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Abstract 

A facile and efficient synthesis of 6-amino and 6-aminoalkyl thiazolo[4,5-c]pyridazines is reported. 

The key step for the construction of this novel bicyclic scaffold was the reaction between 3-amino-

4-bromopyridazine derivatives and alkylisothiocyanates. The application of this methodology for 

the synthesis of a small library of thiazolo[4,5-c]pyridazines is also described.  
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Heterocyclic structures are of fundamental importance in drug discovery and the development of 

new strategies for the synthesis of novel heterocyclic scaffolds is an essential field of research in 

organic and medicinal chemistry.
1
 In the last years, there has been a great interest in pyridazine-

based structures in medicinal chemistry, as pyridazines can be considered as privileged structures, 

displaying a plethora of biological activities. The pyridazine moiety has been further fused to other 

heterocyclic rings, affording fused bi- and tricyclic scaffolds.2 Several of these pyridazine-

containing bicyclic and tricyclic cores show interesting biological activities. For example, the 

imidazo[1,2-b]pyridazine 1 displays activity against human picornaviruses,
3
 while 

pyrrolopyridazine 2 is a novel acyl CoA:diacylglycerol acyltransferase (DGAT1) inhibitor with 

potential applications in a variety of diseases including obesity, insulin resistance syndrome and 

type II diabetes.4 Sulfur-containing pyridazine scaffolds5 also display interesting pharmacological 



  

activities. For example, thienopyridazinone 3 is a melanine-concentrating hormone I antagonist, 

which might be developed for the treatment of obesity,6 while fused thiazolo[4,5-d]pyridazine 

derivative 4 displays antibacterial activity against S. aureus  and E. coli.7  

 Figure 1 

 

The medicinal chemistry community is continuously looking for new heterocyclic scaffolds that can 

be used in a wide variety of screening campaigns. Based on the interest from our lab in the 

synthesis and biological evaluation of novel, bicyclic heterocyclic structures, the thiazolo[4,5-

c]pyridazine scaffold was selected for synthesis. The chemistry of this heterocycle is still very much 

unexplored as a search on SciFinder revealed only 14 known compounds based on this core 

structure. Hence, very few reports dealing with the synthesis8 and biological activity9 of this novel 

scaffold are known. To the best of our knowledge, there is no publication describing a general and 

versatile method for the construction of the thiazolo[4,5-c]pyridazine core. Herein, we report a 

convenient methodology for the synthesis of 6-amino- and 6-aminoalkyl thiazolo[4,5-c]pyridazines.  

Our strategy for the construction of thiazolo[4,5-c]pyridazines is based on a methodology 

elaborated by Liu and collaborators
10 

for the synthesis of 2-aminothiazolo[5,4-d]pyrimidines, in 

which they start from a 4-chloro-5-amino-pyrimidine derivative. Similarly, we envisioned to 

construct the  thiazolo[4,5-c]pyridazine scaffold from an appropriate substituted 3-amino-4-bromo-

pyridazine analogue.   

Starting from the commercially available 3-amino-6-chloropyridazine 5, a substituted phenyl ring 

was introduced by a Suzuki cross-coupling reaction, followed by selective C-4 bromination of the 

pyridazine ring,
11

 using bromine in MeOH, in presence of sodium bicarbonate (Scheme 1).  

  Scheme 1 

 

In order to find the optimal reaction conditions for the construction of the thiazole moiety, the 

reaction between 3-amino-4-bromo-6-(4-ethylphenyl)pyridazine 7a, as representative example, and 

phenyl, as well as alkylisothiocyanates, has been studied, by varying different parameters such as 

base, solvent, temperature and reaction time (Table 1).   

 

 Table 1 



  

 

From Table 1 it is clear that the desired thiazolo[4,5-c]pyridazine was never obtained when 

aromatic isothiocyanates were used for formation of the thiazole ring. Treatment of  pyridazine 

derivative 7a with phenylisothiocyanate at 80°C for 12h, in presence of Cs2CO3 and CH3CN as 

solvent (Entry 1), led mainly to dehalogenation of the starting material, yielding compound  6a. 

