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A.INTRODUCTION AND AIMS

The Mannich reaction is an important reaction imirgg C—C bond formation that is
widely used in the syntheses of secondary andatgrimine derivatives and as a
key step in the syntheses of many bioactive moéscahd complex natural products.
More than one hundred years ago, Mario Betti reqbe straightforward synthesis
of 1-(a-aminobenzyl)-2-naphthol (the Betti base). The pcage can be interpreted
as a modified Mannich reaction (mMR) and the imgace of the aminonaphthols
prepared via mMRs has recently increased becaegehtive proved to be excellent
model compounds for study of thearylationN-alkylation of cyclic amines.

The primary aim of my PhD work was to investigate tapplication of 1,2,3,4-
tetrahydroisoquinoline and analogous secondary esnsnich as 2,3,4,5-tetrahydro-
1H-benzE]azepine, 4,5,6,7-tetrahydrothieno[Zpyridine and 2,3,4,9-tetrahydro-
1H-pyrido[3,4blindole in mMMRs. Since recent investigations refielc that by
starting from simple cyclic amines batharylated andN-alkylated products can be
formed, a further aim was a systematic study of th&IR starting from
tetrahydroisoquinoline, tetrahydrobenzazepine,abstirothieno[3,Z]pyridine or
2,3,4,9-tetrahydropyrido[3,4}indole by using 1- or 2-naphthol as nucleophilghie
presence of benzaldehyde.

The reactions between electron-rich aromatic comgsiwsuch as 1- or 2-naphthol
and quinolinol or isoquinolinol with 3,4-dihydroigoinoline, first described by our
group, can be interpreted as the aza-Friedel-Cralkglation of electron-rich
aromatic compounds with cyclic amines containimgpéarized double bond (C=N).
The synthesis is mostly restricted to the use défd#ydroisoquinoline as cyclic
imine, and the aim of my PhD work was thereforénteestigate the possibility of
application of other partially saturated cyclic as8 such as 4,6-dihydrd43
benzE]azepine, 6,7-dihydrothieno[2 @pyridine and 4,9-dihydro43-f3-carboline.
Another goal was to test the scope and limitatiofisthis aza-Friedel-Crafts
reaction, starting from the above-mentioned cyétiines and indole and its
derivatives as electron-rich aromatic compounds.



B. RESULTSAND DISCUSSION

Selective N-alkylations of tetrahydroisoquinolines, tetrahywkozf]azepine,
tetrahydrobenzjazepine and tetrahydrothieno[3pyridine were achieved by using 1-
naphthol and aromatic aldehydes under neat conslitm obtain tertiary aminonaphthols
3a-c, Sa-c, 7,9 and11 (Scheme 1).
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Scheme 1l

The reactions were extended to the synthesis omihealkylated 2-naphthol
derivatives {3a-c, 14a-c, 15-17) by mixing 2-naphthol, aromatic aldehydes and the
corresponding cyclic amin&s 4, 6, 8 and10 according to Scheme 2.

The yields were found to be good with the exceptibhi3a, where it was only 46%.
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Scheme 2

We conceived that the moderate yield1f8a can be explained by paraliélalkylation and
redox a-arylation, and to prove this a systematic invasiig was performed with the
reaction of 2-naphthol with 1,2,3,4-tetrahydroisaqgline in the presence of benzaldehyde
at 65 °C. The reaction was followed by comparirgdharacteristic singlets from the
NMR, and it was found that the ratioX#a:18 is 4:1 during the reaction time (10 h) is 4:1.
In contrast, the reaction of 1-naphthol with 1Z£f8trahydroisoquinoline led to the
formation of theN-alkylated compound8) as a single product (Scheme 3).

