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Abstract

Pyridazino[4,5-b]indole is an important class of heterocyclic compounds with numerous applications in the
field of medicinal chemistry. This review summarizes the synthetic methods of pyridazino[4,5-b]indoles
published during the period from 1962 to 2022. In this review, we have discussed different methods for the
synthesis of pyridazino[4,5-blindole from various starting materials and the difficulties that scientists faced

during the preparation process. We focus on the recent developments in synthetic methods of the pyridazino
[4,5-b]indoles.

Pyridazino[4,5-b]indoles Biological importance of pyridazino[4,5-b]indoles
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H v' As thromboxane A2 synthetase inhibitors
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1. Introduction

Pyridazino[4,5-b]indole’s nucleus contains two heterocyclic cores that interact with many receptors and are
important to biological and metabolic processes within the body.}™ Because of their bioisosterism with y- and
B-carboline, these two heterocyclic compounds have a wide range of uses in medicinal chemistry.

Pyridazino[4,5-b]indole derivatives have therapeutic effects as they act as thromboxane A2 synthetase
inhibitors,> phosphatidylinositol 3-kinase (PI3K) inhibitors,® and they have antimicrobial and antiproliferative
effects in different cell types.” Also, they have inhibitory effects against cancer cells such as human
neuroblastoma IMR-32 cell lines (Figure 1), hepatocellular carcinoma Huh-7, human primary glioblastoma U-
87, prostate carcinoma PC3, colorectal adenocarcinoma Caco2, breast cancer cells MDA-MB-231, colorectal
carcinoma HCT-116, one normal cell line (fibroblasts), lung carcinoid NCI-H727, and MCF 7; additionally, they
inhibit enzymes in cancer cells.®12 Moreover, pyridazino[4,5-b]indole derivatives provide powerful therapeutic
effects for different diseases related to acute and chronic inflammation,*® neuroinflammation, and neoplastic
progression.14
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Figure 1. Bioactive pyridazino[4,5-b]indole derivatives.

Pyridazino[4,5-b]indole-derived drug molecules have been used in the treatment of a number of diseases
such as neurological disorders,*> congestive heart failure (CHF),*® human immune deficiency virus (HIV-1),%7
arterial hypertension'® for many years and can be regarded as interesting compounds from a pharmaceutical
point of view. Nevertheless, as with other classes of pharmaceutically used compounds, there is continuing
interest in the systematic variation of the chemical structure of such agents in order to investigate the
possibility of further optimization of their pharmacological and pharmacokinetic profiles as well as discovering
new uses. For instance, 1-hydrazino-4-(3,5-dimethyl-1-pyrazolyl)pyridazino[4,5-b]indole (A80a) can be used for
treatment of hypertension as a new structural analog of the well-known antihypertensive agents,
dihydralazine (Nepresol®),*® and hydralazine (Apresoline®).2°

NHNH,
NHNH, NHNH, Sy
SN | 1 .HCI
~N | | =
| ' _N N
N H N=N
3 4 NHNH, \
, 5 H3C/§)\CH3
Hydralazine Dihydralazine
(Apresoline) (A 80a)

(NepresolR?)

Figure 2. Some well-known antihypertensive agents.

2. Synthesis of Pyridazino[4,5-b]indoles

2.1. From ethyl indole-2-carboxylates. It was reported?'?? that the ethyl indole-2-carboxylates 622325 were
treated with DMF and POCIs according to Vilsmeier’s reaction, affording 71223228 in high yield. Reaction of 7
with hydrazine hydrate and/or substituted hydrazines in ethanol under reflux gives pyridazino[4,5-b] indol-4-
ones 81223.26.27 (Scheme 1).

El-Gendy et al. found that,?® formylation of compounds 9 and 10 with POCl; in DMF in a similar way
described previously (James and Synder 1959) giving 2-ethoxycarbonyl-3-formylindole 11, 12. Alkylation of the
latter compounds with ethyl iodide by phase-transfer catalysis (Barco et al.,, 1976), using
benzyltriethylammonium chloride as catalyst and 50% of NaOH in benzene gave the corresponding 2-
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ethoxycarbonyl-1-ethyl-3-formylindoles 13,14. Heating of 13-16 with hydrazine hydrate under reflux gave 5H-
pyridazino[4,5-b]indoles 17-20. Reaction of 17-20 with formalin and appropriate secondary amines by heating
under reflux in ethanol containing drops of acetic acid gave the Mannich bases 21-40 (Scheme 2).

R1

1 1 ~
R | POCI,DMF R | CHO  R2NHNH,H,0 | E
N OC,H;5 \ OC,Hs N “R?
|
R O R O RO
6 7 8

25 Rl - R2-
Lit.2! R1=H,CH;0, C,H50, CgHsCH,O, R = H, CHs Lit™R"=R= H, R = -(CH,),CHs

Lit.?2, R" = H, alkyl, alkoxy, aryloxy, aryl, OH, R = H, alkyl, acyl, aryl Lit?”, R=R'=R*=H

Lit.'2, R = H, R2 = Me, Ph, 3,4-dimethylphenyl, 3,4-dimethoxyphenyl,
4-Fluorophenyl, 4-chlorophenyl, 4-bromophenyl, R= H, Me

Scheme 1. Synthesis of pyridazino[4,5-b]indol-4-ones 8.

\©j\ POCIy/DMF \@\—/t CoHs-| \©\_/(
COOEt COOEt +CI COOEt

NaOH/R4N
9,1 50%,
11,12 13-16

R=H, Br

R'= N(CHj3),, N(CsH5),, pyrrolidinyl, piperidyl, morpholinyl N,H4.H,0

R?=H, C,H5

R | \r}l CH,0/2° amine R NN
N N CH,R, WNH
R O R2 O
21-40 17-20

Compd.No. R R! R? Compd. No. R R! R2

21 H N(CHs)2 H 31 Br N(CHs)2 Et

22 H N(CH2CHzs)2 H 32 Br N(CH2CH3s)2 Et

23 H  pyrrolidinyl H 33 Br  pyrrolidinyl Et

24 H piperidyl H 34 Br piperidyl Et

25 H  morpholinyl H 35 Br  morpholinyl Et

26 H N(CHs)2 H 36 Br N(CHs)2 Et

27 H N(CH2CHzs)2 H 37 Br N(CH2CHzs)2 Et

28 H  pyrrolidinyl H 38 Br  pyrrolidinyl Et

29 H piperidyl H 39 Br piperidyl Et

30 H  morpholinyl H 40 Br  morpholinyl Et

Scheme 2. Synthesis of Mannich bases 21-40.
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In continuation to the previous work,?° EI-Gendy et al. found that the reaction of compounds 41a-c with
POCI3/DMF gave 3-formyl-substituted-1H-indole-2-carboxylic acid ethyl esters 42a-c. The substituted-3H-
pyridazino[4,5-b]indol-4(5H)-ones 43a-c were prepared by boiling 10a-c with hydrazine hydrate for six hours
with 80% yield; under microwave irradiation, only 3 min were required to reach better yields (Scheme 3).

