CHAPTER IV

SHISHIJIMICINS A-C, NEW MEMBERS OF ENEDIYNE
GLYCOSIDES THAT INDUCE COLLAPSE OF THE NUCLEUS
FROM THE MARINE TUNICATE DIDEMNUM PROLIFERUM

1. Introduction

The lipophilic extract of the tunicate Didemnum proliferum Kott (Fig. IV-1),
collected off Shishijima Island, the Amakusa Islands, June 1999, induced extremely
unusual morphological transformation. When the cells were exposed to the lipophilic
extract at 10 ug/mL, their nuclei were first dotted with granules, then gradually lost their
shapes, and finally disappeared in the course of cell death (Fig. IV-2). The extract also
exhibited remarkable antimicrobial activity against three fungi (Candida albicans,
Mortierella ramanniana, and Penicillium chrysogenum) and four bacteria (Bacillus
subtilis, Escherichia coli, Pseudomonas aeruginosa, and Staphylococcus aureus),
indicating that the active principles may act on the universal physiological system
existing from prokaryotes to multicellular organisms.  Isolation and structure

elucidation of active constituents was attempted.

FigV-1. Didemnum proliferum collected off Shishijima Island.
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a b) -
Fig. IV-2.  Morphological changes of 3Y1 cells caused by the lipophilic extract of
Didemnum proliferum.  a) Untreated cells.  b) Cells treated with 10 ug/mL of
the extract for 12 hours. The arrows indicate cells with nucleus collapse. Bar
represents 20 pm.

2. Results and Discussion

2-1. Isolation

The most laborious part of this work was to collect the animal. The tunicate is 1
mm thick and grows sporadically on various substrates such as oyster shells. The
colonies differ in size, but in most cases they do not cover an area of larger than 1 cm®,
Moreover, they are easy to break when peeled from substrates. These properties of the
animal made its collection difficult and required a total of five dives to collect 190 g of
the animals.

Isolation of shishijimicins (4-1~4-3) was guided by antifungal activity against
Penicillium crysogenum, which was the most sensitive and gave clearer results in
shorter time than the cell-morphology based assay. Of course, the two bioactivities
were confirmed to be parallel in the first isolation trial from the ethanolic solution of the
specimen bottle containing 75 g of the animal.

The alcoholic extract of the sample was successively partitioned between CH,CI,
and 60% MeOH and then between 90% MeOH and n-hexane. The aqueous MeOH
layer was subjected to CPC using a solvent mixture EtOAc/n-heptane/MeOH/H,0.
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The antifungal fractions were combined and purified by ODS-HPLC with acidic
aqueous MeCN to afford shishijimicins A-C (4-1~4-3), along with namenamicin (4-4).%
an enediyne glycoside derived from the tunicate Polysyncraton lithostrotum. All

compounds were obtained as TFA salts (Scheme IV-1).

Didemnum proliferum
(collected at Shishijima Island,250g)

1) extracted with MeOH, then EtOH

2) partitioned between CH,Cl, / 60% MeOH

3) partitioned between 90% MeOH / n-hexane

4) CPC (EA/n-heptaneMeOHM ,0=7:4:4:3,
ascending — descending)

5) ODS-HPLC (49% MeCN-0.05% TFA)

6) ODS-HPLC

(46% MeCN-0.05% TFA)
7) HPGLC

(90% MeOH-0.05%TFA)

namenamicin (4-4) 6) ODS-HPLC 6) ODS-HPLC
(1.4 mg; 5.6 x 10%%) (46% MeCN-0.05% TFA) (47% MeCN-0.05% TFA)

6) ODS-HPLC
(45% MeCN-0.05% TFA)

shishijimicin B (4-2) shishijimicin C (4-3) shishijimicin A (4-1)
(0.7 mg; 2.8 x 104%, wet wi) (0.2 mg; 8.0 x 10°5%) (3.3 mg; 1.3 x 103%)

Scheme IV-1. Isolation Procedure of Shishijmicins (4-1~4-3).

CHs

namenamicin (4-4)
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2-2. Structure Elucidation

2-2-1. Shishijimicin A

HRFABMS indicated that shishijimicin A (4-1) had aS molecular formula of
C,Hs,N,0,,S, (found m/z 1003.2372, caled m/z 1003.2362 [M+Na]*), revealing a highly
unsaturated nature of this compound. The 'H (Figs. IV-11 and IV-17) and "C NMR
(Figs. IV-12 and -18) spectra were well-resolved, but it was necessary to measure the
spectra in two solvents for a detailed structure analysis. Generally, spectra obtained in
DMSO-d, were more informative in terms of crosspeaks from exchangeable protons.
On the otherhand, those in CD,OD gave sharper proton signals. Analysis of “C and
HMQC data (Fig. IV-14) led to the following structural units; two ketones, three
olefinic protons, four aromatic methine, two of which were significantly downfield
shifted to & 8.41 and 8.33, two acetal methines, seven oxymethine, one of which was
abnormally downfield shifted to & 6.22, an oxymethylene, two S-Me, an carbamoyl Me,
three aliphatic Me, an S-methylene, a methylene adjacent to a ketone, two N-methines, 6
exchangeable protons, and 18 quarternary carbons.

1) Amino sugar (Sugar B)

The pentose unit was deduced from COSY and HMBC data (Figs. IV-13 and IV-15)
as well as by J values measured in CD,OD in a straightforward manner. COSY
correlations of H1°’/H,2’’, H,2°’/H3*’, H3’/H4’’, and H4’’/H,5’" as well as HMBC
correlations from OMe6”’ (8 3.36) to C3°’(8 75.0) and from one of H,5" (8 3.96) to the
anomeric carbon C1°’ (8 100.0) led to the construction of the planar structure. The
equatorial orientation of H3’’ and H4’’ were apparent from coupling constants of H3"’
(ddd, J=4.5, 9.5, 9.5 Hz), while a small J value (brt, 2.9 Hz) of H1’’ proved its a-
anomeric substitution.

The "°C chemical shift of C4’’ (56.4) was consistent with its nitrogen-bearing nature.
However, it was not clear which functionality, isopropylamine (6 1.28 d J=6.5 Hz/20.3,
1.31 d J=6.5 Hz/19.0, 3.46m/50.3) or methylcarbamoyl (6 3.74/53.7; 157.8), was
attached to C4’’.  Although no further HMBC correlation was observed for this portion,
the HOHAHA spectrum (Fig. IV-19) measured in DMSO-d, at 300 K supported to

place the isopropylammonium moiety at C4’’ (Fig. IV-3). Correlations were observed
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from two ammonio protons at 4 8.22 and 8.53 to all of the isopropyl protons and to
sugar protons, H3’’, H4’, and H,5°, and thus a 2,4-dideoxy-3-O-methyl-4-(N-
isopropylamino)-a-xylopyranside unit was completed. A NOESY ((Fig. 1V-22)
crosspeak between 6°’OMe and 9’’CH, supported this assignment.

318K II l I t
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8.53br
8.22br
9"  3.41m _T_
H3C 3.220vl/ 3 7o0m 2 35m
1210 HaGo 1.47brt == COSY
(10.6)
8'CH, 5 : DMSO-dg at 300 K
1.230vi

Fig. IV-3. Magnified figure of the HOHAHA spectrum of shishijimicin A (4-1) in
DMSO-d; at 300 K.

2) B-Carboline unit (Fig. IV-4)

The five aromatic proton signals [67.12 (H14’), 7.57 (H12’), 7.60 (H15’), 8.33
(H11%), and 8.41 (H10)] together with two exchangeable signals [0 9.21s (OH13’) and
11.66s (NH16")] were characteristic of 6-hydroxy-9H-B-carboline.*** In fact, the first
three signals and one of the exchangeable protons (& 9.21s) were constructed into 3,4-
disubstitued phenol by a *J,,, coupling pattern and HMBC crosspeaks (Figs. IV-4 and
IV-21). The last pair of aromatic protons (H10’ and H11’) was assignable to protons
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on position 3 and 4 of B-carboline by their & and J values, while the remaining
exchangeable proton (NH16’) had correlations to Cl1’a, C11’b and CI15’b, placing
itself at 9H position. The upfield-shifting of C8’ (8 135.1) together with the UV data
[217 nm (¢ 110000), 306 (43000), and 407 nm (7700)], showing bathochromic shift

8 indicated the extention of the

from typical values for 6-hydroxy-B-carboline,*
conjugated system from C8’. However, the nature of the substituent on C8’ was not

clarified due to the lack of further HMBC cross peaks.

7.600 (8.3) 15
113.4

7.12dd

(2.6,8.5) %
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151.

U 7.57d (2.3)
HO
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9.21s
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Fig. IV-4. Key HMBC correlations observed in -carboline moiety.

