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111,44; HRMS (M+) calcd for C d n O N  195.1623, found 195.1601. 

Supplementary Material Available: 'H NMR spectra of 
7-19 and intermediates and '8c NMR spectrum of 18 (35 pages). 
Ordering information is given on any current masthead page. 
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Bromopyrrole alkaloids comprise a typical class of ma- 
rine natural products, frequently encountered as secondary 
metabolites of marine sponges of various species.' During 
our studies on bioactive substances from Okinawan marine 
organisms,2 we have examined the extracts of numerous 
marine sponges and isolated several bromopyrrole alka- 
loids, which were found to be pharmacologically useful as 
a-adrenoceptor blockers,3 antagonists of serotonergic re- 
ceptor," and actomyosin ATPase  activator^.^ Recently, 
we investigated bioactive constituents of another Okinawan 
sponge Hymeniacidon sp. and isolated three novel com- 
pounds, named manzacidins A-C (1-3), belonging to an 
unprecedented class of bromopyrrole alkaloids with an 
unusual 3,4,5,6-tetrahydropyrimidine ring. Here, we de- 
scribe the isolation and structure elucidation of 1-3. 

The sponge Hymeniacidon sp., collected at  Manza 
Beach, Okinawa, was extracted with methanol. The 
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methanol extract was dissolved in a mixture of ethyl 
acetate and water, and then the aqueous layer was ex- 
tracted with ethyl acetate and l-butanol. The l-buta- 
nol-soluble fraction was subjected to silica gel flash chro- 
matography with chloroform/l-butanol/acetic acid/water 
(1.5:6:1:1) followed by reversed-phase HPLC on ODS 
(acetonitrile/water/trifluoroacetic acid (22:78:0.1)) to give 
manzacidins A (1; 3.5 X 1o-S% yield, wet weight), B (2; 2.1 
x lo-%), and C (3; 1.0 X as colorless oils, con- 
currently with previously reported bromopyrroles, di- 
bromophakelin,ld and debromohymenialdisine." 

Manzacidin A (1) showed a UV maximum at 272 (c 5800) 
nm, suggestive of the presence of a substituted pyrrole 
chromophore? A broad IR absorption band was observed 
at  3600-2800 cm-', which was attributable to a carboxyl 
group, and strong IR bands at  1710 and 1685 cm-' were 
indicative of the presence of carbonyl (conjugated ester and 
carboxyl) groups. The presence of a carboxylic acid group 
in 1 was confirmed by the fact that a methyl ester (4) was 
obtained on treatment of 1 with HCl/MeOH. The posi- 
tive-ion FABMS of manzacidin A (1) gave prominent 
quasi-molecular ions at  m/z 344 and 346 (M + H)+ with 
an intensity ratio of ca. 1:1, implying that 1 contains one 
bromine atom. The molecuk formula was established to 
be Cl2Hl4NSO4Br by HRFABMS (m/z 344.0251 (M + H)+ 
for C12H15N304%r, A +0.5 mmu). The 'H and '9c NMR 
spectra of manzacidin A (1) showed signals characteristic 
corresponding to a 3-bromopyrrole-5-carboxylic acid de- 
rivative moiety (C5H3NOBr) ( 6 ~  12.32 (1 H, br s, ex- 
changeable; NH-l), 7.25 (1 H, br t, H-2), and 6.98 (1 H, 
br t, H-4); 6c 124.3 (d, C-2), 96.0 (a, C-31, 117.0 (8, C-41, 
121.9 (8, C-5), and 158.6 (8, (2-6)'). These assignments were 
fully corroborated by comparison of the NMR data of 
hymenidin,k sceptrin,lc or ageliferin.& The rest of the 
molecule consisting of C7HllN20S, therefore, remains to 
be accounted for. Interpretation of the 'H and '9c NMR 
data of this part leading to the unusual structure, 
3,4,5,6-tetrahydro-4-( hydroxymethyl)-4-methyl-6-pyrimi- 
dinecarboxylic acid, was achieved as follows with the aid 
of extensive application of one- and two-dimensional NMR 
techniques (DEPT? difference NOE? 'H-lH COSY,'O 
INEPTNON," HMQC,12 and H M B P  experiments). 
Seven carbons of this portion of 1 were characterized as 
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Table I. and l'c: NMR Data of Manzacidin A (1) in 
DMSO-d$a*b 