Starting from 2,3,4,5-tetrahydrd4ibenzf]azepine, benzaldehyde and 2- or 1-naphthol at

65 °C, formation of thél-alkylated product was assumed in each case.
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Scheme 3

The reaction of 2,3,4,9-tetrahydrbkpyrido[3,4b)indole as secondary cyclic amine with
2- or 1-naphthol as nucleophile in the presendeeokaldehyde led to the formation of
1-((3,4-dihydro-H-pyrido[3,4b]indol-2(9H)-yl)(phenyl)methyl)naphthalen-2-oR1) and
2-((3,4-dihydro-H-pyrido[3,4b]indol-2(9H)-yl)(phenyl)methyl)naphthalen-1-ol  2%)
(Scheme 4).

The reaction of 2,3,4,9-tetrahydrbkbyrido[3,4bjindole with 1-naphthol as nucleophile
in the presence of benzaldehyde proved to be mgatise for the formation of thig-
alkylated derivative?2 as a single product. With 2-naphthol as nucleephibth of the
possibleN-alkylated andx-arylated product1 and23 were detected; the ratio was found
to depend on the temperature and the heating teeh(cheme 4).
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Scheme4

A simple synthesis of 3-(1,2,3,4-tetrahydroisoqglimrd-yl)indole @8) and 3-(6,7-

dimethoxy-1,2,3,4-tetrahydroisoquinolin-1-yl)indof29) has been developed, involving
the reaction of 3,4-dihydroisoquinoline or 6,7-dinexy-3,4-dihydroisoquinoline and
indole. The reaction was tested by starting from Ititer cyclic imines and indole-2-
carboxylic acid. The newamino acids 31, 32) prepared in this way were obtained in

good yields (Scheme 5).
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The synthetic applicability of this aza-FriedeH@rareaction was extended to the
preparation of 3-(2,3,4,5-tetrahydrbkbenzf]azepin-1-yl)indole 34), 3-(4,5,6,7-
tetrahydrothieno[3,2}pyridin-4-yl)indole @7), 3-(2,3,4,5-tetrahydroH-benzf]azepin-1-
yl)indole-2-carboxylic acid35) and 3-(4,5,6,7-tetrahydrothieno[3,2-c]pyridindindole-
2-carboxylic acid 38) from cyclic imines such as 4,6-dihydrb-denzf]azepine and 6,7-
dihydrothieno[2,3X]pyridine. All the reactions could be accelerateghahtically by using

microwave irradiation (Scheme 6).

o @O L
@m
X —R N X—R
H
ph
R=H: 34 R=CO O R=H:37
R = COOH: 35 R = COOH: 38
Scheme6

4,9-Dihydro-3#H-3-carboline and 6-methoxy-4,9-dihydrét-carboline were subjected to
catalyst-free one-pat-arylation with indole or indole-2-carboxylic adiol prepare 1-(H-
indol-3-yl)-2,3,4,9-tetrahydroH-pyrido[3,4bjindole @0a), 1-(1H-indol-3-yl)-6-methoxy-
2,3,4,9-tetrahydroH-pyrido[3,4bjindole  @0b),  3-(2,3,4,9-tetrahydroH-pyrido[3,4-
bjindol-1-yl)-1H-indole-2-carboxylic acid4la) and 3-(6-methoxy-2,3,4,9-tetrahydrb-1
pyrido[3,44]indol-1-yl)-1H-indole-2-carboxylic acid4(lb) in good yields. The reactions
were performed under neat conditions, using micvevegitation (Scheme 7).
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A simple synthesis of 1-hydroxynaphthyl-2,3,4,8aeydro-H-pyrido[3,4blindoles @3a,
43b, 46a and46b) has been developed, involving the reactio%f 39b and 2- or 1-
naphthol. The synthetic pathway was extended tprearation of 5-(2,3,4,9-tetrahydro-
1H-pyrido[3,4blindol-1-yl)quinolin-6-ol and 6-(2,3,4,9-tetrahydidi-pyrido[3,4-bjindol-
1-yl)isoquinolin-5-ol derivatives4fla, 44b, 47a and 47b) from N-containing naphthol
analogues (6-quinolinol or 5-isoquinolinol). Thelgs of the reactions were improved by

the use of microwave irradiation, and the reactioer® accelerated (Scheme 8).
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