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pure (EE) dienic sulfone 13 in 40% yield (entry 14). 
Other electrophiles such as aldehydes, acid chlorides, 

and alkyl halides did not react in satisfactory yields with 
the alkenylcopper reagents 2b due to their moderate re- 
activity.'a 

In summary, the facile insertion of zinc into the car- 
bon-halogen bond of alkenyl halides bearing an electron- 
withdrawing substituent led to a very general preparation 

(19) Akenylcopper reagenta are less reactive than alkylcopper deriv- 
atives limiting somewhat the range of electrophilea reacting with 2b. See: 
Normant, J. F. In Modern Synthetic Methods; Scheffold, R., Ed.; S d e  
and Sauerlhder: Frankfurt, 1989, Vol. 3, p 139. 

of new vinylogous unmasked acyl anion equivalents. Their 
reaction in the presence of Pd(0) or CuCN-2LiCl with 
various classes of electrophiles led to highly functionalized 
molecules. Extensions of this methodology are currently 
underway in our laboratories. 
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Summary: Wakayin (3) is the first reported example of 
a pyrroloiminoquinone alkaloid to be isolated from an 
ascidian. 

Ascidians have been the recent source of many imino- 
quinone-bearing polycyclic aromatic alkaloids.2 These 
structurally related compounds typically exhibit a wide 
range of biological activities, including murine cell-line 
cytotoxicity,2 topoisomerase II,% and microbe/fungusZd 
inhibition. The related pyrroloiminoquinone alkaloids, 
isobatzellines (e.g., isobatzelline C (l)), and discorhab- 
dins/prianosins (e.g., discorhabdin C (2)) are, however, 
known only from phylum PoriferaS3 
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In continuation of our search for biologically active 
secondary metabolites from ascidians, we now report the 
structure of a new pyrroloiminoquinone derivative, wak- 
ayin (3), isolated from the ascidian Clauelinu sp. Wakayin 
exhibited in vitro cytotoxicity against the human colon 
tumor cell line (HCT116 ICm 0.5 pg/mL). Inhibition of 
topoisomerase I1 enzyme (250 pM) and the observation of 
a 3-fold differential toxicity toward the CHO cell line EM9 
(sensitive to DNA-damaging genotoxic agents) versus BR16 
(resistant to BCNU) provided preliminary evidence that 
wakayin exhibits its cytotoxicity by interfering with or 
damaging DNA. Antimicrobial activity against Bacillus 
subtilis (MIC = 0.3 pg/mL) was also observed. 

The methanol-chloroform extract of the ascidiad was 
crudely partitioned by reversed-phase flash chromatogra- 
phy using methanol-aqueous trifluoroacetic acid solvent 
mixtures.' Biologically active fractions were combined 
and purified by repeated elution through Sephadex LH-20, 

(3) Perry, N. B.; Blunt, J. W.; McCombs, J. D.; Munro, M. H. G. J. 
Org. Chem. 1986,51,5476. Perry, N. B.; Blunt, J. W.; Munro, M. H. G. 
Tetrahedron 1988,44,1727. Perry, N. Bo; Blunt, J. W.; Munro, M. H. 
G.; Higa, T.; Sakai, R. J. Org. Chem. 190,53,4127. Copp, B. R. Ph.D. 
Thesis, 1989, Chapter 5, University of Canterbury, New %aland. Blunt, 
J. W.; Munro, M. H. G.; Battershill, C. N.; Copp, B. R.; McComba, J. D.; 
Perry, N. B.; Prinsep, M. R.; Thompson, A. M. New J.  Chem. 1990,14, 
761. Kobayashi, J.; Cheng, J.; Ishibashi, M.; Nakamura, H.; Ohizumi, Y.; 
Hirata, Y.; Sasaki, T.; Lu, H.; Clardy, J. Tetrahedron Lett. 1987,28,4939. 
Cheng, J.; Ohizumi, Y.; Walchli, M. R.; Nakamura, H.; Hirata, Y.; Saeaki, 
T.; Kobayashi, J. J.  Org. Chem. 1988,53,4621. Sun, H. H.; Sakemi, S.; 
Burres, N.; McCarthy, P. J. Org. Chem. 1990,55,4964. Kobayashi, J.; 
Cheng, J.; Yamamura, S.; Ishibashi, M. Tetrahedron Lett. 1991,32, 1227. 
(4) Thompson, L. H.; Rubin, J. 5.; Cleaver, J. E.; Whitmore, G. F.; 

Brookman, K. W. Somat. Cell Genet. 1980, 6, 391. Thompson, L. H.; 
Brookman, K. W.; Dillehay, L. E.; Carrano, A. V.; Mauimas, L.; Mooney, 
C. L.; Minkler, J. L. Mutat. Rea. 1982,95, 427. 

