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CHEMISTRY OF SPONGES, VII. 1 1,19-DIDEOXYFISTULARIN 3 AND 
1 1-HYDROXYAEROTHIONIN, BROMOTYROSINE DERIVATIVES 

FROM PSE UDOCERATINA DURISSIMA 

M.R. KERNAN, R.C. CAMBIE,~ 

Department of Chemistry, University of Anckkand 

and PATRICIA R. B~RGQUIST 

Dqartment of Zoology, University of Auckkand, Auckland, New Zeuland 

AESIXACT.--~ 1,19-Dideoxyfistularin 3 [3] and 11-hydroxyaerothionin [61, two new 
bromotyrosine-derived metabolites, have been isolated from the verongid sponge Pseudoreraina 
czllrissima, along with the known compounds aerothionin [I] and homcaerothionin [Z]. 

Marine sponges in the order Verongida are distinct both chemically and biologi- 
cally from those in other orders of the Porifera (1,2). All genera of the Verongida chemi- 
cally examined so far contain secondary metabolites that are derived from 
bromotyrosine or from chlorotyrosine (3,4). In such metabolites the side chain has been 
converted into a variety of nitrogenous groups while the aromatic ring has either been 
retained or has undergone rearrangement or partial reduction. 

Interest in the sponge Pseudoceratina durissima Carter (Family Aplysinellidae) col- 
lected from the Great Barrier Reef was stimulated by the potent in vitro antimicrobial 
activity of its CH2C12 extract. Separation of the crude extract on Sephadex LH-20 gave a 
single antimicrobial fraction that was purified by cc on Si gel to give the known metabo- 
lites aerothionin [l] ( 5 )  (0.34%) and homoaerothionin 127 (6) (0.11%) and two new 
metabolites, 11,19-dideoxyfistularin 3 137 (0.33%) and 11-hydroxyaerothionin 16) 
(0.09%). Aerothionin 117, whose absolute configuration has been established (7), and 
homoaerothionin [2] were identified from spectral data, including optical rotations, 
that were identical with literature values (5,6). The structures of 11,19-dideoxyfistula- 
rin 3 {3] and 1 1-hydroxyaerothionin 161 were determined by spectroscopic methods. 

1 1,19-Dideoxyfistularin 3 131 was obtained as an optically active and unstable yel- 
low powder. The compound failed to show a molecular ion in either the eims, the de- 
sorption ms, or the fabms. The molecular formula C, 1H30Br6N409 was therefore 
determined from the I3C-nmr spectrum (3 1 carbons, 26 attached protons), the 'H-nmr 
spectrum (4 D20  exchangeable protons in Me&O-d6), and the elemental analysis. The 
ir spectrum contained bands characteristic of alcohol, amine, and secondary amide 
groups (3500, 3350, 1645 cm- '), while the uv spectrum had absorptions at h max 284 
(E 10,400) (cisoid diene), 257 (16,000), and 224 nm (26,000), indicative of a cy- 
clohexadienyl moiety. Like aerothionin 111, 11,19-dideoxyfistularin 3 f31 had a 'H- 
n m r  spectrum that indicated two dibromospirocyclohexadienylisoxazole ring systems 
(5,8).  A 'H-'H COSY of 3 allowed assignment of the 'H-nmr signals associated with 
these systems. A two-proton signal at 6 6.29 (br s, 2H), due to overlapping signals of 
two distinct olefinic protons (H-5, H-5'), was coupled to signals at 6 3.92 (br d ,  1 H,  
J =  19Hz)and3.89(brd, 1H, J=  19Hz). Inturn, thesignalsat63.92and3.89were 
coupled to signals at 6 3.00 (d, 1H,J=  19 Hz) and 2.98 (d, 1H,J=  19 Hz) respec- 
tively. The signal at 6 6.29 also showed coupling to a signal at 6 4.34 (br s, 2H) that 
was assigned to the two methine protons (H- 1, H- 1'). The signals at 6 3.92 and 3.00 
were assigned to the methylene protons (H-7) of one of the isoxazole rings, and the sig- 