3) SMe sugar (Sugar A)

The other sugar was composed of three oxymethines (CH2’: § 4.35 dd J=7.7, 8.9
Hz/79.7, CH3’: 5.74 d J=8.8 Hz/80.0, CH5’: 5.49 q J=6.4 Hz/74.4), one each of
quartenary sp> carbon (C4’: & 74.7), ketone (C7’: & 197.9), anomeric methine (CH1":
84.95 dJ=7.7 Hz/103.0), thiomethyl (SMe4’: §2.46s/15.2), and C-methyl (CH,6’:
8 1.18 d J=6.5 Hz/17.2). The COSY experiment revealed the connectivities of C1’-C2’-
C3’ and of C5’-C6’. Unusual COSY crosspeaks, SMe-4’/H3’ and SMe-4’/H5’ were
consistent with an SMe-bearing quartenary carbon flanked by C3’ and C5’, which was
supported by the HMBC correlations from H3’, SMe4’, and H6’ to § 74.7 (C4’). A
correlaion from H3’ to & C7’ (8197.9) linked a ketone to C4’. Finally, a correlation
H5’/C1’ completed a pyranoside structure.

The relative stereochemistry of this sugar was determined on the basis of J values
and NOESY (in DMSO-d, at 318 K) correlations. Large J values between H1’ and
H2’ (7.7 Hz) and between H2’ and H3’ (~8.8 Hz) established their axial orientations.
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NOESY crosspeaks from H5’ to both HI’ and H3’, placed Me6’ at the equatorial
position. No NOESY correlation from 4’SMe to the protons on this sugar unit and H2’
was observed. Meanwhile, NOESY cross peaks from H3’ and HS’ to H10’ of the B-
carboline unit was noticed, which connected the -carboline unit and sugar A through a
ketone (C7°). So as to place H10’ and H3’/HS5’ in the distances detected by NOESY,
C7’ must be equatorially oriented. Thus, the unprecedented 4,6-dideoxy-4-(f-
carboline-1-carbonyl)-4-thiomethyl-f-glucopyranoside unit was established. HMBC
correlation H1”’/C2’ and H2’/C1”’ constructed an a-glycosidic linkage between C2’ of

Sugar A and the amino sugar.

— Sequenced by COSY 15.2 |

~7X HMBC correlations

<« - — - > NOESY correlations

HO

Fig. IV-5. Key HMBC (in CD,OD at 300 K) and NOESY (in DMSO-d, at 318 K)

correlations observed in the arylcarbohydrate moiety of shishijimicin A (4-1).

4) Enediyne Aglycon

NMR signals ascribable to the aglycon of shishijimicin A (4-1) contained a ketone,
disubstituted cis- and trisubstituted olefins, an oxymethine (CH8: & 6.22 brs/69.0), a
methylene adjacent to ketone (CH,12: 8 2.71 and 3.02), an S-methylene (CH,15: 6 4.06
and 3.96 m/39.3), a methylcarbamate (CH,;18: 3.58brs/52.0), an thiomethyl (CH;l6:
2.56s/22.4), eight quartenary carbons (d 146.2, 137.0, 131.8, 101.8, 98.1, 87.7, 82.4, and
71.3), and a hydroxyl group. These structural pieces together with remaining 64 mass
unit corresponding to two sulfur atoms was reminiscent of calicheamicinone.” A
substructure 4-(2-sulfanyl-ethylidene)-cyclohex-2-enone was supported by HMBC
correlations: H6/C9, C10, C13; H,15/C13, C14; H14/C1, C9; H,12/C1, C10, Cl11, C13;
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and 1-OH/C1, C12 (Fig. 1V-6). Olefinic protons H4 and HS5 showed HMBC
crosspeaks to four quaternary carbons, 82.4 (C3), 87.7 (C6), 98.1 (C7), and 101.8 (C2),
which also correlated with H8, 1-OH, and H,12, disclosed 3-ene-1,5-diyne structure
beween C1 and C8 (Fig. IV-6). Thus, a unique bicyclo[7.3.1]trideca-1(12),5-diene-
3,7-diyne system was constructed. The characteristic long-range coupling beween H5
and H8 (J=1.7 Hz) was observed in both 'H and COSY spectra measured in CD,0OD
(Table IV-2).

The HMBC correlation from the anomeric proton of the thiomethyl sugar (H1’) to
C8 supported a glycosidic linkage between them. The chemical shift value of 16SCH,
(8 2.56s/22.4) was diagnostic of a methyl trisulfide and it should be connected to the
SCH,15 (cf. methyl disulfide: & 2.37/19.6 in CDCI,,*® methyl tetrasulfide: & 2.62 in
CD,0D®). Therefore, the methyl carbamate group must be placed on C10 (8 131.8).

The NOESY spectrum did not give any stereochemical relationships between the
aglycon and the sugars. The geometry of the exocyclic olefin of the aglycon was
assigned as 13E on the basis of a NOE crosspeak between OH1 and H14. Thus, the
relative structure of shishijimicin A(4-1) was established. @~ NMR data were
summarized in Table IV-2 and IV-3.
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1051 151 carbohydrate

Fig.IV-6. Key HMBC and NOESY correlations observed in the calicheamicinone
moiety of shishijimicin A (4-1).

shishijimicin A (4-1)

2-2-2.  Shishijimicin B

The HRFAB mass spectrum (Fig. IV-31) of shishijimicin B (4-2) established a

molecular formula of C,sHs,N,O,,S,, which was smaller than that of shishijimicin A (4-
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1) by a unit of CH,S. Apparently, this difference was thought to be due to the
replacement of the thiomethyl group by a hydrogen atom; in fact, the signal for 4’-SMe
disappeared and a methine proton (H4’: 6 4.56 dd J=9.8, 11.0 Hz) appeared,
accompanying shifting of several signals in the 'H NMR spectrum (Fig. 1V-23).
Interpretation of HOHAHA data (Fig. V-25) revealed the contiguous sequence from
H1’ to H;6’, and further analysis of the HMQC (Fig. V-26) and HMBC (Fig. V-27)
spectra comfirmed that shishijimicin B (4-2) is 4’-desthiomethylshishijimicin A. H4’
was remarkably downfield shifted (6 4.56), which may be the result of the anisotropic
deshielding effect caused by the adjacent ketone (C7°). The H-H coupling constants
around the pyranose ring indicated that the substituents on C3’ and C4’ are equatorially
oriented.

The 'H NMR signals of the amino sugar portions were broad or overlapped by other
signals and only interpretable were the broad triplet (/J=2.9 Hz) of the anomeric and
broad doublet (J=12.7 Hz) of one of the protons (8 2.48) at C2’’, suggesting the
anomeric H1”’ to be equatorially oriented. The 1D HOHAHA difference experiment
~ on irradiation of the same H2’ showed its geminal counterpart (6 1.60) as a broad triplet
with a large J value (12.2 Hz, Fig. IV-7), thereby securing the axial nature of H3. The
1,3-diaxial relationship of H2’’ and H4’* was supported by a NOE correlation between
them in the ROESY spectrum (mixing time:120 ms, Fig. IV-28). Further evidence for
this stereochemical assignment was J values of all the protons except for H3* obtained
from the 'H and TQFCOSY spectra (Figs. IV-29 and 1V-30) measured in a mixture of
CD;0D/CDCl,/pyridine-ds; (100:100:0.5), where shishijimicin B (4-2) gave rather
sharper signals. Diagnostic was the splitting pattern of H4’ (td, J=9.2 and 4.6 Hz),
which clearly showed axial orientation of H3’ and H4’ (Fig. IV-8). The remaining
signals were almost identical with those of shishijimicin A (4-1). NMR data of

shishijimicin B (4-2) are summarized in Table IV-4.
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irradiation

Fig. IV-7. 1D HOHAHA difference spectrum of shishijimicin B (4-2).
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Fig. IV-8. Structure of the two sugar moieties in shishijimicin B (4-2).

*Determined by PSTQFCOSY.

shishijimicin B (4-2)
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2-2-3.  Shishijimicin C

The HRFAB mass spectrum (Fig. IV-36) of shishijimicin C (4-3) established the
molecular formula of C,sHsN,O,,S, (found m/z 967.2397, calcd m/z 967.2386 [M+H]"),
which was smaller than shishijimicin A (4-1) by a CH, unit. The 'H NMR spectrum
(Fig. IV-32) was almost identical with that of shishijimicin A (4-1), but a limited
amount of the sample (0.2 mg) hampered detailed comparison of the spectra especially
on the high field region (6 0.8~3.2 Hz). Analysis of the HOHAHA spectrum (Fig. IV-
33) revealed the presence of an ethylamino group (8 1.23 and 2.96 in CD;OD) in place
of the isopropylamino group. Therefore, shishijimicin C (4-3) turned out to be an
ethylamino analogue of shishijimicin A (4-1). Except for this difference NMR data
were superimposable to those of shishijimicin A (4-1) as compared by COSY data in
CD;OD or in CD;OD/CDCly/pyridine-d; (100:100:0.5) (Fig. IV-35). NMR data of
shishijimicin C (4-3) are shown in Table IV-4.

shishijimicin C (4-3)

2-2-4. Absolute Configration of Calicheamicinone in Shishijimicins (4-1~4-3)

The absolute stereochemistry of shishijimicins (4-1~4-3) remains to be determined.
It is reported that calicheamicin v,' (4-5) showed a characteristic CD curve with the first
negative (311 nm) and second positive (272 nm) Cotton effects, attributable to the

twisted interaction of the electric transition moments of dienone and enediyne
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chromophores.® The CD spectra of shishijimicins (4-1~4-3) gave similar
charactersitic (325~321 nm, Ae -4.4~-8.5; 272~268 nm, A¢ 5.6~7.1, Fig. IV-37~-39),

suggesting the same absolute stereochemistry (Fig. IV-9).

