CHAPTER II

HISTORICAL

n the difficult works due to the
g on its environment, a single
a to an erect or branched one in
| \,\

‘The shades of color of sponges are also able
et ' d collected in the same location

variation of shape and

sponge species may vary .
sheltered area or ¢
to vary although the spegiing

(Burton, 1926).

The identification ofsporiges it the characteristic of their skeletons, which
are formed calcium carbonate spietiies sili spicules, and/or spongin fibers. This
characteristic leads (o'cléssification of sponges into 4 Misses; Calcarea, Hexactinellida,
Demospongiae, and Salerospongiae (Brus 11990). Among these, the largest
and most difﬁcu]t—to-i@ﬁfy s the ¢ 1050 giaa@vhich the genus Reniera belongs

to (Rovirosa, De La Luz Yanque:z and San-Martm 1990).
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genus Reniera (Pratt, 1923; Hymdn, 1940; Rutgler, 1986; Brasca and Brusca, 1990;

Rovroal . | VISR A0l Bl Akl e by ym

(1940), Rutzler (1986), and Rovirosa et al. (199{1} which provide the most complete
information.



Phylum Porifera
Class Demospongiae
Subclass Monaxonida
Order Haplosclerina
Family Renieridae
Genus Reniera

Pratt (1923) described the. y/&ﬁc of the sponges belonging to the genus

Reniera Schmidt eyeasily pulverized, spongin
spictles straight needles joined

nged to form a net work
The further dgffilglofithie skeleldfis in the Sponges of this genus were given by

ightlor curved, stout or slender or bluntly
Jie rarely by strongyla, sometime isolated
the spicules varies from about .080 to

.150 mm, the thick S picules from one part of the
sponge may be of the.Jés fies'part 2 cm away will be of the
smaller size frequently in section’ wﬁ‘fﬂl into two distinct categories,
large and small, but other sectmns from different parts o same sponge show that is not
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Bunall also reported thaf spongin of &e sponge wasoply on the ends of the
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The sponges, Reniera sp., which were investigated in this work were found at
the depth of 2-3 m in the vicinity of Si-Chang Island, Chonburi, Thailand. They are the
hard, bright-blue sponges, and occur as the encrusting sheets with the thickness of 2-3

inches, approximately. The colonies cover on the rock or the coral reef and show a lot of
oscula which look like the small vulcanoes. (Figure 1)
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2. The Chemistry of the Genus Reniera
Studies on the chemical constituents from the sponges of the genus Reniera
began 20 years ago. There are 3 main groups of chemicals isolated from the Reniera,
including acetylenic compounds, pentacyclic alkaloids, and isoquinoline quinones.

The first group of compounds found in the Reniera is the acetylenic
compounds (Figure 2). Two acety er ig gromatic carotenoids [1,2] were isolated from
Reniera japonica (Hamasaki, Okukado/ & amaguchi, 1973). A few years later, 5

: ' mpounds were renierin-1 [3], debromo-
d 18-hydroxyrenierin-2 [7]. All
nd 2 acetylenic bonds. In the case
ed (6 mino and De Stefano, 1977).

acetylenic compounds were" cport
renierin-1 [4], 18-dihydrosemieii
of these have long alky] ehsf!
of compounds 3 and 5

dir

ﬂutﬂfmwswmm R
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5;R| =-Br,R2=-H,R3=-OH, R4 =-H
6: Ry =-H, R2 = R3 =-H, R4 = -CH20H
7:R| =-H, R = -H, R3 = -OH, R4 = -CH20H

Figure 2 Acetylenic compounds isolated from Reniera spp.



The pentacyclic alkaloids (Figure 3) are a group of compounds found in a
Mediterranean sponge collected from the Bay of Naples, Reniera sarai. This group of
alkaloids contains heterocyclic systems which link with macrocyclic alkyl groups. Sarain-1
and -2 [8-9] and isosarain-1 [10] have an unsaturated piperidine ring linked with a
quinolizidine nucleus, and these two systems are joined together with 2 long alkyl chains to
form 2 macrocyclic ring systems (Cimino, Spinella, and Trivellone, 1989). Sarain-A [11],
another compound in this group, exhibited the central cage structure of heterocyclic rings in
the middle of 2 cyclic alkyl chains (Cimi ia, et al., 1989; Cimino et al., 1990).

