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1. INTRODUCTIONAND AIMS

The Mannich reactidnis an important reaction involving C—C bond forioatthat is widely
used in the syntheses of secondary and tertiarymearderivatives and as a key step in the
syntheses of many bioactive molecules and compégnral product$:® More than one hundred
years ago, Mario Betti reported a straightforwanattsesis of 14-aminobenzyl)-2-naphthol (the Betti
base)® starting from 2-naphthol, benzaldehyde and ammdhia Betti procedure can be interpreted as
a modified Mannich reaction (mMMR). The reactionditons and the method for the isolation of the
synthesized Mannich products are determined tansiderable extent by the character of the nitrogen
source used (N&br aminef

The importance of the aminonaphthols prepared W&Rs has recently increased because
they have proved to be excellent model compoundstialy of thea-arylationN-alkylation of
cyclic amines:-** When pyrrolidine was aminoalkylated with electmich aromatic compounds in
the presence of aromatic aldehydes, the two p@ssibin products, i.e-arylated oN-alkylated,
could be isolated only if the aldehyde componens wdded extremely slowly to the reaction
mixture containing acid as catalyst. It was alsmdestrated that 2-naphthol can be sufficiently
acidic to promote the required tautomerization thetermines the possibility of formation of the
a-arylatedN-alkylated products?

The primary aim of my PhD work was to investigatee tapplication of 1,2,3,4-
tetrahydroisoquinoline 1] and analogous secondary amines such as 2,3i{rBbydro-H-
benzflazepine (1), 4,5,6,7-tetrahydrothieno[3@pyridine (11) and 2,3,4,9-tetrahydro-t
pyrido[3,4blindole (V) in mMRs. A further aim was a systematic invedima of the a-
arylationN-alkylation process starting from tetrahydroisoqlime, tetrahydrobenzazepine,
tetrahydrothieno[3,2]pyridine or 2,3,4,9-tetrahydropyrido[3lindole by using 2- or 1-naphthol

as nucleophile in the presence of benzaldehyde.

@H\ QC'}H\

N-alkylation N-alkylation

a-arylation a-arylation

g
\ NH \\ NH
[ ~ N AN _

' N-alkylation Iv. + N-alkylation

a-arylation a-arylation



The reactions between electron-rich aromatic comg@isuch as 1- or 2-naphthi'4 and
quinolinol or isoquinolind® with 3,4-dihydroisoquinoline, first described bwrogroup, can be
interpreted as the aza-Friedel-Crafts alkylatioal@ttron-rich aromatic compounds with cyclic areine
containing a polarized double bond (C=N). Throughuse of different reagents and/or substrates, the
reactions were subsequently extended to the symthes 1-hydroxynaphthyl-substituted
tetrahydroisoquinoline derivativé!® The modifications were mostly restricted to the wé 3,4-
dihydroisoquinoline as cyclic imine, and the aimnoy PhD work was therefore to investigate the
possibility of the application of other partialyatgrated cyclic imines such as 4,6-dihydkd-3
benzflazepine, 6,7-dihydrothieno[2¢}pyridine and 4,9-dihydro+3-3-carboline.

Another goal was to test the scope and limitatairibis aza-Friedel-Crafts reaction starting from

the above-mentioned cyclic imines and indole andetivatives as electron-rich aromatic compounds.

-I/ Ar )n X7 OH
_N L @ @R
i HNu: - \ or N
W) H
+ X R: H; COOH

o—functionalization
with HNu



2. LITERATURE BACKGROUND

2.1. Aza-Friedel-Crafts alkylation of naphthol deatives

Fulop et al. reported the first syntheses of 1-(hydroxynaphtsybstituted
1,2,3,4-tetrahydroisoquinolineda-c and5, Table 1) in which 1- or 2-naphthol was reactethwi
3,4-dihydroisoquinoline&142921 The moderate yields of the reactions performedarabient
temperature were significantly increased by applysolvent-free microwave (MW) heating
(Table 1, entries 1, 3, 16, 18 and 19). The naphddditions of 3-methyl-6,7-dimethoxy-3,4-
dihydroisoquinoline proved to be highly diasterdestve processes, resulting in tbis isomers
as the main or the only products (Table 1, enttiaad 19):2

A Canadian research group later published the sgeth of some 1-(hydroxynaphthyl)-
substituted 1,2,3,4-tetrahydroisoquinoline derwedi by the same route, but with some
modifications (Table 1, entries 2, 5-9 and 1At

Table 1. Aza-Friedel-Crafts reaction between naphtholsdingdroisoquinolines

OH OH

6
R1 R? R R! R2
5 3
O NH R R Rt R2 OO O
R! R* j@;\( R’ NH
RS OH
O e B
R® R® R'=R2=H: 1
R4 R'= OMe, R?=H: 2 O
R'= OMe, R?= Me: 3

4a-n 5a-c
| solated
Entry | Product R1-6 Conditions yield References
(%)
1 da i Neat, MW, 90 °C, 20 mir-70 °C, 65 12
30 min
2 4a - Neat, 70 °C, 16 h 87 14, 21
3 4b Rl = OMe| V€2t MW, 90 °C, 20 mir>70 °C, 56 12
30 min
1 o H o
4c R*=OMe| Neat, MW, 90 °C, 10 mir->70 °C,
4 R? = Me 30 min 61 12
5 4c R®> = OMe Neat, 80 °C, overnight 89 14, 20, 21
6 4 | R3=OMe Neat, 80 °C, overnight 100 14, 20, 21
7 4 | R®= OMe Neat, 80 °C, overnight 95 14, 20, 21




5 —
4 R>= o : i
8 g COPh Neat, 80 °C, overnight 75 14, 20, 21
9 4h R5 = Br Neat, 80 °C, overnight 85 14, 20, 21
3 —
4i R*= o i
10 COOH Neat, 80 °C, overnight 83 20
3 —
4 R* = o i
11 ] CH,OH Neat, 80 °C, overnight 90 20
12 4k R® = OH Neat, 80 °C, overnight 39 20
2 equiv. DHI
13 4l R® = OH Neat, 80 °C, overnight 72 20
14 4m R*=OH Neat, 80 °C, overnight 86 20
15 4n R3=Ph Neat, 80 °C, overnight 71 20
16 5a i Neat, MW, 90 C,.20 mir->70 °C, 85 12
30 min
17 Sa - Neat, 80 °C, overnight 96 14, 20, 21
18 5h R! = OMe Neat, MW, 100 °C, 20 mir-80 °C, 72 12
40 min
1— o : o
5c R*=OMe| Neat, MW, 90 °C, 20 mir>70 °C,
19 R = Me 40 min 84 12

MacLeodet al. published the synthesis 8#-g in enantiomerically pure form, starting from
2-naphthol analogues anR){3-phenyl-3,4-dihydroisoquinoline. The arrangemeinthe naphthyl
and phenyl substituents Ba-g was found to beis (Table 2)!° The isolated compounds were
used as catalyst in the asymmetric addition ofhgieinc to aldehydes, but only modified
enantiomeric excesses were found (57-92%). Thatewlyields and optimum conditions are

shown in Table 2.

Table 2. Synthesis of non-racemic 1-(hydroxynaphthyl)-sibstd 1,2,3,4-tetrahydroiso-
quinoline

\\\\©

@ on @i}\m

K H
K — s

/N R
7a-g R

6

8a-g
Product R Conditions Yield (%)
(1S,3R)-8a H H-0, 80 °C, overnight 52
(1S,3R)-8b _(O}H'Z_ H-0, 80 °C, overnight 40
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(1S,3R)-8¢ S H20, 80 °C, overnight 48

(1S,3R)-8d \CLOME H0, 80 °C, overnight 69

(1S,3R)-8e \© H20, 80 °C, overnight 48
OMe

(1S,3R)-8f \QX H-0, 80 °C, overnight 56

(1S,3R)-89 H.0, 80 °C, overnight 54

The solvent-free syntheses of 1-hydroxyquinolyl-d ad-hydroxyisoquinolyl-1,2,3,4-

tetrahydroisoquinoline derivatived( and 11, Scheme 1) fronN-containing 1-naphthol or 2-

naphthol derivatives and 3,4-dihydroisoquinolin@swere achieved through classical heating at

80-100 °C and MW agitation at the same temperature. Bodictien conditions yielded the

products in good vyields (57-92%), but the use of MWhditions allowed a decrease of the

reaction time from 10-50 h to 1.5-3.5%.

RL

Rl

Rl S OH
Y/ _X
R? N
9

X,Y,Z=CH, N
R!=H, OMe; R?2=H, Me

Scheme 1

Rl
NH
OH
= /I
Sy X

11

Palmieri et. al published the aza-Friedel-Crafts reactions by gusiitrogen-containing

naphthol derivatives as starting compounds. Thetimawas extended by starting from five- and

six-membered cyclic imined2a or 12b) and 1- or 2-naphthol analogues to ghBa,b-15a,b, or

from 3,4-dihydroisoquinolinel@c) and 4-methoxy-1-naphthol or 2-naphthol to give and15c

(Scheme 2§8

As an extension of the reaction, Palmietial. published the preparation &Ba,b-15a,b

from five- and six-membered cyclic imine&2g, 12b) and 1- or 2-naphthol, and the synthesis of

14c and 15c by the reaction of 3,4-dihydroisoquinoling2¢) and 4-methoxy-1-naphthol or 2-

naphthol (Scheme 2). The absolute configurationd3af and 13b were ascertained by X-ray

analysis and chiroptical methods (ECD) after resmiuof the corresponding racemates with
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(R,R)-tartaric acid. Additionally, all the prepared eatic compoundsl@-15) were transformed to
their N-methylated derivatives16-18) by using formaldehyde, followed by reduction with
NaBH,.8

OH R R*
) [ S
2
X O f R OH
5 99
X = H: 13a, 13b

X = OMe: 14a- -
e: l4a-c RL-R2 = -(CH,)3- a 15a-c
1. CH,O| 2. NaBH4/AcOH RI-R? = -(CHy)s-: b 2. NaBH,
1. CH,O
1 cOH
5 R RLR? = c 1
RE_N_ R
R2__N
OH >
O OH
e 99
18a-c
X = H: 16a, 16b
X =0OMe: 17a-c
Scheme 2

2.2. C-3 substitution of indole derivatives

2.2.1. Oxidative coupling of indole derivatives lityclic amines

Cross-dehydrogenative coupling (CDC) is one of thest powerful C-H activation
processes for the construction of C-C bonds ungliglative conditions. In general, the oxidative
protocol involves metal catalysts in the preserfcexggen or an organic oxidant. In essence, the
oxidative coupling produces a new C-X bond from Guitl X-H fragments in the presence of a
catalyst and a sacrificial oxidant. In contrast hwiraditional metal catalyst cross-coupling
reactions, in the case of CDC the coupling partmeranot require prefunctionalization, which

helps to reduce waste and to streamline the syist{fég. 1).
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Ox
R A R N\
RR7C—H + H=X = > RR_’C_X