HMBC correlations 
position 'H J(Hz) 'BC ('H) 

1 12.32 (br s) 
2 7.25 (br t) 124.3 (d) H-4 
3 96.0 (5) H-2 
4 6.98 (br t) 117.0 (8 )  H-2 
5 121.9 (5) H-2, H-4 
6 158.6 (8) Hz-8 
7 
8a 4.26 (d) 11.5 67.5 (t) Hs-15 
8b 4.15 (d) 11.5 
9 51.8 (8 )  Ha-8, Hz-10, H-13, 

Hq-15 
10, 2.25 (dd) 13.2, 4.9 29.3 (t) H2-8: Hs-15 
10, 2.13 (dd) 13.2, 9.9 
11 4.43 (dd) 4.9, 9.9 48.0 (d) Hz-10, H-13 
12 
13 8.18 (br s) 150.7 (d) 
14 10.14 (br s) 
15 1.35 (3 H, s) 23.2 (9) Hz-8, Hz-10 
16 170.3 (8) H-11 

'H-lH COSY correlations: H-l/H-2, H-l/H-3, H-2/H-3, H- 

14. *NOE reeats [H(irradiated) - H(enhanced)]: H-1 - H-2, 
H-4 - H8-15, H-8a - H8-15, H-10, - H-lo,, H-10, - H-lo,, 

two sp3 methylene, one of which bore oxygen (6, 67.5 (t, 
C-8) and 29.3 (t, C-lo)), one sp3 quaternary carbon (6, 51.8 
(s, C-9)), one sp3 methine (6, 48.0 (d, C-ll)), one sp2 
methine (6,150.7 (d, C-13)), one methyl (6, 23.2 (9, C-15)), 
and one carboxyl group (ac 170.3 (8, (2-16)). 'H-I3C cor- 
relations via one-bond coupling were directly disclosed 
from the HMQC spectrum, and the proton connectivities 
obtained by the 'H-'H COSY spectrum showed that 'H 
signals of this part could be divided into four groups: an 
AB quartet (6H 4.26 and 4.15 (each d, H2-8)), an ABX 
system (6, 2.13,2.25, and 4.43 (each dd, H2-10 and H-11, 
respectively)), two broad singlets long-range coupled to 
each other (6H 8.18 and 10.14 (exchangeable, H-13 and 
H-14, respectively)), and a methyl group (aH 1.35 (9, H8- 
15)). These four proton systems and nonprotonated car- 
bon signals were shown to be connected on the basis of 
lH-13C long-range connectivities provided by the HMBC 
experiment (Table I). The sp3 quaternary carbon (6, 51.8 
(8, C-9)) showed HMBC cross-peaks with H2-8, H2-10, 
H-13, and H3-15, and the carboxyl carbon (6, 170.3 (s, 
(2-16)) was revealed to be correlated with H-11. Nitrogen 
atoms were inferred to be attached to C-9 and C-11 from 
their 13C chemical shifts (6, 51.8 and 48.0, respectively). 
The '9c chemical shift of C-13 (6,150.7)" implied that this 
carbon is situated between two nitrogen atoms, which was 
supported by the relatively large 'H-W one-bond coupling 
constads ( 'Jc -~  = 198.6 Hz) observed from the INEPT- 
NON experiment. On the basis of the combination of 
these NMR spectroscopic results, a tetrahydropyrimidine 
ring was deduced for the structure of the C7HllN203 unit 
of manzacidin A (I). Since H-11 did not show the 'H-'H 
COSY correlation with the exchangeable NH signal (6, 
10.14), the NH (hydrogen on secondary amine) was located 
at N-14 and an imine bond exists between N-12 and C-13. 
The oxymethylene protons on C-8 (6, 4.26 and 4.15) re- 
vealed HMBC long-range correlations with the C-6 car- 
bonyl carbon (ac 158.61, suggesting that C-8 was connected 
with the bromopyrrolecarboxylic acid moiety through an 
ester linkage. The relative stereochemistry of the tetra- 

(14) Galinski. E. A.: Pfeiffer, H.-P.; Mwr, H. G. Eur. J .  Biochem. 

