CHAPTER 1V

RESULT AND DISCUSSION

The preliminary study on the atfivliv"Screening of the dichloromethane extract
from the sponge, Renierg Sp. reveadl d @gmf‘ cant bioactivities, such as
antimicrobial, Iﬂhth}"ﬂt ; ae sponge, then, was selected for
study on the isolation 3 ive constituents. The structure-
activity relationship of sqi so discussed.

1. Isolati onsth ._-_;.
Further invesfigafiod on f_, e § -! ction of the sponge, Reniera sp.

(15 kg, wet weight), guided by amtimicrobial 4 - (Against S. aureus, concentration 0,1
mg/disc) led to the isolationfof 6. sOquine

saquinglice quinone alkaloids. After the repeated
marceration of the sponge in méd 4nol-and fragtionation by solvent partition processes
(Scheme 1), the active methasolio extcact (2004, 57.5 g) was further investigated by
successive chromatod : o Vi frdctions, F-006 - F-014. The

antimicrobial assay re V. ¥oai y distributed from F-009 to

F-012. m i
¢ LY

agtion F-010.2. 'whi 1ost aetive fraction, was subjected to
further fracLiu uzfaﬁm H,ﬂmg;ﬂﬁj&chcme 2). It yielded 3
antimicrobial compounds, A-025 (30 mg), A-054,(10 mg), andeA-056 (35 mg), which
v Ao N TR B PR A . 1t
methoxy-$,8-dihydroisoquinoline-5,8-dione [21], and N-formyl-1,2-dihydrorenierone
[19], respectively.

r.F'

Fraction F-012 (6.62 g), which exhibited less activity, was also investigated.
Using the successive column chromatographic techniques (Scheme 3), This fraction
provided 3 compounds, A-073 (5 mg), A-082 (35 mg), and A-129 (30 mg). They were



sponge (15 kg wet weight)

L
MeOH extract

marc
F-001
| I
CH,Cl, extract (F-00 aqueous part
(70.7 g)
partitioned
with BuOH

| v:.
]
4

AULINYNITNYINS |
o ARDDITUNNVINUDEE . o

(577 g) (105 g)

) BuOH extract (F-003)
(35 g)

' Scheme 1 Extraction scheme of the sponge, Reniera sp.
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note ; * The diameter of the inhibition zone (mm) against . aureus
' at the concentration of 0.1 mg/disc

** The negative result in the antimicrobial assay

Scheme 2 Isolation scheme of the bioactive constituents from the sponge,
" Reniera sp., from fractions F-004 and F-010 ~
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at the concentration of 0.1 mg/disc

Scheme 3 Isolation scheme of the bioactive constituents from the sponge,
Reniera sp, from fraction F-012



50

later identified as N-(1"E-buten-3"-onyl)-1,2-dihydrorenierone [47], mimosamycin [16],
and renierine B [55], respectively.

2 idati th
2.1 Compound A-025
Compound A-025 was obtained as yellow needles from F-016 by
successive chromatographic techniques using sephadcx LH-20 (20 % acetone in hexane)
and silica gel column (hexane:chlorofo ’ iathanol = 70:20:5) to yield 30 mg (0.04 % of
F-002). It shows moderate g \\! atla¥il agamst Staphylococcus aureus and

molecular ion peak at m/z " andestab. ishies the tentative molecular formula of
spect ; ' s the absorption bands at Amax
244 (¢ 26365) and 353 nu(e ot .
part. The ir spectrum (Figugé 1§, page 92 eonfirms the presence of the quinone carbonyls

at v 1680 cm-1 and also sipefls the'ester casbony! 4t v 1732 cm- .

agteristic of the conjugated quinone

DOwn isoquinoline quinone, renierone [17],
nr spectrum of A-025 (Figure
19, page 93) shows ;f’,F BT 2.Lenzylic methylene protons, 1
methoxy, and 3 methyl groups. Th pect y@ure 20, page 94) suggests the
presences of 3 carbonyl cgrbons, 9 sp2 carbﬂns 2 oxygenated sp> carbons, and 3 methyl

ik ﬂUEJ’JWEJVl‘ﬁW?J’]ﬂ‘i

he angelate estenfpart is obsesyed by the complings of the olefinic
poon, QAR TP GG B A48 119 9 1) . 5 199 0
and 1.96 ppm (quintet) with the coupling constants of 7.1 and 1.2 Hz, respectively. This
part is confirmed by the signals in 13C nmr spectrum at & 137.9, 128.0, 20.9, and 15.9
ppm which are respectively assigned as C-3', C-2', C-5', and C-4', together with the ester
carbonyl carbon, C-1', at & 167.4 ppm. The angelate ester part connects to a benzylic
carbon, C-9, which is observed at 8 65.2 ppm in 13C nmr spectrum, corresponding to the
methylene protons, H2-9, at § 5.70 ppm (s) in 1H nmr spectrum.
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The signals of the isoquinoline part of A-025 can be found at 5 8.87 (d, J
= 4.9 Hz) and 7.73 ppm (d, J = 4.9 Hz) which are assigned as H-3 and H-4. These two
protons are substituted at C-3 (8 153.9 ppm) and C-4 (5 118.3 ppm), respectively. The
remaining quarternary carbons provide the signals at 8 184.7, 181.8, 158.4, 157.1, 138.9,
130.1, and 122.1 ppm which are assigned as C-5, C-8, C-7, C-1, C-4a, C-6, and C-8a,
respectively. '

The assignm and carbons of compound A-025 are
confirmed by comparison witl 17] previously reported by Mclntyre
et al (1979) and Kitahara er @ ts are summarized in Tables 12 and
13 (pages 59 and 60). Thesiraetific of rénierdne fiZ).is shown below.

