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Abstract: A new entry into pyrroloiminoquinone marine alkaloids, makaluvamines, has been
developed. The key 1,3,4,5-tetrahydropyrrolo[4,3,2-de]quinoline intermediates 11 and 18 were prepared
by aryne-mediated cyclization of the 4-chloro-6-methoxytryptamine derivatives 10 and 17, respectively.
The requisite substituents at the indole 4- and 3-positions of 10 and 17 were efficiently assembled by
sequential use of directed lithiation of 1-triisopropylsilyl-6-methoxygramine (6) and fluoride ion-induced
elimination-addition of the methiodide of 4-chloro-1-triisopropylsilyl-6-methoxygramine (7) as key

reactions. © 1998 Elsevier Science Lid. All rights reserved.

INTRODUCTION

Pyrroloiminoquinone marine alkaloids based upon 1,3,4,5-tetrahydropyrrolo[4,3,2-de]quinoline
nucleus have been received considerable attention due to their unique structures and potentially valuable
biological activities.! This class of alkaloids comprises discorhabdins,?¢ prianosins,1®f isobatzellines, 2
wakayin,!h makaluvamines,!¥ tsitsikammanines,!! epinardins,!™ and veiutamine.!? Makaluvamines A-F
were isolated for the first time by Ireland in 1993 from the Fijian sponge Zyzzya cf. marsailis.!i In the same
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fuliginosa. ** Makaluvamines exhibit in viiro cyioioxicity toward the human coion tumor ceii-ilne HCT 116
show differential toxicity toward the topoisomerase IT sensitive CHO cell-line xrs, and inhibit topoisomerase II
in vitro. 12 Makaluvamine A and C exhibit in vivo antitumor activity against the human ovarian carcinoma

Ovcar 3 implanted in athymic mice. 12
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The synthetic studies toward makaluvamines were carried out by several groups, and the total or formal
syntheses of some makaluvamines have been achieved.® In this paper, we present a novel approach to the
pyrroloiminoquinone nucleus and its application to the total synthesis of makaluvamines A, D, I, and K. The
strategy is based upon our own methodology? for the synthesis of 3,4-differentially substituted indoles 3,
which consists of two sequential steps; 1) C-4 selective functionalization of the indole ring via directed lithiation
of 1-(triisopropylsilyl)gramine (1) to produce 4-substituted gramines 2 (step 1)# ; 2) functionalization of C-3

side chain bv quatern mization of 2 followed by fluoride ion-induced elimination-additi
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nucleophiles to give 3 (step 2)*® (Scheme 1). We planned to synthesize 4-halogeno-6 methoxytryptammcs
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from 1-triisopropylsilyl-6-methoxygramine (6) by using this methodology and subsequently construct the key
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tricyclic 1,3,4,5-tetrahydropyrrolo4,3,2-dejquinoline system via aryne-mediated cyclization.?
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Scheme 1

RESULTS AND DISCUSSION

The total synthesis of makaluvamines A and K (13 and 14) is shown in Scheme 2. The starting
material, 6-methoxyindole (4), was readily synthesized from p-anisaldehyde in large scale following a
procedure of Cook, er al. © Mannich reaction of 4 afforded 6-meth0xvgramine (5) in 96% vield. Protection of
n of § with NaH and tn

the indole nitrogen with triisopropylsilyl group was effected by the re

chloride to provide 1-triisopropylsilyl- 6-methoxygram e (6) in 97% yield. Directed lithiation of 6 under the

~da s Al Oa LN £ n OW PR [ R rea | IR W PO E S B
standard conditions*? (1.2 equiv +Buli, ether, 0°C, 1h) fo ed by a reaction with hexachloroethane gave the
4-chlorinated compound 7 in 90% yield. The lithiation was highly regioselective and none of the product
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derived from other lithiated species was isolated. Quaternization of 7 with Mel, followed by fluoride ion-
N )
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induced elimination-addition reaction?® with mmeth Isilyl cyani

fluoride (TBAF) produced the nitrile 8 in 87% yield. The indole nitrogen wa

treatment with 1.2 equiv of NaH and 2.0 equiv of Mel at 0°C to give 9 in 99% yicld. Reduction of 9 with
BH3- THF complex’ gave the tryptamine derivative 10 in 52% yieid. The yield of 10 was much improved to

92% by heating 9 with large excess of LiAlH4 (LAH) in diluted benzene-ether mixed solvent system.8
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Reagents and conditions: (a) HCHO, HNMe; . AcOH (96%).
{b) (i) NaH, THF; (i} (-Pr)3SiCl (97%). (c) (i} t-BuLi, ether,

0°C, 1h; (i) CI4CCCly (90%). (d) (i) Mel; (ii) MesSiCN, H*N
TBAF (87%). (e) (i) NaH, THF; (ii) Mei (99%). (f) BHz THF
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The aryne-mediated cyclization® of 10 into the key 1,3,4,5-tetrahydropyrrolo[4,3,2-de]quinoline
derivative 11 was examined by using excess (5 equiv) of lithium dialkylamide bases in THF. The results were
mmarized in Table 1. When 10 was allowed to react with lithium diisopropylamide (LDA) at -50~0°C, the

ound 11 was obtained in 54% vield (entry 1). The yields of 11 were slightly improved under the

cyclized compoun obtain vield (entry

similar conditions (-50~0°C) by using more bulky bases, such as lithium 2,2,6,6-tetramethylpiperidide (LTMP)
or lithium isopropylcyclohexylamide (IICA) (entries 2, 3). On the other hand, 11 was produced in much
better yield (78%) by allowing 10 to react with LICA at 0°C for 1h (entry 4). Thus, the temperature for aryne

generation seems to be critical to achieve successful cychzatmn. Similar observation has been reported in a

related aryne-mediated reaction.”
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Table 1. Aryne-mediated Cyclization of 4-Chloro-6-methoxytryptamines 10 and 17.