&/H-Bb, H-10 /H-10,, H-lO,/H-ll, H-10JH-11, and H-13/H- 

H-11 - Ha-15, and H-14 -. H-13. 

Figure 1. 'H-lH coupling conatanta and NOE reaulta of tetra- 
hydropyrimidine ring of manzacidin A (1). 

hydropyrimidine ring portion was defined by the 'H-'H 
coupling constanta along with difference NOE experiments 
(Figure 1). From the JlLI1 and JIh," values (9.9 and 4.9 
Hz, respectively), H-11 was shown to be axially oriented 
and the carboxyl group was therefore equatorial. Irradi- 
ation of H-11 yielded a significant NOE for H3-15, thus 
revealing that the (2-15 methyl group and H-11 were in a 
1,3-diaxial relationship. From all of the observations de- 
scribed above, the structure of manzacidin A was con- 
cluded to be 1. 

Manzacidin B (2) showed W and IR absorption spectra 
similar to those of manzacidin A (1). The molecular weight 
of 2 (FABMS, m/z 360 and 362 (M + H)+, ca. 1:l) was 
larger than that of 1 only by 16 Da, indicating that 2 was 
an oxygenated compound of 1, which was firmly verified 
by determination of the molecular formula as C12H14N3- 
06Br based on HRFABMS (m/z 360.0211 (M + H)+ for 
Cl2HI6N3O679Br, A + 1.1 mmu). The differences of the 'H 
and '3c NMR data of 216 from those of 1 were found only 
in the signals for C-10 and its neighboring groups. The 
13C signal due to (2-10 was observed a t  6c 65.2 (d),' which 
was assignable to an oxymethine carbon. The H-10 reso- 
nated in the lower field (6, 4.46) as a doublet and was 
coupled with H-11 (a, 4.75, br d) by 2.2 Hz, suggesting that 
a hydroxyl group is attached to C-10 and oriented axially. 

The FABMS of manzacidin C (3) showed quasi-molec- 
ular ions a t  m/z 344 and 346 ((M + H)+, ca. l:l), which 
was the same as those of 1, and the 'H and 13C NMR 
spectra of 3 were also analogous to those of 1, thus implying 
that 3 was an isomer of 1. The primary difference was the 
'H coupling pattern of the ABX system due to H2-10 and 
H-11. The Jlo,,ll and Jlo,,ll were observed to be 3.8 and 
2.8 Hz for 3, suggesting that the H-11 was equatorial and 
the carboxyl group ((2-16) was axial. This finding was 
consistent with the observation that no NOE was detected 
at H3-15 on irradiation of H-11. Thus, manzacidin C (3) 
was shown to be a C-11 stereoisomer of manzacidin A (1). 

Manzacidins A-C (1-3) are the first bromopyrrole al- 
kaloids with a tetrahydropyrimidine ring attached through 
an ester linkage. Most of the pyrrole-2-carboxylic acid 
derivatives obtained from marine sources possess amide 
bonds.'* Agelin B is an example of a pyrrole-2-carboxylic 
acid derivative attached to the terpenoid group through 
an ester bond.I7 Natural products containing a tetra- 
hydropyrimidine ring are rare, and these apparently are 
the first examples from marine sources.18 1,4,5,6-Tetra- 
hydro-2-methyl-4-pyrimidinecarboxylic acid, named 
"ectoine", was isolated from halophilic phototrophic bac- 
teria of the genus Ectothiorhodospira.14~'0 Biosyntheti- 

(16) The NMR sigaale of 2 were firmly ansigned on the ba& of DEFT, 

(17) Capon, R. J.; Faulkner, D. J. J.  Am. Chem. SOC. 1984, IM, 
lH-'H COSY, HMQC, and HMBC experimenta. 