These results stand in sharp contrast with the results obtained by Liu and coworkers,
10

 wherein 

reaction of 4,6-dichloro-5-amino-pyrimidine and a wide range of phenylisothiocyanates afforded 

the desired 2-anilino-thiazolo[5,4-d]pyrimidines in excellent yields. Other combinations of solvents 

and bases did not bring any improvement. Using DMF as solvent and Cs2CO3 as a base, at 50°C 

showed only the presence of unreacted starting material (Entry 2), while sodium hydride in THF (at 

50°C for 12h, Entry 3) led to debromination of the substrate 7a. When the reaction was carried out 

without a base, only starting material 7a was recovered (Entry 4). In order to investigate if the 

electronic properties of the aromatic isothiocyanate did have an influence on the  reaction outcome, 

4-nitrophenylisothiocyanate (as an example of an electron-withdrawing group) and 3,4,5-

trimethoxyphenylisothiocyanate (representative for an electron-donating moiety) were selected as 

coupling partners. When the reaction was performed in toluene as solvent and using DABCO as a 

base,
12

 both reactions failed. No desired product could be isolated, and only reductive removal of 

the bromine was observed (Entries 6 and 7). Performing the reaction under microwave irradiation 

(Entry 5), using DMSO as solvent at 150°C for 2 hours, likewise, led to dehalogenation of the 

pyrazine moiety. All attempts to accomplish the ring closure with aromatic isothiocyanates were 

unsuccessful and we were not able to prepare 6-anilino-thiazolo[4,5-c]pyridazines by this 

methodology. However, applying this methodology to aliphatic isothiocyanates, the desired 

thiazolo[4,5-c]pyridazines scaffold could be isolated. In particular, performing the reaction with n-

butylisothiocyanate at 80°C for 12 hours, using CH3CN as solvent and Cs2CO3 (2 eq) as base, 

allowed the isolation of compound 8a in 29% yield (Entry 8). Encouraged by this result, further 

optimization of the reaction parameters, by decreasing the reaction time to 6 hours, lowering the 

reaction temperature to 60°C  and reducing the amount of Cs2CO3 to 1.5 eq allowed the isolation of 

compound 8a in 56% yield (Entry 9). 

To demonstrate that this chemistry was useful for making series of analogues, a small library of 

thiazolo[4,5-c]pyridazines was prepared (Table 2).  

 

Table 2 

 



  

Four different alkylisothiocyanates (n-butyl, cyclohexyl, n-propyl and allyl isothiocyanate) were 

coupled with four different substituted pyridazines 7a-d bearing various substituents at C-6 position 

(4-ethylphenyl, 4-fluorophenyl, 4-chlorophenyl and chlorine), leading to a small library of 

thiazolo[4,5-c]pyridazines 8a-p.  

The synthesis of 6-aminothiazolo[4,5-c]pyridazine derivatives 9a-d was also accomplished by 

reaction of pyridazines 7a-d with potassium thiocyanate and bromine
13

 in acetic acid as solvent 

(Scheme 2).  

 

 Scheme 2 

 

Given the chemical novelty of the thiazolo[4,5-c]pyridazine scaffold, the library can be used for 

screening campaigns in a wide variety of biological assays. Our lab has a main interest in the search 

for novel antibacterial compounds,14a-d either via a phenotypic cell-based assay approach,14c or via a 

target-based approach using SecA as drug target.14d Therefore, the thiazolo[4,5-c]pyridazine-based 

compound library was first evaluated in these two assays, both relevant for antibacterial drug 

discovery. Screening of the compounds for their ability to inhibit the growth of S. aureus at a 

concentration of 64 µg/mL did not reveal any compounds with antibacterial activity. When the 

thiazolo[4,5-c]pyridazines were investigated as potential inhibitors of S. aureus secA, none of the 

analogues displayed any inhibitory activity when tested at a concentration of 200 µM.  