CHO “ ~N\NH
X \ POCK | N NHzNH,H0 7 \
COOC,Hy — 228, COOC,Hy ————">
N DMF N CH30H N O
2 X3 X5
41a-c 42a-c 43a-c
a, X1=Cl X2=H a, X1=Cl X2=H a, X1=Cl X2=H
b, X1=F X2=H b, X1=F X2=H b, X1=F X2=H
c, X1=Cl X2=ClI c, X1=Cl X2=Cl c, X1=Cl X2=ClI

Scheme 3. Synthesis of substituted-3H-pyridazino[4,5-b]indol-4(5H)-ones 43a-c.

Hiremath et al.3° described that the 4-oxo-5H-pyridazino[4,5-b]indoles 45 were obtained from 3-
formylindole-2-carboxylates 44 by reaction with hydrazine hydrate (Scheme 4).

| OR! NH
N N
H H

o}
44 © 45

R = CHg, OCHs, Br, OC,Hs, Cl
R‘1 = CH3, C2H5

Scheme 4. Hydrazinolysis of 3-formylindole-2-carboxylates 44.

Namirski et al.3132 found that reaction of ethyl-4,5-benzindole-2-carboxylate 46 with POClz and N-
formylmorpholine in dioxane gave ethyl 4,5-benzo-3-formylindole-2-carboxylate 47 which reacted with

hydrazine hydrate in N, N-dimethylformamide (DMF) to give the corresponding 8,9-benzo-3H-pyridazino[4,5-b]
indole 48 (Scheme 5).

)
O POCI,/ N O CHO O X
3 CHO N2H4_H20 | l}l
| | NH
N “COOC,Hs N” "C00CHs

N
o)
46 47 48

Scheme 5. Synthesis of 8,9-benzo-3H-pyridazino[4,5-b]indole 58.

In 2014, it was reported that,3 the Friedel-Crafts acylation of the ethyl 5-methoxy-1H-indole-2-
carboxylate 49 with a wide variety of acid chlorides in the presence of tin(IV) chloride in methylene chloride-
nitromethane gave the corresponding indole derivatives 50a-d which were cyclized with hydrazine hydrate in
ethanolic solution to afford the expected pyridazino[4,5-b]indol-4-ones 51a-d (Scheme 6).
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o) \ | R |
0]
COOC,H RCOCI NH-NH-H,0 ©O
m 215 N—Cco0C,H, 222t
H CH2C|2, CH3N02 N EtOH
SnCl H
49 4
50a-d

a.R= CGH5 b, R= p-CH3OCGH4 C, R= p-F3CC6H4 d, R= @\
0)

Scheme 6. Friedel-Crafts acylation of the ethyl 5-methoxy-1H-indole-2-carboxylate 51.

Also, Cheung et al.3* mentioned that, the deprotonation of the commercially available indole 52, with
sodium hydride in DMF, followed by treatment with methyl iodide, gave the desired N-methylated
intermediate 53. Acylation of 53 at C3 was achieved using TiCls and methyl 3-chloro-3-oxopropanoate in
dichloroethane at 40 °C for 15 h, which gave keto diester 54. The necessary N,N-dimethylamide moiety at C1
55 was achieved through displacement of the methoxy group of 54 with dimethylamine in toluene and THF in
a sealed tube at 110 °C for 15 h. Final condensation with phenylhydrazine (R= phenyl) gave the lead compound
56. To date, this stands as the shortest reported synthesis of this particular TSPO ligand. Diversification at the
N3 position of 8 was achieved through condensation of key intermediate 55 with a series of monosubstituted
aryl hydrazines (31-50%). The hydrazines chosen focused upon variation of the endogenous N3-phenyl ring,
with particular attention towards preliminary SAR and functional groups amenable to PET ligand development,
namely the presence of a fluorine atom and groups that would facilitate radiolabeling with 8F through an
ipso-type substitution. The groups explored included: a substituted phenyl ring (2-, 3-, 4-positions) (56b-e); a
2-pyridyl ring 56f; a substituted 2-pyridyl ring (56g-h) (Scheme 7).

SN
00 Q
N NaOH, Mel N\ cI’~"07
COOEt __ 22 Vel COOEt N cOOEt
Cl N DMF  Cl 53 N TiCK4,  ClI N
52 CHj DCE, 40 0C 54 CH,
DMA, DMAP
a, R=Ph THF, toluene, 110 0C
b, R= 2-Fluorophenyl \
¢, R= 3-Fluorophenyl 0 N
d, R= Nitrophenyl 0 ~
e,R= 4-Fluorophenyl
f, R= Pyridyl R-NHNH, S
g, R= Fluoro-2-pyridyl -~ COOEt
h, R= chloro-2-pyridyl cl AcOH, EtOH cl N
i, R= Bromo-2-pyridyl \ 80 oC )
PYRey 56a-i CHa 55 CHs

Scheme 7. Condensation of key intermediate 55 with a series of monosubstituted aryl hydrazines.
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2.2. From 2-indolecarbohydrazides. In 2009, it was described3>3® that the 5H-pyridazino[4,5-b]indoles 59%7
can be prepared by boiling ethyl 3-formylindole-2-carboxylates 57 with hydrazine hydrate or by direct
formylation3® of the corresponding 2-indolecarbohydrazides 58 with DMF/POCI; (Scheme 8).

1 R! R!
R POCI, / DMF SN NyH4H,0 |
NHNH, NH

CHO

N |
|

58 59

OC,Hs

Lit.3® R'= CI, R = H, CH3, CH,CgHs
Lit.3® R'= H, R = CH,Ph

Scheme 8. Formylation of the corresponding 2-indolecarbohydrazides 58.

In a similar fashion, treatment of the hydrazides 58 with aldhydes or ketones in isopropyl alcohol in the
presence of HC| effected cyclization into the pyridazinone derivatives 60 in good yield3® (Scheme 9).

R? RS
R’ R?
| R2COR3 T
NHNH, NH
N 2-PrOH / HCl N
R O R O
58 60
R =H, CH, R2=H, CH,4
R1 =H, CGH5CH20, C2H5O R3= CSHS

Scheme 9. Treatment of the hydrazides 58 with aldehydes and ketones.

A simple preparation for 4-oxo-3,4-dihydro-5H-pyridazino[4,5-blindoles 61 was achieved by
cyclocondensation of the 2-indolecarbohydrazides 58 with N, N-dimethylamides and POCIs**(Scheme 10).

R3
2
A | pocl, R SN
3
N NHNH, + R3CON(CHj3), l NH
|
N
R'" O 51
58 a)R'=R?=H R CHs o

R2= H, PhCH,0 61

b) R' = CHz, R*= CeHsCH20  R3= H CH3, CHyCH,, n-CaHy, 4-CICeH,

Scheme 10. Cyclocondensation of the 2-indolecarbohydrazides 58.