A

I\

carbohydrate ~0 OH L

H,CSSS

Fig. IV-9. Chirality of enediyne/dienone chromophore. The arrows denote

direction of electric transition moments.

2-3.Biological Activity

The effects of shishijimicin B (4-1) on 3Y1 cells was dependent on the
concentration. At 200 uM, many black granules were first emerged in the perinuclear
region after 5-hour exposure (Fig. IV-10 b)). Characteristically, some of the granules
localized on the nuclear surface. The damaged nuclei disappeared in 50 % of the cells
in 24 hours and the site where the nucleus had occupied became microscopically
indistinguishable to the perinuclear region (Fig. IV-10 ¢) ). About 80 % of the cells
died within 48 hours and the rest within 5 days. The course of events described above

progressed faster in higher concentrations.
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a)

Fig. IV-10. Morphological change of 3Y1 cells caused by 200 uM of shishijimicin
B (4-2). a) Control. b) Cells treated for 5 hours. ¢) Cells treated for 24 hours.
Bar represents 20 um.

The cytotoxicity of shishijimicins against three cell lines was summarized in Table

IV-1. They were slightly more potent than namenamicin (4-4).

Table IV-1. Cytotoxicity of Enediyne glycosides Isolated from Didemnum
proliferum against 3Y1, HeLa, and P388 Cells (1C: pM)

4-1 4-2 4-3 4-4 adriamycin®
3Y1 2.0 3.1 4.8 13 13000
Hela 1.8 K c 6.3 34 17000
P388 0.47 2.0 1.7 3.3 52000

“Positive cytotoxicity control.

Shishijimicins A-C (4-1~4-3) are structurally related to calichcamicins (4-5),"**
esperamicins (4-6),°"" and namenamicin (4-4)," the first two of which are metabolites
from terrestrial actinomycetes, while the last one was isolated from the marine ascidian
Polysyncraton lithostrotum.  These compounds possess a 13-(2-methyltrisulfanyl-
ethylidenc)-bicyclo[7.3.1]trideca-1(12),5-diene-3,7-diyne  motif in  common and

compose a group of enediyne antitumor antibiotics with other families of enediynes
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including dynemicin A,”® N1999A1,** and chromoprotein antibiotics such as
neocarzinostatin,®® kedarcidin,”® C-1027, and maduropeptin.”  Among these,
calicheamicin y,' has been the most intensively studied by a broad array of scientists in
the fields of organic synthesis, biosythesis, physical chemistry, molecular biology, and
clinical medicine, leading to the recent success of antibody-directed calicheamicin
cancer therapies. Currently, phase II studies are carried out for treatments of acute
myeloid leukemia'® and epithelial ovarian cancer'® whereas a phase I study for a

treatment of non-small cell lung cancer.'”

HO—CHs
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0]
O
HOn H O
moc M98 pecsssS OCH
3
I CHs O HLC. o c)lHSC 0 O\H\l
S HHO 0
ringD o OCH; OH H\QQ%
H
HH o) OCHs 3C\/H3CO

HCO gy

calicheamicin y;' (4-5) esperamicin A (4-6)

The antitumor activity of enediynes is ascribed to their ability to cleave cellular
DNA.'®'*  Triggered by a certain series of reactions, they are converted to diradical
spieces in the course of Bergman cyclization'®'® which proceed to abstract hydrogen
atoms from the sugar-phosphate backbone of both DNA strands, and as a consequence,
strand scission occurs along with formation of aldehyde which is generated by reaction
of resulting carbon-centered radicals with molecular oxygen. It is obvious that
shishijimicins exert their biological action through the same mode of action.

Calicheamicin y,' cleaves duplex DNA with a high degree of specificity at several
tetranucleotide sequences.'®'’® It was demonstrated that sugars A and B are sufficient
to align the drug for double-stranded cleavage, but the entire aryl tetrasaccharide is
required for specificity.”® Further studies using DNA hairpin duplex containing one of
the preferred sequences (T-C-C-T)-(A-G-G-A) in its center has inferred that iodine and
sulfur atoms of the thiobenzoate ring C interact with exocyclic amino protons of the 5’

and 3’-guanine bases, respectively, and contribute greatly to sequence recognition.'"
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Shishijimicins possess the 6-hydroxy-9H-B-carboline carbonyl functions at C4’ of sugar
A in place of the aryldisaccharide BCD rings, and this could result in a large alteration
of sequence recognition pattern. It is of great interest to examine how the preference
for DNA tracts is changed by this substitution. Analysis of shishijimicin-DNA
interaction in detail will provide further insights into the molecular recognition

mechanism of the carbohydrate moiety of calicheamicin v,

3. Experimental Section

3-1. General Mehtods

Instruments used in this chapter were the same as in CHAPTERSs II and 111.

3-2. Animal Material

The orange thin tunicate Didemnum proliferum Kott was identified by Prof. Teruaki
Nisikawa, the Nagoya University of Museum, Nagoya University. The animal was
collected by hand-using scuba at a depth of 20 m off Shishijima Island, the Amakusa
Islands, 960 km southwest of Tokyo, Japan (32° 17° N, 130°12’ E). The colonies were

immediately frozen and then transported to Tokyo.

3-3. Extraction and Isolation

The animal (250 g) was extracted with MeOH (500 mL) and EtOH (total 3.5 L).
The combined extracts were concentrated and successively partitioned between 60%
MeOH (700 mL) and CH,Cl, (700 mL x 3) and between 90% MeOH (400 mL) and n-
hexane (400 mL x 3). The aqueous MeOH solubles (347.3 mg) were filtered and then
fractionated by CPC (= centrifugal partition chromatography, rotation: 1400 rpm,
solvent: EtOAc/n-heptane/MeOH/H,0 (7:4:4:3), flow rate: 3 mL/min, normal
elution=ascending mode) to afford 40 fractions (15 mL each) by normal elution and 20
fractions by reversed elution. About 1.1 uL portion of each fraction was used for

bioautography against Penicillium chrysogenum. The fractions eluting between 255-
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495 mL and 615-645 mL which exhibited remarkable growth inhibitory activity were
combined and separated by reversed-phase HPLC (CAPCELL PAK C18 UG80 ¢20 x
250 mm, SHISEIDO; 49% aqueous MeCN containing 0.05% TFA) to give four broad
cytotoxic peaks. Further purification of the first, third, and fourth peaks on reversed-
phase HPLC (CAPCELL PAK C18 MG ¢20 or ¢10 x 250 mm, SHISEIDO; aqueous
MeCN containing 0.05% TFA) afforded shishijimicins B (2, 0.7 mg; 2.8 x 10*% wet
wt), C (3, 0.2 mg; 8.0 x 10°% wet wt), and A (1, 3.3 mg; 1.3 x 10°% wet wt) as yellow
solids, respectively. The second peak mainly contained colorless material, which proved
known namenamicin® (1.4 mg; 5.6 x 10°% wet wt) after the final purification on
Asahipak GS-320 (¢78 x 500 mm, ASAHI CHEMICAL INDUSTRY; 90% MeOH
containing 0.05% TFA).

Shishijimicin A (1): a yellow solid; [a]**, -66° (c 0.16, MeOH); UV (MeOH) A,
217 nm (e 110000), 271 (30000), 306 (43000), 337 (sh, 18000), 407 nm (7700); CD A,
229 nm (Ae 0.0), 239 (-3.1), 254 (0.0), 269 (5.7), 287 (0.0), 322 (-8.5); HRFABMS m/z
1003.2372 (M+Na)* (calcd for C,¢Hs5,N,0,,S,Na, A+1.0 mmu); 'H and *C NMR data,
see Table IV-2 and -3.

