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Antimicrobial Indolequinones from the Mid-Intestinal Gland of
the Muricid Gastropod Drupella fragum
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Abstract: Three new indolequinones, 6-methoxyindole-4,7-quinone (1), 5-
methoxyindole-4,7-quinone (2) and 5-methylindole-4,7-quinone (3) were isolated from
the mid-intestinal gland of the muricid gastropod Drupella fragum. The structures of 1
and 2 were established by spectroscopic methods and total synthesis, whereas the
structure of 3 was elucidated mainly by NMR SpeCtI‘OSCOplc analyses Compounds 1 ~
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resulting in an ecological unblance." > No effective way for exterminating muricid predatlon on corals has
been proposed to data. It is intriguing to investigate chemical components in the mid-intestinal giand of D.
fragum, since there may be a chance not only to isolate metabolites from the Scleractinia corals which have
not been allowed to directly investigate, but also to find out new type of biologically active substances.” In

this paper, we report the structure elucidation of three new indole-4,7-quinones 1 ~ 3 with antimicrobial
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activities and total syntheses of 1 and 2 attempted for their structure confirmation
D. fraocum was collected from the shallow waters along Ohtsuki coast. Kochi. Ianan The mid-intestinal
L. Jrh et Vas LONCLw LI b sauiv wallls U0 Walibula Loasy, AO0Li, sapall. 100 IG-1I]Csiilas
alanAd ~AF D ferg 1 wwne avirantad with mathanal and tha mathanal avirast wng momtitinand cacianeialle,
Slaliud Ul L7, JrTuxu/it wads CAUAVICU Wi HHIVUIALIVL dliu LIV LUVLHIaiun cad act wad Pa.l uuuncu bcqucllllmly

o

between water and hexane, dichloromethane, and n-butanol. Compounds 1 ~ 3 were isolated from the
dichloromethane soluble portion.

Compounds 1 and 2 were found to have the same molecular formula C;H,NO, established by the
measurement of HREIMS at m/z 177 [M*]. Their IR and UV spectra exhibited similar absorptions (see
experimental part ) to each other. The '"H NMR spectra of 1 and 2 contained a set of doublet signals at §,, 6.49
(d, J =2.5 Hz) and 7.23 (d J = 2.5 Hz), and 3, 6.50 (d, J = 2.5 Hz) and 7.12 (d, J = 2.5 Hz) assignable to H-3
and H-2 on the indole nucleus, respectively, a singlet olefinic signal at §,, 5.80 (for 1) and 5.79 (for 2), and a

methoxy signal at §,; 3.76 (for 1) and 3.77 (for 2). On the other hand, their *C NMR spectra indicated the

nrecence nf two carhonvl oronng X 170.17 and 182 .83: 2: & 176 58 and 177 7M Thece enactral data
yl\lﬂ\lll\/\/ AL LYY W widd U\IIAJ 13 EI\JMtI 5] 17k T QIR R Uy ae. UC LIV.JU Qg L7 0.0V ). A LI ONw va\rl&“l S tean ey
nnnnnnn + that compoun - Y halnnmag tin indalamiiinana dasivativae Tonntrmamt ~F T amd P el 19
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phenylenediamine in AcOH,”* however, yielded no condensation product but totally the unchanged starting
quinones. These results excluded an o-quinone-type from two o- and p- indolequinoid structures, and thereby
1 and 2 turn out to be indole-p-quinone with a methoxy group on different position, respectively. In order to
clarify this ambiguity HMBC spectra were measured. On the basis of analyses of the HMBC as shown in Fig.
1, the structures for 1 and 2 were elucidated as 6-methoxyindole-4,7-quinone and S-methoxyindole-4,7-quinone,
respectively. Although 6-methoxyindole-4,7-quinone (1) was already synthesized™'' as a key-intermediate
leading to several naturally occurring indole derivatives,'” it should be noted that 1 was isolated as a natural

AN 6,49 (d,2.5Hy) 6.50 (d, 2.5 Hz)

Yt~ A
5.80 (s) % 3.77 (s)CHg
I\ T D—H 723,251 4R H -

X H N 1 n s
N |1 7/ , = { 1 V4 7.12 (d, 2.5 Hz)
376(s)CH30N|/'T.N. ) 5.79 (s)H ~N" )
\_J A NS e \ "}W_/
O o)
1 2