OxH»

Fig. 1. Overall outline of CDC

Li et al first synthesize@laa via the CuBr-catalysed indolation of tetrahydragigimoline.
The highest yield was attained under neat conditiah 50 °C overnight with tert-butyl
hydroperoxide (TBHP, 5-6 mol/L in-decane) as oxidant. In this ca2&aa was the only product
and the intermediate tert-butylperoxy-2-phenyl-1,2,3,4-tetrahydroisoquineliwas not detected
(Table 3, entry 13223 Similar yields were observed by Chua and Quindy WitiBr as catalyst and
benzoyl peroxide (BPO) as oxidant (Table 3, enjr§ 2

Wu et al. described the process of cross-dehydrogenativeoggdrevolution, in which no
oxidant was used and only hydrogen was generatedséde-product. A combined eosin Y and
graphene-supported Ra@anocomposite (G-Rupwas applied as catalyst and photosensitizer
(Table 3, entry 3% Eosin Y was combined with Co(dmgi€). (dmgH = dimethyilglyoximate)
by Wu et al?® and2laa was isolated in similar yield. In this case, a tmig of MeCN and kD
was used as solvent, the reaction mixture was demkby the bubbling of Nthrough it, and it
was then irradiated by green LEDs (Table 3, enfry 4

Some research groups have used different goldystdab transforniN-substituted 1,2,3,4-
tetrahydroisoquinolines (Table 3, entries 6 anéd?) Fenget al achieved an excellent yield for
the preparation oRlaa (92%) by using NaAuGlas catalyst with TBHP as oxidant at room
temperature (Table 3, entry %).

The reaction time was dramatically decreased (3f) mvhen Suet al. made use of high-
speed ball-milling in the presence of 2,3-dichl&t6-dicyanoquinone (DDQ) as oxidant. The
reaction was catalysed efficiently by the applimatof two recoverable copper balls without any
additional metal catalyst (Table 3, entry?).

The oxidative coupling oN-phenyltetrahydroisoquinoline with indole in theepence of
catalytic amounts of a triarylaminium salt was né@o by Huoet al. The highest yield (82%) was
achieved with tris(4-bromophenyl)aminium hexachéorimonate (TBP2SbCk") as catalyst at
room temperature in THF (Table 3, entry 11). Howewehen 2,2,6,6-tetramethylpiperidin-1-
yloxyl was used as catalyst, only a low yield (2588 observeéf
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Iron(lll) has been applied as another class oflgstta Ratnikowet al. used iron(lll) chloride
catalysis in the aerobic oxidation ¥a with 1H-indole Q0a) as nucleophile to obtailaa under
mild conditions (without TBHP as oxidant), thougftea a relatively long reaction time (5 days)
(Table 3, entry 14%, while Cheet al applied an SBA-15-supported iron terpyridyl coexphs
catalyst ([Fe(terpy)?* (terpy = 2,2:6’,2"-terpyridine)) with differenbxidants for the synthesis of
21aa. The optimum conditions are given in Table 3, edf3’

Table 3. Reaction conditions for the synthesis of 1-(3aliferdro-1H-indol-3-yl)-2-phenyl-
1,2,3,4-tetrahydroisoquinolin@laa)

©i> . @ catalyst O N\Ph
N. oxidant
19a 20a NH
2laa
Catalyst and/or , Catalyst and/or .
Entry oxidant, Yield Ref. | Entry oxidant, Yield Ref.
e (%) e (%)
conditions conditions
CuBr, TBHP
' V20s, O, a
1 neat, 5_0’C, 79 22,23 10 H,0, 100°C, 24 h 71 32
overnight
CuBr, BPO + _
> | DCM, reflux, 5-10| 79¢ | 24 | 11 | JBPA“SbCh gx | 33
h THF, air, rt, 6 h
eosin Y, G-Ru@ 2CIAQN, O
irradiated by irradiated by
3 visible light 8(7 25 12 visible light 317 34
(hv >450nm), N, (hv >450nm),
rt, 20 h MeOH, 40 h
eosin Y,
Co(dmgHXCl» Ru(bpy}Cl2
irradiated by green irradiated by blue
4 LEDs 83 26 13 LEDs (v =435 83 35
(hv =525nm), N, nm), BrCCk,
H2.0:MeCN (4:1), DMF, KOtBu, 3 h
16-22 h
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platinum(Il)
terpyridyl complex,
FeSQ
L FeCk-6H0, O
5 '”ad'?_téstby blue| g2 | 27 | 14 | EoH,40°C,5 | 56¢ | 36
(hv = 450nm), days
DMF, ambient air,
4 h
SBA-15
CoCh,dmgH (mesopor_ous
irradiated by blue molecular sieves)
6 supported,
LEDs 83 28 15 2 80 37
(hv = 450nm) [Fe(terpy)
H.0_ air. 24 h complex, TBHP
20, ar, toluene, reflux, 12
h
Fe(NG)s- 9H:0,
7 NaA“rtC"g BAP e 29 | 16 TBHP 47 | 38
' rt, 20 h
AuNPs/C, Q
bubbling Fe(NG)s- 9H:0,
8 roluene. 116C. 1 70° 30 17 TBHP 65 38
’d ’ 50°C,15h
DDQ, ball-milling,
9 copper balls 7 31 18 (Ii/lueCO|2|-_|2l-rlt202,20ﬁ 867 39
silica gel, 30 min T

2isolated yield;
b yield based on conversion

1-(1-Methyl-3a,7a-dihydrdH-indol-3-yl)-2-phenyl-1,2,3,4-tetrahydroisoquinain (21ab)
has been produced by various research groups thithieguse of different catalysts and different

30.31,33,36,37.39-8s an example, Tokuyanet al. reported

reaction conditions (Scheme 3232528
the synthesis o2lab under metal-free conditions in an oxygen atmospherthe presence of
AcOH, which accelerated the reaction (78%iHou et al. applied TBPA+SbCk™ for the synthesis
of 1-(1-benzyl-3a,7a-dihydroH:indol-3-yl)-2-phenyl-1,2,3,4-tetrahydroisoquinain2lac) in a
yield of 83% from 2-phenyl-1,2,3,4-tetrahydroisatpline (19a) and 1-benzyl-1H-indole2Qc) in
THF at only 40 °C?

Cheet al published the functionalization dBa with 1p-tolyl-1H-indole 0d) or 1-(4-
methoxyphenyl)-H-indole @Q0e) by the application of various ruthenium cataly3tse reaction
was extended to the synthesis of indolyl tetrahigdquinoline derivatives bearing various aryl
substituents on the indole skeleton nitrogen. Téraditions included relatively high-temperature
heating (110 °C) of the reaction mixture. The reascusually needed a long reaction time (6 h)

and resulted in the target compoun2ikafl and21a€) in moderate yields (73-79%;.
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The synthesis of 1-(2-methyl-3a,7a-dihydrdd-ihdol-3-yl)-2-phenyl-1,2,3,4-tetrahydro-
isoquinoline Rl1af) has been reported independently by differentaredegroupg?23:25-28.31-33.37
Wu et al. applied eosin Y and a graphene-supported Roéhocomposité or eosin Y with
Co(dmgH)Cl»,?® these conditions furnishing the desired prod@dgaf() in excellent isolated
yields (81% and 82%, respectivefy?° Huo et al achieved a similarly high yield in the presence
of TBPA"*ShCk™. They also investigated the reaction betw&8mand20g bearing an OH group
at position 4 of the indole skeleton, when the éargpmpound Z1lag) was isolated in moderate
yield (58%)33

(L
+ A catalyst
N oxidant N
Ph N Q

N\
R

2lab-ae

R = Me:20b, 21ah?2:23:25-28,30,31,33,36,37.3%-4B - 20c, 21ac®® 4-MeGsHa: 20d, 21ad** 4-MeOGHa:
20e, 21ae**

Scheme 3

1-(5-Methyl-3a,7a-dihydroH-indol-3-yl)-2-phenyl-1,2,3,4-tetrahydroisoquinain2lah)
has been prepared by many research grétfds3 The best yield (86%) was attained by Feng
al. with a catalyst combination of NaAuGind TBHP (Table 43°

Among the synthetic methods used to prejzdme, the highest yield (87%; Table 4) was
reported by Xieet al, who applied TBP2SbCk™ as catalyst® It should be mentioned that
TBPA'SbCk™ also proved most effective for the synthesis db-bromo-3a,7a-dihydroH-
indol-3-yl)-2-phenyl-1,2,3,4-tetrahydroisoquinolif®iaj).3

It is noteworthy that, when the starting indole taomed an electron-withdrawing
substituent such as —COOM®0k) or —NQ (201), the desired methyl 3-(2-phenyl-1,2,3,4-
tetrahydroisoquinolin-1-yl)-3a,7a-dihydrddlindole-5-carboxylate acid2f{ak) and 1-(5-nitro-
3a,7a-dihydro-H-indol-3-yl)-2-phenyl-1,2,3,4-tetrahydroisoquinair2lal) could be isolated in

only moderate yields (Table #)2326-2837
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Table 4. Reaction conditions for the synthesis of 1-(3aliferdro-1H-indol-3-yl)-2-phenyl-
1,2,3,4-tetrahydroisoquinolinel( af-al)