cl HNTS
@y . 0
A A M
MeO™ =~ °N THF MeO” > "N
R R
10: R=Me 11: R=Me
17: R=Si(t-Bu)Me, 18: R=Si(t-Bu)Me,
entry tryptamine base® temp./fime pyrroloquinoline  yield (%)
i 10 LDA -50°Cfih — 0°Cfih i 54
~ am A EN°CHh e 01 P —n
P io LTMP e VR TR R H MRS R 4] [ ob
3 10 LICA -50°C/th — 0°C/th 11 58
4 10 LICA 0°Clth 11 78 |
5 17 LDA -50°C/th — 0°Cfih 18 18
6 4 1 A n°0H 10 58
i LA VoA k=1
I a LICA 0°C/1h 1a 75 1
1 ‘ if i/ WONST T v o l

a) The base was used in 5.0 mole equivalents to the tryptamine.

The Fremy's salt oxidation of some aniline derivatives to iminoquinones has been reported.!® Recently
Somei, et al. described a successful oxidation of 6-chloro-1-methyl-1,3,4,5-tetrahydropyrrolo[4,3,2-
de]quinoline to the corresponding iminoquinone with Fremy's salt.3 Therefore, we applied Fremy's salt for
the oxidation of 11 at first. However, the desired iminoquinone 12 was obtained in very poor yields (<10%)
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oh we had examined a varietv of conditions. In contrast. the salcomine-c l_‘,’

.
hough we had examined a variety of conditions. In contrast, tne salcomine-cata
i

2

h, the iminoquinone 12 was produced as a major product . Since it was diff
other impurities by chromatography, the impure 12 was used for the next reactions without further purification.
The conversion of 12 to makaluvamine A (13) has been reported by Yamamura, et al. 332 Thus, following the
Yamamura's conditions, the crude 12 was reacted with large excess (ca. 10 equiv) of ammonium chloride in
methanol at room temperature overnight. After chromatographic purifications, makaluvamine A (13) was

isolated as trifluoroacetate in 40 % overall yield from 11. The impurities in 12 were readily removed at this

stage. A similar reaction of the crude 12 with tyramine hydrochloride produced makaluvamine K (14) in 44 %

nusrall viald fram 11 The cnartracrnnie data (1L and 1300 NIMRY AfF 12 and 14 were idantinal with thnes

wuvuwiaili Jl\/lu AiViil L R 11w D \.auuovul.u\— wawva \ 11 Qg ~ 1‘1'11.\} Ul AJ Alid A YWWLIV IV LILISAL WIELEL HIUDA
DU -t U IR SRIPRIN | 1 '

rcp(mcu 10T tN€ n4dlural pI'UUUle.""‘



M. Iwao et al. / Tetrahedron 54 (1998) 8999-9010 9003

Next, we turned our attention to the synthesis of 1-unsubstituted makaluvamines. Initially we plan
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aryne-mediated cyclization. Thus, we tried a simple nucleophilic substitution of the methiodide of 7 with
potassium cyanide in the gbsence of TBAF in order to produce [4-chloro-1-(triisopropylsilyl)-6-methoxyindol-
3-ylJacetonitrile (15). Although we tested two different conditions (KCN/MeOH/reflux/1 h or KCN/18-crown-
6/MeCN/r.t./48 h), the sole isolated product was the desilylated nitrile 8 (ca. 60% yields in both cases)
(Scheme 3).
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Reagents and conditions: (a) (i} NaH, THF; (i) -BuMe,SiCl I g

(91%). (b) BH, THF (86%) or LiAIH,, ether-benzene (90%) 1 H*.\.

(c) LICA, THF, 0°C, 1h (75%). (d) TBAF (95 %) (e) Fremy's . J

salt, pH 7 phosphate buffer, MeOH, 0°C, 5 min (41%). (f) Y | I l \>

NH,CI, MeOH (67%). (g) tyramine hydrochloride, MeOH . N

(78%). 0 H

22
makaluvamine D
Scheme 4

Since it was difficult to avoid undesirable desilylation under conventional cyanation conditions, we

decided to use 8 as the starting point for further transformations (Scheme 4). Thus, the indole nitrogen of 8

was reprotected with z-butyldimethylsilyl group by a reaction with NaH and butyldlmcthylsﬂyl chloride to give
T _ o

sem zxradtle

i6 in 91% yield. Reduction of the cyano group with BH3-
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17 in 66% yicld The LAH reduction® of 16 gave 17 in 90% yield accompanied by desilylated 4-chloro-6-

methoxytryptamine (5%). Aryne-mediated cycliza tion> of 17 underwent in 75% yield to give 18 by using S
equiv of LICA in THF at 0°C for 1 h (Table 1; entry 7). Under other reaction conditions 18 was obtained in

— i Lo o L

lower y‘u’i ds ( tries 5, U) Agmu, the temperature for aryne formation W k,) is critical for the successful
cyclization. It is also revealed that LICA is particularly useful, compared to LDA, for the cyclization of 17.12
Deprotection of ¢-butyldimethylsilyl group of 18 with TBAF afforded 19 in 95% yield. To our surprise, the
salcomine-catalyzed O2 oxidation!! of 19 produced only a complex mixture. Fortunately, however, Fremy's
salt oxidation in pH 7 phosphate buffer!0 afforded the pyrroloiminoquinone 20 in 41% yicld. Reaction of 20 -
with ammonium chloride in a similar manner as described above gave makaluvamine I (21) in 67% yield.
Makaluvamine D (22) was also synthesized by a reaction with tyramine hydrochloride in 78% yield. The

spectroscopic data ( IH and 13C NMR) of 21 and 22 werce identical with those reported for the natural

nroduct 1 .k
pro

In conclusion, we have dcvnlnned a new efficient route to 1-mpthv nd 1-normakaluvamines. The total

in conclusg alsaay ¥ fe H (305924 m

yields of makaluvamines A, D, I, and K (13, 22, 21, and 14) from 6-methoxyindole (4) were 21%, 14%,
12%, and 23%, respectively. Although we have synthesized relatively simple pyrroloiminoquinone marine
alkaloids, our synthetic route would be further expanded for the synthesis of more complex alkaloids via ring
functionalizations of the key tricyclic 1,3,4,5-tetrahydropyrrolo[4,3,2-de|quinoline intermediates (11 and 18).
The studies along this line are in progress in our laboratories.