¢ - 14 lysis of the mass

_ catbony! provides the fragments of

(73.4 %) and the ether bond cl€avage also gives the fragment at
gi

fragmentation (Figure
m/z 232 (14.4 %) and

R INININYINT
RN IEER N8 Y
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9 Figure 9 Proposed mass fragmentation of compound A-025



53

2.2 Compound A-051
Compound A-051 was obtained as yellow needles from F-017 by
chromatographic techniques using sephadex LH-20 (20 % ethyl acetate in hexane) and
silica gel column (hexane:ethyl acetate:methanol = 85:10:5). It yields 10 mg (0.014 % of
F-002). This compound shows antimicrobial activity against S. aureus, B. subtilis, and C.
albicans (concentration 0.1 mg/disc, diameter of inhibition zone 14.0, 9.7, and 2.6 mm,
respectively).

spectrum of Gigure 21, page 95) exhibits the stable
molecular ion peak at m/z u-... M) % )gld mthe tentative molecular formula of
C12H11NO3. The uv abse asat Mnax (ei4190) and 324 nm (e 5600) (Figure
22, page 96) suggest the 1"/ n "R{h\ Lis confirmed by the ir absorption

, figned as a known isoquinoline quinone, 1,6-
dimeﬂnyl-?—methoxyd, g rifigline- ~\ >- [21], by the analysis of the 1H
it specrrumi(F \ . page 98) provides the signals of 2

olefinic protons, 1 meth y Jand 2'ie hylgoupsy, The 13C nmr spectrum (Figure 25,

4'.!,.' e

page 99) shows the signals of 2 ¢arbiony 1 carbors, pz carbons, 1 methoxy carbon, and 2
methyl carbons. _,_.ﬂ,f..i':‘?MJ

Tl

‘ -.‘

The ""rm:, e o proto y l‘n ar spectrum at 8 8.79 (d, J =
G 4
49 Hz) and 7.74 ppm| =4, Jls -3 and H-4, respectively. The

remaining signals are Lhe Ignals of 7- DCH3 (& 4 12 ppm, ), 1-CH3 (& 2.94 ppm, s), and

”H'“mﬁ’ﬁ’EJ’WIEJVI‘ﬁWEJ’]ﬂ‘E

e 13¢ nmr spe€trum suppogts this structurg, The protonated spz
carbon %IW at ﬁﬁg}g W ﬂ, respectively, and
the protofiated sp- carbons at 8.9 ppm are assigned as 7-OCH3, 1-CH3,
and 6-CH3. The quarternary signals are the signals of C-5 (8 184.3 ppm), C-8 (3 181.7

ppm), C-1 (5 160.2 ppm), C-7 (8 158.1 ppm), C-4a (8 138.7 ppm), C-6 (& 129.6 ppm),
and C-8a (§ 122.8 ppm).



The assignments of carbons and protons of A-051 are supported by
comparison with the reports of Frincke and Faulkner (1982) and Kitahara et al.(1985).
The chemical shifts of protons and carbons are summarized in Tables 12 and 13 (pages 59
and 60), respectively. The chemical structure of compound A-051 is shown below.

2 deep red non-crystallized solid from
ignated by repeated chromatographic
acets hexane), RP-18 column (60 %
{ '?'“ = in hexane). Tt yields 35 mg (0.05
9% of F-002). This compoufid is b ve against §. aureus and B, subtilis
(concentration 0.1 mg/disc, diz Teters :-"-.‘ jon zone 11.4 and 8.2 mm, respectively).

techniques using sephadéx I
methanol in water), and si

s 26, page 100) shows the molecular ion peak
at m/z 345 (3.4 %) a ' ] :‘ ormula of C1gH19NOg. The
uv absorption at Ama .!I 42 (e 45%, 270168 35),@1{5 351 nm (g 6485) (Figure 27,
page 101) suggests the conjugated quinone part, and can be comfirmed by the ir absorption

at v 1670 cm- ﬁ:%maw ﬁm %ﬁﬂrﬂ ﬁnrptiﬂn atv 1720 cm-l is

also observed.

AR ORI B RN S B aine,

formyl-112-dihydrorenierone [19]. The IH nmr (Figure 29, page 103) and 13C nmr
spectra of this compound (Figure 30, page 105) suggest the mixture of two inseparable
isomers in the ratio of 2:1. The signals of each isomer in 1H nmr spectrum consist of 1
formyl proton, 3 olefinic protons, 2 methylene protons coupling to 1 methine proton, 1
methoxy, and 3 methyl groups. The 13C nmr spectrum suggests the presences of 4



carbonyl carbons, 8 sp2 carbons, 3 sp3 carbons connecting to the heteroatom, and 3
methyl carbons.