2.3. From intramolecular cyclization of (N-methylindole)carbohydrazones. Intramolecular cyclization of
compound 63 in EtOH-HCI and subsequent removal of the ethoxycarbonyl group with NH,NH>'H.O gave the
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1,2,3,4-tetrahydro-4-oxo-5H-pyridazino[4,5-b]indole 65. Oxidation of 65 with potassium permanganate gave
66 quantitatively!?3%4! (Scheme 11).

1 p2
R'R R1 R2 R1 Rz
AN
1N cicooc,Hy N, CzHsOH / HC o
NH | | I
N N(C2Hs)3 NN NN
CH3 (@] | |
R CH; OCOOC,Hs5 g4 CHs OCOOC:H;
62
12 R'=H
C6H5 CGH5
I NH
\ NH N
|
CH; O CH; O
66 65

Scheme 11. Synthesis of 5-methyl-1-phenyl-3,5-dihydro-4H-pyridazino[4,5-b]indol-4-one 66.

2.4. From phenylhydrazine. In 2016, Panathur et al.*? reported that, the basic indole moiety was built by
precise and proficient three-step synthesis following Fischer indole synthetic protocol (Humphrey and Kuethe,
2006) as given in Scheme 12. Alkylation of the indole-2-carboxylic ester intermediate 69 with propargyl
bromide gave alkylated compound 70. The intermediate 70 was then acylated at position 3 by following
Friedel-Craft acylation protocol using AICl; as the Lewis acid catalyst to give the acetyl derivative 71. The
indole-fused pyridazinone ring system 72 was then constructed by refluxing intermediate 71 with hydrazine
hydrate in ethanol (Scheme 12).

CHs
R Toluene, 100°C R o—/
\©\ ethyl pyruvate \©\ > m
N,NH2 \HJ\ N @)
H HOAc, EtOH, 80 °C 69ab
67a,b 1 68a,b a,R'=H propargyl bromide
a,R'=H b,R'=F a,R'=H | TBAB
b,R'=F b,R"=F | K,CO3 DMF
0

CH3
3

§ ot _CHsCOCI m
N o) AICl3,DCM

) 71a,b ) 70a,b
Y

% v

a,R1=H
b,R1=F

Scheme 12. Synthesis of indole-fused pyridazinone ring system 76a,b.
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In 2012, It was reported that,*® the synthetic pathway to obtain the 5-benzylated compounds is shown in
Scheme 13. Key intermediates ethyl indole-2-carboxylates 76, 79, 80 can be prepared by intramolecular
cyclization of the corresponding ethyl pyruvate 4-bromophenylhydrazone 78 in polyphosphoric acid (PPA) as a
catalyst, according to Fischer’s indole synthesis or by esterification of commercially 5-fluoro 77 and 5-
methoxyindol-2-carboxylic acids 78. Friedel Crafts acylation using aluminium trichloride and acetyl chloride
gave indoles 81 and 82 with good yields. Moderate yield obtained for compounds 83 was due to the effect of
the electron-donating methoxy group which activates the benzene ring and orients electrophilic attacks in
ortho position. Condensation of hydrazine provided 4-oxo-3,4-dihydro-5H-pyridazino[4,5-b]indoles 84-86.
Finally, and as expected, treatment of these compounds with sodium hydride and 3- or 4-substituted benzyl
bromides afforded the target molecules 87-104.

Compd. No R! X Compd. No R! X
87 Br 4-NO, 96 3-CN
88 Br 3-NO; 97 4-OMe
89 Br 4-CN 98 3-OMe
90 Br 3-CN 99 OMe 4-NO;
91 Br 4-OMe 100 OMe 3-NO;
92 Br 3-OMe 101 OMe 4-CN
93 4-NO; 102 OMe 3-CN
94 3-NO; 103 OMe 4-OMe
95 4-CN 104 OMe 3-OMe
0
Br\©\ i) NaNO2, HCI, 0°C Br\©\ ethyl pyruvate, Br\©H\30\|HJ\o/\0H3
NH; ii)SnCI2, HCI, 0°C NHNH; FtoH N o
, , H 79%
73 74 85% 75
PPA
o 1 85°C, 3h
CHs
R! ( _AcCL AICE, N COOH SOCl, EtOH, 3n R \
N COOH  yy.cl,. relux N e \©\/H>7000Et
| 81, R'= Br (75%) 77, R'=F 76, R'= Br (95%)
NH,NH, H,0 | 82, R'= F (71%) 78, R" = OCHjs 79, R'= F (85%)

EtOH, reflux | 83, R'= OCH; (51%)

i)NaH, DMF, rt.30 min

80, R'= OCHj; (95%)

84, R'= Br (79%)
85, R'=F (72%)
86, R'= OCHj; (84%)

i) Benzylbromide,DMF,rt, 8h

87-104 (44-85%)

X
Scheme 13. Synthesis of 8-subsituted-5-benzyl-1-methyl-3,5-dihydro-4H-pyridazino[4,5-b]indol-4-one 87-104.
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2.5. From 2-acetylindole-3-carboxylic acid. Haider et al.** had done a modification on the procedure of
preparation of pyridazino[4,5-blindole 107 which was reported previously by Zhungietu et al.** by
condensation of 2-acetylindole-3-carboxylic acid 105 with hydrazine hydrate at elevated temperature. This
reaction, however, suffers from poorly reproducible yields which reflect the high decarboxylation tendency of
the starting material, causing a significant side reaction (formation of 2-acetylindole or its hydrazone,
respectively). It could substantially improve this step by first transforming the keto acid 105 into a suitable
activated derivative under mild conditions and subsequent treatment of this intermediate with hydrazine
hydrate. For this purpose, the imidazolide 107 was found to be a good choice, as it can be easily prepared in
an inert solvent at room temperature by treatment of 105 with 1,1’-carbonyldiimidazole (CDI), and without
isolation this compound smoothly undergoes hydrazinolysis to afford the pyridazinone 107. Also
monosubstituted hydrazines can be employed in the cyclization reaction with 107 to afford the 2-substituted
products 108a and 109, although yields are somewhat lower and, in the case of methylhydrazine, formation of
small amounts of an isomeric side product 108b was observed (Scheme 14).

O o) o)
AN
| OH  CDI/THF | N_ N,H,4 H,0 j NH
o)
N 2h,rt. N O EtOH N _N
H H
CHs CH CH
105 106 ° 107 °
CH3NHNH, NH;NHCgH5
EtOH EtOH
(0] O 0
_CH
| l\ll 3 |\’}l | N,C6H5
N + N* \
N N" Y ch NN
CHs CHs H o cH
108a 108b 109 3

Scheme 14. Reaction of 1-(3-(1H-imidazole-1-carbonyl)-1H-indol-2-yl)ethan-1-one 106 with hydrazine hydrate.