PR | N~ph
+ 57N catalyst
m\ph R 6@2 oxidant 74 N
7 H P NH
19a R™ ==
20f-|
21af-al
R = 2-Me:20f, 21af; 4-OH: 20g, 21ag; 5-Me: 20h, 21ah; 5-OMe: 20i, 21ai; 5-Br: 20j,
21aj; 5-COOMe:20k, 21ak; 5-NOy: 201, 21al
Catalyst and/or . Catalyst and/or .
Product oxidant, vield Ref. | Product oxidant, Yield Ref.
o (%) . (%)
conditions conditions
CuBr, TBPH 22 m:ﬂil?lg’cb:glper
21af neat, 5C°C, 61° 23’ 2]ai bz;llls s 31
overnight silica gel, 20 min
SBA-15-supported
[Fe(terpy}]?*, V205, Oz
21af TBHP 73 37 2lai H.0, 100°C, 24 | 507 32
toluene, reflux, 12 h
h
[Pt(terpy}]*,
FeSQ
DDQ, ball-milling, irradiated by
21af copper balls 75 31 2lai blue LEDs 762 27
silica gel, 40 min (hv =450 nm)
DMF, ambient
air,12 h
eosin'Y,
Co(dmgHXCl2
irradiated by
21af 1000\303282 oap| 50 | 32 21ai green LEDs | 80" | 26
' ’ (hv =525 nm),
N2, H.O:MeCN
(4:1), 16-22 h
eosin Y, G-Ru@ TBPA"*ShCk~
irradiated by visible a . THF, ambient
21af light (hv > 450 81 25 2lai air. rt. 87 33
nm), N2, rt, 20 h 6-12 h
[Pt(terpy)]?*, CoCb, dmgH in
FeSQ H20
irradiated by blue a . irradiated by
21af LEDs (v = 450 74 27 2lai blue LEDS 75 28
nm), DMF, ambient (hv =450 nm),
air, 24 h H-0, air, 24 h
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eosin Y,
Co(dmgHXCl> DDQ, ball-
irradiated by green , milling, copper
21af LEDs (h = 525 82 26 21qj balls s 31
nm) HO:MeCN, silica gel, 30 min
(4:1), Nb,16-22 h
TBPA"SbCh™
; . V20s, O
21af | THE a"rrt‘b'e”t an | gra | 33 | 214 | H0,100°C, 24| 4 | 32
6-12 h h
COCEHS(B”QH n TBPA**SbCk™
21af | irradiated by blue| 80* | 28 | 214 amb'eogt ar 401 g | 33
LEDs (hv =450 6_12’ h
nm), air, HO, 24 h
eosin Y,
Co(dmgHXCl2
TBPA*ShCE irradiated by
2lag | THF, ambientair,| 58 | 33 | 213 (h%riegz'fn[;‘?) 77 | 26
40°C, 6-12h N2, H20:MeCN
(4:1),
16-22 h
CoCbh, dmgH in
H20
NaAuCl, TBHP , irradiated by
21ah . 5-8 h 867 29 21qj blue LEDS 70 28
v = nm),
(hv =450 nm)
H20, air, 24 h
eosin Y in HO, G-
RuG
" CuBr, TBPH
irradiated by blue ' 22,
21ah LEDs (h = 450 78 25 21ak heat, 50°C, 63° 23
nm), Na, . overnight
20 h
2+
[Pt(terpy)g]z", [Pt(terpy)g y
FeSQ , 'ZI?SQd o
irradiated by blue Irradiated by
21ah LEDs (h = 450 762 27 21ak blue LEDs 63 27
e (hv =450 nm),
nm), DMF, ambient .
air 6 h DMF., ambient
' air, 6 h
eosin Y,
eosin Y, Co(dmgHXCl>
Co(dmgHXCl> irradiated by
irradiated by green green LEDs
21ah LEDs (hv = 525 73 26 21ak (hv =525 nm), 522 26
nm), HO: MeCN N2, H-O:MeCN
(4:1), N, 16-22 h (4:1),
16-22 h
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CoCbh, dmgH in
+ _ H20O
TBPA -S_be : a irradiated by
21ah THF, ambient air, | 84 33 21ak blue LEDS 607 28
t, 6-12 h
& (hv =450 nm),
H20 air, 24 h
CoCbkb,dmgH in
H20 CuBr, TBHP 29
21ah irradiated by blue | 822 28 21al neat, 50°C, 852 23’
LEDs (v =450 overnight
nm), air, O, 24 h
SBA-15-
CuBr, TBHP - [Fes(l;;poglez?T
21ai neat, 50°C, 57 | S5 | 21l B% L e | 37
overnight toluene, reflux,
12 h
2+
SBA-15-supported [Pt(liirspéﬂ
[Fe(terpyyI™, LEDs (tv = 450
21ai TBHP 72 | 37 | 214l Sn(m)‘ 56 | 27
toluene,hreflux, 12 DMF. ambient
air,12h

2isolated vyield;
b yield based on conversion

The couplings between 2-aryltetrahydroisoquinoliaed indole are shown in Scheme 4.

When 2-(2-methoxyphenyl)-1,2,3,4-tetrahydroisoqlimewas used as starting compound,
the isolated yields were only moderate (56-78%areigss of the conditions appli&f®

Many research groups have reported the reactions 1df-indole with
tetrahydroisoquinolines containing halogenopheniksituents at position 2. Feergal.achieved
the syntheses dlfa and 21ga in excellent yields by applying NaAuflhs catalyst at rt in a
reaction time of 5-8 R

The syntheses of 1-(3a,7a-dihydrd-indol-3-yl)-2-(4-cyanophenyl)-1,2,3,4-tetrahydro-
isoquinoline R1ha)?’ and 1-(3a,7a-dihydroH-indol-3-yl)-2-(4-nitrophenyl)-1,2,3,4-tetrahydro-
isoquinoline R1ia)?® have been described by only one research group.ylids were lowest
when the phenyl group in the starting isoquinoloatained an electron-withdrawing substituent

e.g.a nitrile or a nitro group.
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| \_ N oxidant =
S s
N

H
19b-i 203

21ba-ia

X = 4-Me: 19b, 21ba; 4-OMe:19c, 21ca; 2-OMe: 19d, 21da; 4-F:19e, 21ea; 4-Cl: 19f, 21fa; 4-
Br: 19g, 21ga; 4-CN: 19h, 21ha; 4-NO;: 19i, 2lia

Scheme 4

The scope and limitations of the reaction have bewrestigated by varying the
substituents on the phenyl group in the startiogusoline and at positions 1, 2, 4 and 5 of the
indole. The products, reaction conditions and weldk listed in Table 5. Schnirehal reported
the synthesis of 1-(3a,7a-dihydrétindol-3-yl)-2-(pyridin-2-yl)-1,2,3,4-tetrahydroispinoline
from 2-pyridin-2-yl-1,2,3,4-tetrahydroisoquinolirend indole with Cu(Ng)2-3HO or CuBr as
catalyst at 50C. In spite of the relatively long reaction timé (i), the desired products could be

isolated in only moderate yield%.

Table5. Reaction conditions for the synthesis of substdut-(3a,7a-dihydroH-indol-3-yl)-2-
aryl-1,2,3,4-tetrahydroisoquinoline®l

i talyst N\©\
catalys
N + RSI AN \2 3% X
\©\ el At oxidant N
N 74
X T H < )—NH
R —
21

20
Catalyst and/or - Yield
Entry X R Product oxidant Conditions (%) Ref.
DDQ
1 | OMel I-Me | 51w | ball-miling, | silicagel, 40min| 7@ | 31
(19c) | (20b)
copper balls
OMe | 1-Me AcOH DCM, 50°C, 10.5
2 (190 | (200) 21ch o H 7P 41
3 | BrolIMed o 12 MeOH, 1t,24h | 78 | 40
(199) | (20b) Oz n
Me 1-Me AcOH DCM, 50°C, 27 a
4| (19b) | (0b) | 2P o h 4
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DDQ
5 | OMe f2Me |, 4 ball-milling, | silicagel, 40min| 70 | 31
(19c) | (20f)
copper balls
OMe | 2-Me V205 o
6 (190) | (20) 21cf O, H-0, 100°C, 24 h| 507 32
Cl 2-Cl NaAuCl
7 1f) | 2om) 21fm TBHP rt, 5-8 h 92 29
Br 2-Cl NaAuCl
8 (199) | (20m) 3gm TBHP rt, 5-8 h 93 29
Me 2-Cl NaAuCl
9 (19b) | (20m) 21bm TBHP rt, 5-8 h 78 29
2-
OMe . CuBr neat, 5C°C,
10 (19¢) OMe 2la TBHP overnight 65° 22,23
(201)
OMe 5- DDQ
11 (190) OMe 21ci ball-milling, silica gel, 40 min 65 31
(201) copper balls
OMe | 5-NO. CuBr neat, 5C°C,
121 g | oy | 2@ TBHP overnight 50° | 22,23
OMe | 5-NO2 V205 o
13 (190 | (201) 21cl O, H-O, 100°C, 24 h| 58 32
Cl 5-Me NaAuCly
14 (19f) | (20h) 21fh TBHP rt, 5-8 h 90 29
Br 5-Me NaAuCly
15 (199) | (20n) 21gh TBHP rt, 5-8 h 93 29
Me | 5-Me NaAuCl
16 (19b) | (20h) 21bh TBHP rt, 5-8 h 79 29
OMe | 5-Me NaAuCl
17 (19) | (20n) 21ch TBHP rt, 5-8 h 80 29
OMe | 5-Br V205 o
18 (190) | (20K) 21ck O, H-0, 100°C, 24 h| 83 32

2isolated yield;
b conversion

1-(3a,7a-Dihydro-H-indol-3-yl)-1,2,3,4-tetrahydroisoquinoline deriags have also benn

synthesized fromN-protected 1,2,3,4-tetrahydroisoquinoline. In on®ug of products, the

nitrogen of the isoquinoline skeleton forms amid@ds. Table 6 contains the reaction conditions

and yields. Schniircét al.investigated the syntheses2as27 on compounds of irofi or coppet®

as catalyst. In all cases, the reported yields wather low (10-54%). When 2-(toluene-4-
sulfonyl)-1,2,3,4-tetrahydroisoquinoline was usadstarting compound, the desired product was

detected only in tracés.
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Table 6. Reaction conditions for the synthesid\bacyl 1-(3a,7a-dihydroH-indol-3-yl)-1,2,3,4-
tetrahydroisoquinoline derivative25-27)

O N~x
©i> . @E% cat.alyst
N\X N oxidant AN
H C NH
22-24 2a
25-27
X =Ac: 22, 25; Piv: 23, 26; Bz: 24, 27
Entry X Product Cataly;t and/or Conditions | olated yield Ref.
oxidant (%)
Cu(NGs)2- 3H0 o
1 Ac 25 TBHP 50°C,15h 54 45
CuBr .
2 Ac 25 TBHP 50°C,15h 47 45
. Cu(NGs)2: 3H:0 o
3 Piv 26 TBHP 50°C,15h 26 45
) CuBr o
4 Piv 26 TBHP 50°C,15h 21 45
Fe(NG)s- 9H0 .
5 Bz 27 TBHP 50°C, 15 h 22 38
Cu(NGs)2:3H0 .
6 Bz 27 TBHP 50°C, 15 h 40 45
CuBr o
7 Bz 27 TBHP 50°C, 15 h 10 45
Ac: acetyl;
Piv: pivaloyl;
Bz:benzoyl

Syntheses from 2-carbamato-1,2,3,4-tetrahydroismijues have also been investigated.
Schnirch et al studied the reactions of indole derivatives andc-Brotected 1,2,3,4-
tetrahydroisoquinoline with numerous catalysts. Thaditions and isolated yields are listed in
Table 7 (entries 1-13% The coupling of Boc-protected isoquinolines witarious substituted
indole derivatives was reported by the same rekegroup, who used a number of transition
metal salts as catalysts. The lowest yields wetaiondd when the indole contained a methyl ester
or amino function at positior*Sor a 4-methoxyphenyl substituent at positiéh(Zable 7, entries
7,10 and 17).