General. Melting points were determined with a Yanagimoto micro melting points apparatus and are
uncorrected. IR spectra were recorded with Perkin Elmer System 2000 FT-IR spectrometer. H and }3C NMR
spectra were obtained with JEOL JNM-GX400 or Varian Gemini-300 or Gemini-200 machine using TMS as an
internal standard. Mass spectra (MS) were recorded with JEOL JMS-DX303 or JMS-SX/SX 102 A
spectrometer. Elemental analyses were performed at the microanalytical laboratory in Nagasaki University. For
flash chromatography, FL60D silica gel (Fuji Silysia) was used, except otherwise mentioned. Dry ether and

THF were distilled from Na-benzophenone ketyl under N2 before use.

6-Methoxveramine (5). mixed solution of 50% agueous dimethvlamine (4.76 . 53 mmol),
Methoxygramine (J). A mixed soiutl 14 o aq imethylamine ( g, mmol),
acetic acid (7 mL), and 37% aqueous formaldehyde (4.17 g, 51 mmol) was added to powdered 6-

SAN S NS N PR PRVS. SN S ALr o al 2 o L 18 L 4 i bmemmam b b o
methoxyindole (4) (7.36 g, 50 mmol} with VlgUl’UUb stirring. After stirring 101 15 n at room {cmperature, to

solution was poured into a mixture of 10% aqueous NaOH (100 mL) and crushed ice (100 g), and the product
was cxtracted with ether. The combined extracts were washed with water and brine solution, dried over
Na2S04, and evaporated to give 9.76 g (96%) of 5, mp 91-92°C (ether-pentane) (lit.13 mp 93°C); IH NMR
(300 MHz, CDCl3) & 2.28 (s, 6H), 3.59 (s, 2H), 3.84 (s, 3H), 6.80 (dd, 1H, J=8.6 and 2.3 Hz), 6.85 (d,
1H, J=2.3 Hz), 7.01 (d, 1H, J=2.3 Hz), 7.57 (d, 1H, J=8.6 Hz), 8.00 (br s, 1H). The crude 5 thus obtained

was used for the next reaction without further purification.
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1-Triisopropylsilyl-6-methoxygramine (6). Under an atmosphere of Ar, a solution of § (9.26
g. 45.3 mmaol) i v THF (20 ml)) wag added dronwice at 0 °C tn a ctirred cnienencion of Nall /6007
Hy TS ARy ML SRy A ARD WV osaragy TGS QUUVE WIUPp YISOV G U W4 JLUILU SUSPVIINIUEL UL INakl (UuU o
digmarcian i minaral Al D T2 5 £Q 2 ceme ] seaugaolad weeddle Jeos sl 2 . TULITD /AN .
UISPETSiUL it initidal Uity 2./0 g, U0.0 101, PICWasnea wiin ary pémanc) m dary 1rmr (/U mLj over Zu min

PR Fy - PP

After stirring at the same temperature for 1 h, triisopropylisily chioride (9.26 g, 49.9 mmol) was added
dropwise and the stirring at 0 °C was continued overnight. The reaction mixture was carefully quenched with
water and the product was extracted with ether. The combined extracts were washed with water and brine
solution, dried over Na2S04, and evaporated. The residue was purified by Kiigelrohr distillation to give 15.83
g (97%) of 6 as yellow oil : bp 160°C/0.2 mmHg; IR (ncat) 2946, 2868, 1619, 1563 cm'l; 1H NMR (300
MHz, CDCI3) 8 1.14 (d, 18H, J=7.4 Hz), 1.68 (sept, 3H, J=7.4 Hz), 2.25 (s, 6H), 3.58 (s, 2H), 3.83 (s,

3H), 6.80 (d, 1H, J=8.5 and 22 Hz), 7.00 (d, 1H, J/=2.2 Hz), 7.03 (5, 1H), 7.54 (d, 1H, J=8.5 Hz). Anal
Caled for CarHacNAOW- O Q Q4 10NN 777 Fanund- O AO0ANVH 1011-N 7 £Q
LAIlG 101 L2105008 23500 L, U775, 1k, 2V, 1Y, J./ /. OUNGI L, G7.0U, 11, 1v.li,; 1Y, /.0

4-Chloro-1i-triisopropyisiiyi-6-methoxygramine (7). Under an atmosphere of Ar, t-BuLi (1.4
M in pentane, 17 mL, 24 mmol) was added dropwise to a stirred solution of 6 (7.21 g, 20.0 mmol) in dry ether
(100 mL) at -78°C. After being stirred for 20 min, dry ice-acetone bath was removed. The mixture was allowed
to warm to 0°C and stirred at this temperature for 1h. After cooling to -78°C, a solution of hexachloroethane
(7.10 g, 30.0 mmol) in dry ether (20 mL) was added dropwise over 18 min. After 1h, dry ice-acetone bath was

removed and the mixture was stirred for 1.5 h. The reaction mixture was guenched with saturated NH4Cl and.