1819-1822. -- - - 
(18) Faulkner, D. J. Natl. Prod. Rep. 1984,1,251-280,561-59& 1986, 

3, 1-33; 1987,4,539-576; 1988,6,613-663; 1990, 7,269-309. 
(19) Unusual amino acids containing the 3,4,B,Btstrnh~pyrimrahydropyrimidinr 

moiety were identified in a bacterial siderophore: Demnnge, P.; Bateman, 
A.; Macleod, J. K.; Dell, A,; Abdallah, M. A. Tetrahedron Lett. 1990,91, 
7611-7614. 
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cally, the tetrahydropyrimidine ring in manzacidins A-C 
(1-3) may have been generated through a condensation 
between formic acid and an unusual amino acid like y- 
amino-& hydroxyleucine. 

Experimental Section 
General Methods. Optical rotations were measured on a 

JASCO DIP-370 polarimeter. The IR and UV spectra were re- 
corded on a JASCO A-102 and Shimadzu UV-220 spectropho- 
tometer, respectively. 'H and lac NMR spectra were recorded 
on a JEOL GX-270 and Ex-400 spectrometers. FAB maas spectra 
were obtained on a JEOL HX-110 spectrometer using glycerol 
as a matrix. E1 mass spectra were recorded on a JEOL DX-303 
spectrometer. Wako (2-300 silica gel (Wako Pure Chemical) was 
used for glass column chromatography, and TLC was carried out 
on Merck silica gel GFW 

Collection, Extraction, and Separation. The sponge Hy- 
meniacidon sp. was collected by SCUBA at Manza Beach, Oki- 
nawa island, and was kept fnnen until used. The methanol extract 
(43 g) was dissolved in ethyl acetate and water (1:4,200 mL) and 
then partitioned between ethyl acetate (400 mL X 3) and water 
(400 mL). The aqueous layer was subsequently extracted with 
1-butanol (400 mL X 3). The 1-butanol-soluble fraction (6.3 g) 
was partially (2.0 g) subjected to flash column chromatography 
on silica gel (4.3 x 20 cm) eluted with chloroform/l-butanol/acetic 
acid/water (1.56:l:l). The fraction eluting from 560 to 780 mL 
was further purified by revereed-phase HPLC on ODs (Develosil 
ODs-5, Nomura Chemical, 10 X 250 mm; eluent acetonitrile/ 
water/trifluoroacetic acid (22780.1); flow rate 2.5 mL/min; W 
detection at 254 nm) to give manzacidins A (1; 3.5 X lo*% yield, 
wet weight; t R  24.6 min), B (2; 2.1 X lo4%; tR 21.9 min), and C 
(3; 1.0 x io"%; tR 23.7 min). 

Manzacidin A (1): colorless oil; [a InD - 2 8 O  (c 0.67, MeOH); 
IR (KBr) v,, 3600-2800,1710,1685,1625,1400,1320,1205,1190, 
and 1140 cm-'; W (MeOH) A- 209 (c 5100) and 272 (5800) nm; 
lH and 'Bc NMR (Table I); FABMS (positive) m / z  368 and 366 
(M + Na)+ and 346 and 344 (M + H)+; exact mass found m / z  
344.0251, calcd for C12H15N3047%r M + H 344.0246. 

Manzacidin B (2): colorless oil; [aIaD -71O (c 0.43, MeOH); 
IR (KBr) v,, 36&)-2800,1705,1665,1620,1380,1310,1195,1175, 
and 1125 cm-'; UV (MeOH) A, 214 (c 10300) and 273 (11600) 
nm; 'H NMR (CDSOD) SH 8.04 (1 H, 8, H-13),7.05 (1 H, d, J = 
1.5 Hz, H-2), 6.98 (1 H, d, J = 1.5 Hz, H-4), 4.75 (1 H, br d, H-111, 
4.46 (1 H, d, J = 2.2 Hz, H-lo), 4.45 (1 H, d, J = 11.0 Hz, H-k),  
4.38 (1 H, d, J 11.0 Hz, H-8b), and 1.44 (3 H, 8, Hs-15); 'gc N M R  
(CD3OD) Sc 160.8 (8, C-6), 151.7 (d, C-13), 125.4 (d, C-2), 123.4 
(8, C-5), 118.6 (d, C-4), 98.2 (8, C-3), 66.7 (t, C-8),65.2 (d, C-lo), 
58.1 (e, C-9), and 23.7 (q, C-15); 'H-lH COSY correlations H- 
2/H-4, H-k/H-8b, and H-lO/H-ll; HMBC correlations G2/H-4, 

C-10/H3-15, and C-15/H& FABMS (positive) m / z  384 and 382 
(M + Na)+ and 362 and 360 (M + H)+; exact mass found m / z  
360.0211, calcd for C12H16N30~%r M + H 360.0200. 