The signals of angelate ester part of the major isomer are found in the 1H
nmr spectrum at & 6.01 ppm (qq) coupling to 2 methyl groups at 8 1.86 ppm (dq) and 1.73
ppm (quintet) with the coupling constants of 7.3 and 1.4 Hz, respectively. They are
respectively assigned as H-3', H3-4!, and H3-5. The signals of this part in 13C nmr
spectrum can be assigned as f ows;’ 67.2 ppm}, C-2' (6 126.9 ppm), C-3' (&

The si
598 ppm (d, J=7.5
(dd) couples to 2 meth

1K 56 at § 6.89 (d, J = 7.5 Hz) and
#2.The signal of H-1 at § 5.92 ppm

= 11.9 Hz) with the coupling/cg . ) and 4.6 Hz, respectively. The remaining
signals at 8 8.39 (s), 402 (§), and 1.90 ppmuls) are continuously assigned as N-CHO, 7-
OCH3, and 6-CH3. a0 '

structure. Four carbonyl carm%fi 49, 180.1, 167.2, and 162.0 ppm are assigned as
C-5, C-8, C-1', and N-CHO, sepectively.  Fhelprotonated sp2 carbons, C-3 is at § 133.1

108 ppm. T - Fearbons in the isoquinoline part
), C-7 (6 156.2 ppm), C-8

are C-4a (5 135.4 ppu). C-5 | J
ignals in the upfield region are

(5 180.1 ppm), andc@(SI 9 ppm -
the signals of C-9 (8 63.0,ppm) and C-1 (a ?3ppm]

AYHANENINEIDS, e e

minor isomer can be carried out in the same manmer. tonfand carbon assignments
ot AORISB LBV ) B WDl 1) WP Bt 15 n
Kitahara%er al. (1985), and summarized in Tables 12 and 13 (pages 59 and 60),
respectively. The restricted rotation of the N-formyl group causes the geometrical
difference of the two isomers. The structures of the two rotamers, as shown below, were
proposed by Frincke and Faulkner based on the report of Lewin and Frucht (1975). This
suggestion is confirmed by the analysis of NOESY spectrum (Figure 32 page 106). Two
cross peaks between the formyl proton and H-3 of the major and between the formyl
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proton and H-1 of the minor indicate the proximity of each pair of these protons.
Moreover, the careful observation of a very small coupling (J < 0.5 Hz) of the signal of H-
4 of the minor isomer also supports its proposed conformation (Figure 30, page 104).
This coupling is caused by the long-range coupling via a zigzag path between H-4 and the
formyl proton of the minor. The conformation of the major will not provide a coupling in
this way.

19 B (minor)

4 b is finally confirmed by the analysis of
the mass fragmentation ). Toss of chiyde causes the fragment at m/z
315 (9.7 %) which -.hf' ' : 3 il 16 provide the fragment of m/z
232 (81.2 %). The lossjof the an, ain followed by loss of carbonmonoxide
causes the base peak at m.fz 204 . Th-: ather bond cleavage also provides the fragment at

Wz245(4n3$]uﬁl’lﬂﬂﬂ§?ﬂﬂfﬂﬂ'§
ifyi h
precipitates Hn:lf.@a ﬁ ‘%W mq Wﬂqcﬁ E’ by purifying the

using a silica gel co (2 % ethyl acetate in dichloromethane) to
yield 35 mg (0.05 % of F-002). This compound exhibits antimicrobial activity against S.
aureus, B. subtilis, and C. albicans (concentration 0.1 mg/disc, diameter of inhibition zone
12.6, 6.7 and 6.6 mm, respectively).

The stable molecular ion peak at m/z 233 (100 %) in the eims spectrum of
A-082 (Figure 33, page 107) establishes the proposed molecular formula of C12H| |NO4.
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Figure 10 Proposed fragmentation of compound A-056

H
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The uv absorption bands at Amax 244 (e 8925), 323 (¢ 10810), and 399 nm (g 3122)
(Figure 34, page 108) suggests the conjugated quinone moiety. The ir absorption at v
1695 cm-! also supports the presence of the quinone carbonyl (Figure 35, page 109).

Compound A-082 is assigned as a known isoquinoline quinone,
mimosamyecin [16], by the analysis of the nmr spectra. The 1H nmr spectrum (Figure 36,
page 110) shows the signals of 2 olefinic protons, 1 methoxy, 1 N-methyl, and 1 methyl

groups. The 13¢ nmr spec ire. » 111) shows the signals of 3 carbonyl

carbons, 5 sp2 carbons, and
—

Two sing - spectrum of A-082 at & 8.24 and
7.08 ppm are respectivelya: 4. “Three remaining singlet signals are
the signals of 7-OCH?2 (" | { ppm), and 6-CH3 (8 2.04 ppm).
The carbonyl carbon sig fuh, 3 1 83.5, 177.3, and 162.8 ppm are

assigned as C-5, C-8, p“earbons are C-1 (3 142.1 ppm), C-4a
(6 138.9 ppm), C-4 (5 146. 7o), Co6/ (811 13.2 PomIhC-7 (8 159.5 ppm), and C-8a (3
111.3 ppm). The methyl signdls/at & -’J 29.7, \‘ 9.6 ppm are assigned as 7-OCH3,
N-CH3, and 6-CH3, respéctiglly. «i 4

o T
L

Al'" | lw‘wi-

The proto »"?ﬁ_-g ssignments of A-082 are confirmed by
comparison with thele ) talf1978). The assignments are