In most cases, the Boc group could be removed iog USVMISCI in MeOH at room
temperature30, 30f, 30i, 30I, 30p, 30q and30r). In the case d830b, the removal was achieved by
MW heating at 250C in ethyleneglycol for 30 %
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When Cbz-protected 1,2,3,4-tetrahydroisoquinoliraes &pplied as starting compound, the
desired product3l) could be isolated in only moderate yietd4>4"48The best yield (69%) was

reported by Lotet al. when triphenylcarbenium perchlorate §£8104) was used as cataly$t.

Table 7. Reaction conditions for the synthesid\sprotected 1-(3a,7a-dihydrd4tindol-3-yl)-
1,2,3,4-tetrahydroisoquinoline3Q,31)

4 3 —
N oxidant
PG 7N 7
28,29 20a-m R/ "M
30, 31
PG = Boc:28, 30; Cbz:29, 31
Boc- | solated
Entry R protected Cataly;t and/or Conditions yield Ref.
oxidant
products (%)

Fe(NG)s- 9H0 o

1 - 30 TBHP 50°C, 15h 54 38
FeCb-4H0 o

2 - 30 TBHP 50°C, 15h 53 38
FeCk-6H0 o

3 - 30 TBHP 50°C, 15h 50 38
FeBr o

4 - 30 TBHP 50°C, 15h 36 38
1-Me Fe(NG)s- 9H0 o

5 (20b) 30b TBHP 50°C, 15h 65 38
2-Me Fe(NG)s- 9H0 o

6 (20f) 30f TBHP 50°C, 15h 23 38
5-NH> Fe(NG)s- 9H0 R

7 (200) 300 TBHP 50°C,15h 16 38
5-OMe , Fe(NG)s3- 9H0 o

8 (20i) 30i TBHP 50°C,15h 43 38
5-NOC. Fe(NG)s- 9H0 R

9 (201) 30l TBHP 50°C,15h 66 38
5-COOMe : Fe(NG)s- 9H0 o

10 (20)) 30j TBHP 50°C,15h 5 38
5-Cl Fe(NG)s- 9H0 o

11 (20p) 30p TBHP 50°C,15h 72 38
6-Cl Fe(NG&)s- 9H:0 o

12 (200) 30q TBHP 50°C,15h 56 38
7-NO2 Fe(NG)s- 9H0 o

13 (20r) 30r TBHP 50°C, 15h 70 38
2-Ph Cu(NGs):2 o

14 (209) 30s TBHP 50°C, 48 h 44 46

15 2-Ph 30s Fe(NQ)s3 50°C, 48 h 56 46
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(209) TBHP
2-(4-MeGHa) Fe(NQ)s o
16 200 30t e 50°C,48h | 20 46
2-(4- Fe(NQ)3
17 | MeOGsHa) 30u e 50°C,48h | 14 46
(20u)
1-Ph Cu(NOy)2 .
18 200 30v e 50°C,24h | 83 46
1-Ph Fe(NQ)s .
19 200 30v o 50°C,24h | 49 46
1-(4- Cu(NGs)2
20 | MeOGsH.) 30w e 50°C,24h | 69 46
(20w)
1-(4- Fe(NQ)3
21 | MeOGsH.) 30w o 50°C,24h | 40 46
(20w)
22 1'(2(28)'(‘)9“3") 30x C#gNHOsP)Z 50°C,24h | 78 46
1-(4-FGHa) Cu(NOy): .
23 0] 30y e 50°C,24h | 65 46
1-(4- Cu(NGs)2
24 | NO:CeHa) 30z e 80°C, 2d 45 46
(202)
25 i 30 Cu(NO»)2-3H0 | 50°C,15h | 79 45
26 i 30 CuBr 50°C,15h | 72 45

Klussmann and Schweitzer-Chaput reported the sgistted 31 in good yields (86-95%).
Moreover, the previously postulated intermediatenantert-butyl peroxide 83) was isolated and
transformed in the presence of methanesulfonic @ldOH) to Chbz-protected isoquinoline

derivatives3la-i (Scheme 53°

t-Bu-OOH indole N—cp
—_— _— ~
N decane N catalyst ‘
Cbz Cbz

32 00t-Bu J N
33 R/

31
R = H:31a; 1-Me: 31b; 2-Me: 31f; 5-Br: 31k; 5-CN:31n; 5-NO;: 31l; 5-OMe: 31i

Scheme 5
Diarylindoles have been found to be oestrogen teceligands with potential in the
treatment of Alzheimer’s disease, and Schnigthl reported the synthesis 87 via different

pathways: arylation of the indole skeleton withllaoyonic acids, anél-arylation of intermediate

34 with different iodobenzenes, leading to the diaddle derivative37; in the inverse arylation
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protocol, the first step led to the desifdéarylated compoun@5, but insertion of an additional
aryl group at position 2 of the indole skeletonlefdj as a third method, direct coupling of
diarylindoles36 with 28 led to the desired diarylat&¥ (Scheme 6%°

34

(ii)' R? = Ph

( )

O N~Boc (v)

X R? @/ R ~Boc

ot ~ =
O

L 37 ) 36

R! = Ph; 4-MeOGH4; 2-thienyl; 4-FGHa;4-NO,CsHa; 2-fluoropyridin-3-yl
R? = Ph; 4-MeGHa4; 4-MeOGH4; 4-NO,CsH4; 1-naphthyl

A

Reagents and conditions: (iR?B(OH);, Pd(OAc), Cu(OAcy AcOH, &, rt, 24 h; (i) RY, Cul,
dimethylethylenediamine, #°Qy, toluene, 135C, 24 h;(iii) RY, dimethylethylenediamine, Fe{IKsPQy, toluene,
135°C; (iv) PhB(OHY, Pd(OAc), Cu(OAc) AcOH, O, rt, 24 h;(v) Cu(NGs)2, TBHP, 50°C, 2 d.

Scheme 6

Despite the large numbers of compounds and/or iogaatonditions employed, few
examples are to be found where the starting setlirsoquinoline has no substituent on the
nitrogen. Schnirch et al described the functionalization of unprotected2,3,4-
tetrahydroisoquinoline with substituted indole datives, using Cu(Ng). as catalyst® In view
of the wide-ranging yields, clear-cut conclusiom®i@rning a generalization of the synthesis of
unsubstituted 1-¢-indol-3-yl)-1,2,3,4-tetrahydroisoquinoline deriwags are not possible.

2.2.2. Miscellaneous synthetic pathways

Sterneret al. developeda protocol for Pictet—Spengler condensation betweenmethyl
ester of L-DOPA 38) and various\N-Boc-protected H-indole-3-carbaldehyde8%a-c) that gave
C-1 indolyl-substituted tetrahydroisoquinoliné@a-c and4la-c in moderate isolated yields (66-
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72%). In all cases theis epimer was found to be the major product. Theosatire given in

Scheme 7°

) m

39a -C

HO x
38 N\
Boc
40a 4la 40a:41a 9:1
40b 41b 40a:4la 8:1
40c 41c 40a:41a 5:1

X =H:a; Cl: b; OMe: ¢

Scheme 7

Chamberlinet al. devised a stereoselective route for the syntheisigptically pure N-
benzylsulfonylindol-3-yltetrahydroisoquinoline asyaw type of IBR2 analogue (Scheme 8). The
pathway involved contained indol-3-yltetrahydroigogpline @7) in enantiopure form as
intermediate. 2-(2-Bromophenyl)ethand?)l was transformed to the sulfinimine diastereord&rs
and44, which were then separated. Through 5 stépsed to the orthogonally protected mesylate
derivative45. The isoquinoline ring46) was formed by catalytic (Pd/C) reductionz(H atm.,
EtOH, rt). On removal of the protecting group, thesired indol-3-yltetrahydroisoqinolind7)

was obtained in non-racemic fofh.

O OBn OBn
—_— -
p— =
AN
C i N
\
Boc
44

Boc

6 9‘6

OMs
O NHCbz O O NH
N
\ Q R
Boc
4

5 47

z Y

Scheme 8
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3. RESULTSAND DISCUSSION

3.1. N-Alkylation of cyclic amines with 2-, or 1-naphthdlI], [1l]

The importance of the aminonaphthols prepai@the mMMR has recently increased because they
have proved to be excellent model compounds fatieguof thea-arylationN-alkylation of cyclic
amines! It was pointed out by Seidel's group that, throtigg aminoalkylation of pyrrolidine with
electron-rich aromatic compounds in the preseneeaphatic aldehydes, the two possible main products
i.e. a-arylated orN-alkylated, could be isolated only on the extrensdbw addition of the aldehyde
component to the reaction mixture containing aaglsatalysts. It was also proved that 2-naphthol ca
be sufficiently acidic to promote the required tangrization'® This process, starting from 1,2,3,4-
tetrahydroisoquinoline as substrate, can theoligtiemad to the formation of the regioisomeric itam
aminonaphtholsA or B) according to Scheme 9, where HNu is an eleciobnaromatic compound
such as 2- or 1-naphthol. The direct functionabraof 1,2,3,4-tetrahydroisoquinolines with indoies
the presence of aromatic aldehydes was recentstaged. It was concluded that, under CuBr and acid

catalysis, thei-arylation took place and aminoindole tyb&vas isolated as a single prodtfct.

w . GO0
.
— N
Nu
.
C o — :
NH PhCHO
48 -H,O L » HNu
+ - N
N
Nu

B

Scheme9

Our present main aim was to develop the possibilify the application of 1,2,3,4-
tetrahydroisoquinoline and analogue secondary arsneh as 2,3,4,5-tetrahydrig-benzf]azepine
and 4,5,6,7-tetrahydrothieno[3Byridine in the mMR. A further aim was the systémanvestigation
of the a-arylationN-alkylation process starting from tetrahydroisoqline, tetrahydrobenzazepine and
tetrahydrothieno[3,2}pyridine by using 2- or 1-naphthol as nucleophite the presence of
benzaldehyde.
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In our first experiment, 1,2,3,4-tetrahydroisoquin® (48), 2-naphthol 49) and
benzaldehyde were reacted under neat conditioB@°a. After a reaction time of 4 h, the desired
1-[(3,4-dihydro-H-isoquinolin-2-yl)phenylmethyllnaphthalen-2-ol 51) was isolated by
crystallization with MeOH.Since the vyield of the reaction was only 28%, tkaction was
repeated under MW irradiation at 65. Siurprisingly, after a relatively long reactiome (1.5 h),
the 'H NMR spectra of the crude reaction mixture did neteal the formation 061. The
synthesis ofbl was earlier performed by refluxidp, 1,2,3,4-tetrahydroisoquinolinel§) and
benzaldehyde in ethanol for 12 h. Under these tiondi 51 was isolated as a “yellow gummy” in
a yield of 78%° When we attempted to repeat this under the saawtioa conditions, théH
NMR spectra of the crude product indicated thatdésired producdl was formed in only trace
amounts.