'For Pan VI, see Karuso et al. (15). 
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8 R'=H, R2=R3=OAc 

nals at 6 3.89 and 2.98 were assigned to the methylene protons (H-7') of the second 
isoxazole ring system. In addition, the 'H-nmr spectrum of 3 contained signals arising 
from two methoxylgroups 16 3.72 (s, 3H), 3.71 (s, 3H)}, andasignalat 6 7.37 (brs, 
2H) of an isolated aryl proton that indicated a symmetrically tetrasubstituted aromatic 
ring. The COSY of 3 showed a long range coupling from the signal at 6 7.37 to a signal 
at 6 2.76 (br t ,  2H, J =  8 Ht)  that was assigned to a benzylic methylene group; the 
signal at 6 2.76 showed fimher coupling to a signal at 6 3.54 (t, 2H, J =  8 Hz). These 
'H-nmr signals suggested the presence ofan Ar-CH,-CH,-X system. The remainder of 
the spectrum contained signals due to an NH-CH,-CH,-CH2-X system: 6 7.24 (br t ,  
lH ,  J = 6 Ht ,  NH), 3.67 (m, 2H), 2.09 (m, 2H), and 4.06 (t, 2H, J = 6 Hz), the con- 
nectivities of which were determined from the COSY. 

The complete structure of 11,19-dideoxyfistularin 3 131 was established from com- 
parison of its 13C-nmr spectrum with those of aerothionin 111, diacetylhexadellin A 
[lo) (9), diacetylhexadellin B Ell) (9), and psammaplysin A {9} (10 , l l )  (Table 1). A 
two-dimensional 13C-, 'H-nmr chemical shift correlation experiment (Table 2) al- 
lowed complete assignment of all protonated carbons of l l ,  19-dideoxyfistularin 3. 

11,19-Dideoxyfistdarin 3 131 is related to fistularin 3 [4} from the verongid 
sponge Aplysina&tuluris forma fulva (8) and differs from 4 in that the two secondary al- 
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Assignment 

TABLE 1 . I3C-nmr Spectra of Aemthionin Illa. 11.1 9.Dideoxyfistularin 3 [3Ib. 11-Hydmxyaerothionin 
[61b. Psammaplysin A [9Ib.', Diacetylhexadellin A [lOIb.', and Diacetylhexadellin B I l l ]  . b.c 

6 '3c 6" 

Carbon 

c.1.. 1' . . . . . . . .  
c.2. -2' . . . . . . . .  
c.3. -3' . . . . . . . .  
c.4. -4' . . . . . . . .  
c.5. -5' . . . . . . . .  
C.6. -6' . . . . . . . .  
c.7. -7' . . . . . . . .  

c.9. -9' . . . . . . . .  
C.8. -8' . . . . . . . .  

c-10 . . . . . . . . . .  
c-11 . . . . . . . . . .  
c-12 . . . . . . . . . .  
C-13 . . . . . . . . . .  
C.14. -18 . . . . . . .  
C.15. -17 . . . . . . .  
C-16 . . . . . . . . . .  
C-19 . . . . . . . . . .  
c-20 . . . . . . . . . .  
OMe . . . . . . . . . .  

. 
1 

75.1 
122.0 
148.7 
113.8 
132.3 
91.5 
40.2 

155.3 
160.0 
39.4 
26.7 

. 

60.2 

3d 

73.9,73.8(d) 
121.4(s, 2C) 
147.9(s, 2C) 
112.7 (s. 2C) 
130.9, 130.7(d) 
91.8,91.6(s) 
38.9, 38.8(t) 

154.1, 154.0(s) 
159.3 (s. 2C) 
37.2(t) 
29.2 ( t )  

7 1.1 (t) 
151.3(s) 
118.1 ( 5 .  2C) 
132.9(d, 2C) 
137.4 (s) 
34.2(t) 
40.4(t) 
60.1,60.1 (q) 