In summary, we have developed a short and easy methodology for the synthesis of novel 6-amino 

and 6-aminoalkyl thiazolo[4,5-c]pyridazine derivatives. The key step is the formation of a thiazole 

moiety starting from a 3-amino-4-bromo-pyridazine derivative and an isothiocyanate. Whereas the 

reaction proceeds smoothly with aliphatic isothiocyanates, using phenylisothiocyanates did not lead 

to the expected 6-anilino-thiazolo[4,5-c]pyridazines. The methodology presented in this work 

allows for the rapid synthesis of a wide variety of, hitherto unknown, 3,6-disubstituted thiazolo[4,5-

c]pyridazines.    
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Table 1. Optimization of the reaction conditions 

N
N NH2

Br

N
N N

S
N
H

R

7a

RNCS

 

Entry Isothiocyanated  Base Solvents Temperature 

– Reaction 

time 

Product 

1 PhNCS  Cs2CO3 (2eq) MeCN 80°C - 12h -
a
 

2 PhNCS  Cs2CO3 (2eq) DMF    50°C - 4h -b 

3 PhNCS  NaH (1.5 eq) THF 50°C - 12h -a 

4 PhNCS  None MeCN 80°C - 12h -
b
 

5 p-NO2PhNCS  None DMSO 150°C - 2h
c
 -

a
 

6 p-NO2PhNCS  DABCO (2eq) Toluene 80°C - 12h -
a
 

7 3,4,5-trimethoxyPhNCS  DABCO (2eq) Toluene 80°C - 12h -
a
 

8 ButylNCS Cs2CO3 (2eq) MeCN 80°C - 12h 8a (29%) 

9 ButylNCS Cs2CO3 (1.5eq) MeCN    60°C - 6h 8a (56%) 

      

      
a
Debromination of the starting material was occurring and compound 6a was isolated. 

b
Starting material was isolated. 

C
Reaction performed under microwave irradiation.

d
 For all cases, 1.5 eq of isothiocyanates were used.  

 

Table 2: Thiazolo[4,5-c]pyridazine library 

N
N NH2

BrX
RNCS, Cs2CO3

CH3CN, 60°C 6h N
N

X

N

S
N
H

R

 

Entry X R Product 

(Yield) 

    

    

    

1 4-Ethylphenyl Cyclohexyl 8b (52%) 

2 4-Ethylphenyl Propyl 8c (71%) 

3 4-Ethylphenyl Allyl 8d (69%) 

4 4-Fluorophenyl Butyl 8e (58%) 

5 4-Fluorophenyl Cyclohexyl 8f (49%) 
6 4-Fluorophenyl Propyl  8g (76%) 

7 4-Fluorophenyl Allyl 8h (47%) 

8 4-Chlorophenyl Butyl 8i (53% )  

9 4-Chlorophenyl Cyclohexyl 8j (69%) 

10 4-Chlorophenyl Propyl   8k (71%) 

11 4-Chlorophenyl Allyl    8l (44%) 

12 Chlorine Butyl   8m (48%) 

13 Chlorine Cyclohexyl  8n (69%) 

14 Chlorine Propyl   8o (73%) 

15 Chlorine Allyl  8p (62%) 

 

 

 



  

 

 

Figure 1: Biologically active pyridazine-fused bi- and tricyclic scaffolds.  
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Scheme 1. Reagents and conditions: a) Arylboronic acid, Pd(PPh3)4, Na2CO3 2M, Toluene, 90°C, 12h. b) Br2, NaHCO3, 

MeOH, rt.    
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Scheme 2. Reagents and conditions: a) KSCN, Br2, AcOH, 70°C. 

 

 



  

 

 


