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Abstract. Data on the methods of 2,3,4,5-tetrahydro-1H-
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bibliography includes 146 references.

I. Introduction

Advances in modern pharmacotherapy are in the first place
associated with the development of innovative and effica-
cious pharmaceuticals. Most popular are drugs acting on
novel, recently discovered targets. This fact gave rise, in
particular, to a detailed study of the mechanisms of action
of already known physiologically active molecules as well as
of their metabolites,! chiral?> and modified analogues.?
Apparently, such investigations can result in both the
creation of novel original drugs and new applications of
known therapeutics.* In this regard, development of meth-
ods for the preparation of known classes of physiologically
active compounds, synthesis of their new derivatives as well
as detailed examination of their pharmacological profiles is
a vital and promising task.

Heterocyclic compounds containing 2,3,4,5-tetrahydro-
1H-pyrido[4,3-b]indolyl (or tetrahydro-y-carboline) scaf-
fold (1) have remained over many years the centre of
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attention of researchers specialized in the areas of organic
and medicinal chemistry.

The most informative database of organic compounds
‘SciFinder’ (https://scifinder.cas.org) contains data on 9373
structures of 2,3,4,5-tetrahydro-1H-pyrido[4,3-blindoles
(THPI), which were reported in 2150 scienific publications
and 493 patents. In the series of THPI derivatives, com-
pounds characterized by diverse and often unique physio-
logical activities were discovered. However, the only review
on the methods of synthesis of these heterocycles was
published by Kost et al.’ as far back as 1973.

Over the time elapsed since the publication of the
review,> numerous facts have appeared on the syntheses of
previously unknown THPIs bearing various substituents or
fused with other heterocycles. In addition, our conceptions
of the physiological activity of such compounds have been
substantially broadened, in particular, effective pharmacet-
icals for the treatment of Central Nervous System (CNS)
diseases have been devepoped based on them. For this
reason it seemed pertinent not only to survey data on the
methods of synthesis of THPIs, but also to address their
biological properties in the present review.

I1. Methods of 2,3,4,5-tetrahydro-1H-
pyrido|4,3-blindole synthesis

The methods of synthesis of this class of compounds have
been developed since 1954. They can be divided into several
logical parts: the formation of a pyrrole ring, the conversion
of substituted indoles to yield a tetrahydropyridine ring, the
reduction of the pyridine ring in y-carbolines, the introduc-
tion of side chain substituents to the indole moiety and their
modification.
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1. The Fischer rearrangement, the Heck and Nenitzescu
reactions

The methods discussed below consist in condensation of
piperidin-4-one and its derivatives with arylamines based on
the Fischer rearrangement. It appears logical to consider
THPI syntheses from anilines by the Heck and Nenitzescu
reactions also in this section.

a. Syntheses based on phenylhydrazones (the Fischer
rearrangement)

The Fischer reaction involving piperidin-4-one phenylhy-
drazones 2 in acidic media found a wide application in the
preparation of THPIs. The key step of this process is an acid
catalyzed rearrangement of the enehydrazine form of an
arylhydrazone, proceeding via a 3,3-sigmatropic shift (the
so-called 3,4-diaza-Cope rearrangement), followed by aro-
matization of the six-membered ring and formation of a
pyrrole one.

In a number of cases THPIs form even upon heating of a
substituted phenylhydrazine hydrochloride with piperidin-
4-one in alcohol®~# or pyridine.® Normally the reaction is
carried out in acidic media, using HCI (Ref. 10) or its
solution in AcOH,!! CF3CO,H solutions in alcohol!? or
H,SOy4 in dioxane.!> A general purpose reagent is an HCI
alcololic solution.® 418  Sometimes better yields are

achieved when using a preliminary prepared hydrazone
2.6.10

1 R3
R |
“HCI N
+ —
_NH>
N |
R2 o)

1
K _R3 R R3
N H* -
~CL O =Sy
=
N N
R2 2 R2

R! = H, Alk, AIkO, Hal, AlkO>C, MeSO», eic.;
R? = H, Alk, Ar; R? = H, Alk, AlkC(O), AlkO>C.

The choice of the acidity of the medium, as a rule,
depends on the structural features of the hydrazine. Thus,
the condensation occurs sufficiently readily if there is an
electron-donating substituent at the para-position of the
benzene ring of phenylhydrazine. In the presence of elec-
tron-withdrawing groups, however, the process frequently
stops at the formation of a hydrazone, and its continuation
requires more severe conditions. For example, using HCI
solution in acetic acid 8-nitro substituted THPIs can be
obtained in no more than 20% yield.® All phenylhydrazines
are involved in the conversions under discussion, THPIs
with required substituents at the indole nitrogen atom can
also be obtained from N-substituted arylhydrazines.”-19-21
The choice of the carbonyl component of the Fischer
reaction is generally not limited: both the piperidin-4-one
itself and its N-alkyl and N-acyl derivatives undergo this
reaction successfully.

It is by this way that such well-known drugs as Dimebon
(3)22 and Diazoline (4),2! as well as their analogues 5'7
were synthesized for the first time.

M Me Me
B S : S
N N

-2HCI1
- \
N
A /Me
Me 3 o ‘ N
N
Ar

5(R = H, Et; Ar = Ph, 3-Py)

The possibility of the preparation of tetracyclic com-
pounds 6a—d in high yields was exemplified?® by the
reaction of bicyclic N,N-disubstituted hydrazine 7a—d with
piperidin-4-one hydrochloride in refluxing isopropyl alco-

hol.
1) PrOH
2) HCI- Eu0

7a—d 6a—d(75%—90%)
n=1:X =S (a), CHy (b), O (c);n = 2, X = CH, (d).

Reflux of 1-phenylpyrazolidine with N-benzoylpiperi-
din-4-one in toluene with water distillation results in 5-(3-
aminopropyl)-2-benzoyl-2,3,4,5-tetrahydro-1 H-pyrido[4,3-
blindole (8) 2 isolated as a salt with maleic acid.

(0]
\
PhMe A
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I
N/\©
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HoN 8 (73%)

Hydrazones existing in the enchydrazine form can
undergo the Fischer reaction. As an example let us cite the
synthesis of alosetron (9)2° labelled with the '“C isotope
from the corresponding hydrazine 10 in a 28% radiochem-

ical yield.
/C : : ) H2SO4

20 °C, Smin

~ @mﬁ%

Me 9 (28%)
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It should be noted that the Fischer cyclization of
phenylhydrazones of 1,3-disubstituted piperidin-4-ones
leads to a mixture of tetrahydropyrimido[l,6-a]indoles 11
and substituted 2-(1H-indol-2-yl)-N-ethylamines 122627
rather than the expected products — 2,4-disubstituted
2,3,4,5-tetrahydro-1H-pyrido[4,3-b]indoles. According to
the suggested reaction mechanism, intermediate 13 under-
goes a retro-Mannich reaction to form iminium cation 14,
subsequent transformations of which do yield a mixture of
the products 11 and 12.

R}
\©\N/N\ —>
T
R2 N\Rl

R2 R R?
R3 N/Rl ‘
s . N
= H
N 1:I¢CH2
3 14 |
| ¢
R3 R2 R3 R2
| |
N N
k H
1‘\1 NH
R! I‘{l

11 (51% —80%) 12 (8% —23%)

R' = Me, Bn; R2 = Me, Ph; R3 = H, CL

However, in the case of 1,3-dimethyl-2,6-diphenylpiper-
idin-4-one (15) as the starting compound, the route above
does not take place. Thus, in the reaction ¢ of compound 15
with phenylhydrazine the only product obtained was 2.4-
dimethyl-1,3-diphenyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b]-
indole (16).

Oy Ph AcOH, A
+ —_—
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NHNH, Me Me
Ph

15

- O

16 (63%)

Bridged piperidones 17, for instance, tropinone and
nortropinone, are smoothly and with acceptable yields
converted to THPIs 18, which are difficult to access by
other routes.?%-30

H
N
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R 18 (47%—85%)

R=H Me, Ph; X=H F;n=12.

From tetrahydroquinolinone 19, substituted 6,11-dihy-
dro-5H-indolo[3,2-c]quinoline 20 was prepared.3!

(0]
SO SL
+ —
e )
Ph e

19

In conclusion of this section let us note that owing to the
accessibility of starting compounds and mild process con-
ditions the Fischer rearrangement is exploited in industrial
processes for the manufacturing of many drugs containing a
THPI moiety.

b. Syntheses based on the Heck reaction

Palladium-catalyzed coupling of alkenes with aryl halides,
known as the Heck reaction, allows preparation of THPIs
via intramolecular cyclization. The reaction proceeds via the
formation of an enamine, and the choice of the amine is a
determining factor for the efficiency of the process. Thus,
the synthesis of 2-ethoxycarbonyl-2,3,4,5-tetrahydro-1H-
pyrido[4,3-blindole  (21)3? from 2-iodoaniline and
N-ethoxycarbonylpiperidin-4-one with the aid of the Heck
reaction is a successful alternative to the Fischer rearrange-
ment.