2.35 (5)CHa U

%{/ILN\)——‘H 7.16 (d, 2.6 Hz)
6.16 (bs)H_ Q} NG )



Y. Fukuyama et al. / Tetrahedron 54 (1998) 1000710016 10009

0
]
=
g
Q
=1
=
[=¥N
U
m
173
2
ol
e
[0
o
@
Lo
[¢]
[e)
-
(e}
o
€]
—
=
(o1
o,
o
N
E.
=
o
=
o
72
]
[¢]
-
g
0
=
et
a
»
o
8
=2
=
5=
jo%
[ 8]
—
=
»
»
S
o
[¢]
(=g
=
Y
o
®
~
o

group [8, 2.35 (3H, s); &, 13.30] instead of the ethoxy resonance existing in 1 and 2. In HMBC (Fig. 1) the
mnthel cigmal chnairad o Arnce manls 4 maa ~AF ¢ Anehamol raocanaman at R 170 QL svhinkh Arstbhan anecndaba 3 60
IIK lllyl blg 1dl DIIUWCECU d CIUDdD PC tL VIIC UL lllC Lak UUll)’l 10DUALILT al UC L 70.70, WILUIL LUTUICT CULICLIALCU WO
H-3 at 8, 6.55 as well as to H-2 at §; 7.16. Therefore, the structure of 3 was determined to be 5-

methylindole-4,7-quinone.

Next, we have concentrated on synthetic works of 1 and 2 aiming not only at their structural confirmation
but also at securing quantity enough to evaluate their biological activitiecs. We have chosen Delgado's
conventional procedure’ to complete syntheses of 1 and 2 in a short-term.

Nitration'® of isovanillin afforded 2-nitro derivative 5 after acetylation. Condensation of § with nitromethane
by using KN(TMS), as base gave 6, which was dehydrated with MsCl giving rise to dinitrostyrene 7 in high
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Scheme 1. Synihesis of 1. Reaction conditions: a) NO,BF,, CH3NG,, CHQC}z, -40°C, 46%;
b) NaOAc, Ac,0, 60°C, 87%; c) KN(TM S)2 CH 3N02, THF, -78°C — 1t, 92%; d) MsCl, CH,Cl,,
0°C — 1t; e) Fe, Si0,, AcOH, toluene, 90°C, 29% from 5; f) NaOH, Na,S,0,, DMF, 5°C, 98%; g)

O,, salcomine, 1t, 60%.
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ynthesized by essentially similar procedure used for the preparation
1

.......... s & PSS L nn . rierativra vl aftae-
U lllUU IDUIIICI (¢ 8 } W til DDl; gave L lly _y ui llthlVC, w1l aitct ac

The benzaldehyde 12 was condensed with nitromethane followed by acetylation to afford nitrostyrene 13 in
70% yield. Silica gel-assisted reductive cyclization of 13 in the presence of Fe and AcOH afforded an idole
14 in low yield. Hydrolysis of the acetate of 14 followed by an air-oxidation yielded 5-methoxyindole-4,7-
quinone, the 'H NMR of which was in complete accordance with that of the natural one 2. Thus, the
structures of 1 and 2 were unambiguously established.

The three indolequinones 1 — 3 were tested against several microorganisms. Most active compound was
1, whose MIC (minimum inhibitory concentration) was 7.5 pg/mL, 12.5 ug/mL, 50 pg/mL, and 6.25 ug/mL

against Bacillus subtilis, Staphylococcus aureus, Escherichia coli, and Pseudanonas aeruginosa, respectively.
Nn the athar hand camnnnnde ? and A avhihited weaklyv antimierohial activity acainet B cuhbrilic (1- 1C =
A1 UL VLiIL lialau, lelll}Uulluo i QLLING & W ALLLIULWGAE vvquJ GLILIIIWAI U 1dls AwvirViey usulllut AF. DRUBELED A, AVAILSC
12.5 pg/mL; 2: MIC = 50 ug/mL) and S. aureus (1: MIC = 50 pg/mL,; 2: MIC = 50 ug/mL).
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Scheme 2. Synthesis of 2. Reaction conditions: a) HNO3, AcO