Compound 

6d 

73.8(d, 2C) 
121.4, 121.3(s) 
147.7 (5. 2C) 
113.1 (s. 2C) 
130.6, 130.6(d) 
91.9,91.8(s) 
38.7(t, 2C) 

153.9(s,2C) 
160.0, 160.0(s) 
36.2 (t) 
68.0(d) 
45.0(t) 
33.6(t) 

9 

67.4 
117.9 
148.0 
103.9 
144.9 
103.9 
36.7 

153.9 
156.6 
36.7 
28.8 
70.5 

151.5 
119.4 
132.6 
139.5 
31.5 
40.1 
58.4 

10 

73.2 
121.7 
149.7 
107.8 
130.5 
89.7 
40.1 

153.6 
158.6 
37.3 
29.3 
71.2 

15 1.2 
118.1 
132.8 
137.9 
34.5 
60.2 
60.2 

11 

73.1 
122.1 
149.7 
107.8 
130.2 
89.9 
39.9 

153.5 
158.6 
37.7 
29.4 
72.1 

151.5 
118.2 
132.8 
137.2 
34.4 
40.1 
60.2 

'In Me,C0.d6 . 
CDCI, . 

'Psammaplysin A. diacetylhexadellin A. and diacetylhexadellin B were renumbered for nmr com- 

dProton attachments determined via DEFT . 
parisons . 

coho1 groups in 4 at C- 1 1 and C- 17 are replaced by methylene groups in 3 . Acetylation 
of 3 gave a diacetate 5 whose 'H-nmr spectrum showed a close correspondance to that 
recorded for fistularin 3 tetraacetate (8) . Like fistularin 3 and fistularin 3 tetraacetate 
(12). 11.1 9-dideoxyfistularin 3 did not give a fabms . However. the deims of 3 showed a 
pentet centered at mlz 725 that was attributed to the major fragment after cleavage of 3 
at the C-8. -9 or C.8'. -9' bond. followed by loss of H,O . Subsequent loss of a bromine 
atom from this species gave the peaks at mlz 647 that were observed in the cims of 3 . A 
positive ion fabms of the diacetate 5 showed two clusters of seven ions centered at mlz 

C-15 . . . . . . . . . . .  
c.5. c-5' . . . . . . . . .  
c.1. c-1'  . . . . . . . . .  
c- 12 . . . . . . . . . . .  
OMe . . . . . . . . . . .  
c-20 . . . . . . . . . . .  
c.7. c-7'  . . . . . . . . .  

c- 10 . . . . . . .  
C- 19 . . . . . . .  
c-11 . . . . . . .  

132.9(d, 2C) 
130.9, 130.7(d) 
73.9,73.8(d) 
7 1.1 ( t )  

40.4 ( t )  

38.9, 38.8(t) 

60.1,60.0(q) 

37.2(t) 
34.2 (t) 
29.2 ( t )  

7.37(brs, 4H) 
6.29(brs, 1H). 6.28(brs, 1H) 
4.34 (br s. 2H) 
4.06(t, 2H. 6Hz) 
3.73(s, 3H). 3.72(s, 3H) 
3.54(t ,2H,8Hz) 
3.92 (d. 1H. 19 Hz). 3.89 (d. 1H. 19 Hz) 
3.00(d, 1H. 19Hz). 2.98(d, 1H. 19Hz) 
3.67 (m. 2H) 
2.76(br t. 2H. 8 Hr) 
2.09(m, 2H) 
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Proton 

H-1 . . . . . . . 
H-5 . . . . . . . 
H-7 . . . . . . . 

1-OH . . . . . . 

Journal of Natural Products 

Compound 

1 3 6 7 14 15 

4.18(7.5) 4.16(6) 4.16(7) 4.52(7.5) 4.22(7.5) 4.53(7.5) 
6.53 6.51 6.51 6.60 6.52 6.58 

3.85 (18) 3.83 (18) 3.83 (18) 3.85 (18) 
5.40(7.5) 5.46(6) 5.46(7) 4.97(7.5) 5.38(7.5) 4.98(7.5) 

3.15(18) 3.18(18) 3.12(18) 3.2-3.5 3.17(18) 3.42 

Wol. 53, No. 3 

9 

10 X=A,Y=Ac 
11 X=Ac,Y=A 

I _. 