CO')Et

COzEt
Pd(OAC)v
©i O ©j /O/ DMF 105 °C
COzEt
~
N
H

21 (78%)

A synthesis of isotope-labelled 2,3,4,5-tetrahydro-1H-
pyrido[4,3-blindol-1-one (22) by the oxidative Heck reaction
has been described.?® Under the reaction conditions, direct
electrophilic palladation of the benzene ring occurs, fol-
lowed by the catalyst regeneration on treatment with an
oxidant — copper acetate.??

i
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O
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s 3 ‘
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22 (52%)
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The oxidative nucleophilic addition of N-methylpiper-
idin-4-one to 3-nitro-6-chloroaniline makes it possible,
although in a low yield, to obtain 6-chloro-2-methyl-9-

nitro-2,3,4,5-tetrahydro-1 H-pyrido[4,3-b]indole (23)34
which is difficult to access by other ways.
i ]\‘/Ie R
NO; (0] -0.7_.0- _N
| N
O Bu'OK I (0]
+ — >
DMSO \
NH» N O
I NH»
Cl Me
Cl
23 (27%)

The cyclization of 2-fluorophenylimine 24 occurring
readily on treatment with 2.5 equivalents of lithium diiso-
propylamide (LDA) in boiling THF results in 2-benzyl-
substituted THPI 25 in a nearly quantitative yield.3>

Bl’l A ‘ N/Bn
THF, A 5h
N

H
25 (97%)

By examining the conversion of tetradeutero-2-fluoro-
phenylamine 26 in analogous conditions, it was estab-

lished 3> that the reaction mechanism involves the
D
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30 —
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formation of intermediate 27 of a dehydrobenzene struc-
ture. Indeed, the obtained indole 28 contained a hydrogen
atom at position 4, which excludes the alternative mecha-
nism, namely, the direct nucleophilic substitution of the
fluorine atom in molecule 26.

c. The Nenitzescu reaction

Only one example of THPI synthesis by the Nenitzescu
reaction is known.3%37 It is the cyclocondensation of
piperidin-4-one enol ethers with quinoneimine derivatives
in the presence of Lewis acids, viz., the synthesis of 2,5,7,8-
tetrasubstituted THPI 29 by the reaction of 2-methoxy-4-
(N-phenylsulfonyl)-1,4-quinoneimine (30) with N-phenyl-
sulfonylpiperidin-4-one enol methyl ether (31) in the pres-
ence of of Ti* " salts (route a, Scheme 1).

It should be noted that upon catalysis with boron
trifluoride etherate the mechanism of this reaction changes
dramatically (route b, Scheme 1). In this case the only
product, 2,6,8-trisubstituted 1,2,3,4-tetrahydrobenzo[4,5]-
furo[3,2-c]pyridine 32, is formed in a 85% yield. The distinct
mechanisms are accounted for by non-identical coordina-
tion of Lewis acids to the quinoneimine 30. Thus, the
bidentate Ti*" cation is coordinated with the carbonyl and
methoxyl oxygen atoms (structure 33), activating the C(5)
atom of compound 30 for nucleophilic attack, whereas the
monodentate boron binds to the more basi¢ imine nitrogen
atom (structure 34), leading to the activation of the C(6)
atom.

In our view, this example is of certain interest, albeit it
does not reflect the potential of this method. Note that the
methods discussed in sections Il.1.a,b are focussed on the
construction of an indole ring, while their possibilities in the
directed synthesis of THPIs have not been studied in detail.

2. Syntheses based on substituted indoles

to form a tetrahydropyridine ring

Known methods for the construction of the tetrahydro-1H-
pyrido-[4,3-blindole system based on indoles are distin-
guished by much greater diversity compared with the con-
versions of hydrazines and anilines, since they provide
various options for the formation of the C—C and C—N
bonds. Methods for the closure of the C(1)—C(9b),
C(3)—C(4), and C(4)—C(4a) bonds as well as for the
concerted formation of the C(1)—N(2) and C(1)—C(9b)
bonds or the N(2)— C(3) and C(4) —C(4a) bonds have been
reported.

a. Electrophilic substitutions in the pyrrole ring
A high reactivity of pyrrole and its derivatives in electro-
philic substitution reactions determines a wide application

HOj : ‘ :N/502Ph
MeO N

\
SO,Ph

29 (82%)

Scheme 1
_SO,Ph

@1

31 PhOSHN ; : - S0:Ph

Me 32 (85%)
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of these heterocycles in THPI syntheses. From this perspec-
tive the Pictet—Spengler and Friedel — Crafts reactions are
of greatest interest, since these reactions enable heterocyc-
lization at two different positions (2 and 3) of the indole
molecule.

Condensation of aldehydes with 2-arylethylamines (sub-
stituted pyrroles in this case) in an acidic medium according
to Pictet—Spengler 384! can be attributed to classical meth-
ods. As a rule, the reaction occurs under mild conditions in
good-to-high yields and permits the preparation of suffi-
ciently exotic heterocycles. For instance, useful synthons
with free positions 2 and 5, 1,1,3,3-tetrasubstituted pyrido-
[3,4-bhlindoles 35, were obtained from 2-(1 H-indol-2-yl)-1,1-
dimethylethylamine (36) and carbonyl compounds.*°

R! R2
w
Me
N
H Me

35 (74% — 94%)
R! = H, Me, Et; R2 = H, Me, Et, Ph, PhCH=CH, 4-HOC4H.,,
4-MeOCHs, 4-MeaNCHs.

RIR*C(O). H*
- H20

The reaction takes place equally readily both in an
acetate buffer (pH 4.7) at room temperature and on reflux
of indole 36 hydrochloride solutions with aldehydes and
ketones in a mixture of PhH - EtOH — H,0.40

Of interest is the use *? of the Pictet—Spengler reaction
for the synthesis of THPI 37, which is a structural analogue
of indole alkaloids contained in the root of the African
plant iboga (Tabernanthe iboga Baill). The azabicyclo-
[2.2.2]octene derivative 38 was employed as the starting
compound.

i
PhO,S
38 37 (70%)

Structural rearrangements of indole-substituted aminals
in an acidic medium also belong to the reactions under
discussion. Thus, ‘bridged” THPI 39 is formed in a small
yield from aminal 40 already when applied to silica gel.*?
The optically active group R used for the diastereoselective
synthesis of the aminal 40 can be removed by hydrogena-

tion.
SO‘)
L t/‘
N
1‘“ H
Me N NH-
H
40 39 (21%)

= (R)-CH(Ph)CH,OTBDMS (TBDMS is rert-butyldimethylsilyl).

A method of synthesis of a tetracyclic compound,
1,2,3,4,6,7,8,12¢c-octahydroindolo[3,2-a]quinolizine 41)
from enamine 42b has been proposed.** The latter was
obtained by isomerization of cyclic allyl amine 42a on a
rhodium catalyst. Compound 41 can also be prepared on
treatment of amide 43 and pyridone 44 with phosphorus
oxychloride, followed by reduction of the formed 3-amino-
alkylidene-3 H-indoles with sodium borohydride.

1) NaBH,4
—_—
@ 2)HO-
—_—
Q MeCN H,O
42a

— % = J
| —
N N
H
42p 41

|
N
$0:Ph

(PhsP)sRhCI

TZ

POCl; =~ °N
E—
P
43 N
41
T ? g
|
N N POCl; ZN
H - || —> _
44 N

According to the publication,*®> THPI syntheses can
proceed via the formation of acyl cations. Thus, indoles 46
were obtained from 2-iodo-N-(p-tolylsulfonyl)aniline and
N-(but-3-ynyl)succinimides, -glutarimides and -phthal-
imides 45 by the Sonogashira reaction. For a partial
reduction of the latter, lithium triethylborohydride
(LiBHEt3), known as ‘superhydride’, is employed. The
heating of the obtained hydroxylactams 47 with
TsOH - H,O results in iminium intermediates 48, which are
converted to tetracyclic indoles 49 in good yields.

/

1 7
M Pd(PPh;),Cls, Cul
>
/k EtsN, DMF, 60 °C

NHTs

a@iw

O/
46 (80% —89%)

~©\7w

LlBHElz
78 °C

OH TsOH-H>O

o/ x/
47 X
X
\ '~
~
+ N o
— N Ne— | —>
L 1T |
= e
s 07 X N
48 Ts

49 (69% —77%)

X-X = (CHZ)Z, (CH2)3, ()'C6H4.
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Zn, HCI
—>
(89%)
O =2 O
_
Ph Ph
N N N Ho,
)\ Pd/C
Et0” “OEt Et0” “OEt 'NO, >

50 (46%)

EtO

4-Phenyl-2,3,4,5-tetrahydro-1 H-pyrido[4,3-b]indole  (51)
was prepared by the reduction of 2-(2-nitroethyl)indole 50
in the Zn/H™ system (Scheme 2).4¢ As follows from the
reaction scheme, the C(1) atom of the THPI 51 molecule
was initially included in the acetal (diethoxymethyl) protect-
ing group at the nitrogen atom of the starting indole 50.
Conversions of the compound 50 carried out under mild
conditions permitted the isolation of the tetrahydropyri-
mido[1,6-a]indole 52 intermediate, which on treatment with
AcOH undergoes a Pictet—Spengler rearrangement to
THPI 51.