and brine solution, dried over NazS04, and evaporated. After exposure to oil pump vacuum at 50
unreacted hexachioroethane, the residue was purified by column chromatography over alumina [hexane-ethyi
acetate (20:1~5:1)] to give 7.11 g (90%) of 7 as viscous oil; IR (neat) 2947, 2869, 1614, 1555 cm'l; IH NMR
(200 MHz, CDCl3) 8 1.14 ( d, 18H, J=7.4 Hz), 1.67 (scpt, 3H, J=7.4 Hz), 2.31 (s, 6H), 3.75 (s, 2H), 3.80
(s, 3H), 6.79 (d, 1H, J=2.1 Hz), 6.89 (d, 1H, J=2.1 Hz), 7.02(s, 1H). Anal. Calcd for C21H35CIN20Si: C,

63.85; H, 8.93; N, 7.09. Found: C, 63.71; H, 8.79; N, 7.03.

(A Chlara. G.maoathavv. 1 H.indnal-Y_.vilacatanitrile () 0 a etitred ecolition nf 7 (711 o 180
= O IO=U=ilCuiUAY =7 =ihaGUa~IO=yjailieliaiint (&), 1V aSIMU SHuaUi UL /7 (/.11 g8, 16
N N L fEA T A MY €11 o 2BE N mrmnl) and the lvtiea wwne  obieesd ab e
HlIIlUl) il UCILZLCIIC \J‘f IHL/) wdy audcd lvicl (0.11 ¥, 20.U lllul) ald ul TIXLuL dd dUICU dl 1 111

temperature overnight. Benzenc was removed under reduced pressure and the rcsiduai white solid of the
methiodide was suspended in THF (85 mL). To the stirred suspension were added sequentially TMS-CN (2.68
g, 27.0 mmol) and TBAF (1.0 M in THF, 54 mL, 54 mmol), and the mixture was stirred for 1h. THF was
removed under reduced pressure and the residue was partitioned between ether and water. The organic layer

was washed with water (three times) and brine, dried over Naz2S04, and evaporated. The residue was purified

by flash chromatography over silica gel using CH2Cl2 as an eluent to give 3.46 g (87%) of 8, mp 136°C (ether-
nentane): IR (KBr) 3379, 3314, 2277, 2259, 2252 cml; 1H NMR (200 MHz, CDCl3) 8 3.83 (s, 3H), 4.11 (d
PULIRGUIIC fy 0IN \ISATL j o 0 7y ST ATy L&i 1y bk 7y &k 3 v oy y I3 My
~TY ¥ 1 AT N £ 7L 7 11T .Y 1YY N £ 90N 71 11T T 1 = M 177 1IN O 172 e o 111 Asaml MNalal
ZH,J=1.4 H1Z), 0./0(Q, i1, J=2.1Z}, 0.0U (O, 10, J=2.1 0Z), /.1 /{11, 111), 0.13 (UL 5, 1X1). Andi. dl
for C11HoCIN20: C, 59.88; H, 4.11; N, 12.70. Found: C, 39.93; H, 4.15; N, 12.70

(4-Chloro-6-methoxy-1-methylindol-3-yl)acetonitrile (9). Under an atmosphere of Ar, a
solution of 8 (3.09 g, 14.0 mmol) in dry THF (15 mL) was added dropwise to a stirred suspension of NaH
(60% dispersion in mineral oil, 0.68 g, 17.1 mmol, prewashed with dry pentane) in dry THF (60 mL) at 0°C.
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After being stirred for 30 min, Mel (1.75 mL, 28.1 mmol) was added.The mixture was sti

0°C, quen hed with water. and extracted with ether. The combined extracts were washed with water and brine

2 Ny LReRRlRl YYILIL WAL, Qe RAMSS S W 1CI. 11C COMDINEd cxiracts w vy i VY ILEL WY RN

$
b
i
1
;

dried over Na28Oa4, and evaporated. The residuc was purified by flash chromatography over silca gel using
e & P o DR O . Sy mE L (ODOIN L0 1A 1LY £ al ol sl /r A e <2 1 Ty
LHZliz as cucnt o give 3.25 g {(¥¥70) O1 7, Tp 12£4-125 T (einyl acetat -ncxane), IR (K ) LLouant;
RILATY NN L IYTY ~n s ALTAN s ] TIrY A 4N s ~ATT T 4 arr »r s - E S R
R (ZUU Mz, uu3)0.3 U (S, a1}, o, ), 4.10 (d, 2H, J=1.1 Hz), 6.64 (d, 1 .
L

N
6.79 (d, 1H, J=2.1 Hz), 7.03 (s, 1H). Ana or C12H11CIN20: C, 61.42; H, 4.72; N
C

, 61.62; H, 4.86; N, 11.96.

4-Chloro-6-methoxy-1-methyltryptamine (10). BH3z THF complex reduction. Under an
atmosphere of Ar, BH3-THF complex (1.0 M in THF, 16 mL, 16 mmol) was added to a solution of 9 (1.88 g,
8.00 mmol) in dry THF (64 mL). The mixture was stirred at ambient temperature for 16 h, quenched with

=
'
o

MeQH (2“ mlL). and evaporated. Diluted NHaOH was added ¢t n

MeOH (3Um L), and evaporated, Diluted NH40OH was adaed to the residu 1d progu tfra with
athar Tha avtract was wiachad with watar and hrine dried Aavsr NasCN and avannratad  Tha sagidiin wran
Ul 111 UAL]C“-‘( WOaD YWAaoliwid Yyilil vvaiswi aiiug Ullll‘d UlIvU UvLl | OUQ’ daliv Cva}lkllﬂl . L1LHIC 1CHIUUC Wdadd

purified by flash chromatography over silica gel (CHCh -MeOH-concd NH40H=75:25:1) to give 1.01 g (52%)
of 10, mp 89.5-90.5°C (ether); IR (KBr) 3366 cm™}; 'H NMR (2(‘ ) MHz, CDClI3) 6 1.44 (br s, 2H), 3.02 (m,
4H), 3.66 (s, 3H), 3.85 (s, 3H), 6.62 (d, 1H, J=2.1 Hz), 6.76 (d, 1H, J=2.1 Hz), 6.77 (s, 1H). Anal. Calcd
for C12H15CIN20: C, 60.38; H, 6.33; N, 11.74. Found: C, 60.20; H, 6.22; N, 11.57.