(5)  Barrow, L. R.; Borchers, A. H.; Parton, M. B. CorcinogenesM 
1987,8, 1863. 

(6) Clauelim species (Chordata, Aplousobranchia, Clavelinidae) was 
collected from shallow reef waters off Wakaya Island in the Fiji Group 
and was identified by Dr. F. Monniot, Museum National &Histoire Na- 
turelle, Paris, France. 
(7) Blunt, J. W.; Calder, V. L.; Fenwick, G. D.; Lake, R. J.; McCombe, 

J. D.; Munro, M. H. G.; Perry, N. B. J. Nat. Prod. 1987,50,290. 
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affording wakayin (3) as the dark blue trifluoroacetate salt8 
(15 mg, 0.005% wet weight): HRFABMS, MH+ 327.1262, 
CmHl6N40 requires 327.1246; UV (MeOH) A,, 222.2 (6 

335001,243.0 (e 28200), 311.4 nm (e 15000); (MeOH/KOH) 
& 226.4 (c 24600), 298.9 (e 14000), 412.5 (t 5100), 473.5 
nm (e 4600); FTIR (TFA salt, KBr) Y- 3668.0-3130.1, 
1792.4,1715.3,1661.9,1651.8,1446.6,1206.5, 1174.1, 1150.5, 
846.4,804.1,726.2 cm-l; (free base, KBr) v,, 3668.0-3126.6, 
1806.0,1713.5,1693.8,1681.7,1633.6,1446.3,1333.9,1209.9, 
1140.7, 846.7, 804.4, 726.2 cm-'. 

Several features of the 'H and 13C NMR spectra of (3) 
were reminiscent of the discorhabdins and isobatzellines, 
indicating the presence of a pyrroloiminoquinone moiety. 
The spin system comprising 6 13.04 (br s, NHl), 7.11 (d, 
J = 2.5 Hz, H2), 2.93 (t, J = 8.0 Hz, H24), 3.78 (br t, J = 
8.0 Hz, H25), and 10.32 (br s, NH6) was established by 
DQCOSYD and 1-D lH difference NOE'O NMR experi- 
ments. HMQC" and HMBC12 NMR experiments con- 
firmed that this spin system was part of a pyrrolodi- 
hydropyridine ring system. An iminoquinone ring was 
evident from IR bands a t  1662 and 1447 cm-' and 13C 
NMR signals at 6 166.28 (ClO) and 156.72 (C7). Long- 
range 'H-W NMR correlations observed for H2 (6 120.74, 

established connectivities between the pyrrolodihydro- 
pyridine system and C7, C8, and C9 of the iminoquinone 
ring. 

The presence of another 2,3,4-trisubstituted pyrrole ring 
was suggested by lH NMR [6 13.41 (br s), 7.28 (d, J = 2.5 
Hz)] and 13C NMR [6 134.25 (s), 120.44 (s), 114.15 (s), 
125.14 (d, lJcH = 190 Hz)]. Long-range lH-13C NMR 
correlations observed for NH12 [6 114.15 (C14), 120.44 
(C15)] and H13 [6 120.44 (C15), 134.25 (Cll)] confirmed 
this and also established that the pyrrole ring was bound 
to C11 and C15 of the iminoquinone ring, as shown in 3. 

'H and 13C NMR also suggested the presence of a 3- 
substituted indole moiety [6 11.54 (br d, J = 2.0 Hz), 7.73 
(d, J = 2.0 Hz), 7.52 (d, J = 8.0 Hz), 7.49 (d, J = 8.0 Hz), 
7.19 (dd, J = 8.0, 8.0 Hz), 7.09 (dd, J = 8.0, 8.0 Hz); 13C 
[6 105.90 (s), 112.07 (d, J = 161 Hz), 118.86 (d, J = 161 
Hz), 119.66 (d, J = 161 Hz), 121.85 (d, J = 161 Hz), 124.94 
(d, J = 183 Hz), 125.49 (s), 136.76 (s)]. This was confmed 
by HMQC and HMBC NMR experiments and by com- 

C8; 128.16, C9), H24 (6 120.74, CS), and Hp5 (6 156.72, C7) 
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parison with the 13C NMR data reported for the indole- 
imidazole moiety of topsentin (4).13 

Long-range lH-13C correlations (HMBC and selective 
INEPT" NMR experiments) between H13 and C16 es- 
tablished connectivity between the bipyrroloiminoquinone 
moiety and the 3-substituted indole.16 This confirmed the 
presence of the C14416 bond and allowed the assignment 
of structure 3 to wakayin. Further confirmation for the 
presence of the C14-Cl6 bond was established by the 
observation of lH NOE difference enhancements between 
H13 and H21 (6%) in the free-base form of 3. 

