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Abstract: The free radical scavenger carazostatin and the marine alkaloid hyellazole
have been synthesized by a new type of allene-mediated electrocyclic reaction
involving the indole 2,3-bond as a key step. Copyright © 1996 Elsevier Science Ltd

Over the past 15 years, new poly-substituted carbazole alkaloids have been found by several groups.’
Hyellazoles were isolated from the blue-green algac Hyella caespitosa by Moore in 1979, representing the
first carbazole alkaloids of marine origin.>* The carbazomycins, isolated from Streptoverticillium ehimense
by Nakamura in 1980, possess antibiotic, weak antibacterial and anti-yeast activities.*” Hayakawa (1989)
isolated carazostatin which is a free radical scavenger produced by Streptomyces chromofuscus .57 These
novel alkaloids attracted considerable interest from synthetic organic chemists because of their potential
biological activities." In this paper we describe novel total syntheses of carazostatin (1) and hyellazole (2)
by a new type of allene-mediated electrocyclic reaction involving the indole 2,3-bond.”
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We developed the first total synthesis of hyellazole (2) and 6-chlorohyellazole (3) by means of the
thermal electrocyclic reaction of the 2,3-bisvinylindoles in 1980-1981.>*° In the course of our attempt to
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develop a more efficient strategy for synthesizing these carbazole alkaloids, we found that 3-oxygenated
carbazoles have a methyl group at the 2-position. Based on this finding, we envisaged that an electrocyclic
reaction of an allene intermediate (4) in retro-synthetic Scheme 1 might be more reactive than the reaction of
the 2,3-bisvinylindole systema"b for producing poly-substituted carbazole alkaloids with a methyl group in
the 2-position. A new type of allene intermediate (4) possessing an appropriate functional group would be
generated from the 2-propargylindole derivative (5).

We started from the 2-formyl-3-iodoindole (6),'® prepared from 2-formylindole, for the synthesis of
the precursor (5) (Scheme 2). The compound (6) was converted into the N-benzenesulfonylindole (7) by
the usual way.**® Cross-coupling reaction between 7 and the vinylstannane (8) in the presence of
bis(triphenylphosphine)palladium (II) chloride (Pd(PPh,),Cl,) gave the 3-alkenylindole (9) (84%).
Treatment of 9 with ethynyl magnesium bromide followed by treatment of the alcohol (10) with
chloromethyl methyl ether (MOM-CI), in order to avoid a formation of an enone-type compound during a
generation of an allene intermediate,” produced the 3-alkenyl-2-propargylindole (5) (88% from 9).

Heating of 5 in ¢-butanol in the presence of potassium ¢-butoxide according to the previously reported
method for allcnc-generation11 yielded the expected carbazole derivative (11a) (43%) together with the
N-deprotected carbazole (11b) (41%). Although it is undeniable that this benzo-annelation proceeds
through an ionic process,'” at present it has been considered that it is initiated by a generation of an allene
intermediate to undergo an electrocyclic reaction to give rise to the desired tri-substituted carbazole with a
tautomeric process.

Hydrolysis of 11a with sodium hydroxide gave the carbazole (11b)(75%). Subsequent cleavage of
the MOM-ether bond of 11b with the combination of trimethysilyl chloride (TMSCI) and sodium iodide"
gave the 1-hydroxycarbazole (12) (55%). The phenol (1 2) was converted into the triflate (13) in order to
introduce alkyl and phenyl groups at the 1-position of the carbazole ring. The triflate (13) was subjected to
Suzuki cross-coupling reaction'* with 9-heptyl-9-borabicyclo[3,3,1]nonane (prepared from 9-BBN and
1-heptene) and with phenylboronic acid in the presence of palladium catalysts to yield the 1-heptylcarbazole
(14) (85%) and the 1-phenylcarbazole (15) (96%), respectively.

Finally, cleavage of the ethyl ether group of 14 with boron tribromide (BBr,) produced carazostatin
(1) (90%). Cleavage of the ethyl ether group of 15 with BBr, followed by methylation of the phenol (16}
yielded hyellazole (2) (89% from 15). The spectroscopic data and physical data of both synthetic
materials'® were virtually identical with those reported for the natural products.>**’

In conclusion, we have developed new total syntheses of carazostatin (1) and hyellazole (2) using a
new type of allene-mediated electrocyclic reaction involving the indole 2,3-bond. In hyellazole, this key
reaction provided more effective result than those of our previous synthesis.’® This benzo-annelation may
be a useful strategy for constructing highly-substituted carbazole alkaloids that possess a methyl group at
the 2-position. Further studies are now in progress.
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Carazostatin (1) mp: 159-160°C (lit", 162-163°C); 'H-nmr (400 MHz, CDCL,): § 0.90(3H, t, J=6.8
Hz), 1.20-1.50(8H, m), 1.60-1.69(2H, m), 2.38(3H, s), 2.89(2H, t, J=7 Hz), 7.17(1H, t, J=T Hz),
7.31(1H, s), 7.33-7.46(2H, m), 7.74(1H, brs), 7.94(1H, d, J=7 Hz). Hyellazole (2) mp: 129-130°C
(i, 133-134°C); 'H-nmr (400 MHz, CDCL): § 2.21(3H, s), 4.00(3H, s), 7.18(1H, t, J=7 Hz),
7.25-7.57(7H, m), 7.51(1H, s), 7.60(1H, brs), 8.02(1H, d, /=7 Hz).
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