S y showed antiarrhythmic effect.
There was no further sti tivities because of their toxicity

(LD50 200 mg/kg) (Cin

10 11

Figure 3 Pentacyclic alkaloids from Reniera spp.



The last group, isoquinoline quinones, are the widely studied compounds.
The details about their chemistry and bioactivities would be discussed in the next section in
this chapter.

1. Naturally C sifbifae Quinones
Isoquinoline qui Bleor pcunds which was found in nature.
The main biological so > fungi in the genus Streptomyces

and a marine sponge of the g
microorganisms such as /

ine quinones were also found in other
& \ e species such as sponges of the
Xestospongia, or a nudibrangh of g, Thes tinoline quinones have not been
reported from plant souggés '

Naturally o€c are classified into 3 types, as

following;

ing moqumnhnc quinone
ﬁi‘ﬂ» T ”Mﬂ 1026, The shemic

structures of thes# anttbmun:s cc-ntma,a quinone nng subsututcd other 5 fused rings
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Table 1 Biological sources of naphthyridinomycin-type isoquinoline quinones

compounds sources references
12 naphthyridinomycin “ : ! / Sygusch et al., 1974
/ Kluepfel et al., 1975"
13 SF-1739 HP wriseopla ﬁ Itoh et al., 1982
14 naphthocyanidine Itoh et al., 1982
15 cyanocycline A // ‘:\\\\'\\\ Hayashi er al., 1982

AR

note : * The structureWa / ﬁ',\\\\ h et al. by Kluepfel et al.

ﬂﬂﬂ?‘ﬂ‘ﬂﬂ?ﬂ*ﬂ’]ﬂ‘i
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13 SF-1739 HP
14 naphthocyanidine -H -CN
15 Cyanocycline A -CH3 -CN

Figure 4 Chemical structures of naphthyridinomycin-type isoquinoline quinones
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The compounds in this class are simple isoquinoline quinones. Their
prototype is mimosamycin [16] (Figure 5) which was first isolated from the fungus
Streptomyces lavendulae no.314 (Arai ef al., 1976). The main biological sources of these
compounds are a fungus of the genus Streptomyces and 2 sponges of the genera Reniera
and Xestospongia. Some compounds can be found in a nudibranch of the Jorunna which
associates with the sponge containing these compounds.

N
\
%
S

Figure 5 #hefhdhicat tiudfare ofimotamycin (16]

moline quinone nucleus are varied and

Substituted’grgaps
depended on biological sources o unds. The pyruvamide, angelate ester, and
other alkanoate ester-gro e Touind groups at position 9 of isoquinoline
quinones from the S ,m;; pongia, respectively. '

Vi

I
Lists*of biological sources and che m‘*‘],-= structures of compounds are

shown in Tables 2 and 3,
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Table 2 Biological sources of mimosamycin-type isoquinoline quinones

compounds

sources

references

16 mimosamycin

17 renierone

18 mimocin

19 N-formyl-1,2-dihydrg
renierone

200 O-demethylrenierone

21 1,6-dimethyl-7-metho
5,8-dihydroisoquinoli
5,8-dione

22 renierol

23 renierol acetate |

24 renierol pmpionatem

25 N—»formmtﬂrﬂq

26 N-formyl-1,2-dihydro-

e e 7 o

»‘_v—' —_—— -
N '.r . -

1111111
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Arai et al., 1976

Frincke and Faulkner, 1982
McKee and Ireland, 1987
Mclntyre et al., 1979

Kubo et al., 1980

Frincke and Faulkner, 1982

Frincke and Faulkner, 1982
Frincke and Faulkner, 1982

McKee and Ireland, 1987

.} Kubo, Hitahara, and

Nakahara, 1989
Kubo, Hitahara, and
Nakahara, 1989
d:uhn, Hitahara, and
akahara, 1989
Kubipy Hitahara, and

q% 1989




Table 3 Chemical structures of mimosamycin-type isoquinoline quinones

13

H O
b —N
CH,

(0]

R2

17 renierone e — —- A

\7

18 mimocin B
20 O-demethylreni A
-H

21 1,6-dimethyl-7-methdxysS

mmmﬂn%ﬂ’&ﬂ% 'm'w 1173

22 renierol -CH3

nza‘;lmﬂﬂim wEimydee,
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Table 3 (cont.)