A reaction of iminophosphorane 53 with aldehydes was
described,*’ leading to aldimines, which further cyclize to
1-aryl-2,3,4,5-tetrahydro-1H-pyrido-[4,3-blindoles 54 in an
acidic or basic medium via the Pictet—Spengler reaction
mechanism. With carbon disulfide, indole 53 forms the
corresponding isothiocyanate undergoing a Friedel — Crafts
cyclization to 2,3,4,5-tetrahydro-1H-pyrido[4,3-b]indole-1-
thione 55. In both cases the product yields are moderate.

N
H A
53
Ar
SnCly or
ArCHO [(Me3SiNIK NH
falinhutatet ‘
N
H
— 54 (39% —61 %)

97%) 55 (45%)

The involvement of readily available (by the Mannich
reaction) indol-3-ylmethylaminoethanol 56 in the Friedel -
Crafts cyclization allows*® the preparation of 4-phenyl-
2,3,4,5-tetrahydro-1H-pyrido[4,3-bJindole (51) in a moder-

ate yield.
§0H
N
H

56 51 (53%)

H>S04

—

(41%)

Scheme 2
NH AcOH
N (71%)
H Ph
51
TsOH NaBH4
‘ Ph ‘ Ph ‘ Ph
N N N

PN N N

OEt NH, N N

H
(84%) 52 (92%)

The cyclization of ephedrine derivative 57 to product 58
occurs with the retention of the configuration of the carbon
attached to the phenyl substituent,*® although, at first
glance, the configuration of this atom must have undergone
changes regardless of the reaction mechanism (Sn1 or Sn2).

|
Bn 60 (8%)

The reaction is supposed to occur via the formation of
spirocyclic transition state 59 with two inversions: the more
nucleophilic C atom at position 3 of indole 57 reacts first,
subsequently a stercoselective reaction at position 2 takes
place. As evident from the scheme, the opening of the
spirocyclic intermediate 59 can occur not only at the
C—Ph fragment, but also at the C—N one. In the latter
case B-carboline 60 is formed. The isolation and identifica-
tion of this by-product served as a proof of the suggested
reaction mechanism.*® Note that the yields of the major
product and by-product are small (8% —30%), which,
apparently, provides space also for other hypotheses about
the reaction mechanism.

Mannich base 61 obtained from aminoacetaldehyde
acetal easily cyclizes to 4-hydroxy-2-methyl-2,3,4,5-tetrahy-
dro-1H-pyrido[4,3-b]indole (62) in a dilute HCI, which is
further reduced to 2-methyl derivative 63.°°
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My, pac
@f o =
CH(OMe)>

H
OH
61 62 (62%)
N /Me
— \
N
H

63 (66%)

For the construction of a THPI heterocyclic scaffold
isocyanate 64 can also be used. When treated with AICl; it

cyclizes to 6-fluoro-5-methyl-2,3,4,5-tetrahydro-1H-pyr-
ido[4,3-blindol-1-one (65).2°
40
_C
NH, COCl, N AlCl;3
‘ R B
) )
Me Me
0 64
\
NH
— |
\
F Me
65 (64%)

Compound 66 protected at position 1 with a tert-
butyldimethylsilyl group cyclized to 1-phenyl-2-toluenesul-

fonyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b]lindol-4-one  (67)
on bentonite clay.>!
Ph Ph
‘ I\ETS bentonite K-10 ‘ N/TS

N CO:Et N

‘ H I

TBDMS

66 67 (61%)

A wide use of homogeneous catalysts containing
Group VIII metals of the Periodic system in the synthesis
of a variety of heterocyclic compounds could not miss THPI
derivatives. For instance, the Heck cyclization of allyla-
mides 68 appears to be a promising approach to THPI
synthesis, despite the fact that target products 69 partially
isomerize to more stable pyridones 70 under these condi-
tions.>?2

@L Pd(OAc),, PPhs, ACOH, MeCN

CH2

i
R
N
. |
=
N
CHz )

70 (26% — 43%)

69 (26%7 56%)
R = H, Me, All, Ph.

It is reported >3 that the replacement of the allylamides
68 with oxime ethers of the 71 type enables one to avoid the
isomerization described above. Thus, on long reflux (48 h)
of compound 71 in dioxane pyridoindole 72 was obtained
(E/Z-isomer ratio is 30:70).

_Ts
@\N Pd(PPh;)s, K2CO3 ‘ N
- >
N B H N

r
\ \ L
Me NOBn Me N_

7 72 (70%)

An advantage of organometallic catalysis is the possi-
bility of a stereoselective reaction, which has a particular
significance in the preparation of analogues of natural
alkaloids. Such an approach proved successful>* for the
intramolecular cyclization of indole 73 to chiral 2-benzyl-4-
vinyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-blindole (74) in a
high yield and with 93% enantiomeric purity.

Bn
[ ﬁ‘ N
N

H |

Pd®, Li»CO3, PPh3

- >

74 (90%)

73 OCO>Me

An example of the construction of a piperidine ring via
intramolecular cyclization of vinyl halides in the presence of
Pd(OAc), has been reported.>> The process can be per-
formed ‘one-pot’, following 1,3-dipolar cycloaddition.
Thus, 1-phenylsulfonyl-1H-indole-3-carbaldehyde (75)
reacts with N-substituted glycine ester 76 and N-methyl-
maleimide in refluxing toluene (15 h) to form a mixture of
isomers 77 and 78 (in a ratio of 1:2), which were separated

~0 N
N o~ N o Br\[)
75 SO,Ph Me CH, 76
1\‘/Ie 1\‘/Ie
O§ N. /O O§ N. /O
Himm iy + H H

\\\\\ ////H
1 coMe
Br
N \

|
SO,Ph CH» SO,Ph CH»

77 (22%) 78 (45%)
Pd(OAC):,
Pd(OAC):, PPhs, A,
PPhs, A, 4h 45 min

|
PhO,S  CH,
80 (85%)

|
PhO,S  CH,
79 (66%)
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by chromatography. On heating in MeCN in the presence of
Pd?*, compounds 77 and 78 are converted to THPIs 79 and
80, respectively.

b. Formation of the pyrido[4,3-blindole system as a result

of cycloaddition reactions

Synthesis methods for some polycyclic compounds contain-
ing a THPI core include cycloaddition reactions.

The intramolecular Diels—Alder reaction of 3-form-
imidoylindoles 81 permits the preparation of compound 82
in moderate yields.’® The latter isomerizes to pentacyclic
THPIs 83 with a loss of one of the chiral centres.

=
=

83 (39% — 58%)

R = Me, Et.

Aside from [4 + 2]-cycloaddition reactions a synthesis of
THPI 84 by [3 + 2]-bipolar addition was described.>” Zwit-
terion 85 results from diazo ester 86 via the formation of a
rhodium complex and cyclizes to pentacycle 84. The reac-
tion is carried out in benzene at room temperature for 72 h,
The product 84 was obtained in a high yield upon chroma-
tographic purification.

(0)
) N
\ Vi Me Rha(OAc)s
O —CHa»
N Ne=

Me CH, COEt
86
o)
) @
\ N/ Me
> O. _r—0
N
Me CHz Et
02 84(92%) COsEt
85

Undoubtedly, the methods discussed in this section are
on the whole much more complex and laborious compared
with the ‘assembly’ of the tetrahydropyrido[4,3-b]indole
nucleus from indoles. For this reason preference is com-
monly given to the Fischer syntheses of THPIs, while the
cycloadditions are employed if a rearrangement occurs in a
low yield.

3. Reduction of the pyridine nucleus

in pyrido[4,3-blindoles

Reduction of the pyridine nucleus in the corresponding
v-carboline molecule is a convenient route to various

THPIs from their aromatic analogues. 2-Alkylcarbolinium
87 salts are reduced especially easily and in good yields.®
This approach was successfully applied to the synthesis of
the drug Diazolinel (4).>°

+ _Me Me
Y S
= NaBH4
N —_— N
Cl

- EtOH

87 4(73%)

Reduction of dihydrocarbolines is often the final stage
of a THPI synthesis. For example, compound 88 is prepared
by the Bischler — Napieralski cyclodehydration of indole 89,
followed by hydrogenation of the dihydro-y-carboline 90
formed.®°

I
NJ\/\ POCl3
Me CO,Me PhH, A

‘ H
N
H Me
89
CO:Me
~ @mif -
‘
Me
N
H Me
90 (85%)

CO;Me

88 (77%)

Similarly the reduction of 2,5-dihydropyridoindole 91 to
2-tert-butoxycarbonyl-5-methoxymethyl-2,3,4,5-tetrahyd-
ropyrido[4,3-bJindole 92 was accomplished.®! Compound 91
is synthesized from indole 93 by a metathesis reaction in the
presence of Grubbs’ ruthenium catalysts (GC) that tolerate
a wide range of functional groups under these conditions.

_Boc _Boc
WN GC w Ha, Pd/C
§ P g
N CH» N

\ \
CH>OMe CH,OMe

93 91
_Boc
-~
N
CH>OMe
92 (35%)

Boc is tert-butyloxycarbonyl.

