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ABSTRACT 

Tizanidine is an imidazoline derivative with the agonistic activity of central alpha 2 receptors at both the spinal and 

supra-spinal levels. It was prepared for the first time in 1978 and approved for use in 1996. The present review focuses 

on all methods used for the synthesis of tizanidine, related compounds and intermediates. This review article covers all 

the methods that have been used in the preparation of tizanidine since its discovery until now. Methods used for the 

preparation of tizanidine-related compounds are also covered. This review gives those interested in drug synthesis and 

designs the ability to form a complete picture of the preparation of this drug, as well as providing the opportunity for the 

synthesis of other drugs developed from this drug to increase activity and/or reduce side effects. 
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1. Introduction 
Tizanidine, 5-chloro-N-(4,5-dihydro-1H-imidazol-2-yl)-2,1,3-ben-

zothiadiazol-4-amine (Figure 1) is an imidazoline central alpha(2)-adre-
noceptor agonist drug used to relieve spasms and treat muscle tension 
caused by spinal cord injury or multiple sclerosis[1]. In multiple sclerosis; 
nerves do not function properly and patients experience weakness, numb-
ness, loss of muscle coordination, and problems with vision, speech, 
and bladder control[2]. The efficacy of tizanidine is comparable to that 
of baclofen or diazepam[3].  

 
Figure 1. Tizanidine structure. 

Tizanidine is a member of skeletal muscle relaxant drugs. It func-
tions by reducing the rate that the brain and neurological system are act-
ing so that the muscles may relax. In addition to other drugs, it is mar-
keted under the brand name Zanaflex. Tizanidine was accepted for 
medicinal usage in the US in 1996[4] and is now available as a generic 
drug[2,5]. In 2018, the drug was registered as the most common prescrip-
tion drug in the United States, with more than 8 million prescriptions[6,7]. 

Tizanidine works by enhancing the inhibition of motor neurons, the 
nerve cells in the brain that instruct muscles to contract. Although the 
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drug doesn’t directly affect muscles, it indirectly re-
laxes them by inhibiting motor neurons[3,8]. 

Tizanidine usually causes dry mouth, sleepiness, 
lethargy, and dizziness as adverse effects. The drug’s 
primary warnings are the possibility of low blood 
pressure and liver damage[3,8]. 

There are a large number of review articles that 
have been done on the different uses of tizanidine as 
well as the possible side effects in addition to the use 
of drug delivery techniques[3,8–10]. So far, to our 
knowledge, there is no article review on the chemical 
methods used in preparing the active substance (API) 
to prepare tizanidine drug, so it was important to pre-
pare this article review, which focuses on the differ-
ent methods used in the manufacture of this drug at 
the industrial and research level in order to benefit 
researchers interested in this point. 

2. Preparation methods of the 
tizanidine base 

2.1 Preparation tizanidine base using 1-(5-
chlorobenzo[c][1,2,5]thiadiazol-4-yl)thiourea 
derivatives 

There are several methods of preparation that 
used to prepare tizanidine since 1978, the year in 
which it was first prepared by Neumann, and the 
method of preparation was registered in US Patent 
No. 3,843,668[11]. According to the US Patent 

3,843,668 tizanidine was prepared using 1-(5-chlo-
robenzo[c][1,2,5]thiadiazol-4-yl)thiourea deriva-
tives with the general formula (I) (Figure 2). 

 
Figure 2. Formula of starting material for tizanidine prepara-
tion. 

The 1st derivative of this series is 1-(5-chloro-
benzo[c][1,2,5]thiadiazol-4-yl)thiourea (2) that was 
prepared from the reaction of 5-chloro-
benzo[c][1,2,5]thiadiazol-4-amine (1) with ammo-
nium thiocyanate, in the presence of benzoyl chlo-
ride in an ice bath, followed by heating under reflux 
temperature. To produce the thiourea derivative, the 
precipitate was refluxed with 2N NaOH solution and 
then acidified with acetic acid (2). After that, the 
preparation process was achieved in 3 steps starting 
from 1-(5-chlorobenzo[c][1,2,5]thiadiazol-4-yl)thi-
ourea (2). The latter compound was reacted with me-
thyl iodide to give methyl (5-chloro-
benzo[c][1,2,5]thiadiazol-4-yl)carbamimidothioate 
(3). The S-methylated derivative (3) was reacted with 
ethylenediamine in refluxing methanol to afford the 
intermediate (4) that undergoes intermolecular cy-
clization when refluxed with amyl alcohol to afford 
tizanidine base (5) (Scheme 1)[11]. 

 
Scheme 1 

2.2 Preparation of tizanidine starting 
from 7-chloro-4-isothiocyano-

2,1,3-benzothiadiazole 

The 2nd method for tizanidine preparation was 
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reported by the Swiss patent CH 579,565[12]. In this 
method, the preparation process of tizanidine de-
pends on the cyclization of the compound with the 
general formula II (Figure 3).  

