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Ascidians are a rich source of unusual secondary metabolites 
with potent antimicrobial, cytotoxic, and antiviral activities.2 

Recent ecological studies with such diverse ascidian secondary 
metabolites as the tambjamine class alkaloids,3 didemnin cyclic 
peptides,4 and polyandrocarpidines A-D4 have demonstrated that 
these pharmacologically active substances represent defensive 
adaptations by these soft-bodied organisms. We have investigated 
the secondary metabolites of the colonial ascidian Diazona chi­
nensis (order Phlebobranchia)5 collected from the ceilings of small 
caves along the northwest coast of Siquijor Island, Philippines. 
In this paper, we report the structures of diazonamides A (1) and 
B (2), two unusual halogenated cyclic peptides with potent in vitro 
cytotoxic activity. 

The combined organic extract of the lyophilized ascidian (256.2 
g dry weight) was partitioned between hexane and methanol, and 
the methanol-soluble material was further partitioned between 
butanol and water. Gel filtration of the butanol-soluble material 
on Sephadex LH-20 with methanol followed by reverse-phase 
HPLC (ODS-silica) using 9:1 methanol/water gave pure diazo­
namides A (1, 54 mg, 0.021% dry weight) and B (2, 132 mg, 
0.052%). 

A combination of 1H NMR, 13C NMR, and HRFABMS ex­
periments for diazonamides A6 and B7 led to assignments for 
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(2) Recent examples include the following. Didemnenone: Lindquist, N.; 
Fenical, W.; Sesin, D.; Ireland, C. M.; Van Duyne, G. D.; Forsyth, C. J.; 
Clardy, J. J. Am. Chem. Soc. 1988,110, 1308. Cystodytins: Kobayashi, J.; 
Cheng, J.; Walchli, M. R.; Nakamura, H.; Hirata, Y.; Sasaki, T.; Ohizumi, 
Y. J. Org. Chem. 1988, 53, 1800. Patellazole C: Zabriskie, T. M.; Mayne, 
C. L.; Ireland, C. M. J. Am. Chem. Soc. 1988, 110, 7919. Patellazole B: 
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Forleo, D. A.; Gunawardana, G. P.; Gunasekera, S. P.; Koehn, F. E.; 
McConnell, O. J. J. Org. Chem. 1990, 55,4508-4512. Rinehart, K. L.; Holt, 
T. G.; Fregeau, N. L.; Stroh, J. G.; Keifer, P. A.; Sun, F.; Li, H. L.; Martin, 
D. G. J. Org. Chem. 1990, 55, 4512-4515. For a comprehensive review of 
ascidian chemistry, see also: Faulkner, D. J. Nat. Prod. Rep. 1984, /, 551; 
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(3) Paul, V. J.; Lindquist, N.; Fenical, W. Mar. Ecoi: Prog. Ser. 1990, 
59, 109. 

(4) Lindquist, N. Ph.D. Dissertation, 1989, Scripps Institution of Ocean­
ography, University of California, San Diego, La Jolla, CA 92093. 

(5) This ascidian was identified as Diazona chinensis (Tokioka, 1955) by 
Dr. Franchise Monniot, Museum National D'Histoire Naturelle Paris, France. 

(6) Diazonamide A (1): clear glass; [a]D (c 8.8, CH3OH) -217.3"; UV 
(MeOH) 298 (sh), 290 (« 5300), 280 (sh), 216 nm (19200); UV (MeOH + 
NaOH) 350 (sh), 296 (« 4500), 204 nm (100900); IR (KBr) 3600-2800, 
1675, 1610, 1570, 1455,1410, 1305, 1215, 1170,1150, 1120, 1065, 750Cm"1; 
HRFABMS obsd (M+ + H - H2O) m/z 765.1998, C40H35N6O6Cl2 requires 
765.1999; 1H NMR (MeOH-^4, 360 MHz) i 4.60 (1 H, dd, J = 11.7 and 
3.3 Hz, 2-H), 3.38 (1 H, dd, J = 12.7 and 11.7, 3-H), 2.78 (1 H, dd, J = 12.7 
and 3.3, 3-H), 7.19 (1 H, dd, J = 8.2 and 1.3, 5-H), 6.78 (1 H, d, J = 8.2, 
6-H), 7.33(1 H , d , / » 1.3, 9-H), 6.34 (1 H, s, H-H), 7.00 (1 H,d,y = 7.4, 
13-H), 6.66 (1 H, dd, J = 7.4 and 7.3, 14-H), 6.86 (1 H, d, J - 7.3, 15-H), 
7.19 (1 H, d, J = 7.3, 19-H), 7.37 (1 H, dd, J = 8.2 and 7.3, 20-H), 7.45 (1 
H, d, J - 8.2, 21-H), 4.85 (1 H, d, J = 6.5, 32-H), 2.19 (1 H, dqq, J = 6.5, 
6.8, and 6.8), 1.05 (3 H, d, J - 6.8, 34-H), 0.92 (3 H, d, J = 6.8, 35-H), 3.88 
(1 H, d, J = 3.8, 37-H), 2.11 (1 H, dqq, J = 3.8, 6.8, and 6.8, 38-H), 1.02 
(3 H, d, J = 6.8, 39-H), 0.96 (3 H, d, J = 6.8, 40-H); 13C NMR (MeOH-^4, 
50 MHz) S 174.8, 57.2, 38.9, 129.9, 131.1,111.3,159.7, 129.6, 131.1, 62.3, 
106.1, 127.8, 123.9, 120.9, 131.2, 123.2, 151.0, 131.6, 122.7, 124.3, 112.2, 
136.9, 127.6, 98.2, 141.7, 130.1, 129.2, 155.1, 128.4, 155.4, 163.1, 56.6, 33.2, 
19.4, 16.4, 175.5, 76.9, 31.7, 19.6, 18.9 for C1-C40, respectively. 