A synthesis of THPI 94 was reported ¢ as an unexpected
product of the reductive amination of 2-propenylindole-3-
carbaldehyde 95. In the classical variant the reductive
amination of N-methoxymethyl-2-propenylindole-3-carb-
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CH Scheme 3
(R = PhSO») W/\y >
—_—
1‘\1 Me
CHO P SO-Ph
| — 94 (90%)
&z
l‘\l Me NaBH(OAc); HN/vCHz Boc
R N/
55,96 [ - weocty S w
R = PhSO, (95), N = Me 1‘\T
|
MeOCH: (96). CH,OMe CH,OMe
97
aldehyde 96 with allylamine after subsequent transforma- ZaN
tions results in a metathesis product, 1,2,5,6-tetrahydro- S ‘
azepino[4,3-blindole 97. However upon replacement of
the N-methoxymethyl protective group with N-phenylsul-
fonyl, 2-allyl-3-methyl-5-phenylsulfonyl-2,3,4,5-tetrahydro- Br = ‘
pyrido[4,3-b]indole (94) is produced in a high yield NH N N
(Scheme 3). @ I ‘
An examination of the reaction discussed 2 allowed the N K>COs N
initial hypothesis about the intermediate formation of an H H
azomethine of the 98 type to be excluded. Since the 1 101 (58%)

N-phenylsulfonyl group in indoles 95 decreases electron
density on the adjacent vinyl group, the competitive
Michael reaction becomes predominating. The latter yields
exclusively indoles 99, which, in their turn, cyclize to THPI
100 by an intramolecular reductive amination mechanism.

CHO

|
R?NH> SO,Ph
‘ P 98
N R!

CHO R2

‘ 7~
SO,Ph ‘ HN
95
Y

SO,Ph
929

i NaBH(OAc);

T
SO,Ph

100 (80% —90%)
R! = H, Me; R? = All, Bn.

4. Reactions at nitrogen atoms in 2,3,4,5-tetrahydro-
1H-pyrido[4,3-blindoles

a. Reactions at the N(2) atom

In the molecule of 2,3.,4,5-tetrahydro-1H-pyrido[4,3-b]-
indole the nitrogen atom at position 2 readily undergoes
conversions that typify secondary amines, including alkyla-
tion by a host of alkyl halides.®®> Thus, the alkylation of
2,3,4,5-tetrahydro-1H-pyrido[4,3-blindole (1) with 3-(3-bro-
mopropyl)pyridine resulted *® in 2-[3-(pyridin-3-yl)propyl]-
2,3,4,5-tetrahydro-1H-pyrido[4,3-blindole (101).

The compound 101 is a close analogue of the antipsy-
chotic drug Gevotroline (102) bearing a fluorine atom at
position 8.

F. N =
i 4
N N
H
102

Other examples of alkylation products can be THPIs
103—-106. The reaction of starting THPI 107 with the
corresponding alkyl halides in DMF on treatment with
K>CO; occurs in good yields.%*

Me Me _R
N N
R

>N >N
% =
107 103-106
=N M
R = 103), 104),
w (103) \(\,N\WNH (104)

0
0 0
&/YL/N b (105>,bf{N (106).
Me” N Me” N

OH

Alkylation at position 2 of THPIs is easiliy accom-
plished by reductive amination of aliphatic and aromatic
aldehydes and ketones. For instance, 2-methyl substituted
THPIs 108, 109 were prepared in moderate-to-good overall
yields on treatment of the corresponding THPIs 110, 111
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with formaldehyde, followed by in situ catalytic reduction of
intermediate 2-hydroxymethyl derivatives.!!- 18

R! R! M
‘ NH 1) HCHO ‘ N
2) H,, PtO»
N N

R2 R2
110, 111 108, 109 (33% —68%)

R' = H (108, 110): R2 = Ph, 2-Py, 3-Py, 4-Py;
R' = F (109, 111): R? = Ph, 2-Py, 3-Py, 4-Py, EtO,C, 4-Et0,CCsH,.

2,3,4,5-Tetrahydro-1H-pyrido[4,3-b]indoles are easily
acylated at the N(2) atom,? % including the formation of
Boc-derivatives.!!- 18 This reaction is very convenient for
subsequent introduction of substituents to positions 2 and 5
of the heterocycle. For example, when preparing 2-methyl-
8-fluoropyridoindoles 109 the starting 8-fluoro-2,3,4,5-tet-
rahydro-1H-pyrido[4,3-b]-indole (113) is converted to Boc-
derivative 114, which is then alkylated with alkyl halides in
the presence of NaH. After unmasking the Boc-protective
group in urethanes 111 the secondary amino group is
methylated.!!- 18

O =
|
N

H
112
1) NaH
m 0cC 2) RCHCL
—_
113(78%
0C
m CF3COH_
R
114 (71% —93%)
F 1) HCHO
NH 2) H,, PtO;
— | - 109
N (53% —68%)
>

111 (to 100%)
R = Ph, 2-Py, 3-Py, 4-Py, EtO,C, 4-EtO,CCHs.

Reductive amination of aromatic aldehydes can also be
carried out ‘one-pot’. Thus, the synthesis of THPI 115
comprises several conversions. First, 5-pyridylethylated
tetrahdyropyridoindole 107 is brought into reaction with
3-hydroxy-5-hydroxymethyl-2-methylpyridine-4-carbalde-
hyde hydrochloride (116), then the intermediate being
formed is reduced in situ to product 115.64

OH

07 7 HCL N aBHOAC)
_— 5>

107 + N

HO
116 Me

OH
Me ‘ N _ ‘
[ I I J ~ N
N HO
Me
B
= 115 (33%)

‘One-pot’-reaction of compounds 117a,b and N-substi-
tuted piperidin-4-one results in 2,5,8-trisubstituted THPIs
118 in high overall yields.6% 6669

R2
|
Me N.
\wl{ . NaBH(OAc)>
N |
R! 0

117a,b

R! 118 (80% —90%)

R' = H (117a), Ts (117b); R = Me, Boc.

Pyridoindole 107 protected at position 5 can be brought
into a 2-pyridylethylation reaction.®* A long reflux of
compound 107 with 4-vinylpyridine in a mixture of AcOH
and EtOH gives 8-methyl-[2-(4-pyridyl)ethyl]-5-[2-(pyrid-
yDethyl]-2,3,4,5-tetrahydro-1 H-pyrido[4,3-blindole (119).

N

Me =
‘ N
4-Py—CH=CH, N

>N

107

|
= 119 (71%)
Tetrahydropyridoindoles 1 (R! = H), 112 (R! = F) and
117a (R! = Me) quickly (in 30 min) react at room temper-
ature with sulfonyl chlorides, producing THPIs 120 in high
yields.®”

R2
R!
NH DMF, Et;:N
| + —
N
H

SO,Cl
1,112,117a

120 (82% —90%)
R!,R? = H, Mg, F.
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b. Reactions at the N(5) atom

Alkylation of the indole nitrogen in THPIs occurs smoothly
when treated with NaH at room temperature. The alkyla-
tion products, as a rule, are formed in good yields.®”

E and Z isomers of 2-methyl-5-(3-phenylallyl)-2,3,4,5-
tetradydro-1H-pyrido[4,3-hlindoles 122a,b were obtained
by a long-lasting alkylation of indolyl-anions produced on
treatment of compounds 121a,b with NaH in DMF by
cinnamyl chloride. The hydrogenation of the latter leads to
2-methyl-5-(3-phenylpropyl) derivatives 123a,b.7°

R
\w/
N

Me
1) DMF, NaH

2) Ph—CH=CHCHCI

H
121a.b
R /MC R /MC
N N
N HCHO,
NG Hz/PtOz
i E-122a,b :: Z-122a,b

R -
I: ]\—/D N
N

—

123a (48%)
R = Me (a), F (b).

, 123b (65%)

Sulfonyl chlorides already at 20 °C substitute ®® the
hydrogen atom at position 5 of compounds 63 (R! = H,
R2 = Me), 121a,b [R2 = Me: R! = Me (a), F (b)] and 124
rapidly giving 5-sulfonyl-THPI 125 in high yields.

DMF NaH
63, 121a,b, 124

;{3

125 (85% —90%)

R! = H, Me, F, Br, PhSO»; R? = Me, Boc, 1-methylpiperidin-4-yl,
1-Boc-piperidin-4-yl; R® = Ph, 4-MeCgHy.

Pyridylethylation of THPIs at the indole nitrogen pro-
ceeds smoothly enough if position 2 of the molecule is
protected. A variety of 5-(2-pyridylethyl)tetrahydro-
pyridoindole 126 derivatives were obtained by reaction of
vinylpyridines with compounds 63 (R! = H, R? = Me),
121a,b [R2 = Me: R! = Me (a), F (b)] and 124 catalyzed by
metallic Na or NaH (5—15 h, the yields being 10% —55%).
The process is performed particularly easily and in high
(62% —85%) product yields in the biphasic system DMSO —
60% aqueous KOH in the presence of tetrabutylammonium
sulfate (TBAS) as a phase-transfer catalyst.6% ¢7-68.71

2

R! _R
N aorb
‘ + R3—CH=CH, —>
N

H
63, 121a.b, 124

Rl N/RZ
|
> N

R3 126

(a) Na, EtONa or NaH, DMSO (yields 10% —55%);

(b) KOH, DMSO, H,0, (Bu3N)>SO4 (yields 62% —85%);

R! = H, Me, F, Br, F5C, HO,C, MeO; R? = Me, Boc, 1-piperidin-4-yl,
4-MeCsH4S0,, 4-FCcH4SO,; R? = 2-Py, 3-Py, 4-Py, 6-methyl-
pyridin-3-yl, pyrazin-2-yl.