However’ treatment of the 2-acetyl indole-3-carboxylate 105 with methyl iodide in DMF and potassium
carbonate afforded N-methyl-2-acetyl indole-3-carboxylate 110. Hydrazinolysis of the later compound 110
with hydrazine hydrate in boiling ethanol gave the corresponding 4,5-dimethyl-2,5-dihydro-1H-pyridazino[4,5-
blindol-1-one 111. Alternatively, reaction of the N-unsubstituted pyridazinoindole 107* with an equimolar
amount of methyl iodide in dry DMF in the presence of potassium carbonate afforded only the corresponding
pyridazino[4,5-b]indole 111 (Scheme 15).

In 2008, Haider et al. reported that?® the introduction of the desired alkyl residues at the indole nitrogen
is preferentially accomplished before the pyridazinone unit is formed. Thus, the reaction of 2-acetylindole-3-
carboxylic acid*® 105 with a larger excess of alkylating agent (generally an alkyl iodide, with the exception of
benzyl bromide) can be safely employed, effecting N-alkylation and esterification of the carboxylic group at
the same time. The resulting ester 112 functionality, in turn, offers the additional advantage of facilitating the
subsequent ring-closure reaction with hydrazine, because free carboxylic acids of this type have been known
to undergo concurrent decarboxylation very easily.*” Although also this procedure gives only low to moderate
yields, the sequence can be carried out very conveniently in a one-pot manner and opens a simple and short
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access to compounds of type 113 which are free of any contamination by 2,5-disubstituted derivatives

(Scheme 16).
0]
O o]
| SH Mel | o M3 N,H, H,0 NH
—_— e )
N K,COs3 / DMF N O EtOH Nl ~N
' I
" 1050|-|3 CHs CHa CH; CHs3
110 111
K2CO31 DMF Me|,1 eqUiV.
(0]
[ "
NN
1077 CH,
Scheme 15. Synthesis of 4,5-dimethyl-2,5-dihydro-1H-pyridazino[4,5-b]indol-1-one (111).
@)
NH
COOH COOR N,H, H,0 N
{ 0 RX/K,CO35 A EtOH N/
N CHs; DMF N CH, N  CHs
H R R
105 112a-e 113a-e

a, R= ethyl b, R=n-propyl c, R= n-butyl
d, R= n-pentyl e, R=benzyl

Scheme 16. Synthesis of 4,5-dimethyl-2,5-dihydro-1H-pyridazino[4,5-b]indol-1-ones 113.

In 1982, Zhungietu et al.*> described that the 5H-pyridazino[4,5-b]indol-1-ones 115 were prepared by
heating 2-acetylindole-3-carboxylic acids or 2-aroylindole-3-carboxylic acids 114 with hydrazine hydrate in

ethylene glycol or ethanol (Scheme 17).

o]
R | R’ l
R? _N
N EtOH or ethyene glycol N
ma O s R
115

114, 115, R'= H, Br, Cl, OCH,, CHj4
R2 = CHj, CgHs, substituted CgHs

Scheme 17. Synthesis of 5H-pyridazino[4,5-b]indol-1-ones 115.

Page 11 of 31 ©AUTHOR(S)



Arkivoc 2023 (i) 202211949 Farghaly, A.-R. A. H.

2.6. From dimethyl indole-2,3-dicarboxylate. N-Alkylation?®> of dimethyl indole-2,3-dicarboxylate 116*® with
an excess of the appropriate alkyl iodide (or benzyl bromide or allyl bromide, respectively) in the presence of
potassium carbonate in dimethylformamide solution afforded the intermediate N-alkyl esters 117a-f which
was reacted with hydrazine hydrate to give the 5-alkyl-substituted 1,4-dihydroxypyridazino[4,5-b]indole
derivatives 118a-f in satisfactory yields (Scheme 18).

o)
COOCHS; COOCH; NH
RX/K,CO3 N NyH4 H,0 NH
\ COOCH COOCH; — > A
3 EtOH
g R vo0
116 117a-f R 118af

117, 118, a, R= ethyl b, R= n-propyl ¢, R= n-butyl
d, R= n-pentyl e, R=benzyl f, R=allyl

Scheme 18. Synthesis of 5-alkyl-substituted 1,4-dihydroxypyridazino[4,5-b]indole derivatives 118a-f.

Reaction of diethyl 4,6-dichloroindole-2,3-dicarboxylate 119 with hydrazine hydrate in refluxing
ethanol afforded the 7,9-dichloropyridazino[4,5-b]indole-1,4-dione derivative 120 in 70% yield'> (Scheme 19).

Cl Cl 0]
@\_/El COOCzHs  NoH,H,0 " NH
C,o,HsOH NH
cl N~ ~COOC,Hs 25 cl N
H H g
119 120

Scheme 19. Synthesis of 7,9-dichloropyridazino[4,5-b]indole-1,4-dione derivative 120.

In continuation of some previous work, the tautomeric ratio for 1,2,3,4-tetrahydro-1,4-dioxo-5H-
pyridazino[4,5-b]indole 123 was investigated.*® Unlike the tautomeric pyridazine-3,6-dione system which has
three possible tautomeric forms,? the 1,4-dioxygenated pyridazinoindole can exist not only in the dioxo form
123a and the dihydroxy form 123d, but there is also the possibility of two non-equivalent mono-hydroxy
mono-oxo forms 123b and 123c. The 5-H and 5-methyl pyridazino[4,5-b]indoles 123 and 124 were prepared
by reaction of dimethyl indole-2,3-dicarboxylate 121%°3* or dimethyl 1-methylindole-2,3-dicarboxylate
122344950 with hydrazine hydrate in refluxing ethanol or propanol in good yields* (Scheme 20).

It is noteworthy* that the reaction of dimethyl 1-methylindole-2,3-dicarboxylate 122 with methyl
hydrazine is regiospecific and produces 3,5-dimethylpyridazino[4,5-blindole 125 and not the 2,5-dimethyl
isomer 124. This observation reflects the greater susceptibility of the 2-methoxycarbonyl group to nucleophilic
attack, compared with the 3-ester. In an alternative approach, the pyridazinoindole derivatives 125 and 126
could be obtained via solvolysis of the corresponding methoxy derivatives 127 and 128, which were prepared
from the known®! 1-methoxy-5-methylpyridazino[4,5-blindole and the 4-methoxy derivative 129 and 130
respectively (Scheme 21).
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o) o)
| OCH;  N,H4H,0 | NH
N OCH3  EtOH or PrOH N NH
| |
R O R O
121, R=H 123, R=H
122, R = CH,4 124, R = CH;3
O o) OH OH
NH NH SN SN
I m LA [ Am [
h Y ) VY
R O R  OH R O R OH
123a 123b 123¢c 1234
124a 124b 124c 124d

Scheme 20. Synthesis and tautomeric forms of 5-alkyl-2,3-dihydro-1H-pyridazino[4,5-b]indole-1,4(5H)-dione

123, 124.