2 R1 = OH1R2 = Br1R3 = H 

3 Ri = 02 CaCeIaI)1R2=Br1R3=N^ \ / 

several structural subunits, but the large number of unprotonated 
carbons and heteroatoms prevented connecting the fragments into 
a complete structure with 1H-13C correlation methods. We es­
tablished the missing connectivities with a single-crystal X-ray 
diffraction analysis of the p-bromobenzamide derivative of dia­
zonamide B (3) made by reacting 2 with p-bromobenzoyl chloride 
in pyridine.8 Figure 1 shows the results of the crystal structure 
determination9 of 3, including the absolute stereochemistry. 

A direct assignment of the diazonamide B (2) structure from 
the X-ray structure of derivative 3 was straightforward in all but 
one respect. Diazonamide B (2) was a hemiacetal at Cl 1, on the 
basis of a 3.5-Hz coupling of a D20-exchangeable proton at 5 7.36 
to a 8 6.46 proton that was one-bond coupled to the Cl 1 resonance 
at S 106.6 in the XHCORR spectrum. In the conversion of 2 to 
3, the Cl 1 hemiacetal had been converted to an acetal. To assign 

(7) Diazonamide B (2): amorphous solid; UV (MeOH) 297 (sh), 290 (« 
4900), 281 (sh), 215 nm (21000); UV (MeOH + NaOH) 350 (sh), 22 (t 
4700), 205 nm (110000); IR (KBr) 3600-2800,1680, 1610,1500,1450, 1410, 
1300, 1215,1175, 1150, 1060, 750 cm"1; HRFABMS obsd (M+ + H - H2O) 
m/z 743.0590, C35H24N5O5Cl2Br requires 743.0340; 1H NMR (MeOH-d4, 
360 MHz) S 3.86 (1 H,dd ,7= 11.6 and 3.3, 2-H), 3.34 (1 H , d d , / = 12.7 
and 11.6, 3-H), 2.93(1 H , d d , / = 12.7 and 3.3, 3-H), 7.26 (1 H , d , / = 1.6, 
5-H), 7.34 (1 H, d, J = 1.6, 9-H), 6.41 (1 H, s, H-H), 7.01 (1 H, dd, J = 
7.5 and 1.0, 13-H), 6.67 (1 H, dd, J = 7.5 and 7.5, 14-H), 6.88 (1 H, dd, J 
= 7.5 and 1.0, 15-H), 7.20 (1 H, dd, J = 7.2 and 0.8, 19-H), 7.37 (1 H, dd, 
J = 8.1 and 7.2, 20-H), 7.46 (1 H, dd, J = 8.1 and 0.8, 21-H), 4.91 (1 H, 
d, J = 6.1, 32-H), 2.18 (1 H, dqq, J = 6.1, 6.8, and 6.8, 33-H), 1.02 (3 H, 
d, J = 6.8, 34-H), 0.96 (3 H, d, J = 6.8, 35-H); 13C NMR (MeOH-(Z4, 50 
MHz) S 171.6, 57.1, 37.3, 133.7, 130.0,104.0,157.4,129.4,131.6,62.9,106.6, 
126.8, 123.8, 121.1, 131.3, 123.3, 150.8, 131.2, 122.7, 124.3, 112.3, 136.8, 
127.4, 98.1, 141.9, 130.5, 130.0, 154.8, 128.4, 154.4, 162.8, 56.7, 31.9, 19.3, 
18.9 for C1-C35, respectively. 