R




Table 12 Proton assignments of compounds A-025, A-051, A-056, and A-082

58

8H (ppm)
proton A-025 A-051 A-056A A-056B A-082
1 5.32,dd 8.24,s
(3.5,9.3)
3 7.39,d -
(7.5)
4 6.18,d 7.08,s
(7.5)
9-Ha 3.85,dd .
(12.4,3.5)
9-Hb 4.18,dd
(12.4,9.3)
3' 6.10,qq -
(7.1,1.2). .- : (7.2,1.4)
4' oo d 6.da -} 1.94,dq =
(7. 04 Wl (72.1.9)
o 1.96,quintet 1.89,quintet -
12y | , (1.4)
1-CH3 ﬂ uﬂ ﬁ“w " =
6-CH3 l,u 05 ’J ‘V] 03s 290, ‘51.92,3 2.04,s
7-OCH3 4.15,3 442, 4025 4901 ,s 4.14,s
FUHAIINUNGE | sos

s LRI )

note The numbers in the parenthesis are the coupling constants in Hz



Table 13 Carbon assignments of compounds A-025, A-051, A-056, and A-082

8C (ppm)
carbon A-025 A-051 A-056A A-056B A-082
1 49.7 142.1
3 129.3 162.8
4 102.8 116.7
4a 136.1 138.9
5 184.6 183.5
6 127.9 133.2
7 155.9 159.5
8 180.1 177.3
8a 123.1 111.3
9 63.0 -
L 166.6 -
2! 126.4 -
< 140.7 &
4' 15.8 -
3 _ _ 204 =
1-CH3 Al 235 : - - -
6-CH3 = | 8.6 9.6
rocs [ lai) INENANELNT|T s | o
N-CH3 v - & o 'Y 20.7
FNAINFUNINRY | -
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2.5 Compound A-073

Compound A-073 was obtained as a deep-blue non-crystallized solid
from fraction F-063 by chromatographic techniques using sephadex LH-20 (25 % acetone
in hexane) and RP-18 column (75 % methanol in water) to yield 5 mg (0.007 % of F-002).
It shows antimicrobial activity against S. aureus and B. subtilis at the concentration of 0.1
mg/disc (diameter of inhibition zone, 8.0 and 9.8 mm, respectively).

i %:und A-073 (Figure 38, page 112)
38542 nd establishes the proposed molecular
gsorpHOMBAnds at Amax 243 (¢ 18425), 310 (e
23000), and 580 nm (€ Gdé ), page 113)yamdicate the presence of the quinone

moiety with the highly, ‘ fiabsorption band at v 1720 cm-!
(Figure 40, page 114) alg afipm Al ef :- CE @ ' gne structural unit,

The A1 nafir SpgCiruin: T ympound A-073 (Figure 41, page 115) is very
similar to that of compg#ing 6. " THelblefinic sighal at & 6.06 ppm (qq, J=7.3,1.3
) and 1.77 ppm (quintet, J = 1.3
Hz) indicate the presence of ' . The methine signal at & 5.47 ppm
(br.dd, J = 6.1, 3.9 Hz) c8 5 ned 48 which couples with 2 signals of the
methylene protons (8 4.52 pprit.dd,/J = HSI6. Hz, and § 4.05 ppm, dd, J = 11.5, 3.9
Hz) on the oxygenatzes ﬂﬂm, C-9. Tv __,= 5 at 8 6.76 (dd, J = 7.3, 1.0 Hz)
and 5.96 ppm (d, £ = 7 ) assigned as H-3 and H-4 of the
isoquinoline part, respgnw: y. Tt | 1pling @stam (1.0 Hz) at the H-3 signal
can be discussed as the Iu:,lg range cuuphng via a zigzag path with H-1. This coupling also
causes the br

ﬂnﬁ]ﬂmﬁ’ wm vidences establish a 1,2-
dihydroisoqui u pnund A-056, N-formyl-
1,2-dihydrorenierone [19].

QW']f:NﬂiﬂJ NN

The additional signals are 2 olefinic protons {@.39 and 5.89 ppm, both
d,J= 13.'? Hz) and 1 methyl group (8 2.20 ppm, s). The chemical shifts of both olefinic
protons suggest the presence of an o,B-unsaturated ketone system, and the coupling
constant indicates their trans-relationship. The methyl chemical shift suggests its
attachment to a carbonyl functional group. The above information supports the replacement
of the formyl group in compound A-056 by the butenonyl group at the nitrogen atom.

Hz) and 2 methyl signals @
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Compound A-073, finally, can be identified as a new member of the isoquinoline
quinones, named as N-(1"E-buten-3"-onyl)-1,2-dihydrorenierone [47].

efeafbomassitnments are a¢hieved by the analysis of the 1H-
detected heteronuclear muffiplé ghantuni esficrent (HMQC) and LH-detected multiple bond
heteronuclear multiple | axent (L -.1‘ >clra (Figures 44 and 45, pages 118
and 119), which provide the V tons and carbons through 1-bond and
long-range coupling, respec ‘, “The protons ‘earbons are continually assigned based
on the correlation between pmtoggﬁ B 15 y the HMQC spectrum as followed; H-1 (6
»pm), H- bpm) - C53, (57137.8 ppm), H-4 (§ 5.96 ppm)

CIF0a(d ind H-9b ( #'ppm) - C-9 (& 61.1 ppm), H-3'