19 N-formyl- 1,2-d1hy l/ \
25 N-formyl-1,2-dihyd ;ff»f. -DCDCH3
:*'.. .........

26 N-formyl-1 ,Z-dihydmm ol -OCOCH2CH3

"

~ y— ’,.5"4 |
i
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The skeleton of the compounds in this class is dimeric isoquinoline
quinone (Figure 6). Two monomeric units of the compounds (ring A/B and ring D/E) are
linked and established another fused ring called ring C. These isoquinoline quinones can
be classified into 3 minor classes depended on their biological sources and substituted
groups. These minor classes are saframycins, safracins, and renieramycins.

e 1Soquinoline quinones

The saframy, 3] isolated from Streptomyces lavendulae
n0.314, and contain PYr uted a 1,28, The second group, safracins.
[34-35), was isolated from Psendononas i % Jand contains an alanine amide

substituted at position he mycing was found in 2 marine sponges.
Renieramycin A-F [3

Q}] were found in Reniera sp. collected from the vicinity of Isla
Grande, Mexice; and.rer -“ Y& ﬂ in=Xestospongia caycedoi.
Renieramycins framisoth. sources 1 | i bstituted at position 22.

L
U

were shiﬁ&mﬂw G‘%ﬂmﬁﬁuiﬂuﬁm quinones

0139030
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Table 4 Chemical structures of saframycin-type isoquinoline quinones

compounds R B2l . references

27 saframycin A i P Apdl, Takahashi, Nakahara, and Kubo, 1980
28 saframycin B S S A al., 1979
zys-aﬁmyﬂﬂlc : : _'3___"._":.."'—';-’;?;'

30 saframycin S _ ha ‘.. , Ishiguro, and Yazawa, 1980

31 saframycin R
(Lown, et al.,1983)




Table 4 (cont.)

NH,

A= j‘/kﬂl-ls
compounds references
32 saframycin D 1 Arai and Kubo, 1983
33 saframycin F Arai and Kubo, 1983
34 safracin A ﬂ Kubo, 1983
35 safracin B Arai and Kubo, 1983

o/
B F1‘ . ‘ TELL 4 ] ] : | i - =




Table 4 (cont.)
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compounds

36 renieramycin A
37 renieramycin B
38 renieramycin C |}
39 renieramycin D |
40 renieramycin E
41 renieramycin F

42 mniemmyciﬁu

ARIAIN T

Frincke and Faulkner, 1982

Frincke and Faulkner, 1982

_ ke and Faulkner, 1982
icke and Faulkner, 1982

: Faulkner, 1989

H Faulkner, 1989

Davidson, 1992

®INYIA Y
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There are some tetrahydroisoquinolines exhibiting the related structures
to those of saframycin-type isoquinoline quinones isolated from other marine organisms.
These compounds are ecteinascidins and were able to be isolated from a tunicate,
Ecteinascidia turbinata (Wright et al., 1990; Rinehart et al., 1990 b; Sakai et al., 1992).
This group of compounds contains 3 units of the tetrahydroisoquinoline nucleus. Two of
these tetrahydroisoquinoline rings are linked in the same pattern as those of the saframycins
and pmvide the similar stereochemistg teinascidins exhibit a high antitumor activity

ﬂ‘lJEl’J'VlWlﬁﬂNmﬂﬁ

ectﬂmasmdm 7%9 ~H

AN LAY

46 ecteinascidin 770 -CHa

Figure 7 Chemical structures of some ecteinascidins -



20

—

21

There were a number of publications demonstrating synthetic procedures of
isoquinoline quinones. These procedures included total synthesis and semisynthesis.
Stereocontrolled total synthesis of the dimeric isoquinoline quinones, saframycins and
renieramycins, which had been already assigned their configurations, were also reported.

