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ABSTRACT: Tetrahydroquinoline derivatives are a class of synthetic antibiotics with broad spectrum antibacterial
as well as anti-malarial activities. The fused tetrahydroquinoline derivatives are also known to be effective in the
treatment of autoimmune conditions (such as rhenumatoid arthritis) with their anti inflammatory effects. Among
the numerous structurally diverse derivatives many tetrahydroquinolines show significant biological activity such as
benzastatin, martinellic acid, and peniprequinolone etc. Hence, it is not surprising that this structural motif is also
an important component in many of today’s pharmaceuticals. Nevertheless, the diversity of tetrahydroquinoline as
well as their biological and pharmaceutical relevance is still motivating academic and industrial researchers to look
for new and improved syntheses for tetrahydroquinoline based natural products. Clearly, a number of practical
methods have been developed for the synthesis of tetrahydroquinolines in the past century. More recently, especially
transition metal catalysis has become a powerful tool for synthetic methodology but chemical and biological re-
search has now presented a great challenge to synthesize and optimise highly efficient and cost-effective synthetic
routes to some unique and novel biologically active substances. Pertinent structural, synthetic and semisynthetic
studies reported in the open literature will be covered in this review.

Keywords: Antibiotic; Synthetic method; Tetrahydroquinoline and Transition metal catalyst.

INTRODUCTION: Heterocyclic compounds, espe-
cially nitrogen heterocycles, are the important class of
compounds in the pharmaceutical and agrochemical
industries’. The tetrahydroquinoline ring system, in
particular, is a very common structural motif and is
found in a numerous biologically active natural prod-
ucts and pharmacological therapeutic agents like
cinchophen, plasmoquine, nupercaine, quinine,
acridine dyes etc?®. Due to the significance of biolog-
ically active scaffolds in drug discovery and medicinal

chemistry, the development of innovative methodolo-
gies for the synthesis of tetrahydroguinoline deriva-
tives is an interesting field for the synthetic organic
chemist. During the last five years a large number of
articles were published in this field. This review main-
ly deals with some naturally occurring potent bioac-
tive tetrahydroquinoline moiety and few of their syn-
thetic methodologies.
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BIOACTIVE COMPOUNDS RELATED TO
TETRAHYDROQUINOLINES: A wide variety of
novel 1,2,3,4-tetrahydroquinoline molecules showed
interesting biological activities, which were reported
during the 1995-2010 period (Figures 1 and 2). Two
naturally occurring 1,2,3,4-tetrahydroquinoline alka-
loids benzastatins C and D (A) were isolated from
Streptomyces sp.’. These two alkaloids showed inhibi-
tory activity against glutamate toxicity and lipid pe-
roxidation™.

Another pyrroloquinoline alkaloid martinellic acid (B)

was isolated from the roots of the tropical plant
Martinella iquitosensis™, and become synthetic tar-

B Martinellic acid Me

OMe

C Penigequinolone B

gets of many research groups™. Penigequinolones A
and B (C) were isolated from two active pollen-
growth inhibitors of the mycelial mats of Penicillium
sp. No. 410 by Koshino and co-workers™. In the
search for more biologically active
tetrahydroquinolines Sattler and co-workers isolated
new alkaloids of the same family (C) and
peniprequinolone (D) from a strain of Penicillium
janczewskii which were isolated from a marine sam-
ple**. However an important insecticidal antibiotics
yaequinolones J1 and J2 (E and F) were isolated from
Penicillium sp.
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F Yaequinolone J1

Figure 1: FKI-2140" and showed toxicity against Artemia salina.

The isomeric siderophors anachelin L was isolated
from the cyanobacterium Anabaena cylindrica (NIES-
19)'® and their absolute stereochemistry was deter-
mined using  the Mosher’s method"’.
Tetrahydroquinolines having hydrogenation patterns
different from the 1,2,3,4-tetrahydro-one are rarely
present in natural products. Among those are im-
portant the Sceletium alkaloids as well as (+)-
sceletium A-4, K, and (+)-tortuosamine® I.
Haplophyllidine H was isolated from aerial parts of
the central Asian plant Haplophyllum perforatum®,
and the acetyl derivatives were isolated from a Brazil-
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ian plant, Almeidia coerulia?®. Two more alkaloids of
this family known as megistosarcimine and
megistosarconine G, were also isolated from the new
Caledonian tree Sarcomelicope megistophylla®’.
Several other tetrahydroquinoline derivatives have
been found to interact with retroviral targets relevant
to anti-HIV therapy. However, compound M was
found to be potent non-nucleoside®?, allosteric inhibi-
tor of reverse transcriptase whereas 2-aryl-4-(2-
oxopyrrolidin-1-yl)-1,2,3,4 tetrahydroquinolines have
shown activities as inhibitors of HIV transcription.
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This fact probably explained through inhibition of the
NF-kB and Sp1 transcription factors®, and a library of
1,2,3,4-tetrahydro-6-sulphonamide derivatives have
been identified as small-molecule modifiers of hepatic
micro RNA function which reducing the replication of
hepatitis C virus and being also active as apoptosis
inducers®.