(5 6.06 ppm} c-3"' 1403 ,. pﬁ_ C-4' (5 15.8 ppm), H3-5' (8
1.77 ppm) - C-5' (& 20% ppm), 6-CH3 (5 1.93 ppm) ~'6-CH3 (5 8.6 ppm), 7-OCH3 (8

5.89 ppm) - C- M‘i ﬁ -IC4" (629.3 ppm}
mmmmm ‘i
cnupllngqabs ation from their

chemical shifts. Four signals at the lowest field are of the carbonyl functional groups. The
signal at & 196.0 ppm is assigned as C-3" and confirmed by the long-range coupling with
the signals of H-1" (8 7.39 ppm, d), H-2" (& 5.89 ppm, d), and H3-4" (& 2.20 ppm, s).
The next two signals are the signals of carbonyl carbons on quinone part, C-5 and C-8,
respectively. The signal at & 185.1 ppm shows the long-range correlation with H-4 (8 5.96
ppm, d) and 6-CH3 (8 1.93 ppm, s) and is assigned as C-5, while the signal at & 180.3
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ppm correlates with H-1 (& 5.47 ppm, br.dd) and H-4 (6 5.96 ppm, d) and is assigned as
C-8. The signal at 8 167.2 ppm is assigned as C-1' because of its correlations with H-9a
(8 4.05 ppm, dd), H-9b (8 4.32 ppm, dd), and H3-5' (§ 1.77 ppm, quintet).

The signals in the olefinic region belong to C-4', C-6, C-7, C-8a, and C-
2'. The signal at 8 156.3 ppm shows long-range correlations with 6-CH3 (6 1.93 ppm, s)
and 7-OCH3 (8 4.03 ppm, s) while the signal at § 127.3 ppm correlates with 6-CH3, only.

6.76 ppm, dd} while the al ol ak 6 12000 pp nuplcs with these two protons and
also-with H-4 (5 5.96 pp ; dd)pand H-9b (5 4.32 ppm, dd). The
last signal at & 125.8 ppf jisliuis confirmed by the long-range
correlation with H3-5' (Gt nemical structure of compound A-073

with the long-range corr the \J«. BC spectrum is shown in Figure
11.

U NS n
RN IR NN

H CH,4
5

Figure 11 The long-range correlations between carbons and protons of
compound A-073 observed from HMBC spectrum



_54

The unambiguous assignments of carbons and protons with the long-
range correlations between carbons and protons are summarized in Table 14 (page 65).

The proposed structure of compound A-073 is finally supported by the
analysis of mass fragmentations from eims (Figure 12). The fragmentations of the angelate
ester part can be observed like those found in compound A-056. The additional
fragmentations are proposed to be on the butenonyl side chain. The o cleavage of the keto

group (c) provides the fragmen 29.2 %). The loss of butenone (b) provides
the fragment of m/z 315 (0.9 ECtion shift (a) also causes the fragment of
m/z 232 (100 %)

S

l‘l. :t:. [ &l

£
e

)

If@,

e ’ !F )

2
fad

sl
\ﬂ

ﬂ‘lJEl’NlHVIﬁWH']ﬂ‘i

C-Cl-la

Figure 12 Proposed mass fragmentations of compound A-073
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Table 14 Carbun and proton assignments of compound A-073 and long-
range correlation between carbons and protons.

~ long-range correlation
position 8C (ppm) SH (ppm) from C on H observed in
HMBC spectrum
1 H-9a, H-9b, H-3, H-4"
3 H-1, H-4, H-4"
4 H-3
4a H-1, H-3
5 H-6-CH3, H-4
6 6-CH3
7 6-CH3, 7-OCH3
8 H-1, H-4
8a H-9a, H-%b, H-1, H-3,H-4
9 H-1
' H-9a, H-9, H-5'
2 H-5'
3! H-4', H-5'
4' : H-3'
5' Zﬂ ﬁ" 1.7 tet (1.3) H-3'
o |AUBINENTNEING
4 145.6 ¢ 739 (d, 18w 4H-1, H-3, H-3"
AN Thi s St TN IR
3" 9 196.0 H-1", H-3", H-4"
4" 203 2.20, s H-3"

note : The numbers in the parenthesis are the coupling constants in Hz.
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2.6 Compound A-129
Compound A-129 was crystallized as greenish-yellow crystals from the
mixture of chloroform and hexane (1:1). It was obtained from fraction F-066 by repeated
silica gel column chromatographies using 5 % acetone in dichloromethane and 25 %
acetone in hexane as the eluants. It yields 30 mg (0.05 % of F-002). This compound is
not active against all microorganisms used in this work at the concentration of 0.1 mg/disc.

The ei mass Sp ,\\\ | , /7 pound A-129 (Figure 46, page 120) shows
a molecular ion peak at m/z 622 ( (0.9 %) and £ #iblishes the tentative molecular formula of
C33H38N2010 suggesting |
47, page 121) at Amax sinone moiety which is confirmed
by the ir absorption bas . _ m (Figure 48, page 122) also
exhibits the bands at v 3280 bsb4d), 4712, and 1655 em-! indicating the presences of
hydroxyl, ester carbonyl, 2 WL ol \\ : aromatic ring functional groups,

respectively.

The assig i ‘of protonsiof compound A-129 are achieved by the
analysis of the chemical shift; d i 1 ons :g s 10 1-D 1H nmr spectrum (Figure 49,
page 123), and the correlations Gb di (IH,1H COSY; Figure 50, page 124)
spectrum. Its 1-D 1H nmr & typical signals of angelate ester part at §
5.82 (qq, J = 7.2, 1.4 M 408 1.31 ppm (quintet, J = 1.4

Hz).