An analogous reaction of pyridoindoles 63 (R! = H,
R? = Me), 124 with ethyl acrylate results in THPI 126
(R3? = CO;Et).18.07

When treated with propylene oxide or styrene oxide
(127), compounds 63 (R! = H) and 121a,b (R' = Me, F)
are readily converted to the corresponding 5-(2-hydroxy-
ethyl)-2,3,4,5-tetrahydro-1H-pyrido[4,3-b]indoles 128.70

R! Me
Y
0 K3PO,, DMF
63,121ab + —_— N

R? HO
127 R?  128(75% —85%)

R' = H (63), Me (121a), F (121b); R? = Ph, Me.

Addition of pyrido[3,4-b]indoles 129a,b to acetylene in a
superbasic medium to produce 5-vinyl THPI derivatives
130a,b in high yields is also reported.”? The N(2) atom
bearing no substituent is not involed in the reaction,
obviously, due to sterical hindrance.

Me Me Me Me
R - R
NH HC=CH NH
\ B \
Me DMSO, Me
H Me KOH )N Me
P
129a.b H,C

130a,b (92% —99%)
R = H (a), Me (b).

Mixtures of F and Z isomers of 5-vinyl derivatives 131
were prepared in medium-to-high yields upon reaction of
compounds 63 (R!'=H, R?=Me), 121a,b [R? = Me:
R! = Me (a), F (b)] and 124 with aryl- and hetarylacetylenes
in the system DMSO—-60% KOH in the presence of TBAS
as a catalyst (the overall yields are 65% —80%). Further
hydrogenation leads to 5-(2-arylethyl)tetrahydropyridoin-
doles 126 (R?* = H) and 132 (R3 = Mg).07-73.74
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Ar————R3
63,122a,b, 124 ———>

DMSO, H-0,

KOH, BulNHSO4

R! _R2 R! ~R?
N N Hz/PtOz
. | + | ikt 4
N N

RO )\vAr R3)}

Z-131 Ar

E-131
Rl N/RZ
. |
N
R3)\

Ar
126, 132 (74% —91%)

R! = H, Me, MeO, F, F5C; R? = Mg, 4-MeCcH4SO5; R3 = H, Me;
Ar = Ph, 4-MeCsH4, 4-MeOC¢Hy, 4-FCsHa, 4-F3CCgsHa, 2-Py, 3-Py, 4-Py.

Recently the preparation of 5-ethynylpyridoindoles 133
by reactions of compounds 63 (R =H) and 121ab
(R = Me, F) with bromoethynylbenzene’® and 3-(bromo-
ethynyl)pyridine 74 in PhMe occurring in the presence of
CuSOy4-5H>0 and 1,10-phenanthroline was reported.

CUSO4' 5 Hzo,
o 1,10-phenanthroline, PhMe
63, 121ab + Ar——— r
R! _Me
{: ]\—/U N
N
—>

Ar 133 (85%-90%)
R = H, Me, F; Ar = Ph, 3-Py.

The Ullmann reaction 2%:93-75 turned out to be a con-
venient method for the synthesis of THPIs 134. The inter-
action of compounds 21 (R! = H) and 135 (R! = F) with
bromobenzene and its 4-fluoro derivative is conducted in
N-methylpyrrolidone (NMP) at 200 °C in the presence of
CuBr and K,COj; in conditions that are typical for this
reaction.

Br

R! _COzEt
\w N CuBr, K>CO3;, NMP
N
H R2

21,135

R! _COzEt
T
s |
N

R2 134
R! = H, F, Cl, Br, Me, MeO; R2 = H, F.

In an analogous way compounds 136 were obtained
from pyridoindoles 63, 121b and bromazines in low-to-
moderate yields.”*

CuBr, K,COs, R! e
(CH,NHMe),, NMP | N
o, e AV
63,121b + Het—Br 170 °C. 18 h
N
Het
136 (25% — 56%)
R! = H (63), F (121b); Het = 2-Py, 3-Py, 4-Py, pyrimidin-5-yl.

Me

5. Substituent modifications in and subtitution reactions

of 2,3,4,5-tetrahydro-1H-pyrido|4,3-blindoles

Modification of substituents in a THPI molecule is one of
the most widespread methods for the synthesis of various
derivatives. In most cases such reactions occur readily and
in good yields. In this way many compounds that are
difficult to access were obtained.

An illustrative example of the effective modification of
an ester group in THPIs is the conversion of 8-substituted
ethyl 3-(2-methyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b]indol-
S5-yl)propionates 137 to the corresponding acids (138),
benzyl esters (139) and amides (140 —142) (Scheme 4).!8

First, from ethyl esters 137, acids 138 were prepared in
high yields, which were further derivatized to benzyl esters
139, using the N-hydroxybenzotriazolecarbodiimide activa-
tion of the carboxyl group. Amide 140 (R! =F) was
obtained by aminolysis of the corresponding ester 137 with
methylamine, whereas amides 141 were prepared by con-
densation of acids 138 with amines in the presence of a
condensing agent, the nature of which considerably affected
the product yields. Acid 142 is produced upon alkaline
hydrolysis of the corresponding amide. With isolated excep-
tions the yields of the desired tetrahydropyrido[3,4-b]in-
doles are medium to high, despite the relatively long
(12—24 h) duration of the majority of the processes under
discussion.

A possibility of the modification of the sulfo group in
THPIs 143 with free position 2 have been demonstrated 7°
(Scheme 5). The authors synthesized the corresponding
sulfonyl chlorides (144), sulfinic acid (145), sulfonamides
(146) and sulfones (147).

The sulfonic acids 143 react with POCI; in sulfolane to
form the target sulfonyl chlorides 144 in high yields. The
compounds 144 were isolated and used for further conver-
sions as hydrogen sulfates. Their reactions with secondary
amines at room temperature rapidly yield sulfonamides 146.
Upon reduction of the sulfonyl chloride 144 (R = Me) with
Na,SOs3 in the presence of NaHCOs3 as a relatively weak
base, 2-methyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b]indole-
8-sulfinic acid 145 was obtained. Using a strong base (for
example, NaOH) the hydrolysis of the sulfonyl chlorides
144 to the sulfonic acids 143 becomes the predominating
reaction.

Crude sulfinic acid 145 (the purity being 80% —85%, the
impurities being exclusively inorganic salts) served as the
starting compound in a Cul-catalyzed coupling with aryl
and hetaryl iodides, resulting in sulfones 147 in small yields.

8-Sulfonyl THPI derivatives can be obtained not only by
the Fischer reaction, but also by nucleophilic substitution of
the bromine atom in the aromatic ring, catalyzed by Cu(I)
salts. In this way 8-bromo-THPI 148 when treated with a
salt of sulfinic acid is converted to 8-methylsulfonyl-2,3,4,5-
tetrahydro-1H-pyrido-[4,3-b]indole 149 (Scheme 6).°
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R! Me
i
BnOH, DIPC, HOBT N
BnOH, DIPC, HOBT

DMF, 12h

R! N/ Me H
[ I ] J CO,Bn 139 (34%)
KOH, EtOH N

Scheme 4

24h R! _Me
. M R2R’NH N
R _Me L, \
m | CO-H 138 (77% —90%) N
N F N Me
MeNH,, EtOH, 24 h | P
S N O NR2R3

CO.Et 137 R'=F)
141 (45% —76%)
KOH, McOH
= 24h
O~ NHMe l R2-R3 = (CH,)>CH(CO,E{)(CH>),
140 (71%)

R! : : N/Me
N
=
COH

142 (78%)
R!' = H, Me, F, F5C, MeO; R%, R3 = H, Me; R>-R3 = (CH,)>CH(CO,Et)(CH>),, (CH,)CH(CO,Et)(CH>)s;
DIPC is diisopropyl carbodiimide, HOBT is N-hydroxybenzotriazole.

Scheme 5
HO5S _R! POCL,  ClO,8 R
‘ N sulfolane ‘ N
- > —
75-80 °C,2h
N N
H H
143 144 (80% — 85%)
1) Na»SOs, NaHCOs, ',
H0 HO,S _Me Arl, Cul, (CH,NHMe),, s _Me
2) AcOH | N DMSO, DIPEA Ar | N
80-85°C,1h 100 °C, 12 h N
1 — N
(R = Me) H H
— 145 (46%) 147 (10% —20%)
\//
S R!
RIRONH, Py RRPN m/
L T
20°C,1h N

H
146 (58% —80%)

R! = Me, Bn; R? = Me, 3-FC¢Hy4; R? = H, Me; R'-R? = (CH2)N(Me)(CHa)z; Ar = Ph, 3-FCgHa, 3-Py, 4-Py; DIPEA is diisopropyl(ethyl)amine.