Shishijimicin B (2): a yellow solid; [a]*’, -63° (¢ 0.05, MeOH); UV (MeOH) A,
219 nm (g 34000), 256 (19000), 306 (13000), 328 (sh, 6800), 408 nm (2400); CD Aext
233 nm (Ae 0.0), 238 (-1.1), 249 (0.0), 272 (7.1), 292 (0.0), 325 (-5.0); HRFABMS m/z
9352623 (M+H)" (caled for C,Hy N, 0,S;, A43 mmu); 'H NMR
[CD,;0OD/CDCl,/pyridine-ds (100:100:0.5)] & 8.46 (1H, d, J=5.0 Hz, H-10"), 8.16 (1H, d,
J =5.0 Hz, H-11"), 7.54 (1H, d, J =1.9 Hz, H-12'), 7.50 (1H, d, J =8.5 Hz, H 15"), 7.15
(1H, dd, J =2.3, 8.5 Hz, H-14"), 6.52 (1H, dd, J =5.2, 10.2 Hz, H-14), 6.20 (1H, bs, H-8),
5.94 (1H, d, J =9.2 Hz, H-4), 5.85 (1H, dd, J =9.2, 1.5 Hz, H-5), 5.50 (1H, dd, J =3.0,
4.2 Hz, H-1"),4.74 (1H, d, J =7.7 Hz, H-1"), 4.48 (1H, t, J =10.4 Hz, H-4"), 4.25 (1H, dd,
J =9.2, 10.8 Hz, H-3"), 4.19 (1H, dd, J =10.0, 11.2, H-5"b), 4.09 (1H, dd, J =14.4, 10.2
Hz, H-15b), 3.94 (1H, dd, J =4.4, 11.4, H-5"a), 3.91 (1H, dd, J =9.8, 6.4 Hz, H-5"), 3.88
(1H, dd, J =5.2, 14.4 Hz H-15a), 3.38 (3H, s, CH,-6"), ~3.73 (overlapped, H-2"), ~3.73
(overlapped, H-3"), 3.73 (3H, bs, CH;-18), 3.47 (1H, sep, J =6.5 Hz, H7"), 3.19 (1H, td,
J=9.2,4.6 Hz, H-4"),3.06 (1H, d, J =17.3 Hz, H-12b), 2.74 (1H, d, J =16.9 Hz, H 12a),
2.55 (3H, s, CH;-16), 2.48 (1H, bd, J =13.1 Hz, H.-2"), 1.62 (1H, bt, J =12.7 Hz, H,,-
2"), 1.34 (3H, d, J =6.5 Hz, CH;-8"), 1.32 (3H, d, J =6.5 Hz, CH,;-9"), 1.06 (3H, d, J
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=5.8 Hz, CH,-6"). 'H and ">’C NMR data in CD,0D, see Table IV-4.

Shishijimicin C (3): a yellow solid; [a]*’, -31° (¢ 0.017, MeOH); UV (MeOH) A,
218 nm (g 54000), 255 (sh, 24000), 306 (20000), 328 (sh, 11000), 408 nm (3300); CD
Aex 235 nm (Ae 0.0), 238 (-1.2), 251 (0.0), 272 (6.8), 293 (0.0), 321 (-4.4); HRFABMS
m/z 967.2397 (M+H)" (calcd for C,sH;,N,O,,S,, A+1.1 mmu); 'H NMR data, see Table
IV-S.

3-4. Cell-morphology-based Assay

The assay procedure was the same as that described in CHAPTER 1.

3-4. Cytotoxicity Tests

Cytotoxicity tests against of 3Y1, HelLa, and P388 cells were done following the
procedure described in CHAPTER I1.
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Table IV-2. NMR Data of Shishijimicin A (4-1) in CD,0D at 300 K

position >C 'H, m, J (Hz) HMBC (‘H—"C)*

aglycon

1 73.1

2 102.1

3 83.8

4 126.1 6.02d9.2 2,3,6

5 124.0 596dd9.4,1.7 3,6,7

6 89.2

7 98.7

8 70.8 6.35 bs 6,7,9,13

9 149.3

10 132.6

11 194.2

12 54.7 2.71d 169 (Ha) 1,2,3,11,13
3.02d 16.9 (Hb) 1,2,10, 11,13

13 138.5

14 128.6 6.51dd 5.0, 10.0 1,9

15 41.2 3.97dd 14.2, 5.0 (Ha) 13,14
4.18 dd 14.4,10.2 (Hb) 13,14

16 23.0 2.56s

17 157.8

18 53.7 3.74 bs 17

Sugar A

I 103.0 495d7.7 8

2 79.7 4.35dd 7.7, 8.9 1,3,17

¥ 80.0 574d838 1,22,4,7

4 74.7

4’-SMe 15.2 246 4

5 74.4 549q6.4 1,3,6

6’ 17.2 1.18d 6.5 4.5

7 197.9

8 136.6

10° 136.5 841d4.6 8,11, 1T1°a

1r 120.2 8.21d5.0 10°,11’b, 16’a

11’a 133.4

11’b 122.5

12’ 106.8 7.55d23 11’a, 14°, 15,

13 153.1

14 120.2 7.14dd 2.5, 8.7 12°,13°,15a

15° 114.1 7.54d9.6 11'b,12°,13°

15°a 137.5

16’a 138.0

Sugar B

1 100.0 5.53bt2.9 37,5

27 34.7 1.57 m (Ha) 3"
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355
4”
5,1

797
8”
99;

75.0
56.4
59.9

56.1
503
19.0
20.3

2.47 m (Hb)

3.78ddd 4.5,9.5,9.5
325m

3.96 dd 4.6, 11.5 (Ha)
4.09 bt 10.4 (Hb)
3.36s

346 m

1.31d6.5

1.28d 6.5

]n’ 47,

1”, 3”
35’
37’

77” 995
777, 877
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TableIV-3. 'Hand *C NMR Data of Shishijimicin A (4-1) in DMSO at 318K

position BC 'H,m,J (Hz) HMBC ('H — 2Cy’ NOESY?
aglyoon
1 713 681 s(OH) 1,2,12 12,14
2 101.8
3 824
4 125.1 6.13d92 2,6
5 123.1 605d92 3,7
6 877
7 98.1
8 69.0 622 bs 6,7,9,10,13 1’,2,5”b
9 146.2
10 1318 8.49 brovl (NH)“
11 192.0
12 535 258d17.3 (Ha) 1,2,11 1,12b
298d17.3 (Hb) 1,2,10,11,13 1,12a
13 137.0
14 126.1 6.36dd 54,100 1,9 10H, 153, 15b
15 393 396m 13 14
4.06dd 14.2,10.0 13,14 14
16 224 2565
17 1549
18 520 358 bs 17
Sugar A
I 1014 486d7.3 8 8,3,5
2 802 4.18bt73 3,1’ 83,17
k) 715 569bt6.7 r,2’,30H,5°,10,1”
3’OCH 5.77d62 3.4 2,3,17
4 730
4’-SMe 142 246s &
s 718 551962 13,6 1',6,10
6 164 1.06d6.5 4,5 5
7 195.6
8 135.1
100 135.3 841d50 IT’a 3,5,11
1r 119.1 833d46 1T'b,16a 100,12
11’a 131.1
I’ 120.5
12 105.6 757d23 11'a,14,15’a 11,13’OH
13 151.5 921s(0OH) 12,13,14 12,14
14 1190 7.12dd 26,85 12 130N, 15
15 1134 760d8.3 1’b, 13’ 14°,15’aNH
15’a 1355 11.66s(15’aNH) 11a’,11’b, 152’ 15
16'a 1357
Sugar B
17 98.9 520bs 2’,3’,3’0OH
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27 329 149brt (10.2) (27’a)

233m(2’b)
37 729 373m
4” 533 3220vl
4”NH," 821br
849 brovI~
57 578 382m
387m
6" 552 322s 3”
7 48.3 342m
8” 18.1 123s
9 19.0 123s

17,2”b,4”
17,27a,37,6”
27a,6”

o

2”b,3”,9”

“Data obtained with mixing time 60 and 100 ms.
"Data obtained with mixing time 400 ms.
“Broad and overlapped.

‘5859 at300 K.

‘90853 at300K.
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TableIV-4. 'H and "C NMR Data of Shishijimicin B (4-2) in CD;OD

position BC 'H, m,J (Hz) HMBC (‘(H—>"C)' ROESY”

aglyoon

1 729

2 102.2

3 839

4 1262 6.02d92 2,3,6

5 1239 594dd 96,15 3,7

6 894

7 98.1

8 721 623 bs 7 r,37,5”

9 ND

10 1327

11 194.3

12 547 271d17.3(Ha) 1,2,11 12b
3.02d 169 (Hb) 1,2,10,11,13 12a

13 138.5

14 1288 653dd 50100 15a

15 410 395 ovl (Ha) 14
4.14dd 14.6,104 (Hb) 13

16 229 258s

17 1578

18 536 3.72bs 17

Sugar A

I 102.2 476d8.1 8 8

2 812 3.75dd 79,90 3,1 1”

3 76.6 430dd 838,108 2

& 56.5 456dd98,11.0 3.5,7 6

5 73.0 391dd62,100 6

6 197 107d62 4.5 4.5

7 203.7

8 1374

10 1383 848d50 8,11 1’a 1r

1r 120.5 822d50 11’b,16'a 100,12

1’a 133.6

1I'b 1224

12 107.0 756d19 14,15'a 1r

13 153.1

14 120.1 7.13dd2.3,88 12,13 15

15° 114.1 754d85 1'b, 13’ 14

15°a 137.6 11a’,11'b, 152’

16a 137.3

SugarB

1’ 999 553bt29 2,27a,2"b

2” 348 1.60 brt 12.2 (Ha)’ 17,2”b,3” (weak),4”,6”
248 brd 12.7 (Hb) 1°,27a,3” (strong), 6™



37 758 373 m 8, 2’a (weak), 2”b, (strong),
6"

4” 56.6 3.15 27a

5”7 608 393 (2H) ovl

6” 56.3 340s 3 27a,2”b,3”

7 49.5 331

8” 198 125d58 7°,9”

9’ 214 121d65 7,8”

“Data obtained with mixing time 60 ms.
“Data obtained with mixing time 120 ms.