In the above experiments, the possibility of fonmatof thea-arylated produck2 was not
taken into account. For a systematic investigabbithis reaction52 was synthetized from 1-
(1,2,3,4-tetrahydroisoquinolin-1-yl)naphthalen-2¢88)!? and benzyl bromide on the basis of the
literature proces¥ 2-Naphthol 49), 1,2,3,4-tetrahydroisoquinolindg) and benzaldehyde were
reacted under neat conditions at°€5 The formation of the possible produdid &nd52) and the
conversion of the reaction were followed 1y NMR spectroscopy for different reaction times up
to 20 h. The ratio of the products formed,;52, was determined by comparing the relative
intensities of the characteristic signals of 2-riaph(9.73 ppm),51 (5.51 ppm) andb2 (5.75
ppm). Under the optimum conditions (66, neat), an average ratio of 4:1 f#:52 could be
assumed (Table 8, entries 1-7). After a relatidelyg (20 h) reaction time, the conversion was

only 85% (which could not be increased even bygiaitonger reaction time).
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OH N
T o -

e > o, & 54
65 °C, neat NH 65 °C, neat / MW

conditions 48 conditions

% alioeVe
OO " ©ﬂsr

o4
o> U
52 O 55
NH
O NH
OH
Crr OO
53
56

Scheme 10

To extend this mMMR, 1-naphthd) was reacted with 1,2,3,4-tetrahydroisoquinolia@) (
in the presence of benzaldehyde, where the pogmibthicts obtained by-arylationN-alkylation
of 48 were54 and55 (Scheme 10). For a systematic study of this reactheN-alkylated product
2-(2-benzyl-1,2,3,4-tetrahydroisoquinolin-1-yl)ndéipdlen-1-ol §5) was synthesized from 2-
(1,2,3,4-tetrahydroisoquinolin-1-yl)naphthalen-1¢{66)*?> and benzyl bromide. 1-NaphthdQ),
1,2,3,4-tetrahydroisoquinoline4d) and benzaldehyde were reacted under neat comsliiy
heating at 6%C or under MW irradiation at the same temperatlilee presence of the possible
products $4 and 55) was followed by comparing the relative intensitief the characteristic
signals of benzaldehyde (10.03 ppré) (s, 5.00 ppm) an®5 (s 5.07 ppm) from the crude
product. The characteristic singlets of the-@H54 and55 were found to be near each other: at
3.77 ppm (2H, ddJ = 14.8; 47.3 Hz) irb4 and at 3.71 ppm (2H, dd,= 13.7; 200 Hz) irb5
(Table 8, entries 8-11).
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Table 8. Systematic study of the formation of produets52 and54, 55

Reaction Lo Ratios of 51%52° or | Conversion
Entry | Products conditions Reaction time 542 55P (%)

_ Classical heating; .

1 51; 52 65°C 0.5h 78:22 42
_ Classical heating; :

2 51; 52 65°C 1h 81:19 45
_ Classical heating; .

3 51; 52 65°C 15h 71:29 55
_ Classical heating; )

4 51; 52 65°C 2h 82:18 56
] Classical heating; )

5 51; 52 65°C 5h 80:20 57
] Classical heating; )

6 51; 52 65°C 10 h 82:18 60

Classical heating;
7 51; 52 20 h 81:19 85
65°C

_ Classical heating; .

8 54; 55 659C 0.5h 100:0 91
_ Classical heating; .

9 54; 55 65°C 1.5h 100:0 96

10 54; 55 MW; 65°C 0.5h 100:0 98

11 54, 55 MW; 65°C 1h 100:0 100

2N-alkylated product;
b g-arylated product

only the formation 064 when classical heating was applied at’65(Table 8, entries 8 and 9).
This tendency seemed to be independent of theimaaconditions (classical or MW heating):

even after relatively short reaction times (1.5nder classical heating or 0.5 h under MW; Table

8, entries 8-11), both conditions led to the foiorabf 54 in excellent yields.

substituted benzaldehydes such as 4-methoxybemzaeeor 4-chlorobenzaldehyde, leading to

Interestingly, in contrast with our expectatiortee signals of the crude product indicated

The series of 2-substituted 1-naphthol analogues &sdended by using different 4-

58a and58b (Scheme 11), while 6,7-dimethoxy-1,2,3,4-tetrabigiyquinoline $7) was tested as
substrate with 1-naphthol and benzaldehyde or 4tguted benzaldehydes, leading 36a-c
(Scheme 11). The reaction conditions and yielddiste in Table 9.
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OMe

OMe

e G ee

NH NH

OH N -
4-XCgH4CHO 4-XCgH4CHO OH "N
g O N
X OO O

X

X = OMe: 58a; Cl: 58b

X =H: 59a; OMe: 59b;
Cl: 59¢

Scheme 11

To test the scope and limitations of the reactibmaphthol was reacted with other
secondary cyclic amines, such as 2,3,4,5-tetrahidrbenzf]azepine 62), 2,3,4,5-tetrahydro-
1H-benzf]azepine §4) and 4,5,6,7-tetrahydrothieno[3¢Byridine (66). Compound64 is a
commercially available secondary amine, wiiiewas prepared from-tetralone with Nahlin

HCI medium followed by the reduction of cyclic ami1) with LIAIH 4 (Scheme 12)*

NaNy/HCl LiAH, @O
_ =
L NH 93% NH

(@] (o) 62
60 61
Scheme 12

In the case 066, the known Pictet-Spengler cyclizatidrwas applied and optimized as
follows to obtain the desired cyclic amifé. Thiophen-2-yl-ethylamine was mixed with formalin
to obtain the imine intermediate. The second ritggure was performed in the presence of
HCI/EtOH at 100 °C under MW conditions. These ctaods led to the formation &6 in a yield

of 63%.
©</\I\>H QH @iDNH
; ; 62 64 ; ;
OH °N CeHsCHO CeHsCHO OH "N
°

63 65
Scheme 13
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As the next step, 1-naphthol was reacted with sgagncyclic amine$2, 64 and66 in the
presence of benzaldehyde, leading to the formatfo?-((4,5-dihydro-H-benzf]azepin-2(#)-
yh(phenyl)methyl)naphthalen-1-ol 68), 2-((4,5-dihydro-H-benz{]azepin-3(2)-yl)(phenyl)-
methyl)naphthalen-1-0l66) and 2-((6,7-dihydrothieno[3,&pyridin-5(4H)-yl)(phenyl)methyl)-
naphthalen-1-ol §7) (Schemes 13 and 14). The reaction conditionsy&lds are given in Table
9.

S
.\ S | CeHsCHO
\ NH > OH N
" . SOR®

67

Scheme 14

As concerns the aldehyde substrates, the highestlsyiwere obtained with 4-
chlorobenzaldehyde, when shorter reaction timesmex@ needed (Table 9). The yields of the 1-
naphthol derivatives pointed to the lower reacyiat 4,5,6,7-tetrahydrothieno[3@pyridine (66)
vs. the 1,2,3,4-tetrahydroisoquinoling8 @nd57) or the 2,3,4,5-tetrahydra-ltbenzazepiness@
and64). When MW irradiation was applied, the reactiands were in all cases shorter, while the
yields were improved.

Since the solvent-free heating of 1-naphthol wittfecent cyclic amine substrates in the
presence of the above aldehydes (either by cldssezting or by MW agitation) led to the
formation of the desired aminonaphthatd,(68a-b, 69a-c, 70, 71 and 72) in good yields, our
attention turned back to the aminoalkylation of ndphthol (Table 10). Thus,
tetrahydroisoquinoline4@) was reacted with 2-naphthael9) and 4-methoxybenzaldehyde or 4-
chlorobenzaldehyde under neat conditions. Theimraetas then extended by applying the above
cyclic amines, such as 6,7-dimethoxy-1,2,3,4-tgtabisoquinoline %7), 2,3,4,5-tetrahydroH-
benzflazepine 62), 2,3,4,5-tetrahydroH-benzf]azepine 64) and 4,5,6,7-tetrahydrothieno[3,2-
c|pyridine (66).
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Table 9. Optimized reaction conditions for the syntheses4068, 59, 63, 65 and67

Product Classical heating Yield (%) MW agitation Yield (%)
54 70°C, 12 h 58 65°C, 0.5 h 78
58a 70°C, 8 h 53 65°C, 0.5 h 72
58b 70°C,5h 57 65°C, 0.5 h 74
59a 70°C, 12 h 52 65°C, 1 h 73
590 70°C, 7 h 60° 65°C, 0.5 h 77
59¢ 70°C,5h 61° 65°C, 0.5 h 81
63 60°C, 64 h 53 55°C, 1.5 h 57°
65 60°C, 64 h 45° 55°C, 1.5 h 55°
67 65°C, 45 h 37 60°C, 1,5 h 48

2recrystallized fromiPrO:MeOH (1:1);
b recrystallized from MeOH;

¢ recrystallized fromiPrO:MeOH (2:1);
d recrystallized fromiPr.O:MeOH (4:1)

On the use of 6,7-dimethoxy-1,2,3,4-tetrahydroisogjine (57), the aldehyde substrates
were benzaldehyde, 4-methoxybenzaldehyde and 4etildnzaldehyde. The structures of the
tertiary aminonaphthol produc®8a-b, 69a-c and 70-72 are shown in Scheme 15, while the

reaction conditions and yields are listed in Télfle

1)
s |
O ST N~
NH 66 OH
M P‘“C\(\O
sHiCho OH
2
MeO
NH
S
OO e S O
OMe PhCHO @
S NH O OH

X = OMe: 68a; Cl: 68b

71

g
o

70

X = H: 69a; OMe: 69b; Cl: 69¢c

Scheme 15
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When tetrahydroisoquinolingl8 was reacted with 2-naphthol in the presence of 4-
methoxybenzaldehyde or 4-chlorobenzaldehyde, velgtiong reaction times (classical heating:
20 h, MW agitation: 2.5 h) were needed. In all sasiee isolated yields were sufficiently high to
allow the conclusion that otherarylated by-products were absent. When 6,7-dimeti,2,3,4-
tetrahydroisoquinoline5/) was applied as starting material, a higher teatpee (75°C) was

needed; a faster reaction as compared ®lithnd68a-b can be assumed.