A 

12 

1198 and mlz 1182 that were assigned to glycerol adducts of the protonated molecule: 
[M - 60 + GI+, [M - 60 - 16 + GI+. The same types of species have been reported in 
the fabms of aerophobin 1 acetate 1121 (12). Treatment of 11,19-dideoxyfistdarin 3 
with methanolic KOH afforded the diphenol13; the fabms of 13 had a pentet centered 
at mlz 7 18 and a quartet at m/z 638, 640 that were assigned to the major fragment after 
cleavage of the molecule at the C-9 or C-9' amide bond followed by loss of a bromine 
atom. 

The hydroxyl groups at C- 1 and C- 1 ' in 11,19-dideoxyfistdatin 3 131 were deter- 
mined to be cis to the methylene carbons at C-7 and C-7', respectively, from compari- 
son of the observed 'H-nmr chemical shifts with those of aerothionin El], cis,& 
aerothionin m, amide 1 4 ,  and amide 15 (Table 3). Me,CO-d6 was used as nmr solvent 
for this comparison because the 'H-nmr spectra of 1 , 7 , 1 4 ,  and 15 are reported in this 
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solvent (5,13); the chemical shifts of the appropriate signals in Me2CO-d6 differ consid- 
erably from those in CDCl, le.g., H-1, -1' 6 4.06 (CDCI,), 4.16 (Me,CO-dd for 37. 
The signals at 6 4.16 and 6.5 1, assigned to H- 1, H- 1 ' and H-5, H-5 ' , respectively, are 
more siniilar to those in aerothionin E17 and 14 (13) than to those in cis,cis-aerothionin 
f n ( 1 3 )  or in 15 (13). Furthermore, the spectra of both 7 and 15 have broad 'H-nmr 
signals attributed to the geminal C-7 protons, while the corresponding nmr signals in 
1,14, and 1 1,19dideoxyfistularin 3 E31 are observed as two doublets because of the in- 
teraction of the hydroxyl group with one of the geminal protons. Finally, the long range 
correlations observed in the COSY experiment (CDCI,) between the signals at 6 6.29 
and 4.34 and the signals at 6 6.29 and 3.90 require a relatively planar orientation for 3 
between C-5, C-6, C-7, and H-7 (14), which is only possible in the trans, trans con- 
figuration found in 1 and 14. The structure of 3 is thus as pictured. Only relative 
stereochemistry is implied, and the particular enantiomer drawn was arbitrarily picked 
to accord to the stereochemistry found in aerothionin. 