Many tetrahydroquinolines are also active against
antibacterial targets, including DNA- gyrase®® (com-
pound N) (Figure 3). It has been proposed as an im-
portant target in the treatment of infections because of
the Gram-positive bacteria which is resistant to con-
ventional antibiotic therapy. A number of the
oxazolidinone classes of antibacterial agents contain
tetrahydroquinoline-derived side chains (compound
O). It has good activity against Staphylococcus aureus
and Streptococcus pneumoniae, and act by disrupting
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bacterial ~protein  synthesis®®. However simple

tetrahydroquinoline derivatives where the heterocyclic
nitrogen is part of a urea moiety have shown activity
against Gram-positive and Gram-negative bacteria,
and also against some fungi®’

In the course of a study on the antifungal activity of
several series of homoallylamines and their analogues,
compound P was shown to have antifungal activity?®
% This fact may be attributed mainly to chitin syn-
thase inhibition, whereas imidazole substituted
tetrahydroquinoline derivative Q have received much
attention as antimalarial agents®®. Those are highly
cytotoxic to Plasmodium falciparum due to inhibition
of farnesyltransferase of the parasite, while 1-
benzenesulfonyl derivative R was shown to have good
activity against Trypanosoma cruzi®.
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There are some tetrahydroquinoline derivatives
whose N-1 atom belongs to a guanidine moiety
(compound S) are antagonists of neuronal Na+
channels®*® (Figure 4). Another type of
tetrahydroquinoline-derived  guanidine  com-
pound (T) is an important target in the preven-
tion of ischemia-reperfusion injury following a
myocardial infarction*’.

cytotoxicity”?. The 2-methyl derivative of the
tetrahydroquinoline V (Figure 5) was also found
to have moderate to high modulating activity in
multidrug resistance** (MDR). This was consid-
ered as one of the main obstacles in successful
anticancer chemotherapy.

Compound W was found to be antagonists of
vasopressin receptors in the micromolar range

However, through the CDK inhibition some due to its nonsteroidal hormone receptors proper-
tetrahydroquinoline compound U shows in-vitro t
Me MeH
NHMe ,H%NHz ©\/j
OH N
O ot \
AN I \\
| oY \ _—T0OMe
N S
Me ptolyl NH
Me o
T Cytot : :
(Unﬁgv?,ﬁlfnechamsm) U MDR Modulating activity V Na+/H+ Exchange inhibitor W Vasopressin antagonist
Figure 4
Ring-expanded analogues derived from the complexes of the chiral 8-hydroxy-5,6,7,8-

benzoazepine system were subsequently found to have
much higher potency and higher selectivities, in favor
of the V, receptor. Depending upon the structural
characteristics another antithrombotic drug,
argatroban X used as a thrombin inhibitor®>. Some
tetrahydroquinoline-derived chiral ligands like phos-
phine/phosphoramidite derivative Y and vanadium

NH\)J\
o
NH O
Me

HN
S—NH
H2N

X Argatroban (MD-805)
Thrombin inhibitor

tetrahydroquinoline Z has been used in asymmetric
synthesis of Rh-catalyzed hydrogenation of acrylates*®
and chiral sulfoxides from sulfides*” with 70% ee.

The synthetic aspects of the biologically active
tetrahydroquinoline compounds can be divided into
four major parts-

:C}Naph\ -

4
Y

Figure 5

(1) The methods involves for the construction of the
saturated tetrahydropyridine ring system of the
1,2,3,4-tetrahydroquinolines starting from aryl
precursors, which consisted of (a) generation of
one bond (section 4); (b) generation of two bonds
(section 5); and (c) generation of three or more
bonds (section 6).

(2) The generation of the benzene ring of 1,2,3,4-
tetrahydroquinolines (section 7), and their con-
struction from acyclic precursors, or by means of
rearrangement reactions (section 8).
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(3) The synthesis of tetrahydroquinolines is based
upon the reduction of quinoline systems (section
9).

(4) The functionalization of tetrahydroquinolines
(section 10) and the application of simple 1,2,3,4-
tetrahydroquinolines as starting materials for the
synthesis of other heterocyclic systems .

SYNTHESIS OF 1,2,3,4-TETRAHYDRO-
QUINOLINES VIA ONE BOND FORMATION:
As inflected in the introduction part, suitably func-
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tionalized tetrahydroquinolines possess a number of
interesting biological activities. However in this sec-
tion the  synthesis of  such bioactive
tetrahydroquinoline derivatives will be discussed.