Table 10. Optimized reaction conditions for the syntheseS1lodnd68-72

Product Classical heating Yield (%) MW agitation Yield (%)

51 80°C, 4 h 46° 65°C, 1.5 h -

68a 70°C,5h 48 65°C, 0.5 h 71°
68b 70°C,5h 50F 65°C, 0.5 h 7
69a 75°C, 8 h 55° 70°C, 1 h 82
69b 75°C, 8 h 57° 70°C, 1 h 84P
69c 75°C,3.5h 65° 70°C,0.5h 87
70 60°C, 56 h 621 60°C, 1.5h 70
71 60°C, 64h 58 60°C, 2 h 67
72 75°C, 56 h 28 70°C, 1.5 h 412

2recrystallized fromPr.O:MeOH (4:1);
b recrystallized from MeOH;

¢ recrystallized fromPr.O:MeOH (1:1);
d recrystallized fromPr,O:MeOH (2:1)

A consideration of the yields of all the produstiaonaphthols (excefil and52) revealed
the lowest yields for those whose synthesis stafteh 2,3,4,5-tetrahydroH-benzf]azepine
(62). This might be due to the lower stability of theenzazepine ring system at higher
temperature, or to the formation of two regioisosn@-alkylation ora-substitution) during the
reaction. To check on this, the synthese$3and 70 were repeated and the conversion of the
starting compounds was systematically followed thia NMR spectra of the crude products
(Table 11). The desired aminonaphthd@8 and 70 were found to be single products,
independently of the reaction conditions (classmalMW heating), suggesting that the lower
yields observed fo83 and70 were due to the lower stability of the startingba&zepineg?).
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Table 11. Systematic study of the formation of produg38 and70?

Entry Product Reaction conditions Reaction time Con(\é/ir)si on
1 63° Classical heating; 6%C 0.5h 80
2 63° Classical heating; 65C 2h 95
3 63° MW; 65°C 0.5h 100
4 70° Classical heating; 65C 0.5h 32
S 70° Classical heating; 65C 1h 44
6 70° Classical heating; 6%C 2h 54
7 70° Classical heating; 6%C 5h 63
8 70° Classical heating; 6%C 10 h 66
9 70° Classical heating; 65C 20 h 58
10 7P MW; 65°C 0.5h 37
11 7P MW; 65°C 1h 38
12 7P MW; 65°C 2h 48
13 7P MW; 65°C 3h 50
14 7P MW; 65°C 4h 71
15 7P MW; 65°C 6h 69

2N-alkylated product;
b single product

The B-carboline skeleton is present in numerous natuaturring alkaloids, which often
exhibit biological activity. NaturgB-carboline-containing compounds, such as the hafararly,
have attracted interest because of their potenthmsmctive and hallucinogenic abilitieks>®
Moreover, syntheticB-carbolines display antimalarfdl antiparasiti®® and antineoplasié
activity, while certainB-carbolines inhibit TNFa®! or MK2.%2 Tricyclic B-carboline derivatives
have been found to be mGluRntagonist§, and bromo-substituted tetrahyddecarbolines have
been described as neurotoxic agéhfBhe production of these compounds demands efficient
synthetic methodologies, for the construction @& kieterocyclic system and its functionalization.
The strategies for the synthesis of conderfisedrbolines mainly start from the partially satecht
B-carbolines through 1,3-dipolar cycloadditidr;oupling with isatoic anhydrid® reaction with
Mannich basé¥, the inverse-electron-demand imino Diels—Aldectiea with chromone-derived

diene&®, or reaction with salicyl chlorid®:"
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Our results on the aminoalkylation of 2-naphtholhwd,2,3,4-tetrahydroisoquinoline in the
presence of benzaldehyde showed that it led tpdhnallelN-alkylation and redoxi-arylation of
the tetrahydroisoquinoline in a ratio of 4:1. Henoear attention focused on the possibility of
aminoalkylation of 2,3,4,9-tetrahydrd4ipyrido[3,4bjindole (73) as cyclic secondary amine
with 1- or 2-naphthol as nucleophile in the pregeoicbenzaldehyde.

QI _w

NH
73

PhCHOl i-iv ~NH

Q\Q@C .
NH

OH -~
I o
9
75 49 ﬂ 50
j-iv Q I-iv
+
O | Q @—\QN
74b
T
76

78
Reaction conditiong) 60°C, neatji) 80°C, neatjii) 60°C, neat, MWjv) 80°C, neat, MW

Scheme 16

The selected starting amifi@ was synthesized according to a literature procgaRictet—
Spengler cyclization of tryptaming:’®

2,3,4,9-TetrahydroH-pyrido[3,4bJindole (73), 2-naphthol 49) and benzaldehyde were
reacted (Scheme 15) neat under different reactoditons (: 60 °C, classical heatingi: 80°C,
classical heatingii: 60°C, MW; iv: 80°C, MW). For the systematic investigation of thiaggon,
the possiblea-arylated product7/6 was synthesized from 1-(2,3,4,9-tetrahydkbdyrido[3,4-
blindol-1-yl)naphthalen-2-ol and benzyl bromide. Tlbemation of the possible productg(and
76) and the conversions of the reactions/) were followed by NMR spectroscopy, comparing
the relative intensities of the characteristic aignof 2-naphthol (9.73 ppmY5 (5.70) and76
(5.85 ppm). The reactions were found to be compéteer 7 h i), 5 h {i) and 3 hi{i andiv),

respectively. The crude reaction mixture in allesasndicated the presence of both possible



36

products75 and76. The ratio75:76 was found to be 4:1 farandiii, and 2:1 foiii. In the case of
iv (80°C, MW), the ratio was not constant during the neactAfter 0.5 h it was 1:0.8, and at the
end of the reaction (3 h) a ratio of 1:2.5 was as=il This means that the formation7d is
more preferable at 84C than at 6(C. It can also be assumed that the product rapertts on
the heating technique: classical heating or MWadigin.

To examine the behaviour of 1-naphthol in this tieac 50 was reacted with 2,3,4,9-
tetrahydro-H-pyrido[3,4bjindole (73) in the presence of benzaldehyde, when the pessibl
products obtained through tlearylationN-alkylation of 73 were77 and78 (Scheme 16). For a
systematic study of this reaction, tlearylated product was prepared by the reaction -of 2
(2,3,4,9-tetrahydroH-pyrido[3,4-b]indol-1-yl)naphthalen-1-chnd benzyl bromide.

By using reaction conditions-iv, 1l-naphthol $%0), 2,3,4,9-tetrahydroi-pyrido[3,4-
blindole (73) and benzaldehyde were reacted. Interestingly,stgeals of the crude products
indicated only the formation af7. This was found to be independent of the tempezg&0°C or

80°C) and of the reaction conditions (classical or M@éting).

Table 12. Characteristic NMR chemical shifts (NpHH&Ph or Nph€H-Ph) and melting points of
the synthesized tertiary aminonaphthol derivatpesented in this chapter

Products Structures oc-+ (ppm) Oc-H (ppm) M.p.

51 5.57 70.2 151-152

54 OH N 5.00 74.0 138-140

55 O o 5.07 67.1 148-149

58a oH N 4,92 73.6 178-179
58b OH N 5.05 72.6 180-182

Cl
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59 O 4.96 74.3 164-166
(%ijiOMe
50b L 4.90 73.8 121-123
OMe
OMe
50c f%j 5.01 73.0 132-133
seasy
63 OH N4 4.89 71.6 79-81
SOAs
65 8 5.13 74.3 153-155
P
67 onw 5.05 73.4 161-162
SOA®
MeO.
68a S :: 5.51 69.6 176-178
e
Cl
68b . ":OH: 5.61 69.1 180-181
e
OMe
69 J :: 5.54 70.3 193-195
¢
MeO OMe
69b < :: 5.48 69.7 207-209
e
Cl OMe
69c < C@ 5.59 69.3 209-211
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70 5.56 69.9 158-160
71 5.45 68.1 201-203
72 5.62 69.7 142-143
75 5.70 69.7 203-205
76 5.85 58.1 198-199
77 5.12 73.6 196-198
78 5.22 63.5 179-181
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3.2. Aza—Friedel Crafts alkylation of partially satated cyclic imines with

electron-rich aromatic compounds [l], [l11]
3.2.1.a-Arylation of 3,4-dihydroisoquinoline with indoleetivatives [I]

In previous works, the aza-Friedel-Crafts alkylasiof electron-rich aromatic compounds
such as 2- or 1-naphtiéland quinolinol or isoquinolindt with 3,4-dihydroisoquinoline were
achieved, and were extended by using differentamt@gand/or substrates to the synthesis of 1-
substituted tetrahydroisoquinoline derivati?é&2° Our aim was to develop a new approach for
the preparation of 1-(3-indolyl)-1,2,3,4-tetrahyidominolines from 3,4-dihydroisoquinoline and
indole as electron-rich aromatic compound, and dsirther aim to examine the scope and

limitations of this reaction by using different ¢iggmines and/or different indole derivatives.

R R
@ N COOH
R NH (HCI) N R N NH
ZOaH 9 H

R
7
AN MW, 1.5 h,100°C R 2 NHC) MW, 1 h, 100 °C X,—~COOH
O NH EtOH:HCI EtsN O NH
R=H:1
R = OMe: 2

R=H:80 R=H: 82

R = OMe: 81 R = OMe: 83
Scheme 17

The reaction between indol20g) and 3,4-dihydroisoquinolinel) in MeCN at 80 °C was
examined first (Table 13, entry 1), the conversainthe reactants being monitored by TLC
analysis. After a reaction time of 6 h, TLC showwmdy the presence of the starting materials.
Thus, the reaction was repeated by using MW agitgfiable 13, entry 2). Even after a reaction
time of 4 h reaction time TLC showed only the uited starting compounds (Scheme 17). The
reaction was then repeated under neat conditioss ply using classical heating. At 60 °C, after a
relative long reaction time (10 h) the desired piid0’# was isolated in a yield of 37% as a
yellow oil, and column chromatography was neededHe purification (Table 13, entry 3). When
the temperature was increased (85 °C), a someWwbees reaction time was needed (8 h), and the
yield was still only 48%. Even on the use of MWtagon the yield could not be improved (43%
and 40%, respectively); only the reaction timesengecreased (3 h and 2 h, respectively, Table
13, entries 5 and 6). The reaction was then regdaden 3,4-dihydroisoquinoline-hydrochloride
(1.HCI). After a reaction time of 12 h at 80 °C, on tlleliion of DCM, beige crystals started to
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separate out. After filtration and recrystallizatithese were identified as the hydrochloride ef th
desired 3-tetrahydroisoquinolylindol@Q). This was surprising, because 2 equiv. afNEtwvas
used for then situ basification of the starting 3,4-dihydroisoquimai In spite of this80.HCI
was isolated, which can be explained by the stnobgsicity of80 than EtN. The yield was
found to be 62% (Table 13, entry 7). Similar yieldsre obtained by increasing the temperature to
100 °C or by using MW heating at 80 °C (Table I8ries 8 and 9). To test the role of HCI, the
reaction was repeated by starting frardCl and indole 20a) in DCM and 2 drops of EtOH:HCI
were used as additive. The reaction was perfornietio@ °C under MW conditions. After a
reaction time of 1.5 h the separated crystals \iitteeed off. The yield excellent (94%, Table 13,
entry 10).

