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Abstract 0 Methanolic extracts of hard and soft varieties of the sponge 
Verongia archeri were found to contain similar compounds. An isolation 
procedure and the structures of 2-(3’,5’-dibromo-4’-hydroxyphenyl)- 
acetamide, l-(3’,5’-dibromo-l’,6’-dihydroxy-4’-methoxycyclohexa- 
2’,4’-diene)acetonitrile, and 2-oxo-5,7-dibromo-6-methoxy-9-hydroxy- 
8,9-dihydrocoumarin from one variety are described. 
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Sponges of the genus Verongia have attracted consid- 
erable attention because of the strong antibacterial activity 
of their chemical constituents. The sponges V. aerophobia 
(1-3), V. cauliformis (4, 5), V. fistularis (6 ) ,  V. thiona 
(7-9), and Zanthella ardis (10, 11) have yielded several 
antibiotics (I-VI). A 3,4-dihydroxyquinoline derivative 
(VII) was also identified as one metabolite in V. aero- 
phobia (12). 

In a continuing investigation (13,14) of marine natural 
resources, the sponges V. archeri (hard and soft) were 
studied. The isolation and identification of various anti- 
biotics from these two species are reported. 

EXPERIMENTAL’ 

Materials-The hard form of V. archeri2 was collected as isolated 
cylinders from the north shore of Jamaica. The soft form was collected 
either as isolated cylinders or as groups of anastomosing cylinders, up 
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1 The following instruments were used: a Perkin-Elmer model 421 grating IR 
spectrometer, a Cary 14 LJV spectrophotometer, a Perkin-Elmer model 141 polar- 
imeter, an A-60A Varian NMR spectrometer, and a Hitachi Perkin-Elmer model 
107 mass spectrometer. Microanalyses were performed by Schwarzkopf Mi- 
croanalytical Laboratories, Woodside, N.Y. 

2 The sponge was identified by Dr. Willard D. Hartman, Department of Zoology, 
Yale University, New Haven, Conn. 

to 40 cm in height, from the British Virgin Islands. Both varieties lose 
their antibiotic activity after freeze drying, but the activity is retained 
when the sponges are oven dried at 60-80°. A similar phenomenon was 
observed with the sponge V. fistularis. 

Both varieties of V. archeri exhibit the same antibiotic profile, and the 
same active compounds were isolated from each species. The methods 
described in this report are for the hard species of V. archeri. 

Preparat ion of Crude  Antibiotic Fraction-Powdered sponge (7 
kg) was extracted repeatedly with methanol (3 X 5 liters) a t  room tem- 
perature until the extract showed no antibiotic activity. A total of 1580 
g was obtained after solvent removal. This product was extracted with 
ethyl acetate to obtain 278 g of ethyl acetate-soluble material and then 
was extracted with ether to obtain 240 g of material. 

The ether-soluble material was partitioned between acetonitrile and 
petroleum ether (1:l). The acetonitrile-soluble fraction (210 g) contained 
the antibiotic active substances, while the petroleum ether-soluble ma- 
terial was inactive against Escherichia coli. The acetonitrile-soluble 
fraction was then extracted with chloroform. Evaporation of the chlo- 
roform yielded 30 g of an antibiotic-containing mixture. The purification 
of Compounds A, B, and C from this mixture is outlined in Scheme I. 

RESULTS AND DISCUSSION 

Compound A-This compound from pooled fractions 101-134 (40 mg) 
was first crystallized from 95% ethanol and then recrystallized from 
chloroform-methyl ethyl ketone. 

chloroform extract  (active) 

polyamide co lumn 
chloroform,  50-ml fractions 

I -  1 1 I 
fractions fractions fractions fractions 

(active) (active) (active) (inactive) 
1-100 101-134 135-141 142- 

(A)  (B) 
polyamide co lumn 
chloroform, 500-ml fractions 

fractions fractions fractions 

(inactive) (active) (inactive) 
1-18 19-22 23- 

silica gel co lumn 
chloroform-benzene (80: 20) 
50-ml fractions I 

fractions fractions fractions 
1-36 37-58 59- 
(inactive) (active) (inactive) 

polyamide co lumn 
chloroform-petroleum ether  (75: 25)  
10-ml fractions I 

fractions fractions fractions 
1-41 42-94 95- 
(inactive) (active) (inactive) 

( C )  
Scheme I 
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The IR spectrum in a potassium bromide pellet showed absorbances 
at 3425 (amine, hydroxyl) and 1625 (amide carbonyl) cm-’. The spectrum 
in deuterated dirnethyl sulfoxide gave proton resonances a t  6 7.45 (s, 2H), 
7.1-6.80 (broad, 3H), and 3.31 (s, 2H) ppm. The mass spectrum had 
molecular ions a t  m/e 307,309, and 311 (1:21 ratio) and prominent peaks 
at  26:{, 265, and 267 (1:2:1 ratio, M+ - 44). The compound, mp 190-191’, 
gave an elemental analysis of: C, 31.31; H, 2.17; and N, 4.67. 