The 1,2,3,4-tetrahydroquinoline ring can be construct-
ed by creating one new bond starting from precursors
containing a benzene ring. This section describes the
synthesis of tetrahydroquinoline moiety by means of
generation of one new bond namely N-C;, C,-Cs, Cs-
C4, C4-Cy,, and Cgs-N (Figure 6).

4
4 3
2
8aN
N1

OTBDMS

TBMDSO.
OAc
NHTs

d(dba)2

THF (: 42%)
(60% ee)

)-9-PBN (5 mol%)

2 (5 mol%) TBDMSO 2 \©\/5
.
N N

Figure 6

1. Formation of the N-C, Bond: The 1,2,3,4-
tetrahydroquinoline ring can be constructed by creat-
ing one new bond from precursors containing a ben-
zene ring. Initially the compound 1 was prepared from
5-hydroxyanthranilic acid using Reformatsky reaction
as the key step. After some years later the same mole-
cule was synthesized by means of intramolecular
allylic amination procedure using allyl acetate 1 in the
presence of a chiral phosphine (9-PBN) and Pd(dba),
which  vyielded  diastereomeric  mixture  of
tearéahydroquinolines 2 in moderate yields (Scheme
1)™.

OTBDMS OTBDMS

THBDMSO

Ts Ts

Scheme 1

Another work done by Solé, Bonjoch, and co-
workers which involves the neucleophilic attack
of the enolate on the nitro group followed by

< NO
o : 2
N DMF, rt
H
Vi
Me3Si 4
OAc

formylation with DMF to yield the intermediate
R-(2-nitrophenyl) enones (Scheme 2)*°.

=z
@]
N

g

O

+
" i
Z

I

DMF, 1t (37%)

Scheme 2

2. Formation of the C,-C; Bond: Quinolines by con-
structing the C,-Cz bond is a typical and few examples
that are illustrated in the literature are attributed to the
tertiary amine effect. One example that describes the
synthesis of 1,2,3,4-tetrahydroquinoline-3-carboxylic
acids 8 which was achieved in one-pot fashion in
good vyields. The reaction was carried out with ortho-
dialkyl amino aldehydes 7 and Meldrum’s acid in the
prgg,ence of chlorotrimethylsilane in DMF (Scheme
3.

3. Formation of the C;-C, Bond: An important
intramolecular [3+2] azomethine ylide cycloaddition
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method was developed by Snider and co-workers. The
method described the construction of the
pyrrologuinoline rings system of martinellic acid and
then it was successfully employed for its total synthe-
sis®’. The suitably substituted aryl aldehyde 9 was
treated with N-benzyl glycine to generate the
azomethine ylide 10, through an iminium salt, which
then underwent an intramolecular cycloaddition to
afford the pyrroloquinoline 11 in acceptable yield
(Scheme 4).

The another enantioselective synthesis of 4-amino-3-
hydroxymethyl 1,2,3,4- tetrahydroquinolines 16 and
17 was attained through a strategy based on the
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intramolecular 1,3-dipolar cycloaddition of nitrones
(Scheme 5)*,

4. Formation of the C,-C4, Bond: The acid catalysed
[4+2] cycloaddition of 1-allyl-1-
aminoarylcyclohexanes was achieved by Zubkov and
co-workers. This method demonstrated an efficient
synthesis of tetrahydroquinolines containing an
isoindolo [2, 1-a] quinoline skeleton. The reaction was

started with homoallylamines, followed by acid-
catalyzed intramolecular cyclization (Scheme 6)°°.
However an efficient route for the synthesis of
enantiopure torcetrapib 24 was explored by Hii and
co-workers. The tetrahydroquinoline intermediate 22
was obtained from the chiral precursor 21 through a
NaBH4/MgCl,-mediated cyclization. The amide car-
bonyl was reduced by NaBH,, and the resulting in-
termediate was subsequently cyclized with the help of
the magnesium salt (Scheme 7)**.
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X
NH,CICO,CHy OMe HN- OMe
LIOtBu FsC /&O NaBH 4F3C steps _
- —>» Torcetrapid
(94%) MgCl, N~ Et (CP-529,414)
ag. HCI H 24
23
Scheme 7

5. Formation of the Cg,-N Bond: Back and Wulff
reported the synthesis of virantmycin 27a employing a
Buckward-Hartwig aryl amination to construct the
tetrahydroquinoline skeleton®. The reaction was initi-
ated with formamide derivative 25, synthesized in
several steps starting from methyl 4-bromo-3-bromo

Me

OMe Me
\\)Q(

100%

— 26 BINAPFu
Ph,P

MeO,C OAC
: Me  pd2(dba)3 m\
NHCHO 7 “OMe
- > N™ Me

methyl benzoate. This benzoate was then transformed
quantitatively into the tetrahydroquinoline 27 by
treatment with [Pd,(dba)s] in the presence of the Keay
ligand BINAPFu 26, and finally led to the antiviral
agent virantmycin 27a (Scheme 8).