To examine the possibility of the extension podiybof this reaction, 6,7-dimethoxy-3,4-
dihydroisoquinoline Z) was tested as substrate. We started our expasmgrapplying the best
conditions for the synthesis @0. 2.HCI and indole Z0a) were reacted in DCM by using
EtOH:HCI as additive, under MW agitation. Unfortielg, the TLC showed only the
decomposition of the starting 6,7-dimethoxy-3,4yditoisoquinoline 2.HCI) (Table 13, entry
11). When2.HCI was reacted wit0a under neat conditions, using classical heatingzaaduiv.
of EN for in situ basification, the hydrochloride of the desiredduat 81.HCI) was isolated in
only 40% vyield (Table 13, entry 12). Increase @& tbmperature by using either classical heating
or MW irradiation led to the decomposition 2HCI (Table 13, entries 13 and 14). We therefore
decided to start the reaction from the free b&eRy classical heating at 80 °C, after a long
reaction time (55 h) the desired 3-(6,7-dimethaxtyahydroisoquinolyl)indole8l) was isolated
in a yield of 70% (Table 13, entry 15). The yieldhsvimproved to 73% and the reaction time
decreased (4 h + 2.5 h) by using a two-step MWti@a¢Table 13, entry 16). Further increase of
the temperature (110 °C) under MW conditions lethtoformation o1 in a yield of only 45%
(Table 13, entry 17).

Table 13. Reaction conditions for the synthesis of 1-(in8elt)-1,2,3,4-tetrahydroisoquinolines
80 and81.

Entry Rea%?;{ﬁ?}gmt/ Products Conditions Yields (%)
1 1/MeCN/- 80 80°C,6 1 ¢
2 1/MeCN/- 80 80°C,4Hh ¢
3 Uneat/- 80 60 °C, 10 A 37
4 Uneat/- 80 85°C,8H1 48
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5 1neat/- 80 60 °C, 3K 43
6 1/neat/- 80 85°C,2H 40
7 1-HCl/neat/2 equiv. BN 80.HCI 80°C,12A 62
8 1-HCl/neat/2 equiv. BN 80.HCI 100°C, 4R 68
9 1-HCl/neat/2 equiv. BN 80.HCI 80°C,2H 60
10 1-HCI/DCM/EtOH:HCI 80.HCI 100 °C, 1.5 h 94
11 2-HCI/DCM/EtOH:HCI 80.HCI 100 °C, 1.5 h d

12 2-HCl/neat/2 equiv. BN 81 80°C,4 Kk 40
13 2-HCl/neat/2 equiv. BN 81 120°C, 2R d

14 | 2-HCl/neat/2 equiv. EN 81 100 °C, 4 R d

15 2/neat/- 81 80°C,55h 70
16 2/neat/- 81 80 °C, 4 h»100°C, 2.5 A 73
17 2/neat/- 81 110°C,5H 45

2 classical heating;
b MW agitation;

° no reaction;

4 decomposition

To test the scope and limitations of this aza-Fie@rafts aminoalkylation of indole,
indole-2-carboxylic acid79) was reacted with 3,4-dihydroisoquinoline-hydractde @.HCI). In
our first experiment, DCM was used as solvent amtaps of EtOH:HCI as additive. By using
MW heating, after a reaction time of 1.5 h only firesence of the starting compounds could be
detected by TLC (Table 14, entry 1). Change ofsiigent (DCM—EtOH) and the use of 2 equiv.
of EtN for in situ basification did not lead to the formation of thesired product. Thus, the
reaction was repeated under neat conditions, anging 8 equiv. of EN under MW agitation. A
relatively high amount of BN was needed to support the homogeneous mediuheakaction.
The synthesized newaminoacid 82) was isolated by crystallization with DCM (Tablé, Entry
3). These reaction conditions could be successfapplied for the preparation of 3-(6,7-
dimethoxy-1,2,3,4-tetrahydroisoquinolin-1-yl)indetecarboxylic acid &3). It should be
mentioned that a somewhat higher temperature amin@what longer reaction time were needed
for the synthesis @3 as compared witB2 (Table 14, entry 4).
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Table 14. Reaction conditions for the synthese82»tnd83

Entry Reagent'/s.olvent/ Products Conditions Yields
additive (%)
1 1/DCM/EtOH:HCI 82 100 °C, 1.5k b
2 1/EtOH/2 equiv. EN 82 110°C,8HA b
3 1l/neat/8 equiv. BN 82 100°C, 1A 79
4 2/neat/8 equiv. BN 83 110°C, 3R 77

& MW agitation;
b no reaction

3.2.2.a-Arylation of 6,7-dihydrothieno[2,3-c]pyridine and,6-dihydro-3H-benz[c]azepine with indole

derivatives [I]

The possibility of extentsion of the reaction wastéd by applying different other cyclic
imines. These patrtially saturated heterocycles sefected to have characteristic differences as
compared with the dihydroisoquinoline skeleton. Qattention therefore focused on the
application of 4,6-dihydro43-benzflazepine 84) and 6,7-dihydrothieno[2,8}pyridine (85).
Two synthetic pathways were applied to achievedé®red starting compounds. In the cas&4of
62 was reacted withN-chlorosuccinimide followed by elimination promoteég KOH.”>® 6,7-
Dihydrothieno[2,3¢e]pyridine 85) was prepared by a literature process, via BiseNapieralski
cyclization of 2-(thiophen-2-yl)ethanaming.

When the unsaturated beogjgzepine 84) was reacted with indole2Qa) at 80 °C for a
relatively long reaction time, the desired 3-berepazylindole 86) was isolated in a yield of 62%
after purification by column chromatography (Tald®, entry 1). Possibly because of the
decomposition 084, increase of the temperature (110 °C) led todhm&tion of86 in lower yield
(37%, Table 15, entry 2). The best conditions lfer $ynthesis 6 were found to be 85 °C under
MW condition, but it should be mentioned that aatiekly long reaction time (5 h) was needed
(Table 15, entry 3). On further increase of thegerature under MW conditions, the yields could
not be improved (Table 15, entries 4 and 5).
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Table 15. Reaction conditions for the synthesis of 3-subtgdtindole 86, 88) and 3-substituted-
indole-2-carboxylic acidg7, 89) derivatives.

ﬁ @ mR @
N
R = H. 20a

R = H: 86 R =COOH: 79 R = H: 88

R = COOH: 87 R = COOH: 89
Entry R Products Conditions Y(iojl)()js
1 H 86 80 °C, 34 R 62
2 H 86 110 °C, 2.5 R 37
3 H 86 85°C,5H 76
4 H 86 100°C, 1.5 A 40
5 H 86 120 °C, 0.5 h £
6 COOH 87 80 °C, 44 R 65
7 COOH 87 80 °C, 6 h~90 °C, 2 K 78
8 H 88 80°C,7H 57
9 H 88 80°C,2H 68
10 COOH 89 80°C,1.5AR 65
11 COOH 89 80 °C, 0.5 k90 °C, 0.5 R 72

2 classical heating;
b MW agitation;
¢ decomposition

For the synthesis of 3-(2,3,4,5-tetrahydid-ienzf]azepin-1-yl)indole-2-carboxylic acid
(87), both classical heating and MW agitation werdegsTable 15 shows that by applying two-
step MW conditions, the final produ@7) was isolated in somewhat higher yield (Tableelfries
6 and 7), when 6,7-dihydrothieno[3;Byridine 85) was reacted either wittDa or with 79. From
the results in Table 15 (entries 8-11), it can bactuded thai85 has a higher reactivity with
indolederivatives as compared with 4,6-dihydi-3enz]azepine §4).
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3.2.3.a-Arylation of 4,9-dihydro-3Hg-carboline with indole or naphthol derivatives |lI
3.2.3.1a-Arylation of 4,9-dihydro-3H#-carboline with indole derivatives

A vast number of natural and synthetic indoles hafmnd applications as
pharmaceutical® e.g through the catalyst-free coupling of indoles aydlic imines we have
prepared numerous 3-substituted indoles and oentaih focused on the reactions between the
previously applied indoles affidcarboline derivatives.

The selected starting imine92a,b were synthesized from tryptamine€0g) or 5-

methoxytryptamine90b) by Bischler—Napieralski cyclization (Scheme 18§t

’CHO
o/\ _ POCl;

o R=H:92a
Ribﬂ'eg%%b R =H: 9la R = OMe: 92b
' R = OMe: 91b
Scheme 18

When indole 20a) was reacted under solvent-free conditions with ghrtially unsaturated
B-carboline 92a) at 80 °C, 3-(2,3,4,9-tetrahydroH-pyrido[3,4-b]indol-1-yl)indole ©3a) was
isolated in a yield of 35%. When the reaction weseated under MW agitation at 100, the
reaction time could be decreased from 4 h to 30(fabble 16). The synthesis 88a was earlier
achieved®84from 1H-indole-3-ethanamine andHiindole-3-carboxaldehyde via Pictet—Spengler
condensation. The main advantage of our methdeeigpplication of indole derivatives instead of
indole-3-carboxaldehyde, the dirextarylation of partially saturatefd-carbolines with electron-
rich aromatic compounds opening up new areas d@rsity for this reaction. To prove this, the
reaction betweef2a and indole-2-carboxylic acid’9) was examined. In this case the optimum
reaction conditions were found to be ®Dwith 4 h classical heating, or 180 with 20 min under
MW irradiation. The desired new indojeamino acid94a was isolated in a yield of 73%
(classical heating) or 91% (MW agitation). The teacwas then extended by usiigp as cyclic
imine and indole Z0a) or indole-2-carboxylic acid7Q) as electron-rich aromatic compound,
leading to the desired 3-(6-methoxy-2,3,4,9-tetdnbylH-pyrido[3,4b]indol-1-yl)indole
derivatives 93b and94b) in good yields (see Table )16
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Table 16. Reaction conditions for the synthesi98&, 93b, 94a, and94b from indole or indole-2-
carboxylic acid

R
©j>’COOH O
|
H
NH X, —COOH
R= H. 92 Q
D103 R = OMe: 62b NH
 oMe R = H: 94
R =OMe: 93b R = OMe: 94b
Product Neat conditions | Yield (%) MW agitation Yield (%)
93a 80°C, 4 h 35 100°C, 30 min 83
93b 80°C, 6 h 31 100°C, 1 h 77
94a 80°C, 4 h 73 100°C, 20 min 91
94b 80°C,5h 54 100°C, 0.5h 87

3.2.3.2.a-Arylation of 4,9-dihydro-3H#-carboline with naphthol analogues

In our first experiments, the reaction between di8dro-3H-[3-carboline 92a) and 2-
naphthol 49) was examined under neat conditions at 80 °C.rAffeh, the desired produ@ba
was isolated in a yield of 48% (Table 17). Whenttrmaperature was increased (100 °C) and/or a
longer reaction time was applied, decompositiorhef starting compounds was assumed. Thus,
the reaction was then repeated by using MW agitatiothis case after 2 h at 100 °C, the addition
of diethylether led to the isolation of 1-(2,3,4¢@rahydro-H-pyrido[3,4-b]indol-1-yl)naphthalen-
2-ol (95aa) in a yield of 75% (Table 17).

