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! % <dxuvlAe} Manadoqt®] Sulawesiolx] HAAZ vlFAR s)jHo=He]l KB cancer cell lineol
jal ¥4A-2 ZHE xestoquinone, halenaquinol sulfate % halenaquinole] F&5 ¢t} ]S H-, C-NMR,
'H-¥C(1 bond) Heteronuclear Multiple Quantum Coherence Spectroscopy(HMQC)!, 'H-*C(2 and 3 bond)
Heteronuclear multiple Bond Correlation Spectroscopy(HMBCY, Electron Impact Mass Spectroscopy(EI
ms), UV % IRl 9Js 3ot

ABSTRACT. The previously reported cytotoxic metabolites, against the KB cell line, xestoquinone,
halenaquinol sulfate and halenaquinol®® were isolated from the unidentified sponge collected in October
1992, Manado Bay, Sulawesi in Indonesia. Their structure were elucidated by 'H-, ®C-NMR, H-*C(1
bond) Heteronuclear Multiple Quantum Coherence Spectroscopy(HMQC)!, 'H-3C(2 and 3 bond) Hetero-
nuclear multiple Bond Correlation Spectroscopy(HMBC)?, Electron Impact Mass Spectroscopy(EI ms),

Ultraviolet Spectroscopy(UV), and Infrared Spectroscopy(IR)
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4 H

'H-NMR(500 MHz) % C-NMR(125 MHz) 24|
E7L General Electric GN 500& Al8-3jov, &
W2+ CDClx(8 7.2), DMSO-ds(5 2.6), MeOH-dy($
33)F A8k

Xestoquinone(1)ell i3+ HMBC =7; Sample
+==8mg/CDCl; 0.6 m/, 256 of blocks x 2048 data
matrix with 48 of scan per t; increment, 5.0 delay
period for long-range couplings, 100° shifted sine
bell squared filtering for t; and 4700 Hz line broa-
dening for it.

Halenaquinol sulfate(2)¢ll 1§ HMBC =7; Sa-
mple ¥X=5mg/DMSO-ds 0.5m/, 256 of blocks
x 2048 data matrix with 112 of scan per t; incre-
ment, 3.0 delay period for long-range couplings,
100° shifted sine bell squared filtering for t; and
5300 Hz line broadening for it.

IR spectrometery= Perkin-Elmeriit2] Model 14
204 AH23on, UV Hewlett-Packarditt®] Mo-
del 8452AF A}8-3lc}, Mass spectrax= VG-70SE
magnetic sector mass spectrometer2%€] 4o
o], £2]& $)3 HPLCE& Wateriit Model 441&
AH3 25, columnd YMC-guardpack ODS-A, 30
%10 mm LD, S-5pm, 120 Az} microsorb Si, 80
199-C5, G9 100418 AH&-3c}. HPLC AH-A A&
23 Bond ElutZ% Varian C18 1210-2028, SI
1210-2037-% AH&31 o9, TLC= Merk RP-C18 Fosy
S¢} Sigma T-6270 Lot 21H0126& A}8-3ld 5, UV
lamp, vanillin £ % A% 84} spray 52 &
APk BE 4714s} A FF, AzEA A}
43 o, Aok GRFE Ak

A £& AEE 199249 109 AxvA]o}e)
Manado®} SulawesiollA] A ¥ 3H-2(fresh) 4
(15A4R) 200gS At ARY FeaE A
Fo e sfdle 91, 24 F¢ YEAL F, o
52 AEA A=2 49 ¢ $F AZARG A
29 sde A B F AR fedd Gz,
CH.Cl,-isopropyl alochol(IPAX(1: el 247+ &7}
£} 29 F A5 248 CH,Cly-isopropyl alcohol
(IPA)1 : 1) 3292 Biicher funnel-& ] &3} &

Unidentified sponge

CHzClz-1PA(1:1) extracts

(1.2g)
Solvent partitioning with
EtOAc: n-hexane: MeOH: H,0

(7:4:4:3)
Lolerlphuse L'pp:lphase
(48ug) (680wg)
HPLC by si-colusn Fatty acid and Steroids
with EtDAc:n-Hexane(2:3) UuE
Xestoquinone Halenaquinal mixture
(8ag) (13mg)

HPLC by RP-C18 column
with MeDH/H0(3.0:0,7)

|
Halenaguinol sulfate Halemlaquinol

(Seg) (2mg)

Scheme 1.