HO,C Cl
) - H i Me
CHO

~ “Me H%Me

27 Me Me
28: Virantmycin

Scheme 8

The 3-(N-methylamino) 1,2,3,4-tetrahydroquinoline
derivative 29 is an intermediate for the synthesis of
the dopamine D, receptor agonist sumanirole (PNU
95666E,40) which is a naturally occurring active

compound®®. It was synthesized through the cycliza-
tion of N-methoxyamide 28 using PhI(CO,CF;), fol-
lowed by BH; reduction (Scheme 9).

NHCO,Me NHCO,Me
©/I PhI(COCFs)p, Brf Me N}s_{ttl\e/l[?s NHMe
HN" S0 CFCOH THF
OMe CH,Cl,
28 85% 29
30.Suman|role
Scheme 9
SYNTHESIS OF 1,2,3,4-TETRAHYDRO- was synthesized starting from 2-amino-5-iodobenzyl

QUINOLINES VIA TWO BONDS FORMATION:
The synthesis of the 1,2,3,4-tetrahydroquinoline moie-
ty can be done in several ways via formation of N-C,
with Cg,-N, C3-C4, C4-C4, and C3-C,4 bonds. Few inter-
esting observations are as follows.

1. Formation of the N-C, and C;-C , Bonds: The
construction of the tetrahydroquinoline moiety can be
achieved by creating the N-C, and C;3-C,4 bonds start-
ing from o-substituted anilines and a C,-C; fragment.
For instance, Corey and Steinhagen established an
efficient procedure for the synthesis of the natural
antiviral agent virantmycin 27a. The intermediate 32
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alcohol in a few steps, and the Cs,CO; mediated
intramolecular cycloaddition allowed access to the
virantmycin precursor. This intermediate was then
transformed into the final product 33 in four additional
steps (Scheme 10)*".

Funk and Crawley demonstrated the construction of
the tetrahydroquinoline ring system of the cytotoxic
natural product communesin B (38a) based on an
intermolecular cycloaddition involving an o-quinone
methide intermediate (Scheme 11)®.

2. Formation of the N-C, and C,-C,, Bonds: Yadav
and co-workers demonstrated the diastereoselective

J. Biol. Chem. Chron. 2015, 1(1), 15-36 21
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synthesis of enantiopure tetrahydroquinolines 39. A
variety of different amines bearing both electron do-
nating and electron withdrawing groups afforded the
tetrahydroquinoline rings in very good vyields. The

Me

Cs,CO3

|

CH,Cl, \(;V(
—_—

90% N

@g
IA( o

reaction was carried out using InBr;z as lewis acid cata-
lyst between arylamines and D-glucal, L-rhamnal, and
D-xylal (Scheme 12)°°.
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3. Formation of the N-C, and C,-C ; Bonds: 2-
Amino-(E)-stilbenes were effectively converted into
1,2,3,4-tetrahydroquinoline derivatives where both N-
C, and C,-C; bond formed simultaneously through a
regioselective carbolithiation process®. Initially the
rection was carried out with the N-Boc-protected o-
aminostilbenes  40. After treatment of N-Boc-
protected o-aminostilbenes with alkyllithium reagents
gave lithiated intermediates 41 at low temperature.
With gradual increase of the reaction temperature
from 0°C to room temperature compound 41 convert-
ed into the corresponding tetrahydroquinolin-2- ones
42. On the other hand, the lithiated intermediates 41
reacted with DMF followed by acid treatment to fur-
nish 2-hydroxy-tetrahydroquinolines 43 as a mixture

of two diastereo-isomers in good yields via the alde-
hyde intermediate A (Scheme 13).

4. Formation of the C,-C; and C;-C4 Bonds:
The derivative of (-)-anhalonine 44 reacted with N,N-
dimethylbarbituric acid to give spiro-
tetrahydroquinoline 45 as a single diastereo-isomer by
creating the C,-C; and C3-C4 bonds simultane-ously
(Scheme 14)°'. Hoffmann and co-workers illustrated
the synthesis of tetrahydro-quinolines 47 and 48 in
moderate yields through a domino radical reaction
between N,N-dimethylaniline and furanone 46 in the
presence of catalytic amount of Michler’s ketone as a
sengzitizer under photochemical conditions (Scheme
15)™.

0]
CHO Me\N)J\N,Me
©: 0 OMO
o> n-BUOH, 75C
OMe (69%)
44
Scheme 14
m M
Me\ -M Sens
Acetone
(78%)
48
Scheme 15
5. Formation of the C;-C, and C,;-C,, Bonds: iodoaniline®®. Then the tetrahydroquinolin-4-one

The only available report for the synthesis of
tetrahydroquinolin-4-one involving the creation
of the C;3-C4 and C,;-Cy4, bonds is the palladium-
catalyzed carbonylative cyclization of N-allyl-2-

50 was subsequently transformed into pyrrolo-
quinoline 51 in six additional steps (Scheme 16).