To test the scope and limitations of the react8®a, was reacted with 1-naphthd&Q). After
8 h at 80 °C, the desired 2-(2,3,4,9-tetrahydtiepyrido[3,4-b]indol-1-yl)naphthalen-1-ol96a)
was isolated in a yield of 61%. By using MW irrdtha, the reaction could be accelerated
(reaction time 1.5 h), while the yield at 100 °Csvi@proved to 80% (Table 17).
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R
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R = H: 95a R=H: 92a O
R = OMe: 95b R = OMe: 92b
R = H: 96a
R = OMe: 96b

Scheme 19

Recent developments highlighted tiNatontaining naphthol analogues can be successfully
applied as electron-rich aromatic compounds in th&lR® and in the aza-Friedel-Crafts
reaction’®> Two representativeN-containing naphthol analogues (6-hydroxyquinoliag 2-
naphthol, and 5-hydroxyisoquinoline as l1-naphthohlague) were selected to examine their
reactivities toward 4,9-dihydrok8(3-carboline 2a). When92a and 6-hydroxyquinolined7b) or
5-hydroxyisoquinoline 48b) were subjected to classical heating under neatitons, the
desired 5-(2,3,4,9-tetrahydrddipyrido[3,4b]indol-1-yl)quinolin-6-ol ©@9a) and 6-(2,3,4,9-
tetrahydro-H-pyrido[3,4-b]indol-1-yl)isoquinolin-5-ol (00a) were isolated in moderate yields
(57% for99a, 43% for100a, Table 17). On the use of MW agitation, the reactimes were
decreased, but the yields could not be improvexdifsigntly (68% for99a, 63% for100a, Table
17).

R
O | 1 B OH ]
N N
H -
SoN
N N
N H
= H: 99 R=H:92a
RFi onH/l'e: 9a9b R = OMe: 92b
R = H: 100a
R = OMe: 100b

Scheme 20

To generalize the application Bfcarboline in this reaction, 6-methogyearboline 92b)

was examined. When naphthol derivativé8, 60, 97 and 98) were reacted wit®2b the desired



47

aminonaphthols96b, 96b, 99b, 100b) were isolated. The reaction conditions and yieldsgiven
in Table 17.

Table 17. Reaction conditions for the synthesis9h, 95b, 96a, 96b, 99a, 99b, 100a and100b
from 1- or 2-naphthol or theM-containing analogues.

Product Neat conditions Yield (%) MW agitation Yield (%)
95a 80°C, 10 h 48 100°C, 2 h 75
95b 80°C, 12 h 39 100°C, 3 h 65
96a 80°C,5h 57 100°C,0.5h 638
96b 80°C, 10 h 43 100°C, 2 h 56
99a 80°C, 8h 61 100°C, 1.5h 80
99%b 80°C, 12 h 41 100°C, 2 h 64
100a 80°C, 6 h 43 100°C, 1.5h 63
100b 80°C, 4 h 63 100°C, 1 h 82

The formation of thex-arylated products was followed by comparing the Rllghemical
shifts of thea-protons and/oo-carbons, the characteristic values of which aesgmted in Table
18.

Table 18. Characteristic NMR chemical shifts (NH=CAr or NH-CH-Ar) and melting points of
the synthesized-arylated cyclic amines presented in this chapter.

Products Structures dc-+H (ppm) Oc-+ (ppm) M.p.
O NH
80 Q 5.30 54.7 oil
O NH
O NH.HCI
80.HCI S 6.07 52.4 245-247
O NH
MeO.
MeO O NH
81 ° § 5.23 56.4 142-143
MeO
MeO O NH.HCI
81.HCI § 5.98 56.5 188-189
O NH
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O NH
82 e 5.06 53.5 247-248
O NH
MeO. O
83 a0 ™ 5.87 56.4 241-243
X, COOH
()
86 S \NH 5.34 60.3 137-139
O NH
Q NH
87 6.10 55.6 272-273
X COOH
O NH
S
\ NH
88 ( 5.25 52.7 148-149
NH
S
W NH
89 oo 5.89 50.6 282-284
NH
0~ y
93a ) 5.97 49.9 145-147
AN
@ m
MeO
93b e 5.39 56.3 224-225
AN
O NH
L0~ )
%a ! 6.07 49.1 276-277
X COOH
=
MeO
94b Ly 6.14 56.3 230-231
X, COOH
Q NH
0~ )
95a N 6.17 52.6 191-192
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95b 6.13 55.4 175-176
96a 5.49 56.8 200-201
96b 6.89 55.4 189-190
99a 6.14 52.2 239-240
99 6.91 56.2 221-222
100a 5.55 56.6 229-230
100b 5.54 56.7 222-223
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4. SUMMARY

1. Selective N-alkylations of tetrahydroisoquinolines, tetrahyskonzflazepine, tetrahydro-
benzflazepine and tetrahydrothieno[3Jpyridine were achieved by using 1-naphthol and
aromatic aldehydes under neat conditions to olegtiary aminonaphthols4, 58a, 58b, 59a-c, 63,

65 and67. The reactions were extended to the synthesisaafifioalkylated 2-naphthol derivatives
(51, 6843, 68b, 69a-c, and70-72) by mixing 2-naphthol, aromatic aldehydes andctireesponding
cyclic aminesA8, 57, 62, 64 and66. The yields were found to be good with the exoeptf 51,
where it was only 46%. We conceived that the maestald for51 can be explained by paralie
alkylation and redoxx-arylation, and to prove this a systematic invesittqp was performed with
the reaction of 2-naphthol with 1,2,3,4-tetrahysioquinoline in the presence of benzaldehyde at 65
°C. The reaction was followed by comparing the attaristic singlets from thi# NMR, and it
was found that the ratio 61:52 is 4:1 during the reaction time (10 h) is 4:1cdmtrast, the reaction
of 1-naphthol with 1,2,3,4-tetrahydroisoquinolied ko the formation of thie-alkylated compound
(54) as a single product. Starting from 2,3,4,5-tetlab+ IH-benzf]azepine, benzaldehyde and 2-
or 1-naphthol at 65 °C, formation of tNealkylated product was assumed in each case.

2. The reaction of 2,3,4,9-tetrahydrétpyrido[3,4bjindole as secondary cyclic amine with 2- or 1-
naphthol as nucleophile in the presence of benzglde led to the formation of
1-((3,4-dihydro-H-pyrido[3,4b]indol-2(9H)-yl)(phenyl)methyl)naphthalen-2-ol  7%) and
2-((3,4-dihydro-H-pyrido[3,4-b]indol-2(9H)-yl) (phenyl)methyl)naphthalen-1-of7). The reaction
of 2,3,4,9-tetrahydroH-pyrido[3,4bjindole with 1-naphthol as nucleophile in the prese of
benzaldehyde proved to be regioselective for thdton of theN-alkylated derivative/7 as a
single product. With 2-naphthol as nucleophile hbot the possibléN-alkylated anda-arylated
products/5 and76 were detected; the ratio was found to dependetethperature and the heating
technique.

3. A simple synthesis of 3-(1,2,3,4-tetrahydroisoglimb-ylindole @0) and 3-(6,7-dimethoxy-
1,2,3,4-tetrahydroisoquinolin-1-ylindol&1) has been developed, involving the reaction of 3,4
dihydroisoquinoline or 6,7-dimethoxy-3,4-dihydragsinoline and indole. The reaction was tested
by starting from the latter cyclic imines and irel@carboxylic acid. The newamino acids &2,

83) prepared in this way were obtained in good yields
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4. The synthetic applicability of this aza-FriedelH&aeaction was extended to the preparation of 3-
(2,3,4,5-tetrahydroH-benzf]azepin-1-yl)indole &6), 3-(4,5,6,7-tetrahydrothieno[3¢pyridin-4-
ylindole @8), 3-(2,3,4,5-tetrahydroH-benzf]azepin-1-yl)indole-2-carboxylic acid8) and 3-
(4,5,6,7-tetrahydrothieno[3,2-c]pyridin-4-yl)inde®ecarboxylic acid §9) from cyclic imines such
as 4,6-dihydro-B-benzf]azepine and 6,7-dihydrothieno[Z;pyridine. All the reactions could be
accelerated dramatically by using microwave irtiaha

5. 4,9-Dihydro-3H-3-carboline and 6-methoxy-4,9-dihydrét$-carboline were subjected to catalyst-
free one-pota-arylation with indole or indole-2-carboxylic actd prepare 1-(-indol-3-yl)-
2,3,4,9-tetrahydrof-pyrido[3,4b]indole (©3a), 1-(1H-indol-3-yl)-6-methoxy-2,3,4,9-tetrahydro-
1H-pyrido[3,4b]indole  ©3b), 3-(2,3,4,9-tetrahydroH-pyrido[3,4-b]indol-1-yl)-1H-indole-2-
carboxylic acid ¢4a) and 3-(6-methoxy-2,3,4,9-tetrahydrb-pyrido[3,4-b]indol-1-yl)-1H-indole-
2-carboxylic acid §4b) in good yields. The reactions were performed unéat conditions, using

microwave agitation.

6. A simple synthesis of 1-hydroxynaphthyl-2,3,4,9aeydro-H-pyrido[3,4b]indoles ©5a, 95b,
96a and96b) has been developed, involving the reactio®2af 92b and 2- or 1-naphthol. The
synthetic pathway was extended to the preparafi®a(d,3,4,9-tetrahydroH-pyrido[3,4-bjindol-
1-yh)quinolin-6-ol and 6-(2,3,4,9-tetrahydrétdpyrido[3,4-b]indol-1-yl)isoquinolin-5-ol derivatives
(99a, 99b, 100a and100b) from N-containing naphthol analogues (6-quinolinol os&guinolinol).
The yields of the reactions were improved by the afsmicrowave irradiation, and the reactions

were accelerated.
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