HETEROCYCLES, Vol 26, No. 5, 1987
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Abstract —— 4-(3-methyl-l-oxo~2~buten-1-yl)indole (3) was efficiently synthesized
from 4-cyanomethyl-T-{p~toluenesuIfenyl)indole by alkylation with 2-methyl-2-
buten-1-y1 tosylate and by successive aerobic oxidation and deprotection of N-
tosyl group. The acylindole 3 was used for a short step synthesis of clavicipitic

acids (4).

Ergot alkaloids and their related compounds have got a considerable attention owing to their
interesting biclogical activities, and much efforts have been made to synthesize them
efficiently. These alkaloids commonly comprise of the indole skeleton with an a~substituted

CS 1soprene unit at the tl—posi’c.n:\n.1

For their synthesis, 4-acylindoles 1 should
convincingly be a versatile intermediate. There have, however, been few examples starting
from 1 except for 4—for‘my1indo1e.2 because that any precursors leading to 1 have probably

been known with easy availability and versatility.
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It occurred to us that d4-cyanomethylindole (2)3 would just f1t above situation for the
reasons that (i) the 1ndole 2 has become easily available in a large scale, (ii) 2 possesses
an active methylene to extend a carbon chain, and (iii) alsc its cyano group is ahle to
suffer oxidative extrusion. We wish to describe here that the idea was proved by the
synthesis of 4-(3-methyl-1-oxo~2-buten-T-y1)indole (3) as a representative, and that the
indole 3 provided a short-step synthesis of clavicipitic acids (4), which are interesting
derailment product 1n the biosynthesis of ergot a]ka1o1ds.4'5

First, a methallyl {(2-methyl-Z-propen-1-y1} group was introduced to o-position of the side
chaip in 2 (R=tosyl). Anion of 2 (500 mg, 1.61 mmol) prepared with butyllithium (1.69 mmo't)
was reacted with methallyl tosylate (1.62 mmol) in dry THF (5 mL) under argon atmosphere at -
78 °C for 2 h. After usual workup, the mixture was chromatographed on silica get and eluted
with CH2C12 to give the desired indole 5 in 85% yield (selectivity 91Z).

we used aerchic oxidatien ¢of snion of &

Tn arder to remove the cyano group of the indole 5, we u rohd i fon of al
The indole 5 (1.22 mmol} was stirred with potassium t-butoxide (1.30 mmol) in dry
dimethoxyethane (DME) (5 mL) under argon at -78°C for 30 min to yield a red colored solution
of the anion, which was in turn exposed to dry dioxygen at -78°C until the red color
disappeared (<1 h). The reaction mixture gave ketones 6 and 7 (6/7 = 58/42) 1n 747 yield.
The formation of the mixture 6 and 7 did not disturb our work at all (vide infra). The
aerobic oxidation of 5 was further examined under various conditions (NaH or BuLi/ THF or
dioxane/ -78°C — room temperature)}. where none exceeded the system of t-BuOK/DME/-78°C.
I“IoOS.Py.(HPv‘IPA)6 was also less effective as an oxidant for the present purpose.

Deprotection of the N-tosyl group of 6 accompanied with double bond isemerization
(NaDH/MeOH): the mixture of 6 and 7 gave solely a conjugated ketone 3.7 The deprotection was
also able to be done without isolation of 6 and 7 after the oxidation of 5,

The starting acylindole 3 was now in our hand, so that we started to synthesize clavicipitic
acids (4). Introduction of an alanine equivalent at the 3-position of 3 was required in the
first place, and was attained by the standard procedure through a gramine 8, which was
quantitatively obtained from 3 and ((IH:,.)2N=CH2.'*'C]_.8 The condensation of B with diethyl N-
formylaminomalonate was effected by dimethy! ace‘ty]enec‘]ica\r'boxq."lateg (THF/0°C/5.5 h) to yield
the desired 3,4-disubstituted indole 910 in 877 yield.

The step that we felt the most anxious was the intramolecular formation of Schiff's hase 10

from 9 after hydrolysis of N-formyl group, since the reaction of o,B-unsaturated ketones
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with primary amine give in general conjugate addition products, B—arninoketcmes.11 On the

other hand, we expected that the steric factors of 9 would favor the desired c¢yclization.
When the indole 9 was treated in HCI/H20/DME (1.2N HC1:DME = 1:1) under argon atmosphere at
refluxing temperature for 1.5 h, the Schiff's base 1012 formed in 523 yield together with 11
(16%7). The Tatter was likely produced by the retro-aldo] reaction of 10 or 9.

The compound 10 was an e£hy1 analogue of Kozikowski's intermediate, so that further
transformation was made in accord with his rm'-:thod.5C Catecholborane reduced selectively the
C-N double bond of 10 (CRC14/0°C/30 min) to give diester 1213 0 722 yield. Finally, the
diester 12 was hydrolyzed with KOH/MeOH at room temperature for 6 h, and successive treatment
of the mixture with ion-exchanger resin (IRC-50, HY-form), as shown by Natsume.Sb gave
clavicipitic acids {4) (cis/trans = 'I).M Direct comparison of our product 4 with

Matsume's synthetic sample {pure cis- and trans-form) confirmed the above results,

acetyl methyl ester 13, whose physical properties were identical with those reported by
Kozikowsk1 and Natsume.®

4-Cyanomethylindole (2) was shown to be useful as a precursor of 4-acylindoles which was
applied to a short step synthesis of clavicipitic acids, Further application of 2 te

synthesis of valuable indoles is now progress,
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