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NUCLEOPHILIC SUBSTITUTION REACTIONS OF 1-METHOXY-6-
NITROINDOLE-3-CARBALDEHYDE 1

Koji Yamada, Fumio Yamada, Takei Shiraishi, Saori Tomioka, and

Masanori Somei*

Faculty of Pharmaceutical Sciences, Kanazawa University,
13-1 Takara-machi, Kanazawa 920-0934, Japan

Abstract — 1-Methoxy-6-nitroindole-3-carbaldehyde is proved to be a versatile
substrate for the nucleophilic substitution reactions providing 2,3, 6-trisubstituted
indole derivatives. Preparation of a novel pyrimido[1,2-a]indole derivative is also
reported.

As natural products, there exist many biologically active peptides which contain tryptophan residue
carrying either a C—N, C—S, or C—C bond at the 2 position, such as moroidin (1, Figure 1), 2a
phalloidin (2), 2b ¢tc.2¢ From the synthetic point of view, regioselective preparation of these bonds on
indole nucleus in the later stage of synthesis is difficult in spite of various electrophilic substitution
reactions are known. Our project to overcome the problem with a common method has led us to develop
unprecedented nucleophilic substitution reactions on indole nucleus1¢,3 based upon our 1-hydroxyindole
hypothesis.4 Accordingly, 3-acyl-1-methoxyindoles (3a, b, ¢) and 1-methoxy-3-(2-nitrovinyl)indole
(3d) are found to be good substrates for the synthesis of 2-substituted indoles (4a——d),5 though the yield
of products varies depending on the structure of nucleophiles and reaction conditions.

In this communication, we wish to report the reactivity characteristics of 1-methoxy-6-nitroindole-3-car-
baldehyde (3e), which undergoes regioselective nucleophilic substitution reactions in better yield than
those of 4a—d, because the presence of an electron withdrawing nitro group increases the reactivity.
What is better, the nitro group at the 6-position can be transformed into various functional groups, meeting
our purposes to create our own method to synthesize 1, 2, and related natural products.
1-Methoxy-6-nitroindole (6b) was prepared from indoline (Sa) in 70% overall yield through 5b and 6a,
according to our previous synthetic method.® Subsequent Vilsmeier-Haack reaction of 6b with POClj3 and
N,N-dimethylformamide (DMF) provided 3e, an analog of "daikon phytoalexin,"” in 94% yield.

With 3e in hand, dimethyl malonate was employed as a carbon-centered nucleophile to react with 3e in the
presence of KOrBu in DMF at room temperature to give 7 in 92% yield. When 3-acetylpyridine was
reacted with 3e by the action of KH in THF, 8 was isolated in 92% yield. As a representative of
sulfur-centered nucleophile, NaSMe was allowed to react with 3e to result in the formation of 9 in 98%
yield. Piperidine, as a nitrogen-centered nucleophile, reacted with 3e in refluxing MeOH to afford 10 in
92% yield. Pyrrole and indole also provided 11 and 12 in 98 and 96% yields, respectively, by the
reaction with 3e using NaH as a base in DMF. Under similar reaction conditions, imidazole and
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benzimidazole reacted with 3e to give 13 and 14 in 97 and 87% yields, respectively. Based on these
successful results, a-N-t-Boc-L-histidine was allowed to react with 3¢ in DMF by the action of NaH as a
base, culminating in the formation of the desired 15 in 94% yield, which is a core structure of 1. Thus, 3e
is proved to react with various types of nucleophiles in excellent yields, and a suitable substrate for
preparing indoles having substituents at the 2-, 3-, and 6-positions, which are familiar substitution pattern
often observed in the natural products.

It is interesting to note that when the reaction of 3e Figure 2
with p-chlorophenoxyacetonitrile (16) was carried ORTEP Drawing of 19
(R = 0.045)

out in the presence of KOrBu in DMF at 0°C, a

novel  4-amino-3-p-chlorophenoxy-2-p-chloro-
phenoxymethyl-7-nitropyrimido[1,2-ajindole-10-

carbaldehyde (17) was produced in 71% yield.
The structure of pyrimido[1,2-a]indole skeleton
was determined as follows. First, 17 was con-
verted to 10-methyl compound (18) in 93% yield
by the treatment with Et3SiH in TFA at reflux.
Then, 18 was reacted with AcyO-pyridine at room
temperature to afford 89% yield of 19. Luckily,
19 was suitable prisms for X-Ray single

crystallographic analysis and its structure was
determined unequivocally as shown in Figure 2.
To clear the reaction mechanism for the formation of 17, 16 was treated with KOfBu in DMF at 0C in the
absence of 3e, and the result was a 41% yield of formation of 20 and recovery of 16. Therefore, we can
propose the following possible mechanism as shown in Scheme 2. As the methoxy group leaves from 3e,
the N anion of 20 generated from 16 by the action of KOtBu attacks the 2-position of 3e resulting in the
formation of an intermediate (21). Base abstracts a proton from its 2-position, and the resultant anion of
indole nitrogen attacks the cyano group on the side chain intramolecularly to afford 22. Subsequent
prototropy of imine group completes the formation of 17. The other possibility is an addition-elimination
mechanism. Extention of this finding to the new heterocycles is currently under investigation.

Scheme 2
CHO
! CHO © cHo ©
OzNw KOtBu — B | B
ONH —_— 0N SN ‘\H‘/ —_— °2N’©NdN3H‘/ —_— 17

~ VP,

, C Y,
. e, ril
o) < cl
16 al KOtBu \QCI zcol 21 \©\Cl 22 o

In conclusion, we have demonstrated that 3e is an excellent substrate for obtaining 2,3, 6-trisubstituted
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indole derivatives. Application of this methodology to natural products synthesis, based on the regio-

selective nucleophilic substitution reaction, is in progress.
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