LiAlH ¢ reduction. Under an atmosphere of Ar, a solution of 9 (235 mg, 1.00 mmol) in dry benzene (30
mL) was added dropwise to a suspension of LiAlH4 (569 mg, 15.0 mmol) in dry ether (30 mL) over 15 min,

and the mixture was refluxed for 5 h. After cooling, water (1.2 mL) and then 10% aqueous NaOH (1.2 mL)

were added  The mixture was stirred overnioght. and resultino white nrecinitates were removec ﬂpmmfahnn
were added. 1he mixture was stirred overnmight, and resulfing whife precipitates were removed by gecantation,
e 3 TP ~ anliting was wachad with water and hrina  driad avar Wal'MNa  and avanaratad ta oiua 3 o

ne oi C soiution was wasncl witn WalteT and O7ine, Griea OVer A2l U3, and evapoiralcd o give Zou mg

o -+

1
(92%) of esscntially pure 10 as white crystalline solid.

7-Methoxy-1-methyl-1,3,4,5-tetrahydropyrrolo[4,3,2-de]quinoline (11). Under an
atmosphere of Ar, BuLi (1.13 M in hexane, 19.0 mL, 21.5 mmol) was added dropwise to a solution of N-
isopropylcyclohexylamine (3.57 g, 25.3 mmol) in dry THF (190 mL) at -20 °C. After 1 h, the mixture was
allowed to warm to 0°C (ice-water bath) and, to this solution, was added a solution of 10 (1005 mg, 4.21
mmol) in dry THF (20 mL) over 14 min. After being stirred for 1 h, saturated NH4Cl was added and the

nd the aqueous layer was extracted with cther.

.
TIHALUIV VWAS GiIles Wil WOl WHRGINL G YLa WES SYpaiGitAl Quats Wab S4u ia

The combined extracts were washed with water and brine, dried over NazSO4, and evaporated. The residue

PR TR | ERY MO0 N 1:

was purified by flash cnromatograpny over silica gel (hexane-ethyl aceta :1) o give 667 mg (78%) of 1
as unstable oil; IR (neat) 3368 em!; 'H NMR (200 MHz, CDCl3) 8 2.96 (t, 2H, J=5.8 Hz), 3.45 (t, 2H
J=5.8 Hz), 3.65 (s, 3H), 3.82 (s, 3H), 5.92 (d, 1H, J=1.6 Hz), 6.16 (d, 1H, J=1.6 Hz), 6.46 (s, 1H); MS

m/z 202 (MT); HRMS caled for C12H14N20 202.1106, found 202.1098.

[

Makaluvamine A (13). Oxygen gas was passed through a mixture of 11 (105 mg, 0.52 mmol),
salcomine (40 mg, 0.12 mmol), and DMF (3.5 mL) at ambient temperature. After 1 h, salcomime (40 mg, 0.12

......... g 12 mmol); and mL.) g,
mmal} wae added and the reaction wag continned for an additional 1 h. DMF was removed in vacun and the
uuuuxl VYOO AUULG CUIN WV LVALUIULL VY QU WURALIRILUVGS AVL QU Bwweavavaalas 4 a3 AFiVAR VYRS avwialiU Y whe Yisaails Qaise v

Arnotrsmomla d ncan ailing go O (0-1Y ag an eluent give Q6 mo of the crude
residue was ulIUIndlUgl prch OVEL ditikd el uaujg CIICI3-IVICUTE (4U.1 ) 45 dil Clubidil W gIve OU HHE UL UL Lluuy
iminoquinone 12. 'H NMR (200 MHz, CDCl3) & 2.73 (t, 2H, J=8.0 Hz), 3.83 (3H, s), 3.96 (s, 3H), 4.13
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(t, 2H, J=8.0 Hz), 6.07 (s, 1H), 6.34 (s, 1H).

A mixture of the crude 12 (86 me). nowdered NH4Cl (214 me. 4.00 mmaol). and MeOH (20 mI \ wac

(o 12}, D 41 (414 mg, 4.UU0 mmolj, ang MeUnR {20 mi,) was

stirred at room temnerature for 13 h, eVH wac evannrated and the recidns wag chromatographed over silica
G Aprwideiain AL AoF KX AVEVRSLA YYGD WYGRAAGIVM ALIU UIV 1UIIUUL vwdo LU Usulyu\.«u Uyl slid

gel using CHCI3-MeOH (5:1) as an eluent to give 50 mg of green solid resumdbly hydrochloride of
makaluvamine A), which was passed through a column of Chromatorex® NH-DM1020 silica gel (Fuji Silysia)
using CHCI3-MeOH (10:1) as an eluent to produce the free base of makaluvamine A. The orange solid thus
obtained was dissolved in MeOH and the solution was treated with 15 drops of CF3COOH. The whole was
evaporated in vacuo to give 65 mg (40% overall yield from 11) of the trifluoroacetate of makaluvamine A (13)
as deep purple solid; IR (KBr) 3429, 3372, 3106, 1682, 1616, 1548, 1199, 1147 cm'l; 1H NMR (400 MHz,
DMSO-ds) 6 2.84 (t, 2H, J=7.5 Hz), 3.76 (td, 2H, J=7.5 and 2.9 Hz), 3.90 (s, 3H), 5.61 (s, 1H), 7.30 (s,
1H), 8.36 (br s, 1H), 9.07 (br s, 1H), 10.38 (br s, 1H); 13C NMR (100 MHz, DMSO-ds) & 18.0, 35.8, 42.0,

86.5,117.8,122.3, 123.0, 131.0, 156.0, 156.8, 168.3; MS m/z 201 (M*-H); HRMS caled for C11H13N30

AviL LALVID Lald UL 1 FR)

201 NANY  faund 201 010

LT L TUL, oung Lui.U¥ivu.