-78° C = rt, 95%; c) NaOAc, Ac,0, 60°C, 76%; d) CH3NO,, KF, 1
N-methylmorpoline, 10°C — rt, then NaOAc, Ac,0, 60°C, 70%:; ¢)

Fe,
90°C, 96%; f) NaOH, Na,S,0,, DMF, 1t, 84%; g) O,, salcomine, 5°C, 58%.
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EXPERIMENTAL
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correction. IR and UV specira were recorded on a JASCO 5300 FTIR and a JASCO UVIDEC 670
spectrophtometer, respectively. 'H- and “C-NMR spectra were taken on Varian unity-200 or JEOL GX-400
spectrometer. Chemical shifts are expressed in 8 units (part per million downfield from Me,Si). The HMBC,
HMQC, and ROESY were run on a JEOL at 400 MHz. Mass spectra (MS) were recorded on a JEOL
AX-500. Air- and moisture-sensitive reagents were transferred via syringe or cannula, and reactions involving
these materials were carried out in oven-dried flasks under a positive pressure of argon. Silica gel (Wako,
C-300) was used for column chromatography. Analytical thin-layer chromatographies (TLC) were performed

with Merck precoated TLC plates (Kiselgel 60 F,.,, 0.25 mm), and spots were visualized with ultraviolet light
and S% CeSO in SO) hvy heatino
and 5% CeSO, in H,SO, by heating.
Collection, Extraction, and Isolation: The gastropod Drupella fragum was collected by scuba in

November 1992, from Ohtsuki coast, Kochi, Japan. The gastropod was freeze-dried upon arrival and kept
frozen until extraction. A voucher specimen has been stored at the Chemistry Department of Kochi University.
After the samples (26.7 kg) being defrosted, the mid-intestinal gland of D. fragum was blended with MeOH,
and after filtration the crude extract was evaporated under vacuum to yield a residue that was partitioned
between hexane and H,0O. The aqueous portion was extracted with CH,Cl, and then the aqueous layer was
extracted with n-BuOH. The CH,Cl, extract was concentrated to give a residue (6.2 g), which was loaded on a
i ephadex LH-20) and eluted with MeOH to divid

1 9% 5 | ued witn vl 1 vide Imo 1V Iractions.
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give 6-methoxyindole-4,7-quinone (1) (6.5 mg) and
5-methoxyindole-4,7-quinone (2) (13.2 mg). Fracuon 8 (99 mg) was chromatographed on silica gel with
benzene-ethyl acetate (9 : 1 = 100%) to divide into 6 factions (fr. 11 - 16). Fraction 13 (7.2 mg) was purified
by column chromatography on silica gel with hexane—ethyl acetate (4 : 1) to give 5-methylindole-4,7-quinone
3) (5.8 mg).

6-Methoxyindole-4,7-quinone (1): Orange prisms, mp 188-190°C; IR (KBr): 3337, 3202, 2925, 1672,
1643, 1595, 1545, 1496, 1406, 1254, 1098 cm™; UV A__ (EtOH) 424 (e 880), 326 (& 3800), 282 (¢ 16000),

Cill , UV A WLAUIL) L5 (L DOU), D) (& IOV

222 (e 17300) nm; '"H-NMR (400 MH 0-dy 83.76 (3H, s, OMe), 5.80 (1H, s, H-5), 6.49 (1H, J = 2.5
I, IT.2y 1772 F101 A T — D& 11z LT A B3O NIMD 710N MLI- MRS 1Y 8 €45 28 (MY 10NE 70 /&Y
nz, n-3), /.25 {10, 4, J = £.J5 0Z, 11-2); "C-INNVIR (1UU MIZ, UNIDU-U) O J0.55 (UNVIE), 1U0.77 {(L-J),