The allp‘hatlr.‘. region of the Q.5):se.t:l:1'|.u'ﬂ provides three structural parts [48 -

Sl]]analll}WEﬂu&Iquﬂ‘§WElf]ﬂi
A
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Fragment 48 is established from a signal of H-1 at § 3.83 ppm (ddd, J =
4.8, 3.6, 1.8 Hz) coupling to the signals of the methylene protons, H-22a (3 4.13 ppm,
dd, J = 13.0, 4.8 Hz) and H-22b (5 3.82 ppm, dd, J = 13.0, 3.6 Hz). The chemical shifts
of H-22a and H-22b suggest the connectivity to the oxygenated carbon of the angelate ester
part.

he connectivity of H-3 (8 3.14 pm, dt, J = 10.9,
Hz), H-4p (6 1.46 ppm, ddd, J = 17.0,
0.8 Hz). The methylene protons (H-
ipling constants of 2.8 and 10.9 Hz,
stant of 2.8 Hz.

Fragment 49 contains
2.8 Hz), H-4a (6 2.99 ppm, dds J
10.9, 1.8 Hz), and H-11 (3 420 pp
40, and H-4p, J = 17.0
respectively and H-3

ihginn

Fra Dits | =,j‘- §.0f H.13 (8 3.09 ppm, dd, J = 1.1, 0.8
Hz), H-21 (5 3.81 ppm, gfld 4204 1 Mo, M "a (8 3.44 ppm, dd, J = 17.2,9.3
Hz), and H-1"b (6 2. ..- signal of H-13 couples to H-21
with the coupling cons 8 to the methylene protons (H-1"a
and H-1"b, J = 17.2 Hz) 9.3 and 2.1 Hz, respectively. The
chemical shifts of H-1"a an t to the carbonyl carbon of a
methyl keto functional group. Tt e 5r1 keto functional group is based on a
methyl proton signal at 6 2.2 1 pp mr spectrum and a carbonyl carbon at &
207.2 ppm and a u--; )1 carbon at & 30 . - spectrum.

\A. e \J

Fmgﬂnts nd 5 Proposed 'by@e analyses of the chemical shifts
in 1-D 13C nmr spectruny (Eigure 51, page 125) and the C-H correlations observed in the

o “P“““ﬂ(‘lﬁﬂ‘ﬂﬂ“i‘fﬁ*ﬁﬁwmn‘i
q RIAINTUURIINYIA Y
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oxygenated aromatic ‘ 3 "; 2.1, and | ppm], three quarternary aromatic
carbons (& 117.9, 114 12,6 ppim), ene carbonyl carbon (8 203.4 ppm), one

152.1 ppm), are assigned
The methyl protons (8 2.13 pm}/ with'C-16 and C-17 while the methoxy protons
(ﬁ 3.82 ppm} correlates with C-m& : Okygenated aromatic-carbon at & 154.2 ppm

exchangeable hydr _ \ if thoxy group obtained by the
NOESY spectrum {FI? n ment of this hydroxyl group on
C-18 (6 138.9 ppm) 15 (& 154 2 ppm), the:mfore. is substituted by another hydroxyl

group (6 11.8 £] iﬁﬂﬁm is proton (& 11.82 ppm)
caused by the :ﬂ auansmp of this hydroxyl
group to the carbonyl signal at 8 2034 ppm. This.carbonyl carbop js assigned as C-14.

RANNIHUEAIN AL

and 13[19 ppm), four spz carbons (6 156.1, 141.5, 137.0, and 127.7 ppm), one methoxy
carbon (8 60.7 ppm), and one methyl carbon (8 8.5 ppm). The chemical shifts of two
carbonyl carbons at & 185.9 and 180.9 ppm suggest the presence of a quinone structural
unit and are able to be assigned as C-5 and C-8, respectively. Compared with the spectral
data of other known isoquinoline quinones, the spz carbon signals at & 156.1, 141.5,
137.0, and 127.7 ppm are continuously assigned as C-7, C-9, C-10, and C-6. From the
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HMBC spectrum of compound A-129 (Figure 52), the methyl protons at & 1.87 ppm show
the long-range correlations with C-6 and C-7 while the methoxy protons at & 3.97 ppm
correlate with C-7, only. These evidences suggest the placements of the methyl group on
C-6 and the methoxy group on C-7. The nOe observed between these two groups supports
their proximity.

long-range couplings and C-H lar relations. Fragment 53 is proposed by the
connection of fragments 4 IMBC spectrum of compound A-129
(Figure 52) exhibits the C-Hlon; \ Wof C-9 (5 141.5 ppm) and H-1 (8
3.83 ppm, ddd), H-4o ! \e\}\ {5 3.82 ppm, dd). The C-H long-
range correlations of ' \ H-4p (6 1.46 ppm, ddd) are also

mectivity of C-1, C-4 and C-9, C-

10, respectively. This cony ng range homoallylic coupling of
H-1 and H-4f throug Supples Do BRw ecy and C-10 with the coupling constant
of 1.8 Hz \

awm\m‘im NBIINYAY

—= C-H long-range correlation
—— H-H long-range coupling

The linking of fragments 50 and 53 is executed by insertion of a
heteroatom between C-11 and C-13 to provide a long-range coupling via a zigzag path
between H-11 (8 4.20 ppm, dd) and H-13 (8 3.09 ppm, dd) with the coupling constant of
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0.8 Hz. The heteroatom inserted is a nitrogen atom which is adjacent to a methyl group (&

2.31 ppm, s). This suggestion is confirmed by the C-H long-range correlations from C-11
and C-13 to N-CH3.