0
CH3 COOCH
CH3NHNH2 [:::[Tij: 3 CH NHNH2 | NH
N.
Propfalan -2-ol COOCH, Prop}:lan -2-ol 'Tj CH,
CH3 reflux reflux CH; O
126 122 125
HCI/ CH3;0OH HCI/ CH30H | | Me2SO,4/ KyCO3
reflux reflux acetone
o) OCHjg
_CH,
By B
e N N\
[\I] '\Il CH3
KsFe(CN)g / KOH
ig;OCH3 1&; e(CN)e 1)KsFe(CN)s / KOH CH; O
'\S?C:X/a?]?OH 2)Mel / CH30H 127
dioxane OCH,
Bk Bk
N N
Y N
CH3 OCHj CHs
130 129

Scheme 21. Regiospecific hydrazinolysis of dimethyl 1-methylindole-2,3-dicarboxylate 122.

The preparation of 2,3,5-trimethyl-5H-pyridazino]4,5-b]indole 131 has been achieved by reaction of the
dimethyl 1-methylindole-2,3-dicarboxylate 121 with 1,2-dimethylhydrazine in refluxing 2-ethoxyethanol-water
mixture (1:1),*° whereas the fixed dimethoxy derivative 133 was prepared by treatment of the dichloro
derivative 132 with sodium methoxide* (Scheme 22).
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0
C iCOOCHs CH3NHNHCH, l n-CHs
| - |
N.
N~ COOCH;  CoHsOCH,CH,OH / Hy0 N CH,
|
121 CHj AcONa CH; O 131
Cl OCHj3
| > |
N N
N N
132 CHs Cl 133 CHs OCHj

Scheme 22. Synthesis of 2,3,5-trimethyl-5H-pyridazinol4,5-blindole 131 and 1,4-dimethoxy derivative 133.

The preparation of 1-methoxy-5-methylpyridazino[4,5-b]indole 129 has been achieved by nucleophilic
reaction of the corresponding 1-chloro derivative 134 with sodium methoxide,* but all attempts to synthesize
a 5-unsubstitued analog by an analogous procedure failed.”® The reaction of 129 with methyl toluene-4-
sulfonate furnished the 3,5-dimethylpyridazino[4,5-b]indolium salt 129a, and not the 2,5-dimethyl derivative
129b, and all attempts to prepare the 2,5-dimethylpyridazinoindolium salt 129b via alternative routes failed
(Scheme 23).

CHj
Cl OCHjy © OCHj

@:_ﬁN S @Z_ﬁN = @:_:C'T'
[ —— |

NZ
NN NN N~ 7 CH;

CH,4 CH,4 CHs 1294
134 129 OCH,
\-CHa
|
N o
CHz 129p

Scheme 23. Synthesis of 1-methoxy-5-methylpyridazino[4,5-b]indole 129.

In 2013 it was reported that,!? the pyridazino[4,5-b]indoles 136-139 are mostly prepared from 2,3-
dicarbonylindoles 135 in the presence of hydrazine and its derivatives. This method allows the obtaining of a
large variety of pyridazino[4,5-b]indoles in a one-pot procedure from 2,3-dicarbonylindoles 135 depending on
the substitutions of hydrazines and indoles (Scheme 24).

In continuation®! of studies of extended heterocyclic systems®? and fused ring pyridazinones,>® the
tautomeric equilibrium position for 2,5-dihydro-1H-pyridazino[4,5-b]indol-1-one 140a and 3,5-dihydro-4H-
pyridazino[4,5-blindol-4-one 8a was investigated. Vigorous conditions®! were required for the conversion of
the appropriate 2-formylindol-3-carboxylic esters 2,5-dihydro-1H-pyridazino[4,5-b]indol-1-one 140a and its 2-
and 5-methyl derivatives, and the hydrazones were isolable under relatively mild conditions (Scheme 25).
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3
N—r? H R? o R R?
R? RS\ N 3 =N, N\ N\ 3
H—> \ / + \ / + \
N‘ © N R? N R? N 0
135 R R’ R' b
136 137 139 R

R'=H, Alkyl, Aryl
R2= H, Alkyl, Aryl, O, N
R3=H, alkyl, aryl

Scheme 24. Synthesis of pyridazino[4,5-b]indoles 136-139.

o) OR?
B BN N N
N _N N _N N NR? N _N
| | |
R R!

140a 140b 8a 8b
R'R?=H

Scheme 25. The tautomeric equilibrium of pyridazino[4,5-b]indoles 8 and 140.

The tautomeric 4-oxo/4-hydroxy pyridazino[4,5-blindole derivatives 8a,b and its 3-and 5-methylated
derivatives were obtained by standard procedures from 3-formylindole-2-carboxylic esters (Scheme26).>! The
4-methoxy-5-methyl derivative 130 was prepared in a manner analogous to that used for the corresponding 1-
methoxy isomer 129 which was converted into the 2-methylpyridazino-indolium salt 141 upon reaction with
methyl toluene-4-sulfonate.

N
CH; OCH,4 CHz OCH;,3
130 141

Scheme 26. Synthesis of the 2-methylpyridazino-indolium salt 141.

2.7. From acetyl indole-3-carbohydrazide. It was reported that methylation of 142 with methyl iodide gave
ethyl N-methylindole-3-carboxylate 143, which was reacted with hydrazine hydrate to afford the
corresponding hydrazide 144°* (Scheme 27).
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H N N
CHs CHs
142 143 144

Scheme 27. Synthesis of corresponding hydrazide 144.

In 2016, Farghaly et al reported that,” an attempts were done to prepare the 4,5-dimethyl-2,5-dihydro-
1H-pyridazino[4,5-b]indol-1-one 148 by the reaction of methyl indole-3-carboxylate 144 with methyl iodide in
dry DMF in the presence of sodium hydride affords the N-methylated ester 145 in 81% vyield. hydrazinolysis of
the later compound 145 gave the corresponding hydrazide 146 which was reacted with acetic anhydride at
room temperature for 2-3 hours giving the mono acetyl derivative 147 in a good yield (72%). Treatment of 147
with POCI; under various conditions (at room temperature or at 100 °C for 1-4 hours) did not give the
corresponding pyridazinone 148 but afforded the oxadiazole derivative 149 in 77% yield (Scheme 28).

0]

s
_N

—

o) o N

|
POCI CH; CH
nH _ Ac0 WNH ® 148 > T ° CH,q
) —_— |
N | NH, rt,2-3h N"O NH 100 °C, o/\<
\ ) j/ 1-4 h N
146 CHj CH3 cH, N
147 — |
N2H4'H20 N

O |
Mel i 149 CMs
N NaH/DMF N
CH or 144
145 7% K,CO4/DMF

Scheme 28. Attempts to prepare Synthesis of 4,5-dimethyl-2,5-dihydro-1H-pyridazino[4,5-b]indol-1-one 148.