2), 129.20 (C-7 HREIMS

5-Methoxyindole-4,7-quinone (2):  Orange needles, mp 198-200°C; IR (KBr): 3368, 3237, 2924, 1680,
1647, 1593, 1547, 1408, 1250, 1114, 1086 cm™'; UV A___ (EtOH) 432 (¢ 1120), 324 (€ 2540), 281 (¢ 19400),
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222 (e 18200) nm; 'H-NMR (400 MHz, DMSO-d,) 83.77 (3H, s, OMe), 5.79 (1H, s, H-6), 6.50 (1H, J = 2.5
Hz, H-3), 7.12 (1H, 4, J = 2.5 Hz, H-2); "C-NMR (100 MHz, DMSO-d.) § 56.42 (OMe). 106.00 (C-6)
N N N N VAKR AV iViRAL, asiVAINS 6/ YV VT L \(WIVIV ), T UULUU (T,

g
107.13 (C-3), 122.87 (C-3a), 125.45 (C-2), 131.32 (C-7a), 160.57 (C-5), 176.58 (C-7), 177.70 (C-4); HREIMS

S 17T NANY TR A+ 1 17177 NA

e 1 rnala LY
m/Z L7 UaLL [IVD J(CAICQ 1/ /7.U4L0 1

TY ATAY

= Y
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5-Methylindole-4,7-quinone (3): Orange prisms, mp 202-204°C; IR (KBr): 3266, 1663, 1636, 1537, 1495,
1203, 1120 cm’; UV Amax (EtOH) 470 (€ 790), 316 (€ 4180), 250 (€ 2010), 228 (£ 8060) nm; '"H-NMR (400
MHz, DMSO-dy) 8 2.35 (3H, s, Me), 6.16 (1H, brs, H-6), 6.55 (1H, J = 2.5 Hz, H-3), 7.16 (1H, d, J= 2.5 Hz,
H-2); "C-NMR (100 MHz, DMSO-d,) & 13.30 (Me), 107.67 (C-3), 123.74 (C-6), 123.98 (C-3a), 125.69
(C-2), 131.45 (C-7a), 154.58 (C-5), 174.26 (C-7), 178.96 (C-4).

A R _ 2L . N __2i__ I_ ____________ 1.3 'L_._'l_ AN 2 o R PRGNSV (LS & BSP L, ¥ e ~ N ot
S=IVICLNUX Y- 4~HILT0O=O- lyuruxyuenza UCnyue (4). 10 4 501Ulton oO1 1sovdniiiin (JUU mg, .U mmOI) in
CH,CI, (10 mL) and nitromethane (5 mL) was added nitronium trifluroborate (320 mg) at —40°C. After being

stirred at —40°C for 4 h, the reaction was terminated by the addition of water and the mixture was extracted
with ether (3 times). The combined organic layers were washed with water and saturated aqueous NaCl, dried
over anhydrous MgSQ;,, and concentrated in vacuo. The residue was purified by column chromatography on
silica gel [hexane-ethyl acetate (2 : 1)] to afford compound 4 (178 mg, 46%) and 4-methoxy-6-nitro-3-
hydroxybenzaldehyde (35 mg, 9%) as crystals, respectively. 4: mp 147-150°C (lit."” mp 143-145°C); IR
(film) 3233, 2924, 2853, 1682, 1532, 1508, 1285 cm™'; 'H-NMR (200 MHz, CDCl,,) § 4.04 (3H, s), 7.12 (1H,

d, J = 8.5 Hz), 7.48 (1H, d, J = 8.5 Hz), 8.82 (1H, 5), 10.08 (1H, s); HREIMS m/z 197.0329 [M"] (calcd
197.0324 for G;H,NO,)

3-Acetoxy-4-methoxy-2-nitrobenzaldehyde (5): A mixture of compound 4 (545 mg, 2.77 mmol), sodium
acetate (42 mg) and acetic anhydride (5.5 mL) was refluxed for 2.5 h. After being cooled to room temperature,
water was added and the mixture was extracted with ether. The combined organic layers were washed with
water and saturated aqueous NaCl, dried over MgSO,, and concentrated in vacuo. The residue was
chromatographed on silica gel [hexane-ethyl acetate (2 : 1)] to afford § (575 mg, 87%) as crystals. mp

115-118°C; 'H-NMR (CDCl,, 200 MHz) 8 2.32 (3H, s), 3.98 (3H, s5), 7.20 (1H, d, J = 8.7 Hz), 7.83 (1H, d, J
— QT2 QQ2 /1LY o) LRIAMMC s /e (wal int) 22Q RAHT A TN
- Q.7 llL), Z.00 klll, B}, ALLIVAD T 4, \lbl llll} e I T llVl J \IUU]