Makaluvamine K (14). A mixture of the crude iminoquinone 12 (73 mg) prepared from 101 mg
(0.50 mmotl) of 11 as described above, tyramine hydrochloride (71 mg, 0.41 mmol), and MeOH (14 mL) was
stirred at room temperature for 23 h. To this mixture was added saturated aqueous NaHCO3 (7 mL) and, after
dilution with water, the orange precipitates were extracted successively with a mixture of CH2Clp and MeOH.
The extracts were dried (Na2SO4) and evaporated. The residual solid was dissolved in MeOH, and the solution
was treated with 20 drops of CF3COOH and evaporated. The residue was chromatographed over silica gel
(CHCla-MeQH-CFaCOQOH=100:10:0.1) to mw‘ 124 mg (44% overall yield from 11) of the trifluoroacetate of

A Al STAIVAVR LT ORISR AR . AV 2 v 4% NS Ligll YALLU LAV A& LD Ul AR LNLGAAL L

makaluvamine K (14) as deep purple solid; IR (KBr) 3297, 3124, 2927, 1678, 1627, 1600, 1559, 1517,

6 -l 1LX AIMD /A0 M- MIMCNA_JIA KR D 7Q (¢ AT T—7 & LI\ 7 Q& 1+ DT T_7 & LI\

1427 17IN1 1
il 7, 1 INIVIN \"fU\J VIL14, WIVIOUTUD) YV «. 17 \Ly Lily J— /.0 Y14}, L.00 \l Lk J—I J n4aj,

143/, 14U1, 113
3.47 (td, 2H, J=7.5 and 6.2 Hz), 3.79 (td, 2H, J=7.5 and 2.6 Hz), 3.91 (s, 3H), 5.51 (s, 1H), 6.70 (d, 2H,
J=8.4 Hz), 7.04 (d, 2H, J=8.4 Hz), 7.32 (s, 1H), 8.91 (br t, 1H, J=6.2 Hz), 10.54 (br s, 1H); 13C NMR
(100 MHz, DMSO-ds) 8 18.1, 32.4, 35.8, 42.2, 45.1, 84.2, 115.2, 118.0, 122.3, 123.0, 128.1, 129.5,
131.3, 152.8, 156.0, 156.5, 167.7; MS(FAB) m/z 322 (M*); HRMS(FAB) caled for C19H20N302 322.1556,
found 322.1556.

[1-(tert-Butyldimethylsilyl)-4-chloro-6-methoxyindol-3-yl]acetonitrile (16). Under an

trs noesbhara A f A anhitinn of Q@ /1 A0 g A2 mmal in drv THE /8§ N mT ) wace added dranwice tn a ctirred
auInosSpIiCiC€ Ul A, d SULULIULL U1 O (1.5V &, U.0 1UHUL) L1 ULy 110 (J.U LLyj Was duutld GIUPWISLY W a Sulivu
LR N n RS, MM AN o AN A P N | e J I RERUIG WS

SuspeHSIOrl (V)3 l‘{dﬂ \ U0 mspc,rsl()n Hl HllIlCIdl 0il, U.4<Z g, 1U. 4 IT].H]U[, [JlUdeI]CU W.ll.ll 1y piiianc) i ury

THF (5.6 mL) at 0°C. After being stirred for 30 min, a solution of tert-butyldimethylsilyl chloride (1.18 g, 7.8
mmol) in dry THF (2.0 mL) was added. The mixture was stirred for 1 h at 0°C, quenched with water, and the
product was extracted with cther. The combined extracts were washed with water and brine solution, dried
over Na2804, and evaporated. The residue was purified by flash chromatography over silica gel using hexane-
cthyl acetate (5:1) as an cluent to give 1.92 g (91%) of 16, mp 93-94°C (ether-pentane); IR (KBr) 2249 cmly
1H NMR (200 MHz, CDCl3) 8 0.59 (s, 6H), 0.94 (s, 9H), 3.82 (s, 3H), 4.10 (d, 2H, J=1.1 Hz), 6.80 (d,
1H. J=2.0 H?). 6.88 (d. 1H. J=2.0 H2). 7.08 (t, 1H, J=1.1 H2). Anal. Calcd for C17H23CIN20Si: C, 60.97;

LIk, .lwu Uil GGG Uy 105, =LY AL, TS0 Gy a2k, .2 124 Al 175230 IIND : 3 OULF 7

H, 6.92; N, 8.36. Found: C, 60.92; H, 6.83; N, 8.39.
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1-(tert-Butyldimethylsilyl)-4-chloro-6-methoxytryptamine (17). BH3THF complex
reduction. Under an atmosphere of Ar, BH3-THF complex (1.0 M in THF, 11.4 mL, 11.4 mmol) was added

solution of 16 (1.92 g, 5.72 mmol) in dry THF (45 mL). The mixture was stirred at ambient temperature

18 h, quenched with MeOH (30 mL), and evaporated. Diluted NH4OH was added to the residue and the

for
prouucr was extracted with ether. The extract was washed with water and brine, dried over Nazb(JA,, and
evaporated. The residue was purified by flash chromatography over silica gel (CHCl3-MeOH=10:1 then
CHCl3-MeOH-coned NH40H=100:10:1) to give 1.26 g (66%) of 17 as a viscous oil; IR (neat) 3361 cm'l; 1H
NMR (200 MHz, CDCl3) 8 0.55 (s, 6H), 0.91 (s, 9H), 1.44 (br s, 2H), 3.03 (m, 4H), 3.81 (s, 3H), 6.78 (d,
1H, J=2.1 Hz), 6.87 (s, 1H), 6.89 (d, 1H, J=2.1 Hz); MS m/z 338 (M*); HRMS calcd for C7H27CIN20Si

338.1581, found 338.1584.