7}3 o}-2, rotary evaporator= £-7|& A7 3lgic)
Az2¥ %8| W8] EtOAc: n-hexane : MeOH :
H,0=7:4:4:3& ©°]£3 solvent partitioning-&
Arlslglon, Bdzdr|2 {7139 E5& He
8ot %8 vacumn 7H3}3}lell A rotary evapora-
tor2 S4vlE A|AH3le] 48 mge] FEES Atk

HPLCE 0|28l xestoquinone, halenaquinol sul-
fate % halenaquinol®| #£2|. YA g E2
#2248 mg)& EtOAc: n-hexane=2:3 £v|& Si
columng AHE-3le] HPLCE 333tk RI A&
719] 747], 16x, UV 3txs} 537l o], 2.0, 254 nm,
4] 2845%, 20ml/min, chart §X, 12 cm/hr,
HEE A2ty 9minol A SHE(DE m)F tre
12 minolj A E§HE(13 mg)e] Aol At o] EFEQ13
mg)-2 MeOH/H,0=3.0:0.7 472} &7 silica gel
|AH-C18 column-g& AR8-3ted ubEsjx HPLCE
33tk RI ZA&7]9) 7447], 32x, UV =9}
H2H70], 20, 254 nm, §v) EF5E 2.0 m/min,
chart £%¥ 12CM/HR, ©]5& 217} tg : 85 min
o} A 33HE(2)(5 m@)F# tre : 11 minoll A SHFHE3)(2
mg-$ Aok 7+ FEQ), ), B)2 3k L=
AgicKScheme 1).

o] & 'H-, ®C-NMR, HMQC, HMBC, EI ms, IR
9 UV ~d e o 2 HE] #aldlyc) Xestoquinone
10 pg/ml, halenaquinol sulfate 10 pg/m/ ¥ halena-
quinol 1pg/mli-& KB cancer cell’(3}e}o]di &t R,
E. Moore groupel| 9123} Zig)ell os) zH=} 2+(25

Journal of the Korean Chemical Sociely



#Hudo) spay Qe A7 171

%, 3*(75%), 2" (25%) 84< Z3 Uk

Zxn 9 ng

gl x| A]o}2] Manado®} Sulawesiol 4] A3 & &)
AU ERNE AEE AHEEech 2L dHe o
= AzF o}g 2ol EtOAc:n-hexane : MeOH :
H,0=7:4:4:3Z x}l4£3}o] solvent partitionings
gt F7153 38 ReEitd, EF FEES
Si columng AH&-3ted HPLCZ #2]% Z3} KB ca-
ncer cell lineo] sl A& ze sEHF &
FE(13 mgye] dAAh o] EFEE 444 C-18 co-
lumng °]£§ wWHE-zQ HPLCE ¥ A3},
B9 H3E3)E Ak o1FA oA 3t
FE(D), (2), (3)& H-, BC-NMR, HMQC, HMBC,
EI ms, UV, IRE 243} z}zhe] 3131E0] Xesto-
quinone(1), Halenaquinol sulfacte(2), Halenaquinol
3dE F3sc

19853 H. Nakamura, Kobayashi®® 52 Okina-
wan s|etoll A | AR Xestospongia sapra HHo =
HE| xestoquinone, halenaquinol sulfate®} halena-
quinol-& ¥-2j3lglon, olalgt TR/ e 7
23l cardiotonic ¥AE AU Utk 53] xesto-
quinone-& s8] A2 He FaH Na, K-AT-
Pased] dj3] s=-22AAAAE 212 gloH, F
=2]A inotropic 3H-&-& vteh I glc) =3 o] RS
cardiotonic glycosides 3} ohv}2} inotropic 2H-8-3}
NaK-ATPase A Alolell fAMd-& 7HAle] d<k
AAEY A o7} geA i

halenaquinol(3)

3782 3¥HE 1, 2, 3 ¥ xestoquinone(l)e] F44
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F-o 2 9lojz en, halenaquinol sulfate(2)¢} hale-
naquinol(3)& Ao WA=}t o) 52 F2 &
'H-, BC-NMR, Heteronuclear Multiple Quantum
Coherence(HMQC), Heteronuclear Multiple Bond
Correlation(HMBC), IR, UV, EI ms A#EFe«
o8 vyt 13 2 =& 'H-, ®C-NMR, HMQC,
HMBC, IR, EI msell ojs] A3 937 wfFel
3¢ 'H-NMR 2¥eqje2¥e 44 A4 #
slsict