3-Acetoxy- 4-methoxy-2,-dinitrostyrene (7): To a solution of nitromethane (0.66 mL, 12 mmol) in THF
(5 mL) was added dropwise 6.0 mL (3 mmol) of potassium bis(trimethylsilyl)amide (0.5 M solution in
toluene) under an argon atmosphere at -78°C. To this solution was added a solution of compound § (600 mg,
3 mmol) in THF (4 mL), and the reaction mixture was allowed to stir at room temperature. After being stirred
at room temperature for 2 h, water was added and the mixture was extracted with ethﬁr (4 times). The
combined organic layers were washed with water and sal ted NaCl solution, dried over MDSOQ and

concentrated in vacuo to give compound 6 (500 mg), which was dissolved in CH,Cl, (5 mL) containing
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as cooled to . To this solution was added methanesulfonyl
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Cuicl. 10 COMDINCU Organic (ayels W Wasnla Wil Waill aiiG Saulaet INava SO1Utioh, Gricd Over Migsy,,
and concentrated in vacuo to give compound 7 (470 mg) as an oil. 'H-NMR (200 MHz, CDCl,) 8 2.29 (3H,
s), 3.95 (3H, s), 7.i5 (iH, d, /= 8.3 H?‘, 7.46 (ii’i, ci, J=135 "Z) 7.53 (iH, d, J=8.3 Hz), 7.88 (iH, d, /=

7-Acetoxy-6-methoxyindole (8): A mixture of compound 7 (100 mg, 0.35 mmol), silica gel (0.9 g),
reduced iron powder (340 mg), glacial AcOH (1.9 mL), and toluene (4.0 mL) was heated to 90°C under an

argon atmosphere with efficient mechanical stirring. After 10 min, the mixture was filtered, and the solids

were washed with EtOAc (3 x 50 mL). The combined organic extracts were washed with water and saturated

L1 re. 1 h ~ ',l'f_“__‘ FaYs Y 1 41 1 Ay
g€l | nexane- lﬂyl aceiaie (A 1}1] to atrora U70) as LI)’bldlS mp 141—142

- -]
~~
wn

2839, 1759, 1512, 1411 cm ‘H-NMR (iOU MHz, LULI,) 9 2.39 (.51'1 s), 3.88 (3H, s), 6.48 ,d
2.1 Hz), 6.88 (1H, d, J = 8.7 Hz), 7.08 (1H, dd, J = 8.7, 2.1 Hz), 7.42 (1H, d, J = 3.1 Hz), 8.05
HREIMS m/z 205.0739 [M"] (calcd 205.0704 for C, H,,NO,).

=
o~
[
:I

7-Hydroxy-6-methxoyindole (9): To a stirred solution of 8 (50 mg, 0.31
cnnmmmg 1.15M Na Q. () (3 mL) was added 3 mL of 1.25 M NaOH solution at 5°C

3
%.
5
. g
<
T
ro
3
3

=
Q
==
o
73
~~
-
ot
o
=
R
w
$a
o]
=
3]
N
w
_!\J
[\
! v Q0
W
-
2
—_~
X
—
Ch
oo
90
o
h
<D

brs); HREIMS m/z 163.0613 [M"] (ca]cd 163.0593 for L9H9N02)

Synthesis of 6-methoxyindole-4,7-quinone (1): A mixture of compound 9 (40 mg, 0.25 mmol), salcomine
(20 mg), and DMF (2mL) was stirred under an oxygen atmosphere at room temperature overnight. The

mixture was poured over ice-water and then extracted with ether. The organic layer was washed with water
and catnratad al'l ecnhitinn rlripA ver MoSO P\rannrat inn nf the calvent laft the recidiie which wac
and saturated NaCl solution, dried over MgSO,. Evaporation of the solvent left the residue, which was

~1 A of«/

chromatographed on silica gel [hexane-ethyl acetate (2 : 1)] to give an indolequinone (26.1 mg, 60%) a
orange needies, mp 210-212°C (iit. e mp 210-212°C), ihe '"H NMR daia of which were ideniical wiih those ¢

natural compound 1 and those cited in the iiterature.’’ Anal. Cacid for CH,NO,*1/4H,0 (181.636): C 59.51
%, H 3.88 %, N 7.71 %; found C 59.32 %, H 3.89 %, N 7.73 %.