LiAlH 4 reduction. Under an atmosphere of Ar, a solution of 16 (196 mg, 0.59 mmol) in dry benzene
{5.9 ml.) was added dronwise to a susnension of LiAIHA (111 mo. 2.93 mmol) in drv ether (5 Q mI ) and the
(0.2 mi) was added dropwise o a sugpension of 1IAIR4 (111 mg, 2.92 01} In dry ether (0.2 mLl), ancC the
mivhirs wae refliived for 2N min  After n wintar 11 92 T\ n 100 acianne NI /02N T\
IHALULY W AO 1VIIUAVA AUS JWV RIL1EH gttt \..uuuus, aivl \V.oo i) Gl LIV AV /0 ayubuud INaull \(V.4v )

were added, and the mixture was stirred for 30 min. After removal of white precipitates by decantation, the
organic solution was washed with water and brine, dried over K2CO3, and evaporated. The residue was
purified by flash chromatography over silica gel (CHCI3-MeOH-concd NH40H=100:10:1) to give 178 mg
(90%) of 17 and 7 mg (5%) of 4-chloro-6-methoxytryptamine, mp 119.5-120.5°C (CH2Clz-hexane); IR
(KBr) 3339 cm!; 1H NMR (200 MHz, CDCl3) 8 1.58 (br s, 2H), 3.04 (m, 4H), 3.81 (s, 3H), 6.74 (d, 1H,
J=2.1 Hz), 6.77 (d, 1H, J=2.1 Hz), 6.91 (br s, 1H), 8.24 (br s, 1H); Anal. Calcd for C;1H13CIN20: C,
58.80; H, 5.83; N, 12.47. Found: C, 58.66; H, 5.76; N, 12.46.

1 _itfomt RutuldimathelcileN.T_ mathnvu.1 1 4 S tatrahvdranureranlald T Y _Adalauinnlina

ATWCII" UYL lul.ll“ll: lall: E)T 7 TRIAVRRIUA "J,"J'l‘;‘vl ailyuil Ul.lJll ulul"l’,d,h'uc]ljuluullut
/40y Y11 LA TR T f1 1 AL G Lo 1"rn AN 1 I R S R S S
(13). UNUEr dain d[mObpnCTC O Al, DUl (1.10 /M 1M neéxane, L/.¥ 1 lL«, FAV RG] mml)l) wadas aadeq aropwise o a

solution of N-isopropylcyclohexylamine (3.43 g, 24.3 mmol) in dry THF (150 mL) at -20°C. After stirring for
1 h at -20°C, the mixture was allowed to warm to 0°C (ice-water bath). A solution of 17 (1370 mg, 4.04 mmol)
in dry THF (20 mL) was added dropwise over 14 min, and the mixture was stirred for 1 h. After quenching
with saturated NH4Cl, THF was evaporated and the residue was partitioned between ether and water. Organic
layer was separated and the aqueous layer was extracted with ether. The combined cxtracts were washed with

water and brine, dried over Na2S0Oy4, and evaporated. The residue was purified by flash chromatography over
918 mg {74%\ of 18 mp 116.5-117 °C ((‘thr-r-nentnne\ IR (I(Rr\

silica gel (hexane-cthyl acetate = 3:1) to give 918 m ) of 18, mp 116.5-117 °C (cther-pentane); IR (KBr
3370 cm'l; TH NMR (200 MHz, CDCI3) (s, 6H), 0.94 (s, 9H), 2.97 (t, 2H, J=5.8 Hz), 3.45 (1, 2H,

H
/

.1 =N £ /e 1IN, AT
, J=1.6 Hz), 6.58 (s, 1H); Anal. Calcd for

7-Methoxy-1,3,4,5-tetrahydropyrrolo[4,3,2-delquinoline (19). To a solution of 18 (191
mg, 0.63 mmol) in THF (3.2 mL) was added TBAF (1.0 M in THF, 0.76 mL, 0.76 mmol) at room
temperature and the mixture was stirred for 10 min. THF was removed by evaporation and the residue was

partitioned between ether and water. The organic layer was separated, washed sequentially with water and

hrine dried ave 2a Q0 A T romatosranhed over silica eel usino hexane-
Ullliv, ULIvu over INGZONI G, Guiu VY apuiay iiiv iV w vas GILLIRQIUEIAPILCE UVLLD Sillla guid Usillp lvAall