“Broad and overlapped.

“Assigned froma 1D HOHAHA difference spectrum by irradiating H2"’b.
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Table IV-5. 'H NMR Data of Shishijimicin C (4-3) at 300 K*
solvent CD,0OD CD,0D/CDCL/C;D<N
_position 'H, m, J (Hz) 'H, m, J (Hz)
aglycon
4 6.02d9.6 5.94d9.6
5 595dd 1.5,9.6 5.86dd 9.6, 1.5
8 6.33 bs 6.22 bs
12 2.71d 16.9 (Ha) 2.75d 17.3 (Ha)
3.01d 17.3 (Hb) 3.02d 16.9 (Hb)
14 6.51dd 5.4, 10.0 6.50dd 5.0, 104
15 3.95dd 14.6, 5.2 (Ha) 3.865 dd 14.4, 4.8 (Ha)
4.18 dd 14.6, 10.4 (Hb) 4.11 dd 14.4, 10.2 (Hb)
16 2.57s 253s
18 3.71 bs 3.71 bs
Sugar A
I 4.94d8.1 4.83d7.7
2 4.35dd 7.7, 8.5 ~4.6 overlapped by HDO
3 574d8.9 517d85
4’-SMe 245s 2225
5 547q6.2 5.08q6.2
6’ 1.18d 6.2 1.270vl?
10 841d5.0 8.40d5.0
1 821d5.0 8.15d5.0
12 7.55d1.9 ~7.52 overlapped by CDCl,
14’ 7.14dd 2.5,8.7 7.15dd 2.3, 8.5
15° 7.54d8.9 7.48d8.8
Sugar B
1” 5.52bt3.5 5.56dd 3.1,3.5
2" 1.54t 13.3 (Ha) 1.62 brt 13.1 (Ha)
2.40dt3.4, 13.2 (Hb) 2.39td 3.6, 12.3 (Hb)
37 3.72 ovl 3.8681d 8.7,4.4
4 3.03 3.11td 8.8,4.4
5 3.94 (Ha) 3.97dd 4.2, 11.5 (Ha)
4.05 (Hb) 4.15t10.9 (Hb)
6 337s 335s
7 2.96 br 3.09m
8” 1.2317.1 1.28st7.3

“Data assigned from 'H, PHOHAHA, and PTQFCOSY spectra.

*Overlapped by a large contaminant peak.
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Fig. IV-11.
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"H NMR spectrum of shishijimicin A (4-1) in CD,OD at 300 K.

Fig. IV-12.
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13C NMR spectrum of shishijimicin A (4-1) in CD,OD at 300 K.
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Fig. IV-13. FGCOSY45 spectrum of shishijimicin A (4-1) in CD,0D at 300 K.
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Fig. IV-14. PSFGHMQC spectrum of shishijimicin A (4-1) in CD,0D at 300 K.
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Fig.IV-15. FGHMBC spectrum of shishijimicin A (4-1) in CD,OD at 300 K.

{ Mass Spectrum )
Data : okud Date : B!-Mov-10Q 22:36

Sample: 71-63-3-NBA-NaCl

Note : #

Inlet : Direct Ion tode : FAB*

Spectrum Type : Regular [M-Linear)

RT : ©.27 min Scan# : 2 Temp : 14.1 deg.C
BP : m/z 23.8000 Int. : 1599.98
Output m/z range : 10.0000 to 2000.0008

Cut Level : 8.80 %
2299828 79124 1772 178 329 330 460 613

Fig. 1V-16. LRFABMS (NBA matrix) spectrum of shishijimicin A (4-1).
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S511-NO-71-63-3-14PPM-318K
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Fig.IV-17. 'H NMR spectrum of shishijimicin A (4-1) in DMSO-d, at 318 K.

S10-NO-71-63-3-DMS0-313K~-13C

Fig.IV-18. *C NMR spectrum of shishijimicin A (4-1) in DMSO-d, at 318 K.
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Fig.IV-19. PSHOHAHA spectrum of shishijimicin A (4-1) in DMSO-d, at 300 K.
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Fig. IV-20. FGHMBC spectrum of shishijimicin A (4-1) in DMSO-d, at 318 K.

Mixing time: 60 ms

89



71-63-3- lav[i—DMSOVEHBK—FGEC— 100mse
M T

12 10
. .. o %‘E
1%
oo ] %
'0 o ® %o 0 1 §
. ) 4 ) 1 §
jf
Fig. 1V-21. FGHMBC spectrum of shishijimicin A (4-1) in DMSO-d, at 318 K.

Mixing time: 100 ms.
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Fig. IV-22. PSNOESY spectrum of shishijimicin A (4-1) in DMSO-d, at 318 K.

Mixing time: 400 ms.
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Fig. IV-23. 'H NMR spectrum of shishijimicin B (4-2) in CD,0D at 300 K.
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Fig. IV-24. C NMR spectrum of shishijimicin B (4-2) in CD,0D at 300 K.
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Fig. IV-25. PSHOHAHA spectrum of shishijimicin B (4-2) in CD;0D at 300 K.
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Fig.1V-26. PSFGHMQC spectrum of shishijimicin B (4-2) in CD,0OD at 300 K.
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Fig.IV-27. FGHMBC spectrum of shishijimicin B (4-2) in CD;0D at 300 K.
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Fig.1V-28. PSROESY spectrum of shishijimicin B (4-2) in CD,0D at 300 K.

Mixing time: 140 ms.
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Fig. IV-29. 'H NMR spectrum of shishijimicin B (4-2) in CD,0D:CDCl;:pyridine-d; (100:100:0.1)

at 300 K.
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Fig. IV-30.

PSTQFCOSY spectrum o

(100:100:0.1) at 300 K.
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[ Mass Spectrum }

Dats  : okul Date : 18-Jan-1@! 20:22

Semple: 71-77-3~MBA

Note :

Inlet : Direct Ion Mode : FAB+

Spectrum Type : Reguiar [MF-Linear)

RT : ©.54 min Scant® ;3 i 14.9 deg.C
BP : 39. 0000 Int. : 100.00

Output m/7 ranne © 10 0O +o 2000 AODO cu

123898 79128 176179 30 308

935

1841
L 218 1324 1476 1577 1746 1851

e 0 y y Y 3 y u T T y
1000 118 1200 1300 1480 150 1680 1702 1800 1980 2020

oz

Fig.IV-31. LRFABMS spectrum (NBA matrix) of shishijimicin B (4-2).
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Fig.IV-32. 'H NMR spectrum of shishijimicin C (4-3) in CD,0D at 300 K.
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Fig.1V-33. PSHOHAHA spectrum of shishijimicin C (4-3) in CD,OD at 300 K.
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Fig. 1V-34.
(100:100:0.1) at 300 K.

'H NMR spectrum of shishijimicin C (4-3) in CD,0D at CD,OD-CDCl;-pyridine-d;
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Fig. IV-39. CD spectra of shishijimicins A-C (4-1~4-3) in MeOH.
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CHAPTER V

RENIERAMYCIN J, DIMERIC TETRAHYDROISOQUINOLINE ALKALOID
THAT INDUCE MORPHOLOGY CHARACTERISTIC OF
RNA/PROTEIN SYNTHESIS INHIBITORS FROM
AN UNIDENTIFIED PURPLE-BLUE SPONGE

1. Introduction

In the screening of the samples that had been collected in the Satsunan Archipelago
during the cruise on R/V Toyoshio-maru, June 2000, the organic extract of a purple-
blue sponge, coded S00-151 (Fig. V-1), showed promising activity in the cell-
morphololgy based assay. The cells exposed to 1 ug/mL of the extract shrank their
nucleoli, in some cases they completely disappeared, and the outline of the cells became
unclear, looked as if they fused to be polyploidal cells (Fig. V-2) within 24 hours.
Similar changes are often observed when the cells are treated with inhibitors of
macromolecule (RNA or protein) syntheses (sce CHAPTER 1). The extract also
showed potent antibacterial activity, suggesting that the active substance should inhibit
RNA or protein synthesis of mammalian cells and bacteria. Isolation and structure

¢lucidation of the active principle(s) have been attempted.

Fig. V-1. The unidentified purple-blue sponge S01-051.
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a)

Fig. V-2. Morphological change of 3Y1 cells caused by the organic extract of the
purple-blue sponge S00-151. a) Untreated cells. b) Cells treated with 1ug/mL of
the extract for 24 hours. Bar represents 20 um.