13 

14 R'=H, R*=OH 
15 R'=OH, R ~ = H  

1 1-Hydroxyaerothionin 161 was obtained as an optically active colorless glass for 
which the molecular formula C24H26Br4N409 was determined from the elemental 
analysis and 13C-nmr spectrum (24 carbons). The positive ion fabms showed a cluster of 
five ions centered at d z  857 that was attributed to EM + Na)+. The ir spectrum of 6 
showed bands due to alcohol, amide, and amine groups (3400, 3350, 1645 cm-') 
while the uv spectrum had absorptions due to a cis-dienoid group [A max 284 (E 
ll,lOO), 233 (19,750)1. The 'H-nmr spectrum of 6 was very similar to that of 
aerothionin Ell. Signals at 6 6.16 (br s, 2H), 4.10 (d, 2 H , J = 6  Hz), 3.72 (d, l H ,  
J =  18 Hz), 3.70 (d, 1H,J= 18 Hz), 3.59 (s, 6H), and 2.85 (d, 2H, J =  18 Hz)were 
assigned to two dibromospirocyclohexadienyl ring systems. In addition, the 'H-nmr 
spectrum of 6 contained signals that required an -NH-CH2-CH2-CH(OH)-CH2-NH- 
group. Signals assigned to a methylene group E6 3.46 (dd, l H , J =  14, 3 Ht), 3.32 
(dd, 1H,J= 14,7 Hz)I showed a correlation in the COSY to a signal at 6 3.60 (m, 1H) 
that in turn was coupled to signals assigned to a second methylene group (6 1.73 (m, 
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lH), 1.61 (m, 1H)J. Thesignalsat 6 1.73 and 1.61 showedadditiondcoupling tosig- 
nals due to the third methylene group 16 3.37 (m, lH), 3.55 (m, 1H)I. These data 
suggested that 1 1-hydroxyaerothionin had the structure 6. Comparison ofthe 13C-nmr 
spectrum of 1 1-hydroxyaerothionin with the 13C-nmr spectra of aerothionin 111 and 
homoaerothionin 12) revealed that the methylene group at C- 1 1 in aerothionin 111 was 
replaced by a secondary alcoholic group in 1 1-hydroxyaerothionin. Like aerothionin 
and 11,19dideoxyfistularin 3, the two dibromospirocyclohexadienyl rings in 6 have 
the trans,trans configuration (Table 3). Acetylation of 1 1-hydroxyaerothionin 163 gave 
the expected triacetate 8. The structure of 6 is thus as pictured. Only relative 
stereochemistry is implied, and the enantiomer drawn was arbitrarily picked to accord 
with that of aerothionin; the relative stereochemistry of the 1 1-OH group could not be 
determined from the spectral data. 

Although aerothionin [l], homoaerothionin 121, 11,19dideoxyfistularin 3 131, 
and 1 1-hydroxyaerothionin 161 all had in vitro antimicrobial activity, 11,19di- 
deoxyfistularin 3 was the most active of the metabolites tested. Aerothionin 111, 
homoaerothionin 121, and 1 1-hydroxyaerothionin 161 all inhibited the growth of 
Staphylococcus aureus at 100 pgldisk, Bacillus subtilis at 50 pgldisk, and Candida albicans 
at 50 pg/disk, whereas 11,19-dideoxyfistularin 3 inhibited the growth of S. auwus at 
25 pgldisk, B .  subtilis at 10pg/disk, and C. albicans at 25 pgldisk. 

EXPERIMENTAL 
GENERAL EXPERIMENTAL PROCEDURES.-T~~S~ were as in Kanw et al. (15), except as follows. It 

spectra were obtained either on a Shimadzu IR-27G spectrometer or a Bio-Rad ETir spectrometer. AU sol- 
vents were distilled prior to use. Hplc was carried out with a Shimadzu LCdA solvent delivery system 
equipped with a Waters R40 1 r.i. detector, using a Merck LiChrosorb Si gel column (25 X 1 cm). 2D nmr 
experiments were performed on a Bruker 400 MHz nmr spectrometer following literature procedures 
(16,17). 

ISOLATION OF NATURAL PRODUcrS.-The freezedried sponge (96.12 g) (Ref. No. AUZ-BWJ; 
British Museum Register No. 83- 12-4-28) collected from Bowl Reef, Great Barrier Reef, Australia (at 10 
m depth), was extracted exhaustively with CH,CI, to give a brown oil (3.75 g) that showed in vitro an- 
timicrobial activity against S. UII~CIU (Oxford strain), B. svbtifir (PB 2576), and C. a l b i w  (ATCE 12061). 
A portion (1.25 g) of the extract was purified by cc on Sephadex LH-20 CH,CI,-MeOH (1: 1) followed by 
cc on silica (O-lO% MeOH gradient in CH,CI,) to give 11,19dideoxyfistularin 3 (105 mg), 
homoaerothionin (34 mg), aerothionin (1 10 mg), and 11-hydroxyaerothionin (29 mg). Aerothionin was 
crystallized from CH,CI,, mp 130-132', [lit. (5) 134-1377; [a)D +250° [lit. (5) +2527. 