(8) The/j-bromobenzoyl derivative of diazonamide B (3): clear hexagonal 
prisms, mp 287-289 0C dec; HRFABMS obsd (M+ + H) m/z 925.9837, 
C42H28N5O6Cl2Br2 requires 925.9784. 

(9) Crystals of 3 are hexagonal, a = * = 20.084 (3) A, c = 20.233 (3) A, 
space group P63, Z = 6, p(calcd) = 1.331 g/cm3 for C42H28N5O6Cl2Br2. A 
total of 5640 independent reflections, including Friedel pairs, were measured 
with graphite-monochromated Cu Ka radiation at 25 °C on a Nicolet R3m 
diffractometer to a maximum 29 of 116°. The structure was solved without 
difficulty by using direct and heavy-atom methods. Full-matrix least-squares 
refinements with 4094 observed reflections (|F„| £ lo(\F0\) converged to 
crystallographic residuals of R = 5.62%, wR = 7.69% with IJ - 1.00 (6) for 
the enantiomer shown. The primary programs used were DIRDIF, by P. 
Beurskens, University of Nijmegen, Netherlands, and SHELXTL, by G. Shel-
drick, University of Gottingen, FRG. 
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Figure 1. A computer-generated perspective drawing of 3. The absolute 
stereochemistry shown was determined by using anomalous dispersion 
measurements in the X-ray diffraction study. 

the structure of diazonamide B (2) from 3, two questions had to 
be answered: was 02 or 03 bonded to CIl, and what was the 
stereochemistry at Cl 1 ? The hemiacetal ring involved 03 rather 
than 02 in diazonamide B (2), on the basis of a three-bond 
correlation observed between the CIl proton and C17. The 
stereochemistry at Cl 1 proved intractable. Molecular mechanics 
studies10 of the hemiacetal 2 and its corresponding aldehyde 
indicate a small preference (~1 kcal/mol) for the ?̂ configuration 
at Cl 1 (OH down in the drawing) in the hemiacetal and a small 
preference (~1 kcal/mol) for aldehyde conformations in which 
the si face of the aldehyde faces 03, also leading to an R con­
figuration at Cl 1. But these calculated differences are too small 
to assign the Cl 1 stereochemistry securely. 

The similarity of 1H and 13C NMR data and the UV and IR 
spectra for diazonamide A (1) and B (2) indicated an identical 
polycyclic nucleus for A, except for the replacement of the C6 
bromine by hydrogen. Diazonamide A (1) differed from B (2) 
in containing an extra valine residue. On the basis of a downfield 
shift of C2-H (8 4.56 in 1 compared to 8 3.30 in 2) and an 8.5-Hz 
coupling in 1 of C2-H to the amide proton at 8 7.67 in DMSO-^6, 
the valine carboxyl was attached to Nl. The absolute stereo­
chemistry of this terminal valine was not determined. 

Diazonamides A (1) and B (2) represent an entirely new class 
of halogenated, highly unsaturated cyclic peptides containing 
derivatives of at least three common amino acids: a 3,4,5-tri-
substituted L-tyrosine (C1-C9), a tryptophan substituted at the 
2- and 4-positions of the indole (C18-C27), and an L-valine 
(C31-C35). Carbons C28-C30 could be the partial carbon 
skeleton of an undetermined /3-hydroxy amino acid with amine 
nitrogen N4 and carboxyl oxygen 04. The likely biosynthetic 
origin of the C 10-Cl 7 unit is not clear. These structural units 
have cyclized in an unprecedented manner to form an extremely 
rigid framework with essentially no conformational freedom for 
the polycyclic core. 

The UV spectra of diazonamides A6 and B7 show little evidence 
of their high degree of unsaturation. The strict steric requirements 
of the bicyclic framework prevent any appreciable overlap of the 
conjugated heterocycles. In the crystal structure of diazonamide 
B /7-bromobenzamide (see Figure 1), the two oxazole rings are 
twisted with respect to one another with a dihedral angle of 29°, 
the chlorooxazole and chloroindole rings have a dihedral angle 
of 60°, and the chloroindole ring has a dihedral angle of 74° with 
theC12-C17 phenol. 

Drzonamide A has potent in vitro activity against HCT-116 
human colon carcinoma and B-16 murine melanoma cancer cell 
lines, with IC50 values less than 15 ng/mL. Diazonamide B is 
less active. 

