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The enediyne family of antibiotics are potent antitumor agents pling constants, H-2&/H-3'"" (10.1 Hz), H-3'/H-4"" (9.0), and
with a uniqgue mode of action, and clinical promise and success in H-4"'/H-5b"" (10.5), and small coupling constants of H-12.8
cancer chemotherapy have been repcttédmenamicin4) isolated and 3.2 Hz) suggested that these protons were accommodated on
from the Fijian tunicatePolysyncraton lithostrotunis the only a six-membered ring, in which H*3and H-4"" were both axial,
marine natural product of this famifyAs part of our continuing while H-1"" was equatorial. Unit B consisted of two spin systems
search for bioactive metabolites from Japanese marine invertebrateswhich were separated by a quaternary carbon'Gedwhich was
we found that a lipophilic extract of the thin encrusting orange attached arSmethyl group ¢y 2.46; oc 15.2). Weak but clear
ascidianDidemnum proliferuncollected in southern Japan showed cross-peaks observed from t&eMe signal to H-3 and H-5 as
unique activity in the 3Y1 cell morphology asséBioassay-guided well as large vicinal coupling constantl ¢ = 7.7 Hz andly 3 =
isolation furnished four active compounds, one of which was readily 8.9 Hz) suggestettans-orientations of the&&Me, H-3, and H-5,
identified as namenamicid) by spectral data. The other three were indicating that they were on a six-membered ring. Three aromatic
new compounds of the enediyne class named shishijimictat€A  protons in unit C (C-4b—C-8d’) could be placed on a 1,2,4-
(1-3), which showed extremely potent cytotoxicity. In this com-  trisubstituted benzene moiety on the basis of the magnitudes of
munication, we report isolation, structure elucidation, and biological ortho- and metacouplings (8.8 and 2.4 Hz, respectively). The
activities of shishijimicins. substituent on C-6was suggested to be an oxygen on the basis of

The MeOH and EtOH extracts of the tunicate were combined, the chemical shifts of C!5(6 106.8) and C-7 (120.2). A vicinal
evaporated, and subjected to the solvent partitioning scheme tocoupling constant of 4.9 Hz between H-@ 8.41) and H-4 (8.21)
afford the active aqueous MeOH fraction, which was separated by as well as their low-field chemical shift values indicated that unit
centrifugal partition chromatography followed by reversed-phase D (C-1"—C-4d', C-94') was a part of a 2,3,4-trisubstituted pyridine
HPLC to afford shishijimicins AT), B (2), and C @), together moiety. Unit E contained ais-olefin (Js5 = 9.3 Hz), in which
with the know namenamicirdj. H-5 was coupled to the highly deshielded oxymethine (H-8) by
1.7 Hz, while unit F (C-14, C-15) consisted of an allylic methylene
bearing a heteroatondy 3.97, 4.18p¢ 41.2), which was connected
to a trisubstituted olefindy 6.51;0¢ 128.6). Unit G (C-12) was an
isolated methylenedy 2.71, 3.02;0¢ 54.7).

o Units A—G were further elaborated by interpretation of the
Mes&/o i/ HMBC data. C-3' of unit A was shown to be methoxylated, while
OH HOj C-1"" was attached to C-2f unit B through a glycosidic bond
which was evident from a cross-peak HYC-2. H-3' of unit B
1: R4=SMe, Ry=i-Pr M correlated with a carbonyl & 197.9 (1-CO), which was attached
§f EigMF;zg'F:Et to C-4 resonating ab 74.7. Chemical shift values of all of the
4 Rj=SMe. Ro=i-Pr, X=M carbons in units C and D were unambiguously determined, while