11, ~~-DIDEOXYFISTULARIN 3 [3].-The compound was obtained as an unstable yellow powder: 
[U]D +98.5" (c=O.lO).  Found N 4.9, Br 43.2; C, ,H~r6N40, .MeOH requires C 34.5, H 3.1, N 
5.0, Br 43.1. Correct elemental analysis for C and H not observed. Uv A max (MeOH) 284 (E 10,400), 257 
(16,ooO), 224 (26,000); ir Y max (film) 3450,3350 (OH, NH,), 1645 cm- ' (CONH); 'H nmr ( M e @ -  
d6)87.78(t ,J=6Hz, NH), 7 .73 ( t . j=6Hz .  NH), 7.50(s, 2H,H-15, H-17),6.51(d,]= 1Hz,H-5 
orH-5'),6.50(d,]= 1Hz,H-5'orH-S),5.46(d,]=6Hz,OH),5.45(d,j=6Hz,OH),4.16(d,j=6 
Hz, H-1 or H-1'), 4. I5 ( d , j =  6 Hz, H-I '  or H-1). 4.07 ( t ,J=6Hz,  H-12), 3.83 ( d , j =  18 Hz, H-7aor 
H-7'a). 3.81(d,]= l8Hz, H-7'aorH-7a), 3.71(s,6H,OMe), 3.60(td,j=7,6Hz,H-20),  3.53(ddd, 
/=6 ,6 ,6Hz ,H-10) ,  3 .18 (d , j=  18Hz, H-7borH-7'b), 3 .15(d, j= 18Hz, H-7'borH-7b),2.86(t, 
]=7Hz, H-19), 2.11(m,H-11); "Cnmr(CDCI3)seeTable l;deimsnrlz729(15%b&peak),727(35), 
725 (45), 723 (25), 72 1 (IO), 666 (20), 664 (40), 662 (40), 660 (20), 646 (25), 644 (40), 642 (40), 640 
(20), 323 (IO), 32 1 (20), 3 19 (IO), 293 (40). 19 1 (80). 295 (40),267 (50), 265 (loo), 263 (50), 2 12 (W, 
210(80);dcims(NH3+)m/z649(2), 647(4), 645(2), 633(1.5), 631 (2), 629(1.5), 569(2), 567(4), 565 
(2). 451 (16), 449 (25), 447 (14). 381 (IO), 379 (20). 377 (IO), 298 (30), 296 (a), 294 (30), 267 (501, 
265 (100). 263 (50). 

ACETYLATION OF 1 1, ~~-DIDEOXYFISTULARIN 3 [3].-A solution of 11,19dideoxyfistularin 3 ( 10 
mg) in pyridine (0.5 ml) and Ac,O (0.5 ml) was stirred at room temperature for 3 h. Toluene was added, 
and the resulting azeotrope was evaporated in vacuo. The product was purified on Si gel (50% EtOAd 
hexane) to give the diacetate 5 (8.0 mg, 70%). Found N 4.3, Br 40.2; C3&IMBr6N4Oll*MeOHre- 
quires H 3.2. N 4.7, Br 40.1. C o r m  elemental analysis for C and H not observed. Uv A max (MeOH) 280 
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(E 10,400), 225 (27,100), 204 (27,400); ir v max (CHCI,) 1740 (br, OAc), 1670, 1665 cm-' (CONH); 
'Hnmr(CDCl3)67.35(brs, 2H), 7.18(brt, 1H,]=6Hz), 6.77(brt, ~ H , ] = ~ H z ) ,  6.31(brs, W ,  
6.3t(brs ,  IH), 5.82(brs, lH),5.81(brs,  lH),4.07(t ,  2H,]=5.5Hz),3.75(~, 3H), 3 . 7 4 ( ~ ,  3H), 
3.67(q, 2H,]=6.3Hz), 3.55(rn, 2H), 3.44(d, 1HJ= 18Hzh 3.42(d, 1HJ= 18Hz), 3.07(d, 1H, 
]=18Hz),3.06(d, 1H,]=18Hz),2.78(t,2H,]=7.1Hz),2.13(s,3H),2.13(s,3H),2.07(m,4H); 
l3C nmr (CDC1,) 6 169.5 (s), 158.7 (s), 158.6 (s), 153.7 (SI, 153.6 (s), 151.4 W, 149.7 (s), 137.3 ( 4 ,  
132.8(d, 2C), 130.6(d), 130.3(d), 121.9(s), 121.6(s), 118.2(d, 2C), 107.9(s), 107.8(s), 89.9(s), 
89.7 (s), 73.1 (d), 73.0 (d), 70.9 (t), 60.2 (q), 60.1 (q), 40.3 (t), 39.9 (0,  39.8 (t), 37.1 (t), 34.3 (t), 29.2 
(t), 20.7 (q, 2C); fabms (glycerol, EtOH, H +  matrix) m/z 1204 (3.5% base peak), 1202 (7), 1200 (14), 
1198 (2 l), 1196 (13), 1194 (7), 1192 (3.5), 1188 (13), 1186 (25), 1184 (501, 1182 (1m), 1180 (50), 
1178(25), 1176(13), 1142(4), 1140(8), 1138(16), 1136(32), 1134(16), 1132(8), 1130(4), 1126(7), 
1124 (14), 1122 (28), 1120 (55), 1118 (28), 11 16 (14), 11 14 (7). 