Reaction of 146 with aldehydes or ketones gave the hydrazone derivatives 150, cyclization of the latter
compounds and 2-indolecarbohydrazones 62 with acid chlorides and triethylamine in ethyl acetate or
chloroform as solvent afforded 1-oxo- and 4-oxo-1,2,3,4-tetrahydro-5H-pyridazino[4,5-blindole derivatives
151'% and 1523°>4 (Scheme 29).
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R RR,CO A Recoc f}lH
NH N
N 2 N /<R1 N(C2Hs)3 CQR2
CHs 146 CH, R CH3
150 151
R’ R’
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K, Rcoc n-COR
| I
R = H, CH A RHNCHg "
R' = CgHs, substituted CgHs CH; O CH3

R? = CHj;,CgH5,4-CICgH, 62 152

Scheme 29. Synthesis of 1-oxo- and 4-oxo-1,2,3,4-tetrahydro-5H-pyridazino[4,5-b]indole derivatives 151,152.

2.8. From 3-ethyl 5-methyl 6-bromo-2-(bromomethyl)-1-cyclopropyl-1H-indole-3,5-dicarboxylate. In 2015, It
was mentioned that,”>>’ the starting material, ethyl 5-acetoxy-6-bromo-2-bromomethyl-1-cyclopropylindole-
3-carboxylate 153, was synthesized according to the method reported previously.>® Reaction of compound 153
with pyridine in trichloromethane afforded nearly pure hyamine 154 in good yield. Treatment of 154 with the
freshly prepared p-nitrosodimethylaniline hydrochloride in the presence of sodium hydroxide aqueous
solution in ethanol afforded the oxidized intermediate a-substituted nitrone, which was used in the next step
without further purification. Subsequent hydrolysis reaction of nitrone intermediate in sulfuric acid agueous
solution gave rise to intermediate 155.°” Compound 155 was O-alkylated with 1-bromo-3-
chloropropane/dichloroethane/1,4-dibromobutane in the presence of potassium carbonate in N,N-dimethyl
formamide (DMF) to provide compounds 156a-c. Cyclization of latter compounds with an excess amount of
80% hydrazine hydrate gave compounds 157a-c (Scheme 30).

HzCOOC COOC2H5 H;COOC COOC,Hs
: | _ CHCl; [
Br N~ "CHyBr j />

Pyridine
153 154
CHj
H,SO (0] ON—< >—
2504 . Hy CHs
NaOH
X(\%/O COOC,H5
n m X(CHz)nX HO COOC2H5
Br N~ >CHO |
DMF
156a-c A n=24 Br N CHO
X =Br, CI 155A
NH,; NH, H,0
AcOH
X ¢ OH

S W
N
Br N
n=2-4
157a-c A X = Br, Cl

Scheme 30. Synthesis of 7-bromo-8-(halomethoxy)-5-cyclopropyl-5H-pyridazino[4,5-b]indol-1-ol 157.
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2.9. From palladium-mediated coupling reactions. It was reported that,'2°® the palladium-mediated coupling
reactions are widely used to form C—C and C—N bonds in organic compounds including heterocycles under mild
conditions with high efficiencies.!® Thus, Buchwald—Hartwig amination of 2-methyl-5-halopyridazin-3(2H)-one
158 with 2-bromoaniline 159 afforded the corresponding 5-[(2-bromophenyl) amino]-2-methylpyridazin-
3(2H)-one 160. The Pd(0)-catalyzed Heck coupling reaction was utilized for compound 160 to give 2-methyl-
2,5-dihydro-1H-pyridazino[4,5-b]indol-1-one 161 (Scheme 31).14

o) NH, o) Q
Me . Me
v ©/Br paOAe), My | BrD Pd(PPh3),Cly N
+ | =
NS Rt BINAP NSy NaOAc,3H,0 NSSN
i K,COs3, toluene e H DMA, 130°C,73% R N
reflux, 85%
158 159 160 161
Lit.'?, R= CgHs, R'= ClI
Lit.%® R=H, R'=|
R= CgHs, R'=ClI

Scheme 31. Pd(0)-catalyzed Heck coupling reaction of compound 160.

2.10. From azide derivatives. In 2013, it was reported that,*?°® Suzuki cross-coupling reaction of 5-halo-2-
methyl-6-phenylpyridazin-3(2H)-one 158 with o-pivaloylaminophenyl boronic acid 162 furnished the
corresponding arylated 5-pivaloylaminophenyl derivative 163, which was transformed into amine form 164
after elimination of pivaloyl protection.>%% Ring closure of nitrene intermediate generated in situ from azide
165 yielded pyridazino[4,5-b]indole 166 as a single product (Scheme 32).6%1>

o (0]
Me oM Me-n NHPi i
h NHPiv v Me .
E | + Pd(PPhg), l{l\ | 20% H,SO0, N | NH,
N OX DME reflux TNy
R 2M Nach3 R
158 162 roflux 163 164 R
Lit.'2, R= CgHs, X= Cl, | 2)NaNO,, 37% HC
b) NaN5;, NaOAc
Lit.5°, R=H, X= | ) NaNy
o 0-5°C
H o)
Me<\ N , Me.
| | - dichlorobenzene l\ll | N3
N N A N ~
R 166 165 R

Scheme 32. Ring closure of azide 165 to pyridazino[4,5-b]indole 166.

In 2001, Kurumi et al. reported that,%? treatment of naphthylamine derivatives 167a-d with sodium
nitrite in a mixture of AcOH/H,SO4 and sodium azide gave the corresponding 1-azidonaphthalene 168a-d.
Consequently compounds 168b-d were used in the next step without further purification. The reactions of
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compounds 168a-d with dimethyl acetylenedicarboxylate (DMAD) at room temperature for 10 days in the
dark afforded the corresponding triazoles 169a-d. These triazoles 169a-d were transformed into the
corresponding dimethyl 1H-benz[g]indole-2,3-carboxylates 170a-d via photocyclization using a 500-watt
mercury high pressure lamp by the method of Nagawa et al.6>% Compounds 170a-d were converted to the
corresponding benzopyridazinoindoles 171a-d by reaction with hydrazine hydrate. These reactions proceeded
by using a large excess of hydrazine hydrate and heating at reflux (Scheme 33).

COzMe
/N
N: \ CO,M
e
NH, 5 s . N 2
R R
i) NaNO,/ACOH, H,S0, con ‘O DMAD OO
- —_—
OO i) NaN3 R? R2
R’ R’
167a 168a-d 169a-d
i) NaNOo/HCI 10%
hv
NH»
R? 0 CO,Me
N\H HN
2 HN NH
R 1 R3 \ N2H4_H20 R COzMe
R 167b-d OO -
0] R2

R" 171a-d a R'=H, R2=H,R3=H
b, R'=0OH, R*=H, R*=H
¢, R'=H, R?= OH, R®*=H
d, R'=H, R>=H, R3;=OH

Scheme 33. Synthesis of benzopyridazinoindoles 171a-d

In the year 2000, it was found®® that pyridazino[4,5-b]indoles can be prepared by reaction of aniline
172 with sodium nitrite in a mixture of AcOH/H,S04 and sodium azide according to Forster et al.% This method
gave the azido compound 173 which reacted with dimethyl acetylenedicarboxylate (DMAD) to afford the 4,5-
dicarboxylate derivative 174. This compound was transformed into indole-2,3-dicarboxylate 175 by
photocyclization reaction followed by loss of nitrogen.®* Treatment of later compound 175 with hydrazine
hydrate afforded the corresponding pyridazinoindole derivative 176 (Scheme 34).