0 CO,Me
E:[ J/ Pd(PPh3 »Cly steps
—> —>
MeOH N
(60%) |
Chz
49 50
Scheme 16
_—
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6. Formation of the Cg,-N and C,-C4, Bonds: The
palladium-catalyzed C-C and C-N bond formation of
bromoalkylamines and functionalized aryl iodides
allowed the synthesis of tetrahydroquinoline deriva-

tives (Scheme 17)%. In this tetrahydroquinoline mole-
cule 54 both Cg,-N and C4-C4, bonds formed by using
heck as well as buckwald reaction successively.

| IIDh Pd(OAc),
©/ HN (10 mol%)
+ -
g Tri-(2-furyl)phosphine ©\/Nj
52 53 Br Norbornene IIDh
CSZCO3 54
mw
Scheme 17

SYNTHESIS OF 1,2,34-TETRAHYDRO-
QUINOLINES VIA THREE OR MORE
BONDS FORMATION: The methods that al-
low the synthesis of 1,2,3,4-tetrahydroquinolines
by creating three or more bonds in a single oper-
ation starting from a benzene derivative and two
or more C,-C3-C,4 fragments is being discussed in
this part. The best example that can specify this
discussion is the Povarov reaction.

1. Formation of the N-C,, C,-C;, and C;-C4,
Bonds: The Povarov and Related Reactions

The three-component Povarov reaction allows
the creation of three bonds, that is, N-C,, C,-C3

R2

and C4-C4, bonds in a single operation (Scheme
18)%.

The diastereoselective synthesis of 2-spiro-
tetrahydroquinoline derivatives 57 was achieved
in moderate yields based on a BF;.OEt,-
catalyzed reaction between 3-N- aryliminoisatins
55 6a6nd substituted methyl styrene 56 (Scheme
19)*".

Zhou and Magomedov demonstrated an interest-
ing intramolecular Povarov reaction for the
asymmetric synthesis of tetrahydroquinoline de-
rivatives 59 and 60 (Scheme 20)°".

K Acid R2 R2
A ci
. catalyst \ [ 4+2]
—_ >
©\ ! g1
NH, O R N~ R N” "R!
H
Scheme 18
Ar
N
0]
56
R? Me
0 R
N MeOH BF3.OEt,
H —_— N —_—
NH, Reflux / (37-64%)
Rl :: \/<
O
[ j N
H
R2 55
Scheme 19

—
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(10 molo) MO

N I .\ —_—

H O Toluene MeO N < 0
MeO I L

H
MeO NH, 59 60
Scheme 20
linking 5-(hydroxymethyl)benzotriazole and

2. Miscellaneous Reactions Involving the Genera-
tion of N-C,, C,-C;, and C ;-Csa Bonds: 2,3,4-
Trisubstituted tetrahydroquinolines were synthesized
through a reaction between arylamines and
phenylacetaldehyde. The reaction was catalyzed by a
polymer-supported benzotriazole that was prepared by

Polymer-supported
benzotriazole _

benzotriazole-5-carboxylic acid with Wang resin,
Merrifield resin, or (monomethoxy)poly(ethylene
glycol) (Scheme 21)%8.

EtOH

(82-88%)

'

major isomer

Scheme 21

3. Formation of the N-C,, C,-C3, and C;-C, Bonds:
A couple of reports by Zhu and co-workers described
the synthesis of oxa-bridged tetrahydroquinolines,
involving the creation of the N-C,, C,-C;, and C;-C,4
bonds in a single operation.The three-component reac-

acetamides and aldehydes in the presence of LiBr
afforded a separable dia-stereomeric mixture of oxa-
bridged tetrahydroquinolines 62 and 63 by creating
one C-N, one C-O, and three C-C bonds in a single
operation (Scheme 22)%.

tion between ortho-aminocinnamates, isocyano-
3 (i(\/COZRZ NRR®
Ro—r
= 1
NHR LiBr
0] — +
+ CN\HJ\NRSR6 Toluene
(40-78%)
OHC_ , R
R
R =H, Me, Bn; R = Me, Et; R®=H, Cl, OAretc 62 63
R = Ph, CH,Ar; NR°R® = piperidyl, morpholyl etc
Scheme 22
—
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4. Formation of More than Three Bonds: The N-C,,
C,-C;, C;3-Cy4, and C,4-C,, bonds can be created in a
single operation through a domino sequence (Scheme
23). The synthesis of 3-spiro-substituted 1,2,3,4-

tetrahydroquinolines was achieved by using a three-
component reaction between arylamines, formalde-
hyde, and p-diketones™.