a linkage between C-4and C-48 was demonstrated by the cross-
Shishijimicin A (1) had the molecular formula of Hs,N401,S, peaks, H-4/C-48" and H-53'/C-4d'. C-8a' and C-94 could be
as determined by HRFABMS. An initial analysis of thd and connected through”9NH on the basis of cross-peak$-BIH/4b"
13C NMR data in conjunction with the HMQC spectra in §ID and 9'-NH/4d’'. Therefore, the presence of a 6-hydroxy-8-
and DMSOds; showed the presence of three aliphatic doublet carbolin-1-yl group was indicated. The remaining portion, which
methyls, two aromatic orS-methyls, two O-methyls, several comprised units E, F, and G and nonprotonated carbofisrat1
methylene and methine carbons substituted by oxygen or nitrogen,(C-1), 83.8 (C-3), 89.2 (C-6), 98.7 (C-7), 102.1 (C-2), 132.6 (C-
two acetals, three olefinic protons, and five aromatic protons. As 10), 138.5 (C-13), 149.3 (C-9), and 194.2 (C-11), contained
for the nonprotonated carbons, there were six resonances betweerlements of GgH1eNOsS; requiring 1T of unsaturation. Intrepre-
o0 73 and 102 which were assigned as being oxygenated or tation of the HMBC data permitted us to assign the carbon skeleton
acetylenic, eight signals betweénl22 and 158, and two signals  of the aglycone (Figure 1a). The unassigned portion corresponding
at 0 194 and 198 which were ascribed to conjugated ketones. A to elements of gH;NO,S; included arSmethyl Oy 2.56;0¢ 23.0),
notable feature was the presence of highly deshielded oxygenateda methoxycarbonyldy 3.74;0¢ 53.7 and 157.8), and an exchange-
methine §y 6.35; 6c 70.8) and broad-methyl @ 3.74) proton able proton ¢ 8.49). Chemical shift values of C-10,,15, and
signals. C-15 inferred the presence of @methylcarbamate on C-10 and
Interpretation of the COSY, HOHAHA, and HMQC data allowed a methyl trisulfide on C-15, thus assigning a gross structure identical
for the assignment of units-AG (Figure S1). Unit A was assigned  to that of calicheamicinon®® Moreover, an HMBC cross-peak H-1
as 2,4-dideoxy-4-isopropylaminopentopyranose. Large vicinal cou- C-8 placed the thio-sugar at C-8. Finally, the remaining carbonyl
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Table 1. Cytotoxicity of 1—4 (ICso, pg/mL)

1 2 3 4 adriamycin
3Y1 2.0 3.1 4.8 13 13 000
HelLa 1.8 3.3 6.3 34 17 000
P388 0.47 2.0 1.7 3.3 52 000

Figure 1. (a) Key HMBC correlations for the aglycone and (b) NOESY
correlations for the glycoside ih.

carbon (C-1) was connected to C“1of the 3-carboline unit by a
process of elimination.

Interpretation of the NOESY data (Figure 1b) allowed us to
assign both the relative stereochemistry and the conformation of
shishijimicin A (1). A cross-peak 1-OH/H-14 indicated tHe
geometry for theAl34olefin, while a cross-peak 10-NH/H-8
demonstrated thgynrelationship of the two oxygen atoms on C-1
and C-8 as the case of calicheamicinBisposition and the
stereochemical relationship of the thio-sugar unit with respect to
the aglycone were delineated by the cross-peaks, H-8/H-8/
H-2', and H-15/H-2, while those between the thio-sugar and the

4 in the three cell-lines tested. It is highly likely that-3 cleave
DNA as in the case of other enediyne antibiotics including
namenamicirt. The sequence specificity of calicheamigig was
reported to be ascribed to the presence of the aryl-substituted
saccharidedBecauses-carboline not only intercalates DN¥ but

also thes-carboline unit in shishijimicin AZ) occupies the position
similar to that of the aryl group in calicheamigiq', it may exhibit

a different pattern of DNA sequence recognition from those of other
enediynes.
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nitrogenous sugar units were derived from the cross-peaks,/H-1
H-2', H-2B8"/3'-OH, and H-5"'/H-8. The orientation of thg-car-
boline unit with respect to the thio-sugar was inferred on the basis
of cross-peaks, H-3H-3' and H-3'/H-5'. It should be noted that
the NOESY correlations were consistent with the proposed
conformation of the aglycone and A and E sugars in calicheamicin
y1' bound to DNA710 The CD spectrum of shishijimicin A
exhibited a negative Cotton effect at 325 nmhe(—5.0) and a
negative exciton split [272Xe +7.1) and 239 nm-3.1)] due to
the interaction of the enediyne and dienone chromophores (Figure
S2): the positive Cotton effect at around 270 nm was in agreement
with the value reported for calicheamicipy'.* Therefore, the
absolute stereochemistry of the aglycond efas identical to that
of calicheamicins and that of the saccharide portion, as shown.
Shishijimicin B @) had a molecular formula smaller than that
of 1 by a CHS unit. The NMR spectrum exhibited no signal for
the Smethyl group on the thio-sugar moiety @& which was
replaced by a proton signal at4.56, dd,J = 9.8 and 11.0 Hz; the
axial nature of this methine was consistent with NMR data.
Therefore, shishijimicin BZ) was the des-dmethylthio derivative
of 1. Shishijimicin B @) exhibited the CD spectrum almost identical
to that of1, thus suggesting their identical absolute stereochemistry.
Shishijimicin C @) had the molecular formula of gHsoN401,S4,
which was smaller that by a methylene unit. The NMR spectra
were almost superimposable on thatloéxcept for the presence
of an ethylamino groupdy 1.23 (3H, t) and 2.96 (2H, m)] instead
of the isopropylamino group id. Therefore,3 is the desmethyl
analogue ofl. The CD spectrum 08 was almost identical to that
of 1, again indicating the same absolute stereochemistry.
Shishijimicins are highly cytotoxic, as is namenamicin (Table
1). However, shishijimicin A was almost 10 times more active than
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