In 2006, Haider et al.”?> reported that the 5-azido-4-arylpyridazin-3(2H)-ones 177, which are easily
available from 4,5-dihalopyridazin-3(2H)-ones in few steps, were found to undergo in high yields a thermally
induced cyclization into pyridazino[4,5-blindole derivatives 178 (“aza-carbolinones”) by formation of the N-
5/C-5 a bond via a nitrene insertion process. This new method is complementary to a previously reported
pathway in which the C-4a/N-5 bond of the ring system is formed (Scheme 35).
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Scheme 34. Synthesis of 2,3-dihydro-1H-pyridazino[4,5-b]indole-1,4(5H)-dione 176.
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Scheme 35. Synthesis of pyridazino[4,5-b]indole derivatives 178.

2.11. From [4+2] cycloaddition reaction of 3,6-bis(trifluoromethyl)-1,2,4,5-tetrazine with indole. The
isolation of 1,4-bis(trifluoromethyl)pyridazino[4,5-b]indole 181'> as a reaction product from a
cycloaddition/cycloreversion process starting from indole and 3,6-bis(trifluoromethyl)-1,2,4,5-tetrazine® 180
has been described by Seitz and Mohr.®® A more efficient synthesis of 181 was reported by Haider et al.®’ Thus,
tetrazine 180 was reacted with an equimolar amount of readily available 3-methylthioindole®®4? 179 in

refluxing toluene to afford after spontaneous elimination of molecular nitrogen and methanethiol the tricyclic
compound 181 (Scheme 36).

CF3 B CF3 ]
3

H5CS CFs
| + lllI N ' l \
C:N: YN, NN | cHgsH NN

H CF HH H
3 CF3 CF3

179 180 L

Scheme 36. Synthesis of 1,4-bis(trifluoromethyl)-5H-pyridazino[4,5-b]indole 181.
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Benson et al.>%%7% reported that pyridazino[4,5-b]indoles can be prepared via an inverse-electron-
demand Diels-Alder reaction. Treatment of indole derivatives 182 acting as dienophiles with dimethyl 1,2,4,5-
tetrazine-3,6-dicarboxylate 183 effects a [4+2] cycloaddition reaction to give the corresponding 5H-
pyridazino[4,5-b]indole 184 and as a side product the dihydrotetrazine 185 (Scheme 37).

j?\OzCHs r CO,CHj |
H
AN
7 -y "
A G a
R L H
CO,CH;3 R CO,CH,
182 183 - -
0
R = H, CHz, COCH3, COCgHs 100°C
CO,CH; CO,CH,4
|
CO,CH3 R CO,CH,4
185 184

Scheme 37. An inverse-electron-demand Diels-Alder reaction to prepare pyridazino[4,5-b]indole 184.

Takahashi et al.”! described that the cycloaddition of 1,2,3,4-tetrazines 186 with indoles 182, followed
by elimination of nitrogen gave the corresponding 5H-pyridazino[4,5-b]indoles 188 (Scheme 38).

1 Py R Py N
R RIR2
NN N SN | R SN
™ y -
2 NS N = N
NORY H R? H
Py Py Py
182 186 187 188
R'"=R2=H Py = 2- or 4-pyridyl
R'=H, R?= CHj

Scheme 38. Synthesis of 5H-pyridazino[4,5-b]indoles 188.

Furthermore,?’3 treatment of aryl diazonium salts with pyrano[4,3-b]indole-1,3(4H,5H)-diones 189 and
subsequent cyclization of intermediate 190 gave pyridazino[4,5-b] indoles 191 (Scheme 39) whereas reaction
of the a-hydrazono anhydrides with piperidine or morpholine in xylene gave the amide derivatives 192.73
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Scheme 39. Ring opening and cyclization of intermediate 190.

Similarly,'? treatment of 9-alkyl-4,9-dihydropyrano([3,4-b]indole-1,3-dione 193 with aryldiazonium salts
gave the corresponding a-hydrazono anhydrides 194, which was reacted with a mixture of acetic acid and HCI
to afford the corresponding pyridazino[4,5-b]indole 195 (Scheme 40).

Ar_
0 N-H
N O HOOC
N —N_
(e N—Ar
AcOH, HCI
N ArN,* N\ N
— = >
N O N o N O
R \ R
193 R 194 195

R = Me, Et
Scheme 40. Reaction of 4,9-dihydropyrano(3,4-bJindole-1,3-dione 194 with AcOH/HCI.

2.12. From ethyl 3-cyano-1H-indole-2-carboxylates. Also, it was reported that,!? the interaction of formyl
indoles 61 with an in situ hydroxylamine-producing buffer consisting of acetic acid, sodium acetate and
nitroethane*® afforded the corresponding ethyl 3-cyano-1H-indole-2-carboxylates 196 which were
subsequently treated with hydrazine to obtain 1-amino-3,4-dihydro-4-oxo-5H-pyridazino[4,5-blindoles 197.
The 3-cyanoindole 198 was also prepared as reported previously’” by treatment of indole-3-carboxaldehyde
with another buffer consisting of diammonium hydrogen phosphate, acetic acid, and 1-nitropropane. By the
treatment of 3-formyl-1H-indole-2-carboxylate 57 with this high boiling buffer gave 3-cyano-1H-indole-2-
hyroxamic acid 198. The reaction of 198 with unsubstituted hydrazine gave 3,4-dihydro-1-hydrazino-4-oxo-5H-
pyridazino[4,5-b]indole 199 and did not give the expected 197, Compound 199 was reformed from
hydroxamic acid derivative 198 in several other attempts under the same conditions (Scheme 41).
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Scheme 41. Synthesis of 3,4-dihydro-1-hydrazino-4-oxo-5H-pyridazino[4,5-b]indole 197.

In continuation to same studies another approach!? to introduce cyano functionality is the treatment
of formyl functionalized indoles with hydroxylamine in formic acid. Nevertheless, reaction of 57 with
hydroxylamine resulted in the formation of 2 different products, ethyl 3-(N -hydroxyiminomethyl)-1-methyl-
1H-indole-2-carboxylate 200 and ethyl 3-cyano-1-methyl-1H-indole-2-carboxylate 201, in moderate yields
(Scheme 42).

0 o OH
H —N CN
OEt NH,OH.HCI OFEt OFEt
N © HCOOH N © N o
Me Me I\\/Ie
57 200 201

Scheme 42. Preparation of ethyl 3-cyano-1-methyl-1H-indole-2-carboxylate 201.