2. Results and Discussion

2-1. Isolation

In a prelimminary experiment, the active fractions in the cell-morphology based
assay were always associated with antimicrobial activity against E. coli. Therefore,
cach fractionation step was guided by bioautography against E. coli followed by
cytotoxicity tests using 3Y1 cells to confirm the validity of the choice. The activity
was lost when the crude extract was treated with aqueous MeOH containing 5%
ammonia so that use of basic solvents was avoided.

The ethanolic extract of the frozen sample (800 g) was partitioned between 60%
MeOH and dichloromethane, and the dichloromethane layer was further partitioned
between 90% MeOH and n-hexane. The 90% McOH layer was then partitioned into
EtOAc/n-heptane/MeOH/H,O (7:4:4:3). The activity was found in both phases; the
lower phase was gel-filtered on Sephadex LH-20 and separated successively by ODS-
HPLC and phenylhexyl-HPLC using aqueous MeCN containing 0.2 M NaCl to afford
renieramycin J (8-1: 2.0 x 10°%, wet wt) as a brown solid.  The isolation procedure

is shown in Scheme. V-1.
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$01-051
(Kuchinoerabujima Island, 800 g )

1) extracted with EtOH (12 L)
2) partitioned between DCM / 60% MeOH
3) partitioned between90% MeOH / n-hexane
4) EA/n-hepane/MeOH/H 50 (7:4:4:3)
lower / upper
5) Sephadex LH-20 (MeOH)
6) ODS-HPLC (38% MeCN-0.2M NaCl)
7) Phenylhexyl-HPLC (38% MeCN-0.2M NaCi)

Renieramycin J (5-1)
(16.2 mg; 2.0 x 103%, wet wt)

Scheme V-1. Isolation Scheme of Renieramycin J (5-1).

2-2. Structure Elucidation

Renieramycin J (5-1) was susceptible to air-oxidation; even a fresh preparation
from HPLC contained an oxidation product (5-2) as a minor component. Oxidation
also proceeded in the NMR tube, in which the content of 5-2 increased from 20% to
30% in 24 hours. (Fig. V-9).

2-2-1. Planar Structure (Fig. V-3)

Although the 'H NMR spectrum (Fig. V-8) of renieramycin J (5-1) showed well-
dispersed signals in CD;OD, signal assignment was not easy, especially the region of 6
4.25-4.35 because of overlapping of the oxidation product. “C NMR and HMQC data
(Figs. V-10 and V-14) showed the presence of characteristic units of reniearmycin-type
alkaloids''*"'®; the N-methyl group, 2-methoxy-3-methyl-1,4-benzoquinone (ring A),
and angelate ester. However, HMQC crosspeaks of &2.14/9.48 and 3.69/60.89
indicated the presence of 2-methoxy-3-methylhydroquinone (ring E), instead of two
quinonoid structure as the case of other renieramycins, which was supported by a UV
maximum at 273 nm (¢ 12000). Analysis of the COSY spectrum (Fig. V-12) revealed
three spin systems, H1-H22, H,4-H3-H11, and H13-H21 together with a characteristic
homoallylic coupling between H1 and H4 (~2.3 Hz) and a W-coupling between HI11
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and H13 (1.8-2.8 Hz), which was constructed into rings B and C based on HMBC data
(Fig. V-15). The angelate moiety could be linked to C22 by an HMBC cross peak
from H,22 to ester carbonyl C24 (8 168.57), whereas the benzoquinone unit was placed
adjacent to ring B by HMBC correlations from H,.4 (8 3.03) to quinone carbonyl C5
(8 186.96) as well as 6-Me (6 1.85) to C5. HMBC correlations from oxymethine
proton H14 (8 4.79) to C21, C15 (d 148.08), C16 (8 120.70), C19 (3 113.17), and C20
(8 118.73) as well as H11 to C18 (8 142.05) and C19 constructed the tetrahydropyridine
unit (ring D) and placed the hydroquinone unit as shown. It should be mentioned that
the chemical shift values of carbinolamine methine (8 4.58/90.24) was downfield-
shifted from typical values for hemiaminals (3,: ~4.4, &.: ~83, see Fig. V-3, inset), thus
indicating that renieramycin J (5-1) formed a methyl-d; aminal by replacing hydroxyl
group on C21 with deuteromethoxyl during measurements of the NMR spectra in
CD,OD. This was also verified by the spectra measured in MeCN-d; (vide infra).
Key HMBC correlations are summarized in Fig.V-3.

w—  sequenced by COSY 60.89
. OCH3 544
~—A Key HMBC correlations 9.48
Ji,4=23Hz HO Ha

(homoallylic coupling)

HaCO - , Ji1,131.8-28 Hz
33 (W coupling)

N ko T
168.68 I
N0 N 23
) VO

in CDCl3

Fig. V-3. Key HMBC correlations of renieramycin J (5-1) (mixing time = 60 ms).

The nset shows typical & values for hemiaminal methines.
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The FAB mass spectrum of renieramycin J (5-1) showed an intensive ion peak at
m/z 569.2502 ([M+2H-OHYJ*, calcd for C;,H;,N,O,, Fig. V-11), which was smaller by 32
mass units than the value for the methyl-d;-aminal structure established from NMR data.
This difference was rationalized by formation of an iminium ion during FAB ionization
after elimination of the methoxyl-d; group with concomintant reduction of the quinone

(ring A) to a hydroquinone''” (Scheme V-2).

OCH,

0 -15 mass unit o
CHs CHs
Renieramycin J (5-1)
Structure established from NMR data HRFABMS data:
Exact Mass: 584 m/z 569.2502 [M+2H-CD3O]*

Scheme. V-2. FAB lonization Process of Renieramycin J (5-1).

The minor component, oxidized renieramycin J (5-2) exhibited a pseudo-molecular
ion peak at m/z 569 as the original compound 5-1. The 'H NMR spectrum of 5-2 was
almost identical with that of 5-1 except for the downfield-shift of 17-OMe
(8 3.69 — 3.97) and upfield-shift of 16-Me (6 2.14 — 1.91), indicative of oxidation of
hydroquinone to quinone in ring E. This assignment was confirmed by interpretation
of the HMBC spectrum and chemical conversion of renieramycin J by air oxidation (see
below). NMR data for renieramycin J (5-1) and the oxidized derivative 5-2 are

summarized in Tables V-2 and V-3, respectively.
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2-2-2. Relative Stereochemistry

The relative stereochemistry of renieramycin J (5-1) was deduced from the
coupling constants and NOESY data (Fig. V-16) as shown in Fig. V-4. An NOE
correlation between 25-Me and H26 confirmed the ester was angelate but not tiglate.
The stereochemistry of the 3,9-diaza-bicyclo[3.3.1]nonane (ring CD) portion was
determined as shown based on the trans-diaxial relationship of H,4 and H3 (J=11.2 Hz)
and NOE correlations between H3 and H11 which in turn was correlated with H, 4, but
not with H,4. The B-orientations of both H14 and H21 were determined by a

correlation between them.

<« Key NOE correlations

Ja, 4ax =11.2 Hz

Fig. V-4. Key NOE correlations for renieramycin J (§-1) in CD;0D.

The configuration of C1 was at first misassigned as R* because of the absence of
1,3-diaxial NOESY correlation between H1 and H3 as well as the presence of a strong
NOE between H1 and H21. However, all of the related compounds so far isolated
have (S*)-configuration at C1, which led to reexamination of this chiral center.

The crystal structures of saframycin C"® (Fig. V-5) and brominated safracin A"
show that the pyruvylamide or alanylamide unit linked to C22 is axially oriented, rather
than being in an equatorial position. This conformation fixes H1 in a pseudo-
equatorial position and prevents it to show an NOE between H-3. The same
conformation seems to be the case of renieramycin J (5-1); H1 should be actually cis to

H3.
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CH;
saframycin C

Fig. V-5. Stereoprojection of saframycin C."*

To substantiate this idea, renieramycin J (5-1) was converted to 21-methoxy
derivative by evaporating in MeOH.  Although unstable in CD;CN-d;, all of the 'H
signals were assignable (Table V-4) and a NOESY crosspeak (Fig. V-17) from the 21-
methoxy methyl (8 3.46s/57.0) to H1 ( 4.29) was observed (Fig. V-6), thus concluding

that renieramycin J (5-1) has a (1S)-configuration.

NOE

Fig V-6. The diagnostic NOE correlation for the configuration of C1 observed in
CD,CN.
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2-2-3. Absolute Stereochemistry

The absolute stereostructure of renieramycin J (5-1) was determined by the
modified Mosher method.'”® To avoid undesirable esterification at the phenolic
hydroxyl groups, renieramycin J (5-1) was first air-oxidized to the bisquinone by
stirring in the 50% MeCN phosphate buffer (50 mM) at pH 8.3, and then reacted with
(+)- or (-)-MTPACI in pyridine. The Ad values around C14 denoted (S)-configuration,
thus stereochemistry of renieramycin J (5-1) was (IS, 3R, 11, 138, 14S).