2,3-Dimethoxy-6-nitrobenzaldehyde (11a): A solution of 2,3-dimethoxybenzaldehyde (10) (4.0 g, 24.1
mmol) in glacial AcOH (80 mL) was cooled down to 14°C and treated with fuming HNO, (19 mL). After
being stirred at room temperature for 45 min, the mixture was poured over ice and kept cold until an abundant

whinr wra

wrallaw, meanimitata fAarmad 11 < <
yCllUW Plcbll}llal\/ 1Vl 41K Dy VY ILIWIL YY QD
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silica gel [hexane-ethyl acetate (2 : 1)] to afford 11a (2.5 g, 49%) and 11b (1.5g, 30%) as yellow crystals. 11a:
mp 105-107°C (lit."* mp 108-109°C); IR (film) 1699, 1574, 1480, 1329, 1285, 1244 cm'; '"H-NMR (200
MHz, CDCl,,) 6 3.90 (3H, s), 4.00 (3H, s), 7.05 (1H, d, J = 9.2 Hz), 7.97 (1H, d, / = 9.2 Hz), 10.37 (1H, s);
HREIMS m/z 211.0479 [M"] (calcd for 211.0481 for C,H,NOy).

2-Acetoxy-3-methoxy-6-nitrobenzaldehyde (12):  To a solution of 11a (1.7 g, 8.0 mmol) in CH,Cl, (65
mL) was added 8 mL of boron tribromide (1.0 M solution in CH,Cl,) under argon at -78°C. After being stirred
at room temperature overnight, water was added to the mixture and extracted with ether. The combined
organic extracts were washed with water and saturated NaCl solution, dried over MgSQ,, and concentrated in
vacuo to give 2-hydroxy-3-methoxy-6-nitrobenzaldehyde (1.5 g, 95%) as crystals. mp 97-100°C (lit."” mp

Q2. 5-93.5°C): IR (film) 3368, 2926, 1651, 1514, 1430 1303 1275 eyl THONMR (2 MH> CDCLYS A0
PR -TIV . Jy RAN \AIML) SOV el Uy AV Ly AV ATy ATNI Ty AT STy Ldui o Wil LATINIVIAN (LU UVIL AL, \_,U\_/13,] U T.uUL
MO oy 7N 710 A T _ QQ 1T\ 774 71 3 FT _ QO LI\ 1N &1 /11T A 19 £0Q /11T . TIDMTIRAQ s
o1, 8y, /.Uo (i, G,y = 0.0 11Z), /./0 111, 4, 4 = 6.0 11Z}, 1V.01 (151, 8}, 12,00 (10, §); NIKRELVID W/Z
TN NAANNA TR A+Y 7 1T _ 1 1N NN A N IT N RTIV m 1 4 —

1¥7.0> LiVI | (CalCa 1¥/7.U324 I0T L hliUgIN) This compouna (1.4 g, 7.1 mm01) was dissolved in acetic

anhydride (11 mL) and treated with NaOAc (5.7 mg). The mixture was heated at 70°C for 1.5 h. Water was
added to the mixture and the formed precipitate was filtered, washed well with water, and dried to afford 12
(1.29 g, 76%) as crystals. mp 130-133°C (lit."” mp 138-139°C); IR (film) 1779, 1711, 1582, 1520, 1337,
1287, 1182 cm’'; 'H-NMR (200 MHz, CDCl,,) § 2.32 (3H, s), 3.98 (3H, s), 7.13 (1H, d, / = 8.8 Hz), 8.18 (1H,
d,J =8.8 Hz), 10.22 (1H, s); HREIMS m/z 239.0458 [M'] (calcd 239.0429 for C,,;H,NO,).