ALKALINE TREATMENT OF 11,19-DIDEOXYFISTlJLARIN 3 [3].-A SOlUtiOn Of 11,19-di- 
deoxyfistularin 3 (20 mg) in 3% methanolic KOH (20 ml) and H 2 0  (5 m1)was refluxed for 3 h. After evap- 
oration of the MeOH the residue was extracted with CH2C12 (3 X 5 ml). The combined CH2CI2 extracts 
were evaporated and recrystallized from MeOH to give the oximinophenol13 (14 mg, 70%) as white nee- 
dles, mp90-93°;vmax(film)3360(br,0H,NH), 1652(CONH), 1620, 1540, 1464, 1418, 1055,757 
cm-'; 'Hnmr(CDC13)G7.60(t,J=6Hz,NH), 7.55(s, H-5orH-5'), 7.53(s,H-5'0rH-5), 7.24(s, 
H-15andH-17), 7 .07(t ,J=6Hz,NH),  3.98(t,]=7Hz, H-12),3.85(s,OMe), 3.84(s,OMe), 3.82 
(s, H-7orH-7'), 3.81(s,H-7'orH-7), 3.65(td,]=7,6Hz,H-10),3.50(td,]=7,6Hz,H-20),2.73 
(t,]=7 Hz, H-19), 2.04(m, H-11); '3Cnmr(CDC13)6 165.1(s), 164.9(s), 152.9(s), 150.6(s), 140.1 
(s), 137.3 (s), 134.1 (d, 2C), 132.9 (d, 2C), 120.0 (5, 2C), 118.1 (s, 2C), 109.1 (s), 107.1 (s), 71.2 (t), 
60.5 (q, 2C), 40.6 (t), 37.6 (t), 34.0 (t), 30.9 (t), 29.7 (t), 28.9 (t); fabms (glycerol, MeOH, H +  matrix) 
mlz 722 (20% base peak), 720 (70), 7 18 (loo), 7 16 (70), 7 14 (20), 642 (20), 640 (60), 638 (60), 636 (10). 

