounted for by the partial structure -CH2C(CO)= 
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