0]

CHg
Renieramycin J (5-1) Bisquinone (5-2)

MTPACI
pyridine

A8=5{(-)-MTPA ester}-5{(+)-MTPA ester}

Scheme V-3. Preparation of MTPA Esters of Bisquinone (5-2)
2-3. Biological Activity
Renieramycin J (5-1) induced shrinkage of nucleoli in 3Y1 cells within 6 hours at a
concentration of 86 nM. Inhibition of filopodia development was also observed.

Boundaries between the cells became obscure after 12 hours (Fig. V-7 b) ). Then the

number of the living cells was gradually decreased and all cells died within 5 days.
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Such course of events is typically seen when the cells are treated with an inhibitor of
RNA synthesis (actinomycin D) or protein synthesis (cycloheximide). However, at a
higher concentration different effects were observed: when exposed to 1.7 uM of the
compound, cells retracted themselves and became round in 6 hours (Fig. V-7 ¢) ), and
90% of them died within 24 hours.

a)
Fig. V=7. Morphological change caused by renieramycin J (5-1). a) Control cells.

b) Cells treated with 86 nM of renieramycin J for 12 hours. c¢) Cells treated with
1.7 uM of renieramycin J (5-1) for 6 hours. Bar represents 20 pm.

The cytotoxicity of renieramycin J (5-1) against 3Y1, HelLa, and P388 cells was
evaluated as ICy, 5.3 nM, 12.3 nM, and 0.53 nM, respectively (Table V-1), showing
comparable potency to related ecteinascidin 743 (5-3; 1C,, 0.2 ng/mL against P388)."*
It is noteworthy that renieramycin J (5-1) has 10-20 times selectivity toward P388 cells

over other two cell lines.

Table V-1. Cytotoxicity of Renieramycin J (V-1) against Three Cell Lines (IC,,:
nM)

3Y1 HeLa P388
Renieramycin J 53 12.3 0.53
Adriamycin” 8.1 10.2 11.6

“Positive cytotoxicity control

Renieramycin J (§-1) is an additional member of dimeric tetrahydroisoquinoline
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alkaloids which have been reported both from terrestrial bacteria and marine organisms:

B119,l31 from

saframycins'’*2*%° from Streptomyces luvendulae, safracins A and
Pseudomonas fluorescens, saframycins Mx1 and Mx'*"" from a myxobacterium
Myxococcus xanthus, tenieramycins,'*"" crybrostatin 43 from marine sponges, and
jorumycin’** from a nudibranch. There are also trimeric counterparts
ecteinascidins'?'3'* from the tunicate Ecteinascidia turbinata.  Like other

137,138 aﬂd

141,142

carbinolamine-containing antitumor antibiotics such as anthramycin (5-4)
naphtyridinomycin (5-5), ecteinascidins'® and some members of saframycins
have been shown to bind covalently to DNA by replacing their carbinolamine OH (or
CN in the case of saframycin A (5-6)) with 2-NH, of guanine in the minor groove of the
duplex. The reason why DNA alkylation leads to the scission of DNA double strands
has not long been answered. However, most recently two groups have put forward a
new theory that ecteinascidin 743 interacts with the transcription-coupled NER
143,144 It

(nucleotide excision repair) machinery to induce lethal DNA strand breaks.

seems probable that reineramycin J (5-1) may share the same mechanism to exert its

bioactivity.

5-3 5-4 5-5 5-6
The implications obtained from the observation of the morphology of 3Y1 cells that
renieramycin J (5-1) inhibits synthesis of RNA or protein is consistent with the report
that saframycin A inhibited RNA synthesis in vivo and in vitro.'"®
3. Experimental Section
3-1. General Methods

Spectroscopic and chromatographic instruments were the same as described in
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CHAPTER I111.
3-2. Animal Material

The purple-blue unidentified sponge was collected off Kuchinoerabu-jima
(30°28.31° N, 130°11.73’ E, from -5 to -16 m) and Iwo-jima (30°48.35’ N, 130°19.07" E,
-22 m) islands, southern Japan, in July 2001. The animals were immediately preserved

at —20°C until extraction.
3-3. Isolation

The frozen sponge (800 g) was crushed in EtOH (2.4 L) With about a half volume
of Celite by a Waring blender and then filtered by a Buchner funnel. The residue was
extracted four more times. The filtrates were combined and concentrated to a water
suspension, to which MeOH was added to 60% MeOH solution (400 mL) and extracted
with dichloromethane (400 mL x 3). 60% MeOH layer was discarded. The
dichloromethane layer was then dissolved in 90% MeOH (400 mL) and defatted with n-
hexane (400 mL x 3). The extract was dissolved in the lower layer (360 mL) of a
solvent system EtOAc/n-heptane/MeOH/water (7:4:4:3, total 1440 mL) and then
washed for three times with the upper layer (210 mL x 3) to give 1227.7 mg of the
crude active fraction. The fraction was gel-filtered on Sephadex LH-20 (¢ 5.1 x 90 cm,
mobile phase: MeOH) and combined active fractions were purified by ODS-HPLC on
Cosmosil ARII column (¢ 2 x 25 c¢m, mobile phase: 38% aqueous MeCN-0.2 M NaCl,
UV detection: 210 nm) to give 40.7 mg of crude renieramycin J.  Purification on
phenylhexyl-HPLC on Phenomenex PHENYL-HEXYL (¢ 1 x 25 cm, mobile phase:
38% aqueous MeCN-0.2 M NaCl, UV detection: 210 nm) gave 16.3 mg (2.0 x 10° %,
wet wt) of pure renieramycin J (5-1) as a severely tailing peak.

Renieramycin J (5-1): a brown solid; [a],” 1.2° (c0.02, MeOH); UV (MeOH) A,
203 (¢ 39000), 273 (12000) nm; HRFABMS (glycerol) m/z 569.2502 (M+2H-OH)”
(calcd for C;oH,,N,0,, A+0.3 mmu); 'H and °C NMR data, see Tables V-2 and V-4.
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3-4. Preparation of the Bisquinone 5-2

Oxidation of renieramycin J (5-1) to the bisquinone 5-2 was carried out by the
method of Trowitzsch-Kienast et al.'*"'* with slight modification. 1.7 mg portion of
renieramycin J (5-1) was dissolved in MeCN (2.5 mL) and the same volume of 50 mM
Na-PO, buffer adjusted to pH 7.5 was added to the solution (final pH 8.3). After
stirring for 3 hours in an open atmosphere, the solution was titrated with 100 mM
NaH,PO, to acidify pH below 7 and evaporated to dryness. The reaction mixture was
desalted on ODS packed in a Pasteur pipet to give a crude bisquinone (5-2; 1.7 mg).

Bisquinone 5-2: a brown solid; UV (MeOH) A, 203 (¢ 27000), 269 (15000) nm;
FABMS (glycerol) m/z 569 (M+4H-OH)"; 'H and 13C NMR data, see Table V-3.

3-5. Preparation of MTPA esters of Bisquinone 5-2

The crude bisquinone was divided into two Reacti-Vials.® To each vial were
added 5 drops of dry pyridine and 10 uL of (+)- or (-)-MTPACI and the vials were
vortexed for 10 seconds. After removing pyridine under vacuum, the reaction
mixtures were separated by ODS-HPLC with a linear gradient of aqueous MeCN
containing 0.05% TFA (40% — 80% MeCN over 60 min) to furnish 0.2 mg of MTPA

esters and the unreacted bisquinone 5-2 (0.2 mg).

(-)-MTPA Ester of 5-2; '"H NMR (CD,0OD) 4 6.59 (1H, qq, J = 1.5, 7.3Hz, H-26),
5.67 (1H, s, H-14), 4.49 (1H, d, J = 2.7 Hz, H-21), 4.41 (1H, ddd, J = 2.2,2.7, 3.5 Hz,
H-1), 4.31 (1H, dd, J = 2.7, 11.5 Hz, H-22), 4.19 (1H, dd, J = 3.5, 11.5 Hz, H-22), 4.06
(1H, dd, J = 1.2, 3.1 Hz, H-11), 3.98 (3H, s, Me-7), 3.97 (3H, s, Me-17), 3.32
(overlapped to the solvent peak, H-13), 3.31 (overlapped to the solvent peak, H-3), 2.73
(1H, dd, J = 2.7, 16.9 Hz, H-4), 2.38 (3H, s, NMe-12), 1.87 (3H, s, Me-6), 1.82 (3H, s,
Me-16), 1.77 3H, dd, J = 1.5, 7.3 Hz, Me-26), 1.60 (3H, dq, J = 1.5, 1.5 Hz, Me-25),
1.20 (1H, ddd, J = 2.0, 12.0, 16.0 Hz, H-4).