_ ) - .
RL R 1. Hofmann o) R R3
. Martius type 1
0 Mannich R3 rearrangement R
NHR? EtOH R 2 hcHo
" b<R3 (r4919) | O Mannich N, ©
R
H_H O R3 R
64 O 65

g L
o]

R! = Me, OMe, R? = CH,Ar, dodecyl, etc. R® = H, Me
Scheme 23

SYNTHESIS OF 1,2,3,4-TETRAHYDRO-
QUINOLINES INVOLVING THE FORMATION
OF THE ARYL OR BOTH RINGS: A few proce-
dures are available for the construction of the aryl ring
starting from a piperidine derivative or for the creation
of both rings from completely acyclic precursors or

A Diels-Alder approach was developed for the synthe-
sis of tetrahydroquinolin-2-ones and their fused ana-
logues. For instance, the exodiene lactam 66 reacted
with p-quinones to afford the fused tetrahydro-
quinolin-2-ones 67 in good yields. The procedure was
also extended to the synthesis of hexahydro and

; Sl A 71
from substrates bearing a furan moiety as a benzene dihydroquinoline  derivatives  (Scheme  24)™.
ring precursor.
Ph " Toluene Ph O
Ts Pz heat
* ‘O (70-84%) O‘
o7y
Bn o
66
Scheme 24
thesis of 3-chlorol,2,3,4-tetrahydroquinolines bearing
SYNTHESIS OF 1,2,3,4-TETRAHYDRO- a quaternary C-2 carbon. A large variety of R,R-
QUINOLINES INVOLVING REARRANGE- disubstituted indoline-2-methanols 68 were treated

MENT REACTIONS: The literature survey shows
only a few reports describing the synthesis of 1,2,3,4-
tetrahydroquinolines through rearrangement reactions.
Kogen and co-workers illustrated a novel rearrange-
ment of indoline-2-methanol derivatives for the syn-

with triphenylphosphine (3 equiv) and CCl, (10
equiv) under reflux conditions to afford the corre-
sponding 3-chloro tetrahydroquinolines 69 in good
yields (Scheme 25)%

cl
H Rt PPh3, CC|4 \t')Rl cl
- 5 OH OH — o o —_— 1
[ I r— oM Ter7any %’ ©\/\/E\\R
N R w? PPh NT R N YR?
68 CI3 69 H
R, = Me, Et, i-Pr, vinyl, propergyl, etc
R, = Me, n-Pr, CH,OMe
Scheme 25
e
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SYNTHESIS OF 1,2,3,4-TETRAHYDRO-
QUINOLINES INVOLVING THE REDUCTION
OF QUINOLINES: The partial hydrogenation of
quinoline derivatives is a straightforward method for
the synthesis of 1,2,3,4-tetrahydroquinolines. The
traditional procedures for this reduction include plati-
num, palladium, and cobalt-catalyzed hydrogenations,
metals in acids (Sn/HCI, Zn/HCOOH, Zn/CH;COOH,
etc), and hydride reduction. Whereas recent work on
the partial reduction of quinolines to 1,2,3,4-

Zn/AcoH \\ \Zn/AcOH
=) LHQ —

R = 3-Me, 4-Me, 3-Br

tetrahydroquinolines, giving a special emphasis to the
asymmetric version of this process.

1. Partial Hydrogenation of Quinolines to Racemic
1,2,3,4-Tetrahydroquinolines: Grignon-Dubois and
co-workers reported a novel Zn/AcOH promoted syn-
thesis of fused tetrahydroquinoline derivatives based
on a cascade reaction of dihydroquinoline derivatives.
This dimerization-cyclization cascade allowed the
formation of two C-C bonds and four to five
stereogenic centers (Scheme 26)".

Scheme 26

2. Synthesis of Biologically Relevant 1,2,34-
Tetrahydroquinolines  via  Hydrogenation  of
Quinolines: Tetrahydroquinoline based

from 3-aminoquinoline. The quinoline ring was par-
tially hydrogenated in the presence of Pd/C to allow
the corresponding tetrahydroquinoline derivative

farnesyltransferase inhibitors A, were synthesized (Scheme 27)™.
R2
NHBoc '
N Pd/C, H, NHBoc steps NC N\SO Rl
_ —_— 5 2
N AcOH, MeOH N
(46%) H N l>/|e
N
22:R! = aryl, heteroaryl system | />
R? = Bn, CH?’CONH'Bu N
Scheme 27
3. Synthesis of tricyclic oxazino-/oxazepino- allowed the synthesis of 2-alkyl-1,2-

tetrahydroquinolines: Recently Mondal et.al has
introduced an intramolecular partial reduction in the
presence of zinc dust in acetic acid to get fused
tetr%hydroquinoline as exclusive product (Scheme
28)".