1 ~-HYDROXYAEROTHIONIN [6) . - -~he  compound was obtained as a colorless glass: [CX)D + 189' 
(c=0.15). Found C 35.3, H 3.5, Br 38.1; C24H26Br4N409 requires C 35.5, H 3.2, Br 38.4. Uv A 
max (MeOH) 284 (E 11, loo), 233 (19,750). 205 (18,900); ir Y max (film) 3400, 3350 (OH, NH), 1650 
cm-'(CONH);1Hnmr(CDC13+CD30D,4:1)66.17(s, H-5, H-5'),4.1l(s, H-lorH-1 ' ) ,4 .10(~,  H- 
1' or H-l), 3.71 (d,]= 18 Hz, H-7aor H-7'a), 3.70 (d,]= 18 Hz, H-7'aor H-7a), 3.60 (m, H-11), 
3.59 (s, 6H, OMe), 3.55 (m, H-l3a), 3.46 (dd,]= 14, 3 Hz, H-loa), 3.37 (m, H-13b), 3.32 (dd, 
/=  14, 7 Hz, H-lob), 2.85 (d,]= 18 Hz, H-7b, H-7'b), 1.73 (m, H-l2a), 1.61 (m, H-12b); 'H-nmr 
(Me2CO-d6)67.81(brt,J=6Hz,NH), 7,56(brt ,]=6Hz,NH), 6.51(s, H-5, H-5'), 5.47(d,]=7 
H~,OH),5.46(d,/=7Hz,OH),4.16(d,]=7Hz,H-l,H-l'), 3.83(d,]=lSHz,H-7aorH-7'a), 
3.82 (d,] = 18 Hz, H-7'a or H-7a), 3.79 (m, lH), 3.7 1 (s, 6H, OMe), 3.52 (m, lH), 3.43 (m, 2H), 
3.29 (m, lH),  3.12 (d, /= 18 Hz, H-7b, H-7'b), 1.97 (m, H-l2a), 1.60 (m, H-12b); I3C-nmr 
(CDCI,+CD,OD, 4:l)  160.3(s), 154. l(s), 147.9(s), 130.8(d), 121.8(s), 121.7(s), 113.5 (s), 91.9(s), 
91.8 (s), 73.9 (d), 68.1 (d), 60.3 (q), 45.3 (t), 39.1 (t), 36.4 (t), 33.8 (0; I3C-nmr (CDCI,) see Table 1; 
fabms (glycerol, EtOH, H +  matrix) m/z 861 (25% base peak), 859 (50), 857 (loo), 855 (50), 853 (25), 
845 (lo), 843 (20), 841 (40), 839 (20), 837 (lo), 779 (25), 777 (50), 775 (25), 732 (22), 730 (45), 728 
(22). 

ACETYLATION OF 1 1-HYDROXYAEROTHIONIN [6].-A solution of 1 1-hydroxyaerothionin (8 mg) 
in pyridine (0.5 ml) and Ac20 (0.5 ml) was stirred at room temperature for 3 h. Toluene was added, and 
the resulting azeotrope was evaporated in vacuo. The product was purified on Si gel (20% EtOAc/CH2C12) 
togivethe triacetateS(7.2 mg, 82%): uvAmax(MeOH)280(~ 13,200), 234(13,950), 204(17,56O);ir 
Y max (CHCI,) 1740 (br) (OAc), 1670, 1665 (CONH) cm-'; 'H nmr (CDCI,) 6 6.98 (br t ,  1H, J=6  
Hz), 6.85 (br t ,  IH,] = 6 Hz), 6.33 (br s, lH), 6.32 (br s, lH), 5.83 (5, lH), 5.81 (s, lH), 5.03 (m, lH), 
3 . 7 8 ( ~ , 3 H ) , 3 . 7 7 ( ~ , 3 H ) ,  3.43-3.62(m, 3H), 3.43(d, lH,]=lSHz),3.40(d,  1H,]=18Hz), 3.35 
(m, lH),  3.07 (d, 2H,] = 18 Hz), 2.15 (s, 6H), 2.12 (s, 3H), 1.85 (m, 2H); 13C nmr (CDCI,) 6 17 1.1 
(s), 169.7 (s), 159.0(s), 158.8(s), 153.7 (s), 153.6(s), 149.9(s), 149.8(s), 130.6(d), 130.2(d), 122.2 
(s), 12 1.8 (s), 107.9 (s), 107.8 (s), 89.9 (s), 89.8 (s), 73.2 (d), 70.7 ( 4 ,  60.2 (q), 42.3 (0,  39.8 (t), 35.6 
(t), 3 1.3 (t), 3 1.0 (t), 29.7 (t), 2 1.1 (9). 20.7 (q, 2C). 
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