Units 51°%
down field chemical shift of Hellat 0 4.2
of the proton on the h&
of fragment 51 mustlié connected

veen C-19 and C-11 depended on the

This chemical shift is the characteristic

3 an arom atic ring. The carbnnyl C-14
34 b form a 6-membered ring.

1: linking, Lhare is only one nitrogen atom left. This nitrogen,

EZj:d hﬁﬂ ﬂmﬂaﬂm‘ fﬁ The planar structure of
quaﬂﬂim URIINYIAY-



71

OH
O
ﬂ’ ¥
This ¢®m; amibe; he saframycin-type isoquinoline
quinones possessing an '& : ion 21. It is named as renierine B
T :
[55]. Its structure is finally st srted ;i snpatison with other known compounds in
the same group which exhibit thecommonsp ctral pattern (Lown, Joshua, and Chen,

1981; Frincke and Fa : i Fautk 089)

N
: . =f.'!!- s are achieved by the analysis
of the 13C,1H COSY spectrum (Figure 53-54, pages 12%-128). The correlations between
each pair of pmton and oﬁ:hn are as fullow:d H-1 (8 3.83 ppm) - C-1 (8 53.4 ppm), H-

3(63.14 ppm w ﬁ:?—dﬂ (8 1.46 ppm) - C-4 (&
24.1 ppm), H- 11]{5 4, 2() ppm) - C-11 (6 57.2 ppm), H-13 (0 3.09 ppm) - C-13 (8 67.6

ppm), }az : ' ﬂi ; 5 | ﬂ%{md H-22b (5 3.82
ppm) Ziﬁﬁ 643 {’! JH f ﬁﬁlﬂ ﬁ m ' (& 1.71 ppm) -
C-4' (5 15.3 ppm), H-5' (5 1.31 ppm) - C-5' (5 19.8 ppm), H-1"a (§ 3.4 ppm) and H-
1"b (8 2.51 ppm) - C-1" (8 37.5 ppm), H-3" (8 2.21 ppm) - C-3" (& 30.7 ppm), 6-CH3 (3
1.87 ppm) - 6-CH3 (5 8.5 ppm), 7-OCH3 (8 3.97 ppm) - 7-OCH3 (& 60.9 ppm), 16-CH3
(8 2.13 ppm) - 16-CH3 (8 8.7 ppm), 17-OCH3 (6 3.82 ppm) - 17-OCH3 (8 60.7 ppm),
and N-CH3 (& 2.31 ppm) - N-CH3 (8 42.6 ppm).
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The assignments for all protons and carbons as well as the long-range
correlations observed in the HMBC spectrum are summarized in Table 15 (page 73).

The relative stereochemistry of this compound is determined by analysis
of the coupling constants and analysis of nOe observed from the NOESY spectrum (Figure
55, page 129). Compared with the known compounds, the chemical shift of H-4p at &
1.46 ppm moves to the high field region because of the ring current effect from the

position, the allylic angles
substituted proton) o
homoallylic coupling cenStig
coupling found (Jackmau

e anglc t@lam of the double bond and the
‘ : §8t0.90° and provide the maximum
= to 00 or 1809, there will be no

The & # 3 orrelations between the protons as

followed; H-4x - H-11, 3 - H-13, and H-1 and H-1"b,
and indicates that all of thgc ¢ are‘dfothe o u ntation. In the other hand, the nOe
observed between H-21 andfH-224 e ‘- ientations of H-21 and C-22. All
nQe's are summarized in Tt 1 365 The'g conformation of compound A-129 is

shown in Figure 13.

B L
ﬂUEI"J‘VlB‘V]‘ﬁWH’]ﬂ‘E
’QW']MT]‘?EUEJWTJV]EH@EI
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Table 15 Carbon and proton assignments of compound A-129, nOe observed
between protons, and long-range correlations between carbons and protons

nOe observed long-range
position | &C (ppm) OH (ppm) between protons | correlations
in NOESY from C to Hin
spectrum HMBC spectrum

1 534 H-1"b -

3 51.5 H-11 H-4p

4 24.1 4-11,H-4B :

H-4o -

5 185.9 - - -

6 127.7 . 6-CH3

7 156.1 2 6-CH3,7-OCH3

8 180.9 - -

9 141.5 - H-4a,H-1,H-22b
10 137.0 . H-40.,H-4B
11 57.2 H-3,H-4a, N-CH3,H-4

}-CH3

13 67.6 ¢<CHi3,H-21 N-CH3
14 203.4 m - -
15 154.2 16-CH3
16 11 16-CH3
1 ﬁwm M ﬂmw N3 |scusir-ocns
18 ‘ 133 - o Y -
o mﬁﬁﬂ‘imuﬁq’}ﬂﬂﬂﬁ d
21 55.9 3.81, ddd (9.3,2.1,1.1)** H-13,H-22a -
22 64.3 Ha; 4.13, dd (13.0,4.8) H-21,H-22b -