4. Quinoline Reduction Involving the Addition of
Nucleophiles: The reductive 2-alkylation of quinoline
with organolithium reagents, followed by N-acylation

AE

E RESEARCH CO

dihydroquinolines 71. Then the intermediate 71 was
transformed into tetrahydroquinoline derivatives hav-
ing modulating activity in multidrug resistance
(MDR). Thus, epoxide 72, obtained by oxidation of
the C5-C,4 double bond of compound 71 with mCPBA,
was opened with a number of amine nucleophiles in
the presence of LiClO, to afford the corresponding
tetrahydroquinolines 73 and 74 (Scheme 29)".
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CICOCH,CI
N THF, K3PO, N
H
OH %\‘ OH
0 cl
= BrCH,CO,Et = Zn/ MeCOOH
\N K,CO5/dry acetone \N 45 min, rt N
OH reflux EtO o 92% )»\/O
94% o>\/ 0
Scheme 28
2
1.MeLi O Amine R2 B
N 2R'cocl X _m-CPBA L|CIO4 O R OH
= MeCN \[O]/ ¥ .
N Me N “Me
H
R" o
71 72 33A 33 (35-48%)
R1 = p-tolyl
R2 = NHMe, NHBn, pyrrolidyl etc
Scheme 29

Another procedure that can be considered as rather

similar to the previous one, with potential advantages,

was developed recently for the synthesis of 1,2,3,4-
terahydroquinolines substituted at C-, and C4. This

OH

X
N

N Alumina (basic)

Microwave
10 min

R1=H, CH,

R, N
@
N R,

method involves the tandem conjugate addition-
cyclisation of hydroxy-quinolines or isoquinolines to
the N-aromatic system (Scheme 30)"".

OH

©\)\/L
pZ
N~ OH

Alumina (basic) 2

Microwave
| 10 min

CH,

R2 = H, CH3, OCH3

Scheme 30

SYNTHESIS OF TETRAHYDROQUINOLINES
WITH OTHER HYDROGENATION PATTERNS:
Although 1,2,3,4-tetrahydroquinolines are the most
common tetrahydroquinoline system, a considerable
number of reports are also available for the synthesis
of 5,6,7,8-tetrahydroquinoline derivatives.

1. Synthesis of 5,6,7,8-Tetrahydroquinolines by
Construction of the Pyridine Ring: The palladium-

A

E RESEARCH CO
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catalyzed oxidation of y-hydroxy-enaminones 74 al-
lowed the synthesis of 5,6,7,8-tetrahydroquinolin-5-
ones 75 in moderate yields. The starting y-hydroxy-
enaminones 74 were prepared from cyclic 1,3-
dicarbonyl compounds and the y-amino alcohols were
prepared under mild conditions in the presence of
molecular sieves (Scheme 31) [78].
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2. Synthesis of 5,6,7,8-Tetrahydroquinolines by
Construction of the Cyclohexene Ring: A set of
6,7,8,9-tetrahydro-5H-cyclohepta[b]pyridine  deriva-
tives were found to be potent and selective opioid
receptor like antagonists. This opiod was obtained
from the corresponding 6,8-disubstituted 5,6,7,8-
tetrahydroquinoline derivative 77’°. Compound 78
was in  turn synthesized from 2-chloro-3-
cyanopyridine in several steps, where the key reaction
was the base-promoted cyclization of pyridine deriva-
tive 76 (Scheme 32).

3. Synthesis of 5,6,7,8-Tetrahydroquinolines Start-
ing from Acyclic Precursors: The creation of both
rings of 5,6,7,8-tetrahydroquinoline in a single step
starting from acyclic precursors is rare, and the only
report of this type of transformation in the literature is

the cobalt catalyzed synthesis of 5,6,7,8
tetrahydroquinolines from diynenitriles (Scheme
33)%.

4. Synthesis of 1,4,4a,8a-Tetrahydroquinolines:
1,4,4a,8a-Tetrahydroquinolines are readily available
using a diene-transmissive Diels-Alder strategy
(Scheme 34)%.

5. Synthesis of 2,3,4,4a-Tetrahydroquinolines:
Povarov reactions starting from 2,6-dimethylaniline
afford tetrahydroquinoline derivatives with a2,3,4,4a-
tetrahydro hydrogenation pattern. This reaction cannot
be transformed into the more stable 1,2,3,4-
tetrahydro-one, because of the presence of a methyl
group at the ring fusion (Scheme 35)%.

i "o Molecular QO Pd(OAD, i
+ S|eves THF [ j 5 PPh3, K2COs N
e) Mesityl bromlde Z
HoN R2 N
74
Rl =H, Me
R2 = H,Me, CHzoMe
Scheme 31
| S steps | S CO2EL NaHDMS | A ~COE | S
P = -|II\
N el i Br B1%) Nig N N
OTES OTES HO
75 76 77 (ORL1 antagonist) Ar
Scheme 32
=N CIMe,SiNEt 3
N (\\R CpCO(CO)z | NaeR tBar - R | NS
_ Toéltjﬁgre or = H,0, =
== s| Me (5 61%) M
€-si-o OH
79 Me 80
Scheme 33
.R R
I OEt H
I meozc 0,C—=—GO,Me ,_
Toluene g
81 It a Toluene
110c Ph™ - 110 C MeO,C Ph
R SO;Me, SO.Ph  (68-88%) 82 (68-88%) CO,Me
minor major 84 2
Scheme 34
A\ i
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Me CHz0 Me T\
Cyclopentadiene
NH5 (65%) SN
M -
e Cl Me 85
Scheme 35
TRANSFORMATION OF TETRAHYDRO- 1. Methods that Create Additional Rings Fused to
QUINOLINES INTO OTHER the N-C, Bond: The creation of additional rings fused