&ﬂ% bearing cyano group were alsn
e  Cl filtrafes rreptomyces lavendulae no. 314,
the saframycin-production®fraifl ssth/1 11\ sodium Cyanide at 270C increased production
: : saf:mmycin A [27], and maybe
ashi, Ishiguro, et al., 1980). The
is shown in Figure 8 (Arai and

List of isoquinoline quino hich had been totally synthesized was shown in

Table 5.

interconvertion betweét
Kubo, 1983).

%_}J’Jﬂﬁlﬂ‘iwmfb%_/
’QW’PMH‘EEU&IWTJWEI’]MI

Figure 8 Interconvertion between saframycins A [27] and S [30]



Table 5 Isoquinoline quinones which were able to be synthesized

21

compounds references

al., 1977; Fukumi, Kurihara, and
/8; McKillop and Brown, 1987,
steel, 1988

16 mimosamycin

17 renierone ,1980; Kubo and Nakahara, 1981;
18 mimocin L, 198
19 N-formyl-1,2-dihy Eréné I )0 et al.,\1985, Kubo et al., 1986
21 1,6-dimethyl-7-ms¢ V-3.58 -, |(Kuk .5, 198 bo et al., 1986
dihydroisoquinolines,8 o 4 |
24 renierol propionate ‘
25 N-formyl-1,2-dihydrorey ‘
26 N-formyl-1,2-dihydroreni
propionate
27 saframycin A
28 saframycin B | ukuyama and Sdchleben, 1982; Kubo et al., 1988
36 renieramycin A ‘a Linton, and Tun, 1990
@ § Ay Hq f ')'
Id a’ s | W LILIL|
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Addition of a cyano group was also carried out in naphthyridinomycin [12].
In order to increase stability of naphthyridinomyecin, it was converted to a more stable
compounds, cyanonaphthyridinomycin, by using the same condition as that of saframycin
A [27] (Zmijewski and Goebel, 1982). Cyanonaphthyridinomycin was later isolated from
Streptomyces flavogriseus no.40 and named as cyanocycline A [15] (Hayashi er al.,
1982).

: inoned eShibitantimicrobial activity. They are highly
to moderately --__,i-"...h;.:: eri® And slightly active against gram negative

bacteria, but less active a . heseiare also some reports described the
activities of antiviral and eyfc DIDE i m\ uinones.
,//\/ \ '!lu -type lsoguinoline
Kluepf eial A , ity of naphthyridinomycin [12] as

antibiotic against gram posi H : ‘ ylococcus aureus penicillin resistant
and sensitive strains and Srrg rm:' iecalis. The minimum inhibitory concentration
(MIC) was less than 2.5 x 10 Napht
gram negative bacteria but the

yeasts and dermato

idinomycin [12] was also active against
i did not show activity against pathogenic

> also sh ed antimicrobial activity in the
same pattern as naphthjr?dmom}rcm [12]). The MIC against S. aureus of SF-1739 HP

[13] and naph aﬁm iﬂﬂmﬁﬁﬁlc of cyanocycline A [15]
was 5 x 10-6 w m They were slightly active
against gram negative bacteria and ingictive in fungi.and yeasts.
WIANT I N VIET f.l

q r] nﬂmﬂtﬁf these colﬁc:]l{is was also reported. In 1982, Zmijewski
and Gocbel semisynthesized cyanonaphthyridinomycin, which were later proved to be
identical to cyanocycline A [15], from naphthyridinomycin [12]. These two compounds
were compared their cytotoxic activity against Hela cells in cell culture at the concentration
of 1 x 10-3 mg/ml. Numbers of cell counts at 24 hours after treatment with
naphthyridinomycin [12] and cyanonaphthyridinomycin [15] were 6.2 and 2.9 x 10-5
cells, respectively. Itoh et al. (1982) reported the cytotoxicity of SF-1739 HP [13] and
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naphthocyanidine [14] against mouse P388 leukemia at the dose of 8 mg/kg/day.
Increases of life span of test animals for these two antibiotics were over 368.6 and 183.8
%, respectively.