'H NOE difference experiments on the TFA salt of 3 
indicated magnetization transfer from H17 to NH6 (2%), 
NH18 (4%), and H13 (2%), implying rotation about the 
C14-Cl6 bond was occurring. Irradiation of H17 in the 
free-base form of 3, however, only showed enhancement 
of NH18 (5%), implying restricted rotation about C14- 
C16, probably due to hydrogen-bond formation between 
H17 and N6. Although hydrogen bonding between a 
carbon-bound hydrogen and a nitrogen is unusual, the 
differences observed between the NMR spectra of the free 
base and TFA salt forms of 3 [H17 A -0.9 ppm, 'Jc~,-H~, 
A -9 Hz] supported the presence of such an electronic 
interaction in the free-base form of 3. 

Biosynthetically, the isobatzellines may be derived from 
a tryptamine precursor, in which case the discorhabdins 
and wakayin represent examples of the further incorpo- 
ration of tyrosine and tryptamine subunits, respectively, 
to this basic frame. 

This represents the first reported isolation of a pyrro- 
loiminoquinone alkaloid from an ascidian. As other aources 
of this class of compound have been exclusively from 
phylum Porifera, the question must be raised as to whether 
these compounds originate from the marine specimen alone 
or from associated microbes. 
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(8) 'H NMR (TFA salt, 500 MHz, DMSO& 6 2.93 (t, J = 8.0 Hz, 
HA), 3.78 (t, J = 8.0 Hz, Hg) ,  7.09 (dd, J = 8.0,S.O Hz, H22), 7.11 (d, 
J = 2.5 Hz, H2), 7.19 (dd, J = 8.0,S.O Hz, H23), 7.28 (d, J = 2.5 Hz, H13), 
7.49 Id. J = 8.0 Hz. H24h 7.52 Id. J = 8.0 Hz. H21L 7.73 Id. J = 2.0 Hz. 
H17);1032 &r-si-&6i,li.64&diJ =-2O&,-al8),  l . c ( b r  s,-riiij; 
13.41 (br s, NH12); NMR (TFA salt, 125.7 MHz, DMSO-&) I 17.88 
(t, J = 132 Hz, C4), 44.70 (t, J = 147 Hz, C5), 105.90 (a, C16), f12.07 (d, 
J = 161 Hz. C24). 114.15 Ibr 8. C14). 118.86 (d. J = 161 Hz. C21). 119.05 
(s, c3), 1 1 9 . ' ~ ~  ( d , ' ~  = 161 Hz, C2i);izo.er (8, C w ,  120.74 (e, cgj, 121.85 
(d, J = 161 Hz, C23), 123.13 (d, J - 191 Hz, C2), 124.94 (d, J = 183 Hz, 
C17), 125.14 (d, J - 190 Hz, C13), 125.49 (8, C20), 128.16 (8, C9), 134.25 
(e, Cll) ,  136.76 (8, C19), 156.72 (e, C7), 166.28 (8, ClO). 

(9) Rance, M.; Soreneon, 0. W.; Bodenhausen, C.; Wagner, G.; Ernst, 
R. R.; Wurthrich, K. Biochem. Biophys. Rea. Commun. 1983,117,479. 

(10) Kinns, M.; Sanders, J. K. M. J. Magn. Res. 1984,56, 518. 
(11) Summers, M. F.; Marzilli, L. G.; Bru, A. J.  Am. Chem. SOC. 1986, 

108,4285. 
(12) Bar, A,; Summere, M. F. J .  Am. Chem. SOC. 1986, 108, 2093. 

(13) Tsujii, S.; Rinehart, K. L.; Gunasekera, S. P.; Kashman, Y.; Croee, 
S. S.; Lui, M. S.; Pomponi, S. A,; Diaz, M. C. J.  Or#. Chem. 1988,53,5446. 

NMR data for the 3-substituted indole moiety: [(DMSO-dd 6 104.91 
(e), 112.36 (d, J = 158 Hz), 119.83 (d, J = 158 Hz), 120.33 (d, J = 158 Hz), 
122.28 (d, J = 157 Hz), 124.68 (a), 124.95 (d, J = 187 Hz), 136.74 (e)]. 

(14) Bax. A. J .  Mann. Reson. 1984.57. 314. 
(15) No three-bondcorrelations between H17 and C14 were detected 

by either HMBC or INAPT NMR experiments. This may have been due 
to the broadened nature of the C14 resonance (half-height line width of 
9.9 Hz). 