HETEROCYCLES: A significant number of reports
have been published documenting the creation of ad-
ditional rings fused to either the tetrahydropyridine
ring (N-C,, C,-C3, or C3-C,4 bonds) or the ring junction
between both rings (N-Cs, and Cs-Cg, Or C4-Cy, and
C42-Cs bonds) of tetrahydroquinolines.

to the N-C, bond of the 1,2,3,4-tetrahydroquinoline
system has been generally achieved by introducing
suitable substituents on the nitrogen atom. The target
molecule was achieved by their subsequent reaction
with the C-2 carbon or with substituents at C-2
(Scheme 36)%.

+4¢€, +4H
Ze -H pH 45 PCI3
T NaCN_ (30%)
(45%)

Scheme 36

2. Methods that Create Additional Rings Fused to
the C,-C; Bond: The creation of additional ring fused
to C,-C; bond of the 1,2,3,4-tetrahydroquinoline sys-
tem has been achieved by introducing suitable substi-
tution attached to the C, and Cs carbon followed by
their subsequent reaction. As for example acylation of

the secondary alcohol 89 with acryloyl chloride fol-
lowed by a ring-closing metathesis reaction in the
presence of Grubbs first generation catalyst
(C4sH7Cl,P,RuU) afforded the pyrano [3,2-b]quinoline
90 in good yields (Scheme 37)%".

1. Acrolyl
chloride

MEMO WOH

(62%)

Me
89

2. Grubbs |

MEMOW

90

Scheme 37

3. Methods that Create Additional Rings Fused to
the C;-C, Bond: Another known protocol developed
by Khadem and co-workers was also employed for the
creation of an additional ring fused to the C;-C, bond.
The regioselective nucleophilic ring-opening of the
readily available epoxide 91, with alcohols in the
presence of CAN afforded diastereoselectively the
tetra-substituted 1,2,3,4-tetrahydroquinoline deriva-
tive 92. Subsequent tosylation of the primary alcohol
group, followed by a base-promoted cyclization, fur-
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nished the C;-C,-fused
(Scheme 38)%.

4. Methods that Create Additional Rings Fused to
the N-Cg, and Cs-C g, Bonds: However another suc-
cessful protocol was employed for the creation of an
additional ring fused to the N-Cg, and Cg-Cg, bonds of
tetrahydroquinolines (Scheme 39). The palladium
catalyzed ring-closure of 2-alkynylanilines was an
efficient methodology to obtain indole derivatives®.

tetrahydroquinoline 93
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O/\/OH Q/\/OTS o
©\/<J Ho >-CH OH Tscl Py “_OH KOH O
SAN/MeCN @(j/ T 73%) ©\/j/, MeOH
(87%) N Me (88%) N Me
Ar/go O)\Ar
93

91 92

Scheme 38

PdCl,
H MeCN
—_—
f (70-87%)
Me ] Me
94
R = Br, CN, CO,Et
Scheme 39

5. Methods that Create Additional Rings Fused to
the C4,-C,; and C4,-Cs Bonds: The 5-amino-
substituted 1,2,3,4-tetrahydro-quinoline 96 obtained
from catalytic hydrogen-ation of the m-nitro aniline.
This reaction proceeds according to Katritzky’s

benzotriazole Povarov-like protocol. Initially it was
heated at 105-110°C under solvent-free conditions to
afford a sequence of condensation and oxidation reac-
tions to give pyrido[4,3,2-de]quinazolines 97 in good
yields (Scheme 40)*'.

NHZHN/KO Neat N7 NH Né\lN
105-110°C [0]
E—
- 0,
N R (63-67%) N R NOR
H H H
96 97
Scheme 40
CONCLUDING REMARKS:
The interesting structural features of REFERENCES:

tetrahydroquinoline have provided the synthetic
chemist with a rich and challenging set of targets. It
seems likely that additional members of this family
will be discovered soon and will set the stage for new
biochemical and biological investigations. Moreover,
knowledge concerning the biosynthesis of this family
of compounds is not well advanced and constitutes yet
another fascinating area of future investigation. It can
be anticipated that two of the areas that will probably
experience the fastest growth will be the development
of step- and atom-economic methods based on the use
of multi-component and domino strategies. There is
every expectation that this review will provide some
valuable information to the chemical community such
that the work in this topic will continue in near future.
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