Sl ocids £2.1Y ao am alizamb b give 112 meg /QSO0EY AF 10 M Q4 S.Q7°C TR /KRy 2209 128RQ ~m-1. 100
culyli a 1€ (21 as an CIuCin 0 Eive 110 MiZ \Fo70) UL 47, LIP Z0.0-77 L, I\ \DDI) II74, JJ00 Ul 7, 11
NMR (400 MHz, CDCl3) & 2.98 (td, 2H, J=5.8 and 1.1 Hz), 3.47 (t, 2H, J=5.8 Hz), 3.79 (s, 3H), 4.05 (br
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s, 1H), 5.95 (d, 1H, J=1.5 Hz), 6.26 (d, 1H, J=1.5 Hz), 6.61 (dt, 1H, J=1.8 and 1.1 Hz), 7.66 (br s, 1H);
Anal. Calcd for CnHuNz :C, 70.19; H, 6.43; N, 14.88. Found: C, 7.)..)4; H, 6.45; N, 14 85
o . Y. Y} Npug—_— 1 bodbasmlonrdaan TA 2 T T o2 12 [ rEa W19 e s Py DS
/=ViELnoxy- l,a,q,o tetranyaro4,J5, -aejquluuun 8-one (20) A precooled solution of

potassium nitrosodisuifonate (455mg, 60~75% purity, Wako Pure Chemical Industries) in phosphate buffer
(pH=7, 16.5 mL) was added to a solution of 19 (94 mg, 0.50 mmol) in MeOH (8.3 mL) at 0°C over 2 min.
After being stirred for 2 min, the mixture was diluted with CH2Cl2 and filtered through Celite. The organic
layer was separated and the aqueous layer was extracted with CH2Cly for several times. The combined extracts
were dried over Na2SO4 and evaporated. The residue was purified by flash chromatography over silica gel
(CHC13:MeOH=10:1) to give 41 mg (41%) of 20; 'H NMR (300 MHz, CDClz) 8 2.81 (t, 2H, J=7.8 Hz),
3.86 (s, 3H), 4.19 (t, 2H, J=7.8 Hz), 6.18 (s, 1H), 6.91 (s, 1H). This material was used in the next reactions

11z}, IICA

Makaluvamine 1 (21). A mixture of 20 (41 mg, 0.20 mmol), powdered NH4Cl (108 mg, 1.96
mmoi), and MeOH (10 mL) was stirred for 39 h at room temperature. MeOH was cvaporated and the residue
was chromatographed over silicagel using CHCI3-MeOH (5:1) as an eluent to give 40 mg of purple solid
(presumably hydrochloride of makaluvamine I), which was passed through a column of Chromatorex® NH-
DM1020 silica gel (Fuji Silysia) using CHCl3-MeOH (10:1) as an eluent to producc the free base of
makaluvamine A. The red solid thus obtained was dissolved in MeOH and the solution was treated with 15
drops of CF3COOH. The whole was evaporated in vacuo to give 41 mg (67%) of the trifluoroacetate of

makaluvamine I (21) as deep purple solid; IR (KBr) 3316, 3153, 1679, 1610, 1533, 1203, 1177, 1139 ecm’};
1H NMR (400 MHz, DMSO-ds) 8 2.86 (t, 2H, J=7.5 Hz), 3.78 (t, 2H, J=7.5 Hz), 5.61 (s, 1H), 7.30 (d, 1H

AL AVAVRAAN TV : ¥ K i d g YR {aed ALLigg 2aidizy N 42ajy \™y L1iy
I_" A 1=\ O A7 Nee o 1LY O 1[\ e o 1l b Y 1M AL Me o 1LY 12 NE (Taw o 1LY\ 13(‘ ANNAD 71NN AEYT
J=L.G ﬂL}, 0.42 \Ul By LH}, .19 \ ul o», 111 ), 1U.40 \Ul S, LIlj, 10.UJ (UL 5, 1rI1}, LOINIVIRN (1UU IVinZ,
A sfO 1N & 10 1 A N QL A 110: 113 £ 11772 7 1L £ 1&4£ 1 177 A TLT 0. WA ./ 1077 [hA4+ T\,
DM>U-dg) 0 10.1, 42.4, 060.4, 110.3, 1£4.0, 143.7, 120.0, 150.4, 1O5/.4, 10/.7, MD m/Z 16/ (M7 -I1);
HRMS calcd for C1o0H9N30 187.0746, found 187.0746.

Makaluvamine D (22). A mixture of 20 (37 mg, 0.18 mmol), tyramine hydrochloride (39 mg, 0.22
mmol), and MeOH (8 mL) was stirred at room temperature for 14 h. To this mixture was added saturated
aqucous NaHCO3 and the product was extracted with a mixture of CH2Cl2 and MeOH. The extracts were dried
and evaporated. The residual solid was dissolved in MeOH, and the solution was treated with

COOH and evanorated The residue was chromatogranhed over silica gg! ( (CHCI3-MeOH-

3 H and evaporated. residue 1atograp over sili

17 14 1N -1, 1rr wr

mg (78%) of the trifluoroacetate of makaluvamine D (22) as deep purple
2

solid; IR (KBr) 3126, l’"l4, 1678, 1629, 1602, 1558, 1516, 1437, 1203 cm™; *H NMR (400 MHz, DMSO-
ds) 6 2.80 (t, 2H, J=7.5 Hz), 2.89 (t, 2H, J=7.5 Hz), 3.48 (td, 2H, J=7.5 and 6.2 Hz), 3.81 (t, 2H, J=7.5

Hz), 5.47 (s, 1H), 6.70 (d, 2H, J=8.3 Hz), 7.04 (d, 2H, J=8.3 Hz), 7.31 (s, 1H), 8.98 (brt, 1H, J=6.2 Hz),
9.23 (s, 1H), 10.43 (br s, 1H), 13.07 (br s, 1H); 13C NMR (100 MHz, DMSO-d¢) 8 18.1, 32.3, 42.4, 45.0,
84.0, 115.2, 118.6, 122.5, 123.7, 126.8, 128.1, 129.5, 153.0, 155.9, 157.0, 167.4; MS(FAB) m/z 308
(M+); HRMS(FAB) calcd for C1gH18N302 308.1399, found 308.1399.
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