Scheme 6

Br N/Bn MeSO>Na, Cul, L-Pro Substitution of the Br atom in position 8§ of compounds
| NaOH. DMSO 150a,b yielded 8-cyano- (.1511.)), 8-pyridin-3-yl- (152b) and

g 8-methyl(aryl)sulfonyl derivatives (153a.b) (Scheme 7).9%
148 Nitrile 151b was synthesized on treatment of bromide
150b with copper cyanide in NMP at 170 °C. A The reaction
0\\ //O of THPI 150b with 3-dihydroxyboranylpyridine in the
Me/s N/B“ presence of a palladium catalyst in an alkaline aqueous-
— \% alcoholic medium leads to THPI 152b. In conditions that
are analogous to those described above (see Scheme 1), the

H 149 (60%) reaction of bromides 150a,b with 4-substituted sulfinic acids
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NC Me
Oy

CuCN, NMP, B

N 170 °C,24h "

P — |

R! = 2-Py(CHa),

i)
SN R!
| 1502,
=
151b (22%)
R! = Me (a), 2-Py(CH»)> (b); R2 = Me, Ph.
results in 8-substituted diaryl sulfones 153a,b. The

authors % substantially broadened the battery of 8-bromo-
THPIs available via the Fischer reaction that are employed
for the synthesis of a variety of 8-functional derivatives.
This is particularly important since preceding attempts
to accomplish an aromatic electrophilic substitution in
THPIs (in contrast to the other indoles) resulted exclusively
in tetrahydropyridine moiety destruction products. Until
now examples of a successful nitration of such compounds
are unknown, whereas on bromination of 2-methyl-2,3,4,5-
tetrahydro-1H-pyrido[4,3-hlindole (63) with N-bromosucci-
nimide (NBS) the attack occurs exclusively at position 95
and after recyclization gives 5-bromo-2-methyl-1,2,3,4-tet-
rahydropyrimido[1,6-alindole (154).77

Br
M
N~ NBS, PhH
\ — N
N L
H

N
63 Me
154 (45%)

I11. Physiological activity of
2,3,4,5-tetrahydro-1H-pyrido|4,3-blindoles

For more than 60 years now 2,3.,4,5-tetrahydro-1H-pyr-
ido[4,3-b]indoles have been the focus of attention of medic-
inal and pharmaceutical chemists, first of all owing to their
antihistamine,?!-78 84 antidopaminergic 7>-8! and antisero-
tonergic '8-48-82 actions. Antiallergic remedies,?!-787° neu-
roleptics,'? 7581 drugs for treatment Alzheimer’s $3-84 and
Huntington’s %> diseases were developed based on these
compounds. Among THPI derivatives, angiogenesis inhi-
bitors were found, which can be useful in the treatment of
malignant tumors, diabetic retinopathy, ezc.8%87 In addi-
tion, these compounds exhibit analgesic,!®
antiinflammatory,®® local anaesthetic,®® antidepressant,”?
antibacterial 3 effects, efc.

1. Antiallergic properties
The quest for novel antiallergic drugs in the mid-1950s led
researchers at Bayer AG to 5-substituted 2-methyl-2,3,4,5—

Scheme 7

3-PyB(OH),,
PdCly(PPhs),
Na,CO», EtOH,
H>0, 80 °C, 12 h
RI = 2-Py(CH2)2

-] =

152b (66%)

R2SO,H, Cul,

(CH,NHMe),,

DMSO, DIPEA
e

\\//

RZ/S : : N/Me
N

R

153 (45% — 54%)

100 °C, 12 h

tetrahydro-1H-pyrido[4,3-b]indoles. It turned out that such
compounds are highly effective H;-histamine receptor
antagonists.?!-78-79 For instance, Diazoline (synonyms
Diazolin, Diazolinum, Incidal, Mebhydrolin, Mebhydrolini
Napadisylas, Omeril, Bexidal, Fabahistin, efc.), being
S5-benzyl-2-methyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b]indo-
le naphthalene-1,5-disulfonate, nowadays still finds appli-
cation in medical practice for the treatment of a wide range
of allergic diseases.®!

More detailed studies revealed 7- 768889 that in the series
of compounds 155157 5-benzyl derivatives with R! = H,
Me, F, Cl possess maximal antihistamine properties,
while 5-benzyl-8-fluoro-2-methyl-2,3,4,5-tetrahydro-1 H-pyri-
do[4,3-blindole  hydrochloride 157 (R!=F, R2?=H,
Ar = Ph) is not inferior to Diazoline in potency [the
inhibition constants (/Csp) are 22 and 27 nmol litre !,
respectively 11-92-94],

155-157

155: R! = H, Cl, Br; R> = H; Ar = Ph, 4-MeOCsH4, 4-CIC¢Hy, 2-Py, Bn;
156: R! = H, Me, Cl, Br; R? = H, Me; Ar = 2-Py, 3-Py, 6-Me-3-Py, 4-Py;
157: R!' = F, F3C; R? = H; Ar = Ph, 2-Py, 3-Py, 4-Py.

The research showed that in order to manifest antihist-
amine activity, compounds of the THPI series must have a
bulky substituent at the indole nitrogen atom. Indeed, 5-(2-
arylethyl)- (158) ¢8.73.74.95,96 and 5-(2-arylvinyl)tetrahydro-
pyrido[4,3-blindoles (159, 160) 7375 proved highly effica-
cious Hj-receptor (H;-R) antagonists. Among them
compound 158 (R! = Cl, Ar is 6-methylpyridin-3-yl) and
2,8-dimethyl-5-[2-(6-methylpyridin-3-yl)ethyl]-2,3,4,5-tetra-
hydro-1H-pyrido[4,3-b]indole dihydrochloride (3) should be
distinguished as the known pharmaceuticals Dorastine and
Dimebon. The latter is the most potent compound in the
series of the indoles of the type 158. This is a unique drug
used today as an H;-histamine receptor blocker.%>
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R : ‘ : N/Me R : ‘ : N/Me
N N
Ar\)

Ar 160
R = H, Cl, F, F3C, Me, MeO, Ar, Het.

According to Mashkovskii,’! Dimebon exerts antisero-
tonergic, anticholinergic, local anaesthetic and sedative
effects, prevents the development of anaphylactic shock,
reduces itching, the intensity of local exudative manifesta-
tions, and vascular permeability. The drug is practiced in
the therapy of acute allergic reactions, pollinoses, hives, hay
fever, food allergy, cosmetic and drug allergies, Quincke’s
edema, etc.

It is noteworthy that among THPIs bearing an arylalkyl
substituent at the indole nitrogen, compounds with a
methylene bridge between the indole nitrogen atom and
the aryl substituent (155—157) !1-80.92.93 exert the greatest
antihistamine effect, whereas among THPIs with a pyridi-
nealkyl substituent, compounds with a (CH,), unit
(158) 98-73.74 exhibit the greatest potency.

It should be noted that in the case of unsaturated
analogues only the Z isomers 159 exert an apparent anti-
histamine action, whereas the E isomers 160 possess no
noticeable acivity.”> THPIs, in which an aryl fragment is
attached to the indole nitrogen atom directly or via an
acetylene unit, proved also inactive.”>

THPIs 109 (R! = F, R? = 4-EtO,CC¢Hy), 137, 161 and
162 containing ester groups also manifest a high antihist-

amine potency.®’-%8
R /Me
Ar
109, 161 162

R = H, F, F3C, Me, MeO.

‘Structure — antihistamine activity’ relationship studies
in the THPI series allowed the determination of the impact
of substituents at positions 2, 5 and 8 of the heterocycle on
the Hj-antagonist activity.!!-%8 Tt was established that the
maximum effect was produced by the following substitu-
ents: a methyl group at position 2, Bn- and XCH,CH>-
groups at position 5 and H, F, Cl atoms or a methyl group
at position 8.

The antiallergic effect of 2-acyl- (163) and 2-alkoxy-
carbonyl-2,3,4,5-tetrahydro-1 H-pyrido[4,3-b]indol-5-ylace-
tic acids (164) is determined by another mechanism: being
CRTH,-receptor antagonists these compounds suppress the
allergic inflammation brought on by prostaglandin D2.%°

R2 N/\O\
CUQ Rews

_0 _0
OH 164

R! = H, Alk, Alkenyl, cyclo-Alk, Ar;
R? = H, Alk, AlkO, Hal, N=C, O,N, HC(O).

2. Effect on the central and peripheral nervous systems

The impact of THPIs on the nervous system was for the first
time discovered as far back as 60 years ago,'% in a study of
properties of 2-benzyl-2-methyl-2,3,4,5-tetrahydro-1H-pyr-
ido[4,3-b]indol-2-ium (165) chloride, which manifested a
high curare-like activity in frogs.

N /Me
N _
H Cl

165

Later a high antiserotonergic activity in in vitro experi-
ments was found for the disubstituted THPIs of the general
formula 4

s
N

H

R! = H, Alk, AIkO, HO, Cl, Br, F3C; R? = H, Alk.