Hb; 3.82,dd (13.0,3.6)** H-22a




Table 15 (cont.)

nOe observed long-range
position | &C (ppm) &H (ppm) between protons | correlations
in NOESY fromCtoHin
spectrum HMBC spectrum
I 167.0 H-5'
2' 126.8 H-4',H-5'
3 139.1 H-4'H-5'
4' 153 -
5" 19.8 -
1 37.5 :
2" | 2072 .
an 30.7 ;
6-CH3 8.5 -
7-OCH3| 60.7 -
16-CH3 8.7 X
17-OCH{ 60.9 |/ -
N-CH3 42.6 LON -
15-OH - -
18-OH - =

sﬁﬁ

e The sphttmg parte:m am:l the coupling constants of these signals

are estmated from other coupled signals. -




and 236 (100 %) Th T nd in the fragmentations obiis
ecteinascidins, the te ydmlanumolmes from a tunicate, Ecteinascidia turbinata, which

o T o ek

gelate ester part like thnse
discussed for co unds A-025, A-056, and A-{}TS
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Y=
H OH
N o5l
CH,4
OH OH
) 221(150%)
[ | J
72 29.& % O U
AUYINENINEING
"'il ‘_r ] , wH—F:
gl an
; H,CO Ni‘/ H,CO i
O H O H
272 646%) © 204(17.8 %)

Figure 14 Proposed mass fragmentations of compound A-129
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3. Bioactivity
All isolated compounds were determined their antimicrobial activity against 5
microbes, Staphylococcus aureus, Bacillus subtilis, Escherichia coli, Pseudomonas
aeruginosa, and Candida albicans, using disc method at the concentration of 0.1 mg/disc.
The results are shown in Table 16.

Table 16 Antimicrobial activity of isolated compounds

compounds
C. albicans

A-025 - ve
A-051 2.6
A-056 - ve
A-073 -ve
A-082 6.6
A-129 - ve

Among thesri,cumpounds the onﬂmenc :anumnhne quinones, compounds
A-025, A-051 am-positive bacteria. The
most active caﬂﬂm m.ﬂﬁmm ch also exhibit the activity
against C. albicans. e compofinds A-056.and A-073 aregmoderately active and

mmameaaaﬂs vy i | 6 B

While the isolated monomeric compounds shows antimicrobial activity,
compound A-129, a dimeric one, is not active against all microbes used in this work at the
concentration of 0.1 mg/disc. The decreasing activity of this compound may be caused by
the alkyl substitution at position 21.
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As reported by Lown et al. (1982), the cyano residue at position 21 of
saframycin A is the active site of this compound. It was suggested that the cyano group
was eliminated to generate an active immonium ion which could bind with the nucleophiles
like DNA. Davidson (1991) also proposed that the amide linkage between the nitrogen (N-
2) and C-21 increased the stability but decreased the activity of renieramycin G.

agl _ A-129 should be explained in the same
way. The substitution by the p ‘ it n, a bad leaving group, prevents the
formation of the immonitR-ion. Tﬂs M therefore, cannot react with the

nucleophile, and the acti \
\..,\

Because o (tract of this sponge also showed the toxicity
against tumor cell lines ag i : will be determined in all isolated
compounds, too. Thedete _ I intéresting activities and guide to the
study in the structure-aciVit tionsl _ latcd compounds and other isoquinoline
quinones. '

4. Possible ‘ces & ' 1soquinoline Quinones from the

There atg % major sourc: =_—_—__-_z. lsoqmnolme quinones, certain
species of the Strepidmye ‘the mi ; nycin series, and the sponge,
Reniera sp., for the m@rom ; amycCIn series. @we are also other minor sources
for the compounds in thlgc&is, but only a cumpﬂunds were found.

LHE.2] zmmﬂ i MR 1

ame skeleton with®some of thefsame substitueité resided on the same
s ) VA DRI R b R e, T
phennme%on indicates the closeness between the producers of isoquinoline quinones from
both sources. This similarity suggests the possibility of the actinomycetes source of the
Reniera isoquinoline quinones (Frincke and Faulkner, 1982). The actinomycetes may be
the symbiont or epibiont of the sponge. On the other hand, the microorganisms may be fed
by the sponge and their metabolites are accumulated in the sponge's body.

Although there has been no study on the biogenesis of the isoquinoline
quinones, their biogenesis can be deduced to be in the same route as those of



ecteinascidins, the tetrahydroisoquinolines which have the common skeleton to the
saframycins. As proposed by Rinehart et al. (1990 b), the tetrahydroisoquinoline nucleus
of ecteinascidins is arisen from the condensation of carbonyl groups of dopa or dopamine
equivalents, perhaps involving the intermediate diketopiperazine [56]. The B ring of this
system is closed by the condensation with a serine-derived glycoaldehyde to from structure
57. Oxidation and methylation would coraplete this main structure.

OH
HO .
NH
OH
(it < 2l . [
It was found that-some dis isoquinoline quinones are

unstable. Renieramyci 467 an : rade very quickly and provide renierone
[17] and mimosamyiia [16] as their decomposition progh cts. It was suggested that the
monomeric isoquindlifie -ﬁ\‘ the degradation products from

the oxidative cleavags§ of the AIMEHENSORNMOline qiijnones (He and Faulkner, 1989).
This suggestion, however, has to be proved, ,

AULINYNINYINT
RINININUNINYAY
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