On the other hand, the 4-amino-1,2-dihydro-1-oxo-5H-pyridazino[4,5-b]indole 204'? (Scheme 43) was
obtained in 45% yield from the cyclization of hydrazine and methyl 2-cyano-1H-indole-3-carboxylates 203,
which were prepared from corresponding 2-formylindole 202 by treatment with nitroethane buffer.”>

0]
OMe © OMe
M ENo, N\ en
N\ O AcONa, AcOH N\
H H
202 203

Scheme 43. Synthesis of 4-amino-1,2-dihydro-1-oxo-5H-pyridazino[4,5-b]indole 204.
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Treatment?! of 7 (R! = PhCH,0, R? = H) with nitroethane in an acetic acid/sodium acetate solution
produces the cyano derivative 205, which was reacted with 90% hydrazine hydrate to give 1-amino-8-
benzyloxy-3,4-dihydropyridazino[4,5-blindol-4-one 206.%! Reaction of the amino compound 206 with different
aldehydes in the absence of a solvent gives a series of imines 207 in low vyields, except in the case of 4-
OHCgHsCHO.?! Treating 206 with chloroacetyl chloride under reflux leads to the corresponding amide
derivative 208, which was reacted with different amines affording the 1-acetamido-8-benzyloxy-3,4-
dihydropyridazino[4,5-b]indol-4-one derivatives 209 (Scheme 44).

NH»>
CHO  EtNo, / AcOH 0 CN  NyH,H,0 © | \l}l
CGH5 OC,Hs AcONa c;6|-|5 OC,Hs CeHs N NH
"06 0
C6H5CH20 R, = H) CICOCH,CI
ArCHO
NHCOCH,R NHCOCH,CI —CHAr
amines X N N
CGH5 C6H5 | |
CSH5 N NH
H
209, R = substltuted amines 0

Scheme 44. Synthesis of 1-amino-8-benzyloxy-3,4-dihydropyridazino[4,5-b]indol-4-one 206.

Monge et al.'’ reported that 3-formylindole-2-carboxylates 7 were obtained from the corresponding
indoles 6 by Vilsmeier-Haack formylation with POCls and N,N-dimethylformamide (DMF). Nitrile derivatives?’
201 were synthesized by the reaction of the formyl compound 7 with nitroethane in an acetic acid/sodium
acetate medium.’® Pyridazino[4,5-blindoles!’ 210 were synthesized by reaction of compound 201 (R =
0O-CH3-0) with hydrazine hydrate (Scheme 45).

CN
POCI; /DMF CHO EtNO,/AcOH R |
R R
1 N | OCoHs N | OC,Hs AcONa N OC2Hs
' R

|
6 R (0] 7 R o) 201 ©
R =H, CHj
= -CHo- R=H, CH; N,H4 H,0
R4=H, O-CH,-O = O-CH,-0 2Mg M2
NH,
|
o N NH
I
R =H, CH, R O
210

Scheme 45. Synthesis of [1,3]dioxolo[4,5-f]pyridazino[4,5-b]indol-6-one 210.
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2.13. From Diels—Alder reaction. In 2002, it was mentioned that,®® the Diels—Alder reaction of 3,6-
bis(trifluoromethyl)-1,2,4,5-tetrazine to a 3-coumaranone system’’ was used in the synthesis of compound
182. Thus, treatment of coumaranone 211 with acetic anhydride in presence of 4-dimethylaminopyridine
(DMAP) under reflux gave 3-acetate-benzo[b]furan 212 which was reacted with tetrazine 181 in presence of
(p-TsOH) to give the corresponding pyridazinoindole derivative 182. Also, reaction of coumaranone 211 with
trimethylsilyl chloride in DMF/EtsN gave the 3-trimethylsilyl derivative 213 which was reacted directly with
tetrazine 181 in presence of (p-TsOH) to afford the pyridazinoindole compound 184. Furthermore,
coumaranone 211 was reacted directly with tetrazine 181 to give pyridazinoindole 182 (Scheme 46).

OAc
O OTMS
©\/\g _DMAP, Ac,0 TMSCI, Et;N N
(@) reflux, 92% 0 KI, DMF, 50 CO o
212 211 213
d'181, p—Ts],cIOH NC\%MG reflux | 181, dioxan
l0Xan, retiux
N\fN 73% 181 p-TsOH
0,
50% C132)12Me HaCO,C dioxan, reflux
- - 75%
\
\ N

N
182,R=H R  COyCH;

Scheme 46. Synthesis of dimethyl 5-methyl-5H-pyridazino[4,5-b]indole-1,4-dicarboxylate 182.

Marguet et al.”® prepared the 4-oxo-3,5-dihydro-4H-pyridazino[4,5-b]indole-1-carboxamide derivatives
214. The pyridazinone derivatives 215 had been prepared according to the literaturet’® (Scheme 47).

o)
ONRZR3 NR?R?

[N b
N A

X N Y X N\ Y

R R" O
214 215

X=H, halo R1 =C1-C4 alkyl

NR2R3 = pyrrolidinyl, piperidinyl, morpholiny! R%,R*=H, C1-C4 alkyl

Scheme 47. Synthesis of 4-oxo-3,5-dihydro-4H-pyridazino[4,5-b]indole-1-carboxamide 214.

Evanno et al.8% described the preparation of 4-oxo-3,5-dihydro-4H-pyridazino[4,5-b]indole-1-acetamide
derivatives as displayed below 216. For instance, ethyl 5-fluoro-1H-indole-2-carboxylate underwent a
sequence of N-ethylation, acylation by (COCly), in the 3-position, methanolysis, and cyclization with
phenylhydrazine to give the pyridazinoindole intermediate 217. The latter compound underwent reduction of
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the ester with NaBH4 to an alcohol, which was converted into a bromide, and then to a nitrile, which was
hydrolyzed to an acid and then amidated, to give compound 218 (Scheme 48).

o} o Q
R2R3 OCHj3 - N(CH5),
LA - N
D AASERESRS
]
R' O C,Hs O C,Hs O

216, X = H, halo, CH3, OCHg, or OCH,CgH5
Y =H, 1 or 2 halo atoms, CH3, OH, OCHs;, or NO,
R'=H or C1-C4 alkyl
R2R3 =H or C1-C4 alkylor CH,CH3 or
NR?,R3 = azetidinyl, pyrrolidinyl, 3-ethoxypyrrolidinyl, piperidinyl,
morpholinyl, 4-methylpiperazinyl or 1,3-thiazolidinyl

Scheme 48. Synthesis of pyridazino[4,5-b]indole derivatives 216-218.

3. Conclusions

Pyridazino[4,5-b]indoles are structurally interesting molecules having several biological applications. Hence,
development of various synthetic methodologies to synthesize interesting pyridazino[4,5-blindoles have
attracted particular attention of synthetic chemists as well as medicinal and material chemists. Ethyl indole-2-
carboxylates often plays an important role in the synthesis of different pyridazino[4,5-b]indole derivatives. The
reactions and applications of pyridazino[4,5-blindoles will be submitted for publication in the next future.
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