Further investigations showed that THPIs 166 interact
with dopamine receptors (D-R), which makes them promis-
ing antipsychotics.® 7581 ‘Structure—activity’ relationship
study in the discussed series of compounds revealed
the most active one among them, with respect to D-R. It
was  8-fluoro-5-(4-fluorophenyl)-2-[4-hydroxy-4-(4-fluoro-
phenyl)butyl]-2,3,4,5-tetrahydro-1 H-pyrido[4,3-b]-indole (167)
(the Flutroline drug, see Refs 8 and 75) having also demon-
strated the highest neuroleptic effect in experiments in vivo

and in vitro.
F
N
R! 166

|
= H, Me, Ph, 4-FC¢H4; R? = H, Me, MeO, CI, F;
CmH2m+1 (W’ =1 76)9 C(O)

n=2-4;R!
X = CHa, CH(OH), CH(CO,R?) (R® =

F
F
NN\/Q/
(IIJ OH
N

F 167
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Clinical trials confirmed the high efficacy of Flutroline
(167) as an antipsychotic drug for the treatment of schizo-
phrenia.!°! However this drug did not find clinical use due
to extrapyramidal side effects (see http://www.psychotro-
pics.dk). In the series of 2-(w-aroylalkyl) tetrahydropyrido[4,3-
blindoles, derivatives 166a,b [R' = R2=H, X = C(O);
n =3 (a), 5 (b)] were discovered. Their pharmacological
profile includes dopamine (D»-R) and adrenergic receptors
(02a-R), the potency of compound 166a with respect to
a24-R being 10 times higher than that with respect to D»-R,
whereas that of compound 166b being 100 times higher.!0?
Tetrahydro-1H-pyrido[4,3-b]indoles 168 exhibited an activ-
ity with respect to 5-HT>-R and axa-R.%0

R2
|
(6] N R3
X
W/
R! N
Ty
Me
N
H
168

R' = H, Me, F, Cl; R2-R? =(CH =CH)s, (CH2),S (n = 2-4),
C(Me)=CHS, CH=CHS.

Later it was found that a number of THPIs 166 exert a
high potency with respect to serotonin 5-HT»a- and
5-HTsa-receptors,®3 193 and their analogues 169 are ligands
of 5-HT,a, 5-HTc and 5-HTsa receptors.!04

R
N

\

R! 169
n = 1,2;R! = H, Me, Et, Bn; R?> = H, 6-MeO, 8-MeO, 6-Cl, 8-Cl;
R3 = Ph, 4-FC¢Ha, 4-MeOCsHa, 4-H>NCeHa, 4-0OoNCeHa, HO,
I-naphthyl, 2-naphthyl; X = C(O), CH,, (CH»),, CH(OH), O.

2-(w-Hetarylalkyl)tetrahydro-1H-pyrido[4,3-blindoles
170, which are structural analogues of compounds 166,
possess no selectivity and manifest a high affinity to
serotonin 5-HT,-receptors.*$

R!
N

\

R? 170
n=1,2;R! = H,Cl, F; R? = H, 4-FC¢H4; Het = 2-Py, 3-Py, 4-Py,
pyrazin-2-yl, 5-dimethylaminopiperazin-1-yl, pyrimidin-2-yl,
piperazin-1-yl.

‘Structure —activity’ relatioship study in the series of
THPIs 170 revealed a pronounced correlation of their bio-
logical properties with the nature of substituents at posi-
tions 2 and 5 of the heterocycle. For example, removal of a
substituent from position 5 in compounds 170 sunstantially
descreases their potencies with respect to D>- and 5-HT>»-
receptors (cf. the activities of compounds 170a and 170b,c*®
bearing the free indole nitrogen atom) (Table 1).

A detailed examination of the pharmacological
profile of THPIs 170c demonstrated a broad spectrum of
activity including adrenoreceptors oy (/Cso = 420 nmol
litre=!') and o (K;= 8500 nmol litre—'), dopamine D,
(ICso = 150 nmol litre— '), muscarinic (/Cso = 31900 nmol

Table 1. The antagonist activity of tetrahydropyridoindoles 170a—c¢ with
respect to D»- and 5-HT»-receptors.

Com- n R! R? Het Ki /nmol litre—! (see ?)
pound

D, 5-HT,
170a 2 F 4-FCcHa 2-Py 7 3.6
170b 2 F H 2-Py 26 73
170c 3 F H 3-Py 104 136

2 Inhibition constant.

litre— '), serotonin 5-HT, (ICso = 355 nmol litre—') and
sigma-receptors (ICsop = 80 nmol litre—1).105

2-Substituted 5-{w-[4-(2-methoxyphenyl)piperazin-1-yl]-
alkyl}-2,3,4,5-tetrahydro-1H-pyrido[4,3-blindoles 171a—k
exhibit a high activity with respect to serotonin 5-HTa-
and 5-HTaa-receptors (Table 2).19¢ 2-Acyl substituted
[R = Ac (171c.f,j), Bz (171k)] compounds were found to be
most potent. Turning from 2-acyl substituted to either
2-unsubstituted (R = H) or 2-alkyl derivatives (R = Me,
Bn in the series of THPIs 171) is accompanied by a decrease
in affinity to serotonin, especially to receptor 5-HT»a (sece
Table 2). Note that compounds 171j,k exhibit a sufficiently
high activity with respect to 5-HTa- and 5-HTa-receptors.

: N ‘ : N/R
gz
)

171a—-k

Table 2. The antagonist activity of tetrahydropyridoindoles 171a—k with
respect to 5-HTa- and 5-HT»a-receptors.

Compound n R Ki /nmol litre—!
5-HTia 5-HTza

171a 2 H 105 4082
171b 2 Bn 134 739
171¢ 2 Ac 33 272
171d 3 H 42 1672
171e 3 Bn 64 1429
171f 3 Ac 8.7 99
171g 4 H 112 1378
171h 4 Me 22 260
171i 4 Bn 75 1624
171j 4 Ac 40 20
171k 4 Bz 34 43

Recently THPIs were established '7 to interact with
serotonin 5-HTg-receptors. ‘Structure—activity’ relation-
ship study demonstated 64 66-68.70.76 the determining role
of the substituent at position 8 of compounds 172a—h in
manifesting the discussed features (Table 3). Thus, in the
determination of the functional antagonist activity of com-
pounds 172a—h in the HEK-293 cell culture with expressed
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Table 3. The antagonist activity of tetrahydropyridoindoles 172a—h with
respect to 5S-HT¢-receptors.

THPI R 1Cso /umol litre —! (see?)
172a H 15.75
172b Me 0.86
172¢ MeO 8.36
172d F 2.98
172e Br 1.04
172f FsC 1.59
1728 NC 7.47
172h 3-Py 43.20

a1n this case ICso stands for the concentration of a substance, which
provides a 50% descrease in the activity of adenylate cyclase bound to
5-HTe-receptors.

O O
\\ 7/

N

|
R2 146, 147, 148

Table 4. The antagonist activity of sulfo-containing tetrahydropyridoin-
doles with respect to serotonin 5-HTg-receptors.

Com- R! R2 ICso

pound /umol litre

146 3-FCcH4sNH H 0.015

147 Ph H 0.078
3-FCe¢Hy4 H 0.085

153 Ph 2-Py(CHaz)» 0.615

5-HTe-receptors their potencies (ICso) lowered from 0.86
(for R = Me, 172b) through 15.75 (for R = H, 172a)! to
43.2 umol litre—! (for R = 3-Py, 172h).%* Note that com-
pounds 173a—c¢ were completely inactive.

R
“y Cy

N

173a—c
Isomers: 2-Py (a), 3-Py (b), 4-Py (c).

172a-h

By the example of 5-HTg receptors ‘structure—activity’
correlation was studied in a series of THPIs bearing sulfonyl
fragments at positions 2, 5 and 8 of the heterocycle. It was
found that 2-arylsulfonyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-
blindoles 120 (R! = Me, F; R2= H, Me) and 174 were
inactive as functional antagonists,®® while the influence of
5-arylsulfonyl derivatives 125 (R'=H, Me, F, Br;
R? = Me; R? = Ph, 4-MeCgH,4) can be assessed as weak:

ICso = 4.9 pmol litre~! for compound 125 (R! = Me,
R3 = Ph).70
AP

Ph 174
R! = Me, F; R2 = H, Me.

A move of the sulfonamide or sulfonyl group from
position 2 to position 8 of the heterocycle sharply changes
the properties under discussion. Some 8-sulfo derivatives
exhibit features of highly active 5-HTe-receptor anatgonists
(Table 4).6¢

3. Action on multiple biotargets (pharmacological profile

of compounds). The ‘magic shotgun’ concept

Last investigations 198~ 111 indicated that some THPIs effec-
tively act on multiple biotargets rather than on a single one,
i.e. they have quite a broad spectrum of pharmacological
activity.