(+)-MTPA Ester of 5-2; 'H NMR (CD;0D) 6 6.59 (1H, qq, J = 1.5, 7.3Hz, H-26),
5.60 (1H, s, H-14), 4.46 (1H, d, J = 2.3 Hz, H-21), 4.40 (1H, ddd, J = 2.3, 2.7, 3.5 Hz,
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H-1), 4.34 (1H, dd, J = 2.5, 11.4 Hz, H-22), 4.18 (1H, dd, J = 3.1, 11.2 Hz, H-22), 3.98
(3H, s, Me-7), 3.98 (3H, s, Me-17), 3.97 (overlapped, H-11), 3.24 (1H, ddd,J=2.3,3.1,
11.9 Hz, H-3), 3.12 (1H, brs, H-13), 2.70 (1H, dd, J = 2.3, 16.9 Hz, H-4), 1.90 (3H, s,
Me-16), 1.88 (3H, s, NMe-12), 1.86 (3H, s, Me-6), 1.77 (3H, brd, J = 7.3 Hz, Me-26),
1.60 (3H, dq, J = 1.5, 1.5 Hz, Me-25), 1.18 (1H, ddd, J = 2.4, 11.8, 16.8 Hz, H-4).

3-6. Cell-morphology-based Assay

The assay was carried out by the procedure essentially the same as described in
CHAPTER L

3-7. Cytotoxicity Tests

Cytotoxicity of renieramycin J was evaluated by the method described in
CHAPTERIV.
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Table V-2. 'H and C NMR Data of Renieramycin J (5-1) in CD,OD at 300 K
position  "C 'H, m,J (Hz) HMBC NOESY
1 5437 4.33ddd24,24,24 9 2
3 52.10 3.42ddd2.7,3.1,11.2 4-eq, 11
4 25.67 1.56ddd2.3,11.1,17.4 (ax) 3,9,10,11 4-eq
3.03dd 2.4, 17.4 (eq) 5,9,10 3, 4-ax, 11
5 186.96
6 128.99
6-Me 8.62 1.85s 5,6,7,7-Me, 8
7 157.51
7-OMe 61.31 3.97s 7
8 182.35
9 138.14
10 142.71
11 58.39 4.55brd 2.8 13,18 19, 20 3, 12-Me
12-Me 42.39 2.71s 11,13 11, 13
13 63.91 3.82brd 1.8 11, 14, 21 12-Me, 14, 21
14 64.28 4.79s 15, 19, 20, 21 13, 21
15 148.08
16 120.70
16-Me 9.48 2.14s 15, 16,17, 17-OMe, 18,20 17-OMe
17 147.54
17-OMe 60.88  3.69s 17 16-Me
18 142.05
19 113.17
20 118.73
21 90.24 4.58d2.4 1, 3, 1, 13, 14, 22
22 64.39  4.25br (2H) 9,24 21
24 168.57
25 128.23
25-Me 2041 1.30dq1.5,1.5 24,25, 26 26
26 13995 5.87qq1.6,7.2 24, 25-Me, 26-Me 25-Me, 26-Me
26-Me 15.17 1.65dq7.3,1.6 24,25, 26 26
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Table V-3. 'H and C NMR Data of Bisquinone 5-2 in CD,0D at 300 K

position BC 'H, m,J (Hz) HMBC
1 54.10 4.34ddd 2.4,2.4,2.4
3 51.00 3.24ddd 2.7, 3.1, 11.5
4 26.78 1.17ddd 2.4,11.8,16.6 (ax) 3,10
2.67dd 2.6, 16.9 (eq) 59,10
5 186.87
6 128.99
6-Me 8.62 1.85s 5,6,7,7-Meg, 8
7 157.47
7-OMe 61.31 3.97s 7
8 182.39
9 138.53
10 142.54
11 56.21 3.99dd 2.7, 3.4 3,13,18,19,20
12-Me 42.70 2.47s 11,13
13 62.25 3.38dd 0.9, 2.8 11,14, 21
14 61.82 4.31overlapped 15, 18, 19, 20, 21
15 188.06
16 130.46
16-Me 8.69 1.91s ' 15, 16,17, 17-OMe, 18
17 156.71
17-OMe 61.43 3.97s 17
18 184.52
19 136.11
20 142.84
21 90.62 4.31overlapped 3
22 64.92 4.23dd 2.6,11.4 1,24
4.29dd 2.7,11.3 1,24
24 168.47
25 128.11
25-Me 20.70 1.54dq1.5,1.5 22,24,25,26
26 140.29 5.96qq 1.6,7.2 25-Me
26-Me 15.85 1.72dq7.3,1.6 24,25, 26
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Table V-4. 'H and C NMR Data of Renieramycin J (5-1) in MeCN

position  MC 'H, m,J (Hz) NOESY
1 53.5 4.29overlapped 21, 21-OMe
3 ND* 3.45overlapped 4-eq, 11
4 24.9 1.51overlapped (ax) 4-eq
2.90dd 2.4, 17.4 (eq) 3, 4-ax
5 186.8
6 129.1
6-Me 89 1.82s
7 157.0
7-OMe 61.5 3.90s
8 ND“
9 137.7
10 142.0
11 57.5 4.44brs 3
12-Me 41.6  2.71br
13 63.2 3.84br 21
14 64.9  4.68brs 21
15 147.9
16 120.8
16-Me 9.6 2.10s 17-OMe
17 146.8
17-OMe 61.2 3.66s 16-Me
18 ND*
19 ND*
20 ND*
21 89.3 4.58d2.4 1, 13, 14, 21-OMe, 22
21-OMe 57.0 3.46s 1, 21
22 64.3 4.10dd2.2,114 21
4.22dd 2.9,10.4 21,22
24 167.8
25 127.9
25-Me 20.2 1.27dq1.5,1.5 26
26 139.3 5.85qq1.5,7.2 25-Me, 26-Me
26-Me 15.6  1.65dq7.3,1.5 26
OH 6.62br, 7.50br

“Not determined.
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Fig. V-8. 'H NMR spectrum of renieramycin J (5-1) in CD,0D at 300 K.
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Fig. V-9. Time course change of renieramycin J (5-1) in CD,OD at 300 K.  Uppper: Time 0.

Lower: Time 24 hour.
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Fig. V-11. LRFABMS (glycerol matrix) spectrum of renieramycin J (5- 1)
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Fig. V-12. FGCOSY45 spectrum of renieramycin J (5-1) in CD,0D at 300 K.
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at 300 K.
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CONCLUSIONS

The assay system based on the morphological changes of 3Y1 rat embryonic
fibroblasts was developed to discover compounds that have biomedical and cell
biological potential. By using this assay system, totally 11 including 7 new
compounds were isolated from 2 species of sponges and one each of a zoanthid and a
tunicate, all of which were collected in southwest islands of Japan, demonstrating the
practicability of this system.

Firstly, the morphological changes of 3Y1 cells caused by the known compounds,
the molecular targets of which have been already established, were observed. Twelve
out of 26 agents induced characteristic manners of morphological changes, showing the
possibility to distinguish between different pharmacological activities. Then, the
lipophilic and aqueous extracts of 437 specimens of marine invertebrates from four
phyla including sponge, coelenterate, bryzoan, and tunicate were screened by this
system (CHAPTER ).

Several specimens showing promising activity were picked and subjected to further
chemical investigation.

Three new isomalabaricane triterpenes, 29-hydroxystelliferin D (2-2), 3-epi-29-
hydroxystelliferin E (2-3), and 3-epi-29-hydroxystelliferin A (2-4) were isolated
together with known stelliferins A (2-5) and D (2-6) from the marine sponge Stelletta
globostellata collected off Magejima Island. 3Y1 cells treated with 0.2 uM of
stelliferins induced cyrindrical cell shape followed by death in five days (CHAPTER II).

Palytoxin (3-1) was identified as an extremely potent cell-bursting principle from
the zoanthid Palythoa aff. margaritae collected off Nakanoshima Island. Palytoxin
induced rapid swelling and successive rupture of the treated cells at 5 nM (CHAPTER
110).

Three new enediyne glycosides, shishijimicins A-C (4-1~4-3) were isolated as the
constituents that induce collapse of the nucleus from the ascidian Didemnum proliferum
collected off Shishijima Island. 200 uM of shishijimicin B induced collapse of the

nucleus within 24 hours. The ICs, values against 3Y 1, HeLa, and P388 cells were as
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low as the orders of picomolar.

Finally, renieramycin J (5-1), a new dimeric tetrahydroisoquinoline alkaloid, was
isolated from an unidentified purple-blue sponge collected off Kuchinoerabujima and
Iohjima Islands. Renieramycin J induced characteristic morphology that is similar to
that induced by inhibitors of protein or RNA synthesis at a concentration of 86 nM.
The cells exposed to a higher concentration (1.7 uM) of the compound exhibited a
different manner of morphological change: they retracted themselves and became round
in 6 hours. The cytotoxicity of renieramycin J against 3Y 1, HeLa, and P388 cells was
evaluated as ICy, 5.3 nM, 12.3 nM, and 0.53 nM, respectively, showing 10-20 times
selectivity toward P388 cells.
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