Xestoquinone(1)2} 'H-NMR A% E3]; Aromatic
C-11 o)A =KS 9.05, 1 H, singlet), C-18 ¥A=zHS
8.24, 1 H, singlet), C-14 ¥4 2K 7.05, 1 H, singlet),
C-15 o}42K57.03, 1H, singlet), C-3 <Ad=is}
long range coupling®} furan ring?] C-1 $X=H3
7.54, 1 H, triplet, J=1.4 Hz), C-3 methylene 3=}
(6 2.91~2.85, 2 H, multiplet), C-4 methylene %4
ZH$ 2.33~2.14, 2 H, multiplet), C-5 methylene %
A3AHS 2.68~2.56, 1 H, multiplet, 1.78~1.72, 1H,
multiplet), methyl C-20 methyl %4 2H5 1.54; 3 H,
singlet); BC-NMR A% E3, carbonyl7]¢] &2
170.28, 183.82, 184.75), furan ring2] ®A(5 144.93,
147.22, 144.06, 121.47), aromatic ring?] =2(8
138.01, 127.01, 130.38, 139.38, 138.65, 133.26,
123.18, 156.20), methylene &k4:(516.89, 1840, 31.23,
37.33), methyl7) 2] &kA(8 32.56)1cKTable 1). ©]AF
2] & B¥APe AdAsct

Ztzhe) Bha $)A) 9} gha-stAh d4L 8 xeto-
quinone(1)?] +32& HMBC spectraZ #4139+
d], ¢)7¢ A#Ed furan ringd C-1 $z=
ga-2 9 79 ARPAE 232 9o, methy-
lene C-39} C-5 A= 77t vbA-2, 4, 59} vhA-
4, 6, 20, aromatic C-115} C-18¢] A A= =9,
13, 17, 199} ®4&-6, 10, 12, 16, conjugatedit ©]
ZF73%e) C-149 C-159] FA= 74 &a-12,
16, &2-13, 173} AHg#3A & el s, o2 FAA
nmr datat Table 19 vyt

Electron Impact mass spectraZ%-€] molecular
iono] 318°]%&& & F UL °]F IRE ¥l
sl edl 7)o ¥ datar o} #th Aroma-
tic C-H stretching %< 3000~3100cm™?, ali-
phatic C-H stretching A4~ 2945cm™, carbo-
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Table 1. NMR data for xestoquinone at 500 MHz in
CDCl,

Table 2. NMR data for halenaquinol sulfate at 500
MHz in DMSO-d;

Position

'H-NMR BC-NMR  HMBC Position 'H-NMR BC-NMR  HMBC
1 754(1H, t J=14Hz) 14493 2,7 1 880(1H, s) 15004 2,37
2 12147 2 122.39
3 291~2852H, m) 1689 24,5 3 192.03
233~2230H m) oo 4  315~306(1H, m) 3649 2356
4 220~214(H m) ' 2.71~2.66(1 H, m)
268~256(LH, m) o0 e 5  274~2731H, m) 3356 3,467
5  178~1720H, m) 2.30~225(1 H, m) 19,20
6 37.33 6 35.40
7 147.22 7 144.06
8 144.06 8 144,66
9 170.28 9 17187
10 138.01 10 12916
11 9.05(1 H, ) 12710 9,13,17,19 11 9011 H, s) 12358 9,17
12 13038 12 123.05
13 18382 130H)  1034(LH, 15090 12,13
14 705(1H, s) 13938 12,16 14 684(1H, d, J=84Hz) 10804 12,1316
15 703(1H, s) 13865 13,17 15 735(1H d. J=84Hz) 12123 13,16,17
16 184.75 16 14111
17 133.26 17 12084
18 824(1H, s) 12318  6,10,12,16 18 830(1H, s) 12004  6,10,12,16
19 156.20 19 14757
20 1543 H, s) 3256  5,6,7,19 20 1603 H, ) 3150 56,719

s: singlet, t: triplet, m: multiplet, J: coupling constant.