These data are indicative of Structure VIII, 2-(3’,5’-dibromo-4’-hy- 
droxyphenyl)acetamide, with a molecular formula of CeH7BrzN02. 
Confirmation of this structure for Compound A was achieved by treat- 
ment with diazomethane followed by a study of the mass spectrum of the 
resulting methyl ether. This spectrum showed the molecular ion peak 
at  mle 321, 323, and 325 (1:2:1 ratio) and another prominent triplet a t  
277,279, and 281 (1:2:1 ratio, M+ - 44). The identity was also established 
by synthesis from p-hydroxyphenylacetic acid (5). 

Compound B-Evaporation of solvent from pooled fractions 135-141 
gave 6.1 g of a white crystalline substance, which was crystallized from 
chloroform-methyl ethyl ketone as an analytically pure compound (5.5 
g), mp 120-122”. 

The IR spectrum in a potassium bromide pellet showed absorptions 
a t  : W O  (hydroxyl) and 2265 (nitrile) crn-l. The NMR spectrum in deu- 
terafed dimethyl sulfoxide gave proton resonances a t  6 6.49 (s, IH), 6.12 
(d, 1 H , J  = 7 Hz), 6.05 (s, 1H). 3.96 (d, lH ,  J = 7 Hz), 3.66 (s, 3H), and 
2.77 (s, 2H) ppm and an optical rotation of [ a ] ~  +186O (c, 0.5 g/liter in 
methanol). The mass spectrum had molecular ions a t  mle 337,339, and 
341 I 1:2:1 ratio). The compound gave an elemental analysis of C. 31.50; 
H, 2.82, Br, 46.94; and N, 4.23. 

On the basis of i t s  spectral and elemental analysis, this component was 
identified as l-(3’,5’-dibromo-l’,6’-dihydroxy-4’-methoxycyclohexa- 
2,4diene)acetonitrile (I) ,  previously isolated (1) from V. cauliformis. 

Compound C-This compound was crystallized from hexane-ethyl 
acetate as an analytically pure substance (92 mg), mp 129-130’. 

The IR spectrum in a potassium bromide pellet gave absorbances at 
3310 (hydroxyl) and 1760 cm-I, and the UV spectrum had the Amax a t  
282.2 nm (6 4680). The NMR spectrum in deuterated chloroform gave 
proton resonances a t  6 6.3 (s, lH) ,  5.17 (s, lH) ,  3.77 (s, 3H), 3.50 (broad, 
l H ) ,  and 2.9 (s, 2H) ppm. The mass spectrum had molecular ions a t  m/e 
338,340, and 342 (1:2:1 ratio) and peaks a t  320,322. and 324 (1:2:1 ratio, 
M+ - HZO), indicating the presence of two bromine atoms in the com- 
pound. The compound gave an elemental analysis of C, 31.76; H, 2.35; 
and Br, 47.06. 

The data suggest that this antibiotic is 2-oxo-5,7-dibromo-6-me- 
thoxy-9-hydroxy-8,9-dihydrocoumarin (aeroplysinin-2) (IV), described 

by Minale et al. (3). 
Biological Activity-The natural products were tested for their an- 

tibacterial activity against E.  c01i3 in the following manner. The com- 
pound, 0.003 g, was applied b a paper disk and incubated for 18 hr a t  35’. 
Zones of bacterial inhibition were measured and indicated by: +,less than 
15 mm; 2 t ,  15-18 mm; 3+, 18-22 mm; and 4 t ,  greater than 22 mm. The 
results were: I, 4 t ;  IV, t; and VIII, 3 t .  
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3The  American Type Cuture Collection, Escherichia coli 4157 - NC TC 86 
(original Escherirhia strain) containing both smooth and rough colonies. 
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