It was reported that the intraperitoneal injection of an aqueous solution of
naphthyridinomycin [12] (3.125 mg/kg) killed mice in 24 to 48 hours (Kluepfel er al.,
1975).

mosamycin [16] was mainly active
: : silive and resistant strains of human
tubercle bacilli. This antibiéticdv a8 also epd \ active against gram positive bacteria
and Candida albicans using'dis th \ ration of G.GS mg/disc (Frincke and
Faulkner, 1982). Howg y i

against mycobacteria i

Renicrong' [ 7 }.a0d its degivati e fou d in Reniera sp. and mimocin

[18] were also reported [Ae determination was carried out by

disc method, using compoufids/tt-e {ested »neentrations of 0.1, 0.05, and 0.01 mg/
disc. The test microorganisms W laceecus aureus, Bacillus subtilis, Escherichia
coli, Pseudomonas ae bicans 2.4 uilarium, and B-392, a marine
Pseudomonas (Kubd zfal; T98C 1982).

Rememl [22], an isoquinoline qum ne of this class, showed anti-

microbial actiy, Lﬁﬁtﬁ ﬁ ml mg/disc. It was mildly
cytotoxic aganﬁ c‘ﬁr ﬂ W too (McKee and Ireland,

1987).

Arai et al. (1977) reponud thn anubmnc activities of saframycins against a
number of bacteria. Saframycins A - F [27-29 and 32-33] were active against gram
positive bacteria, particularly Corynebacterium, slightly active against gram negative
bacteria, and inactive in fungi. Among these antibiotics, saframycin A [27] is the most
active one (MIC against Corynebacterium diptheriae 3 x 10-6 mg/ml).
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Saframycin A [27] also exhibited cytotoxicity against a number of cell
lines. It inhibited Ehrlich ascites carcinoma in mice at the dose of 1 mg/kg/day from days 1
to 4 or from days 1 to 6, and the percentages of 60-day survivors were 60 and 70 %,
respectively (Arai and Kubo, 1983). The maximum increase of life span in mice bearing
P388 leukemia and receiving saframycin A [27] intraperitoneally at the doses of 0.75 - 1.0
mg/kg for 10 consecutive days was 119 % (Arai, Takahashi, Nakahara, and Kubo, 1980).
It was also effective on leukemia L12 d B16 melanoma (Arai, Takahashi, Ishiguro,

and Yazawa, 1980). \ V/n//

The _ afre m---' 7] was determined with mice. Its
LDs for ddY mice by si ' inh'aperitonea.liy, and 3.3 mg/kg

intravenously. No sigr was observed in ddY mice up to
15 mg/kg by intraperitog ho, 1983).

The afiti A ‘I ﬂ s A-D [36-39] was determined
j;‘ 3 ] 0y

10.4,70,05, and 0.01 mg/disc. These
¢ badteria (Frincke and Faulkner, 1982).

by disc method using ghe
compounds were active agg

£ sédin the mechanisms and sites of actions of
isoquinoline quinongsd Am i 3, saframycin A [27] has been

It was 1Pd1catad that sa.fram cin A [27] was a potent inhibitor of nucleic
acid synthesis afT be reduced to be hydro-
quinone. Th‘&mﬁeﬁt\gj mm& mpound, converted to be
immonium ion or a-carbinolamine moiety. Thesestwo species wasproposed to involve in

o nc N WA YA B By v

1981; Lown, Joshua, and Lee, 1982)

The change in pH of the medium can cause the change in mode of
actions. It was found that the binding between immonium ion of saframycins and nucleic
acid was the mechanism of action of saframycins in the lower pH condition. In contrast, at
pH 7.0, reduction of quinone moiety played an important role of action. The reduced
forms of saframycins reacted with the dissolved oxygen, and generated the reactive
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species, including hydrogen peroxide, superoxide anion, and hydroxyl free radical. The
latter radical caused the strand scission of DNA template.

There was no publication about the sites and mechanisms of actions of
other isoquinoline quinones. However, it can be deduced that their mechanisms would be

like those of saframycins.

Danishefsky et al. (19 ) s izgested that the quinonoid ring of renierone
[17] remgmzed the suhs ot mit of nfiofiyein B. So, the mechanisms of actions

(1977). In the model, 1e quinone will act as an electron

sink which can be redug cclfon releasing unit. After reduction
of quinone ring, the elegtf of the leaving group. The newly
formed species will be a gotgh act with the nucleophiles such as

nucleic acid.
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