=7
e
3
e
-
oy

noturana (12 T a
"B‘r.y ECRIC | Ao7

mL) were added KF (150 mg), 18-crown-6 (100 mg), and nitromethane (1.3 mL) under argon at 10 "C.
After being stirred for 21 h, The mixture was poured into acetic anhydride (13 mL) containing sodium
acetate (270 mg) and warmed to 60°C. After 1h, the reaction mixture was poured over ice and stirred until a
fine powder resulted. The solid was filtered and then taken up in EtOAc. The organic extracts were washed
with water and saturated aqueous NaCl, dried over MgSO,. After evaporation of the solvent, the crude
product was chromatographed on silica gel eluted with hexane-EtOAc (2 : 1) to afford 13 (830 mg, 70 %) as
yellow needles. mp 170-172°C; IR (film) 1775, 1530, 1348, 1323, 1283, 1177, 1088 cm’'; 'H-NMR (200

MHz, CDCl,) 6 2.38 (3H, s), 3.98 (3H, s), 7.11 (1H, d, /= 8.8 Hz), 7.25 (1H, d,J = 13.8 Hz), 8.16 (1H, d, J =
13.5 Hz), 8.23 (1H, d, J = 8.8 Hz); HREIMS m/z 282.0481 [M'] (calcd 282.0488 for C, H, N.O.)
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4-Acetoxy-5-methoxyindole (14): A mixture of compound 13 (257 mg. 0.91 mmol), silica gel (2.3 g),
reduced iron powder (870 mg), glacial AcOH (5 mL), and toluene (10 mL) was heated at 90°C under argon
with efficient mechanical stirring. After 30 min, the mixture was filtered, and the solids were washed with
EtOAc. The combined organic extracts were washed with water and saturated aqueous NaCl, dried over
MgSO,. After evaporation of the solvent, the crude product was chromatographed on silica gel eluted with
hexane-EtOAc (2 : 1) to afford 14 (179 mg, 96 %) as an oil. IR (film) 3405, 1759, 1497, 1246, 1227, 1202,
1092 cm!: '"H NM MR (200 MHz, CDCl, \8’)4] (3H,8),3.86 (3H,),6.39 (1H,s, J=25Hz),697 (1H,d, J =
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8.7Hz),7.15 (1H, d,J = 2.5 Hz), 7.20 (1H, d , J = 8.7 Hz), 8.13 (1H, brs); HREIMS m/z 205.0724 [M*] (calcd
205.0739 for C,;H,,\NO.).

4-Hydroxy-5-methoxyindole (15):  To a stirred solution of 14 (330 mg, 1.6 mmol) in DMF (9 mL) and
L.ISM Na,§,0,(2.3 mL) was added 2.3 mL of 1.25 M NaOH solution at 5°C. After being stirred for 20 min,
the mixture was poured over ice-water and then extracted with ether, and concentrated in vacuo to give the
residue, which was chromatographed on silica gel eluted with hexane-CH,Cl, (2 : 1) to afford 15 (140 mg, 54
%) as crystals. mp 129-132°C; IR (film) 3453, 3383, 1499, 1464 1370, 1246, 1088 cm’; "H-NMR (CDCl,,
200 MHz) 6 3.91 (3H, s), 5.92 (1H, s), 6.33 (1H, d, J = 2.3 Hz), 6.87 (1H, d, J= 8.0 Hz), 6.91 (1H, d, J = 8.0

Hz),7.12 (1H, d, J = 2.3 Hz)), 8.01 (1H, brs); HREIMS m/z 163.0642 [M"] (calcd 163.0633 for C,;HNO,).

Synthesis of S-methoxyindole-4,7-quinone (2): A mixture of compound 15 (246 mg, 1.51 mmol),
salcomine (40 mg), and DMF (10 mL) was stirred under an oxygen atmosphere at room temperature overnight
The mixture was poured over ice-water and then extracted with ether. The organic layer was washed with

water, saturated NaCl solution, and dried over MgSO,. Evaporation of the solvent left the residue, which was
chromatographed on silica gel [hexane-ethyl acetate (2 : 1)] to give an indolequinone (155 mg, 58%) as
orange needles, mp 205-208°C; HREIMS m/z 177.0418 [M*] (calcd 177.0426 for C,H,NO,. The 'H NMR
data were identical with those of natural product 2. Anal. Cacld for C;H,NO,*1/4H,0 (181.636): C 59.51 %,
H 3.88 %, N 7.71 %; found C 59.56 %, H 4.01 %, N 7.69 %.

We thank Mr. Takaoka and Mrs. Okamoto of the Instrument Analysis Center for Pharmaceutical Sceinces,
Tokushima Bunri University, for MS and NMR measurements.
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