Thus, for instance, Diazoline (4) initially regarded by
pharmacologists exclusively as an antihistamine drug
proved to have a broad pharmacological profile. It acts on
a variety of receptors: adrenergic (o1a, %1B, %ID, %1A, K2A,
(12), dopamine (Dl, D2L, Dzs, D3), serotonin (5-HT1]3,
5-HT2a, 5-HT2s, 5-HT2c, 5-HTe, 5-HT5), sigma-receptors
(o1, 02), on calcium and sodium channels, norepinephrine
(NET) and dopamine (DAT) transporters.'!? Presumably, it
is this feature that governs the effect of the drug on CNS,
which can give rise to excitement, dizziness, drowsiness,
delayed motor and mental responses. The presence of these
symptoms considered earlier just as adverse effects suggests
a possibility of the use of Diazoline for the treatment of
CNS diseases.!!3

A similar pharmacological profile was also revealed ®*
for Dimebon (3) (Fig. 1). It was established that Dimebon is
a blocker of the L-type calcium channels (/Cso = 57 pmol
litre—1),''* an antagonist of NMDA-receptors in vivo
(EDso = 42 mg kg—1),!'> a weak inhibitor of choline
esterases AChE (ICso = 45 pmol litre=!) and BuChE
(ICso = 7.9 umol litre—1),11% as well as an inhibitor of
transition pores of mitochondrial permeability.!!” The
drug prevents the neurotoxic action of B-amyloid on a
neuron culture (EDso = 25 pmol litre —'),!'? exhibits mito-
chondrial '8 and other types of activity.!19- 120

According to the indicated attributes, Diazoline, Dime-
bon and many other THPIs both approved for use as
pharmaceuticals and drug candidates satisfy the so-called
‘magic shotgun concept’,'?! and the mechanism of their
biological effects is associated with a superposition of
various types of pharmacological activity (action on recep-
tors, ion-channels, enzymes, etc.).'% According to this
concept, non-selective drugs interacting with several molec-
ular targets simultaneously are most apt for treating depres-
sion, schizophrenia and other disorders of the nervous
system of complex aetiology.
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The pharmacological activity spectrum of Dimebon.
The axis of abscissas lists therapeutic targets (enzymes, receptors, ion channels, transporters), in which competitive displacement of specific radioligands by Dimebon was studied; the axis of ordinates

provides the amount of a radioligand displaced from the ligand —target complex at a Dimebon concentration of 10 pmol litre—!.

Figure 1.
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For the present-day medicine Dimebon is of interest as
an anti-aging medication,'?? a drug for the treatment of
anxiety disorders '23 and schizophrenia.!?* One should also
mention the antiarrhythmic properties of this unique med-
icine, which are determined, supposedly, by blockage of
sodium and especially calcium channels. It was found that
Dimebon extends the refractory period, exerts a negative
dromotropic effect,'?5 126 and a moderate coronary vaso-
dilating effect.!??

Currently, Dimebon demonstrated excellent results in
Phase II clinical trials in the therapy of Alzheimer’s ¥+ and
Huntington’s 28 diseases.However, the first outcomes of the
Phase III six-month clinical trials of Dimebon for the
treatment of Alzheimer’s disease proved negative (http://
www.news-medical.net/news/20100303/Pfizer-Medivation-
announce-results-of-two-dimebon-Phase-3-trials-in-AD-pa-
tients.aspx). 598 Patients at the average age of 74.4 partici-
pated in these trials. Unfortunately, the investigators found
no significant differences between the status of patients
having received this drug and that of patients having
received placebo. Obviously, a thorough analysis of all the
data is required for further advancement of Dimebon to
clinical practice.

4. Other types of pharmacological activity

Compounds 17512% 130 are  characterized by their
antidepressant properties. The most studied compounds of
this series are Triflucarbine!3! (175; R'=F, R?=H,
R3=Et) and Tienocarbine'3? (175; R!=R?>=H,
R? = Me). The mechanism of their antidepressant action
includes interaction with serotonin and dopamine recep-
tors.!3! It was demonstrated !33 that Triflucarbine is also an
effective calmodulin antagonist.

175
R!, R? = H, Hal; R? = H, Alk.

Compounds 176 are promising in treating some
inflammatory (for example, rheumatoid polyarthritis) and
vascular diseases (venous insufficiency), while not being
antagonists of 5-HT;p and 5-HTp receptors.!34 135

Rl
o)
N
RZEE |
o)
\ N
R’ H

176 F3C CF;
R!, R2, R? = H, Hal, F3C, NC, HO,C, Me, etc.
Tetrahydropyrido[4,3-b]indoles 177 are patented as

inhibitors of p38a-kinase, an enzyme involved in the devel-
opment of many inflammatory processes.!3¢

R3
[Xj
N
=
o~ | NH
R! N
R2 177

X = CH, N; R! = H, Hal, MeO, etc.; R? = H, Alk, etc.;
R3 = H, Ak, etc.

Compounds 178 suppress the penetration of the HIV-1
immunodeficiency viruses into cells by blocking the specific
gp120 protein.!37 Tetrahydropyrido[4,3-blindoles 179, 180
as histone deacetylase (HDAC) inhibitors prevent cell

proliferation and can be used in an effective therapy of
cancer. 138139

R! 178
X,Y = CH, N; R! = H, Alk, Ar; R2 = H, Hal, MeO, etc.

i
v
|
R2 iz OH
‘ N N
R3 N
H 179
R!, R2, R3 = H, Alk, Hal, MeO, etc.
O
[
NH

F NH
)]
N CH»
H 180

Some THPI derivatives manifest apparent antitumour
properties. In particular, the strychnopentamine alkaloid
(181) isolated from the Tanzanian shrub Strychnos usam-
barensis, is an efficacious apoptosis inductor, antimitotic
agent and is considered as a promising oncolytic agent.!4?
Note that this alkaloid combines y- and B-tetrahydrocarbo-
line fragments in its structure.

181
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Compound 182 and a series of its analogues are patented
as cathepsin K cysteine protease inhibitors (K=
325 pmol litre—!). They are regarded as potential drugs for
the treatment of osteoporosis, arthritis, neuropathic pain,
etc.'*! The selective CBjcannabinoid receptor agonist (183)
(AZ-599) %2 and its analogues!4? are proposed as novel
analgesic medications.

@i
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Me 1‘\1
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183

A new promising approach to the treatment of obesity
and related diseases, particularly diabetes, is the employ-
ment of melanin-concentrating hormone receptor (MCHR)
antagonists as drugs. An example of such an antagonist is
THPI 184.144

A promising method for the treatment of metabolic
diseases, for instace atherosclerosis and type II diabetes
seems to be stimulating the adiponectin signaling pathway,
in particular by using 5-ATP-activated protein kinase
AMPK activators. One of the AMPK-activators is tetrahy-
dropyrido[4,3-blindole 185.14°

L 0
oag:
2 Me
BnO
184

N l‘ i i
N N
N CF;
185 H

IV. Conclusion

Owing to a unique variety and combination of biological
properties THPIs are of great interest to medicinal chemists
and pharmacologists from the perspective of the search for
a new generation of drugs for the treatment of a wide range
of diseases. An additional argument for the selection of the
compound 1 scaffold for the design of new molecules is the
fact that while having apparently a broad spectrum of
physiological activity, THPIs exhibit quite a low toxicity.
It should be noted that THPIs belong to one of the well-
studied classes of heterocycles during the last 60 years. As

follows from Fig. 2, the number of scientific publications on
the chemistry and physiological activity of THPIs remains
virtually constant for the last 9 years long. It suggests
relentless attention to these compounds as well as the fact
that THPIs should be regarded as typical ‘privileged struc-

tures’.140

Number of publications
100
90
80
70
60
50
40
30

2001

2002 2003 2004 2005 2006 2007 2008 2009 Years

Figure 2. Diagram of the number of publications on THPIs during
the last decade.

The advances in the synthesis of such systems were
governed by high physiological activities of many deriva-
tives. Based on them highly efficacious pharmaceuticals
were designed, and innovative drug canidates that currently
undergo clinical trials were developed.

Considerable progress in the synthesis of THPIs began
when it had been demonstrated that starting compounds for
this class of heterocycles can be easily available molecules.
Promising and sufficiently straighforward methods for the
preparation of such compounds were developed (rearrange-
ments and isomerizations in acidic media, hydrogenation at
atmospheric pressure, reduction, efc.). The possibility of
further three- or four-step transformations of some func-
tional groups already introduced to the heterocycle was
demonstrated, which provided a basis for applying combi-
natorial chemistry principles and the preparation of large
chemical compound libraries for the screening of new
compounds.

To date molecular design of a large number of THPIs
has been carried out. In many cases ‘structure—biological
activity’ relationship studies have also been conducted for
these compounds.

It can be reasonably assumed that data published in
patent literature as well as in scientific and technological
publications do not in full measure reflect the potential of
THPIs as starting molecules for further modification and as
promising physiologically active objects. Further synthesis
research in order to result in previously unknown deriva-
tives is warranted. In addition, the problem of THPI’s
molecular design using QSAR (or QSPR) methods for
finding novel highly active compounds remains vital.

Thus, further investigation into synthetic pathways to
THPIs and into possibilities of using them as a base for the
design of a new generation of drugs is a promising field of
the chemistry of heterocylcic compounds.
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