(10) W. C. Still, N. G. J. Richards, W. C. Guida, M. Lipton, R. Liskamp, 
G. Chang, and T. Hendrickson, MacroModel V2.0, Department of Chemistry, 
Columbia University, New York, NY 10027. 
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Unimolecular fragmentation reactions of radical ions to radicals 
and ions (mesolytic cleavages3) have recently attracted consid­
erable attention,4,5 especially in the context of photochemically 
initiated electron-transfer (ET) processes.6 In systems where the 
fragmentation is rapid, it may successfully compete with ener­
gy-wasting back-electron transfer (BET) processes, yielding high 
quantum yields of radicals and ions.6 The fragmentation reaction 
may, therefore, provide means to rapidly generate these reactive 
intermediates7 or serve as a convenient probe of photoinduced 
electron-transfer (PET) processes.8 

f Dedicated with admiration and appreciation to Professor Ronald Breslow. 
(1) Presented in part at the Symposium on Photoinduced Charge Transfer, 

Rochester, NY, 1990. 
(2) (a) The Pennsylvania State University, (b) On leave from the Tech­

nical University of Lodz (Poland), (c) Radiation Laboratory, Notre Dame. 
(3) Maslak, P.; Narvaez, J. N. Angew. Chem., Int. Ed. Engl. 1990, 29, 283. 
(4) Recent references for radical anion fragmentation in solution: (a) 

Andrieux, C. P.; Gallardo, I.; Saveant, J.-M.; Su, K.-B. J. Am. Chem. Soc. 
1986, 108, 638 and references therein, (b) Meot-Ner (Mautner), M.; Neta, 
P.; Norris, R. K.; Wilson, K. J. Phys. Chem. 1986, 90, 168 and references 
therein, (c) Koppang, M.; Woolsey, N. F.; Bartak, D. E. J. Am. Chem. Soc. 
1984, 106, 2799. (d) Dewald, R. R.; Conlon, N. J.; Song, W. M. J. Org. 
Chem. 1989, 54, 261. (e) Beak, P.; Sullivan, T. A. J. Am. Chem. Soc. 1982, 
104, 4450. (f) Saeva, F. D. Tetrahedron 1986, 42, 6132. (g) Maslak, P.; 
Guthrie, R. D. J. Am. Chem. Soc. 1986, 108, 2628. 

(5) Recent references for radical cation fragmentation in solution: (a) 
Maslak, P.; Asel, S. L. J. Am. Chem. Soc. 1988, UO, 8260. (b) Camaioni, 
D. M.; Franz, J. J. Org. Chem. 1984,49, 1607. (c) Deardurff, L. A.; Alnajjar, 
M. S.; Camaioni, D. M. J. Org. Chem. 1986, 51, 3686. (d) Baciocchi, E.; 
Bartoli, D.; RoI, C; Ruzziconi, C. R.; Sebastiani, G. J. Org. Chem. 1986, 51, 
3587. (e) Hammerich, D.; Parker, V. D. In Advances in Physical Organic 
Chemistry; Gold, V., Bethell, D., Eds.; Academic Press: London, 1983; Vol. 
20, p 55. 

(6) For a review, see: (a) Fox, A. M., Chanon, M., Eds. Photoinduced 
Electron Transfer, Elsevier: Amsterdam, 1988. (b) Davidson, R. S. In 
Advances in Physical Organic Chemistry; Gold, V., Bethell, D., Eds.; Aca­
demic Press: London, 1983; Vol. 19, p 1. (c) Mattes, S. L.; Farid, S. Science 
1984, 226, 917. (d) Fox, M. A. In Advances in Photochemistry; Volman, D. 
H., Gollnick, K., Hammond, G. S., Eds.; Wiley: New York, 1986; Vol. 13, 
p 237. (e) Mattay, J. Angew. Chem., Int. Ed. Engl. 1987, 26, 825. (f) 
Kavarnos, G. J.; Turro, N. J. Chem. Rev. 1986, 86, 401. (g) Mattes, S. L.; 
Farid, S. In Organic Photochemistry; Padwa, A., Ed.; Marcel Dekker: New 
York, 1983; Vol. 6, p 233. 

(7) An important application of such processes is rapid initiation of po­
lymerization. See, for example: Chatterjee, S.; Davis, P. D.; Gottschalk, P.; 
Kurz, M.; Sauerwein, B.; Yang, X.; Schuster, G. B. J. Am. Chem. Soc. 1990, 
112, 6329. Also compare: Dektar, J. L.; Hacker, N. P. J. Org. Chem. 1990, 
55, 639 and references therein. 
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