Manzacidin C (3): colorless oil; [aIaD +37' (c 0.23, MeOH); 
JR (KBr) u,, 3600-2800,1700,1680,1625,1400,1380,1315,1205, 
1180 and 1135 cm-'; UV (MeOH) A- 224 (c 7500) and 273 (7700) 
nm; 'H NMR (CDsOD) SH 8.13 (1 H, 8, H-13), 7.10 (1 H, d, J = 
1.5 Hz, H-2),6.94 (1 H, d, J = 1.5 Hz, H-4),4.50 (1 H, m, H-111, 

2.65 (1 H, m, H-loa), 2.07 (1 H, m, H-lob), and 1.60 (3 H, s, H3-15); 

C-3/H-2, C-4/H-2, C-5/H-2, C-5/H-4, C-8/Ha-15, C-g/H3-15, 

4.43 (1 H, d, J 11.4 Hz, H-h),  4.33 (1 H, d, J = 11.4 Hz, H-8b), 

'Bc NMR (DMSO-de) bc 169.9 (8,  C-l6),158.8 (8, C-6), 150.5 (d, 
C-13), 124.5 (d, C-2), 122.0 (8, C-51, 116.8 (d, C-4),96.1 (9, C-3), 
68.2 (t, C-8), 51.6 (8,  C-9),48.6 (d, C-111, 30.9 (t, C-lo), and 23.0 
(9, C-15); 'H-lH COSY correlations H-2/H-4, H-8a/H-8b, H- 
10a/H-ll, H-lOb/H-ll, and H-lOa/H-lOb; FABMS (positive) m/z  
344 and 346 (M + H+); exact mass found m / z  344.0262, calcd for 
C12H16Na0,?OBr M + H 344.0246. 

Methyl Eater 4. Manzacidin A (1,0.6 mg) was treated with 
5% hydrogen chloride in methanol (0.5 mL) under reflux for 30 
min. Evaporation of the solvent afforded the methyl ester 4 (0.5 
mg): 'H NMR (CD3OD) SH 8.14 (1 H, 8, H-13), 7.05 (1 H, d, J 

1.8 Hz, H-2),4.35 (1 H, d, J = 11.7 Hz, H-8a), 4.22 (1 H, d, J 
= 11.7 Hz, H-8b), 3.81 (3 H, 8, MeO), 2.37 (1 H, dd, H-loa), 2.27 
(1 H, dd, H-lob), and 1.48 (3 H, 8, H3-15); EIMS m / z  359,357 
(M+, l:l), 300, and 298 (M+ - COOCHa, 1:l). 
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Naphthalein indicator dyes such as 1 and 2 can be used 
in integral format instant photography as opacification 
media to protect the latent image so that exposed film can 
be ejected immediately from the camera into ambient 
light.' These opacification dyes are designed to be colored 

OH- - 
7 

H +  
R 

H H NHS0,-ballast 

COLORLESS 
1 

RED 

COLORLESS 
2 

BLUE 
b- 650nm 

in the highly alkaline (pH -14) photographic reagent 
while the chemistry of image development takes place but 
to begin to become colorless a t  pH -12 to permit the 
image to be seen within 1-2 min. The dyes are designed 
to be completely colorless at the final system pH (close to 
neutrality) so that the color photograph can be viewed free 
from any residual visible absorptions of the opacification 
dyes. The position and nature of the substituents on the 
indole and naphthol moieties have a profound effect on 
the pK, values of the indicator dyes.2 The ballast groups 
are alkyl chains that limit the migration of the dyes. While 
working on indole naphthalein dyes of type 1, we required 
an efficient synthesis of indole sulfonamides. We report 
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