nyle] C=0< 1676 cm™?, aromatic C=C A&+
1614 cm™!, 28]3 1454, 1327 cm lellA el
olAte] e EAxPe YA
CH,Cl,-isopropyl alcohol(IPA)(1:1) FEE&
solvent partitioning®t th& 2x}#|ell 23 HPLC#
73} halenaquinol sulfate(2)7t ]z} 'H-NMR
»#HE®; C-132] hydroxyl %A 2H5 10.34, 1 H, si-
nglet), aromatic C-11 %42K39.01, 1H, singlet),
C-18 <FAIZK69.01, 1H, singlet), C-18 FAAHB
8.30, 1 H, singlet), C-14 ¥4 2H5 6.84, 1 H, doublet,
J=84Hz), C-15 42K 7.35, d, J=84 Hz), furan
ring?) C-1 ¥4 =K$ 8.80, 1 H, singlet), C-5 methy-
lene <FAAHS 2.74~2.73, 1 H, multiplet, 2.30~2.25,
1 H, multiplet), C-4 methylene %3 *H35 3.15~3.06,
1 H, multiplet, 2.71~2.66, 1 H, multiplet), C-20
methyl71¢] }34xH5 1.60, 3H, singlet)®] peakE
Yehdr}. BC-NMR ~HEFH9] peakd AR
carbonyl §}Ax(5 192.03, 171.87), sulfate7}7} X #<

Bt A-16(5 141.11), hydroxyl®] ®4:-13(5 150.90),
€4-13, 168 A 93} aromatic ©A25(5 129.16,
12356, 123.05, 108.04, 121.23, 129.84, 120.04, 14757,
furan ring®] gAE(5 150.04, 122.39, 144.06, 144.66)
oltiTable 2). ©1 T+Zv HMBC spectrad %3
galslg £, o) 2R E gA-139 hydroxy7] 9]
FA AR 'hA-12, 133 ARAA 7L olo] 2134
hydroxye] X#=eS ¢ & AN, wk2-149
158] A= zHzh wh4-12, 13, 16, ¥4-13, 16,
17, ©B4-18% 118] Fdak= 7 wha-6, 10, 12,
16, &t4:-9, 173} AFd#A & Jehd 2 24 aromatic
BE2 AAY § ok o] 729 #AA 2 NMR
datat: Table 20 }ebiict,

Electron impact mass spectra%¥| molecular
iono] 4364¢ <& F UL IR} UVERE °|&
galdigdch oAk 3t FI X% dA ok

CH,Cl,-isopropyl alcohol(IPA)(1:1) F&E&$&
solvent partitioning¥t ©}-& Si¢} RP-C18 column-$-
AHe-3le] wirEd o 8 HPLCE 723} halenauginol(3)
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s} s HE 47 173

& dgith )79 'H-NMR 2~# E82 aromatic
PRS2 s AEE 3709 singlets(59.03, 11-H,
8.85, 1-H, 828, 18-H), A& °]-2s 1 3o coup-
lingsh= 2709} aromatic 34 AH 6 6.88(14-H, doub-
let, J=8.09 Hz), 6.76(15-H, doublet, /=8.09 Hz)],
methylene <}44#H 6 3.15~3.04(4-H, multiplet), 2.83
~2.74(4-H, multiplet), 2.98~2.90(5-H, multiplet),
2.38~2.25(5-H, multiplet)], methyl7]®] <<%A=HS
165, 20-H, singlet)o]t}. ©]Z2-& halenaquinol sul-
fate®] nmr data$} W] a3, FRACe} A5
716l o) #3HEolet FA3r

g4 E

Z o= HAE oobF ALY el gt A77
z2 SARE A$AH gA HIHA oA 3
G ERRE AL zhe SES] wAHT
sle] shFdEol g WAl A TEFHI Utk
B 7o) 4l Ql=uAo} Manado®}t Sulawesiell 4
AAg v]EAE "W CH,Cl-isopropyl alcohol
(IPAY1:1) $vl2 #&% ch& solvent partitio-
ninge 393, HPLCE £}, F#§ 23} KB can-
cer cell lineol] W&l #4318 7}3l pentacyclic hydro-
quinones”| 2] xestoquione(1)& %127, halena-
quinol sulfate(?) 2 o]9} FAHt 72 343HE4] ha-
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lenaquinol(3)& -2, &lslgict. ¢]5-& H-, “C-
NMR, HMQC, HMBC, EI ms, UV % IR ~¥E
HozHe ¥alddch

el 8 &
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