 
Figure 3. Formula II of starting material for tizanidine prepara-
tion. 

The preparation process of tizanidine by the 
Swiss patent can be outlined in (Scheme 2). The re-
action of 5-chlorobenzo[c][1,2,5]thiadiazol-4-amine 

(1) with thiophosgene afforded the thiocyanate de-
rivative (6) (Scheme 2). 

In another approach, 5-chloro-
benzo[c][1,2,5]thiadiazol-4-amine (1) was treated 
with ammonium thiocyanate and potassium persul-
phate in DCM at room temperature for three hours to 
produce the isocyanate (6) with a 95% yield. The 
compound of formula II, compound 7 as an example, 
was synthesized by a reaction of 7-chloro-4-isothio-
cyano-2,1,3-benzothiadiazole, with ethylenediamine. 
The cyclization process was achieved under reflux 
temperature in the presence of bases such as alkali 
metal or alkaline earth hydroxide and of certain com-
pounds of lead acetate to afford the tizanidine.  

 
Scheme 2 

2.3 Preparation of tizanidine from the reac-
tion of 4-amino-5-chloro-2,1,3-benzothiadia-
zole (1) and 1-acetyl imidazolin-2-one (8) 

The reaction of 4-amino-5-chloro-2,1,3-benzo-
thiadiazole (1) and 1-acetyl imidazolin-2-one (8) in 

the presence of phosphorus oxychloride followed by 
treatment with NaOH was applied to prepare tizani-
dine (Scheme 3) with yield 85%[13], 
93.6 %[14], 73%[15], and 70%[16].  

 
Scheme 3 

2.4 Preparation of tizanidine from the reac-
tion of 4-amino-5-chloro-2,1,3-benzothiadia-
zole (1) and 2-chloro-2-imidazoline hydro-
chloride (10) 

Tizanidine was prepared with high purity 

(99.18%) and high yield of 90.5%, by the reaction of 
4-amino-5-chloro-2,1,3-benzothiadiazole (1) and 2-
chloro-2-imidazoline hydrochloride (10) in pyridine 
followed by treatment with NaOH solution (Scheme 
4)[17]. 
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Scheme 4 

2.5 Preparation of tizanidine from the reac-
tion of 4-amino-5-chloro-2,1,3-benzothiadia-
zole (1) with N-methyl-2-methylthio-2 imid-
azoline (11)  

Direct preparation of tizanidine salts of organic 
acids were prepared from the reaction of 4-amino-5-
chloro-2,1,3-benzothiadiazole (1) and N-methyl-2-
methylthio-2 imidazoline (11) (Scheme 5) the 

obtained tizanidine salt with this method were trans-
formed to tizanidine HCl (API) by treating the ob-
tained tizanidine salts with ethoxylated saturated eth-
anolic hydrogen chloride solution. Tizanidine is sold 
in pharmaceutical form in the form of hydrochloric 
acid salt and the advantage of this preparation 
method is the obtained final tizanidine HCl salt with 
a purity of more than 99%[18].  

 
Scheme 5 

2.6 Preparation of tizanidine from the reac-
tion of 4-amino-5-chloro-2,1,3-benzothiadia-
zole (1) with N-acetyl-2-ethylthio-2-imidazo-
line (13) 

Several series of tizanidine salts of organic ac-
ids were prepared in the same manner as the previous 
reaction by the reaction of 4-amino-5-chloro-
2,1,3-benzothiadiazole (1) and N-acetyl-2-ethylthio-

2-imidazoline (13) in the presence of organic acid to 
afford the corresponding tizanidine salts (14) 
(Scheme 6)[18]. 10 examples of tizanidine salts of or-
ganic acid were prepared by this method that in-
cludes acetic acid, malic acid, citric acid, oxalic acid, 
2-hydroxypropionic acid, butyric acid, glycolic acid, 
caproic acid, ethoxy acetic acid and malonic acid[18].  
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Table 1. organic acid salts of tizanidine and the reaction conditions used 
Acid Solvent Time Temperature Yield 
Hexanoic acid EtOH/DMF 8 h 75–80 ℃ 87.5% 
3-oxapentanoic acid MeOH/DMF 10 h 65–70 ℃ 86.5% 
Glycolic Acid Isopropanol/DMF 12 h 85–90 ℃ 86.2% 
Malic acid Isopropanol/DMF 13 h 85–90 ℃ 87.5% 
Malonic acid Isopropanol/DMF 9 h 85–90 ℃ 86.8% 
butyric acid EtOH/DMF 10 h 75–80 ℃ 86.0% 
Lactic acid Isopropanol/DMF 12 h 85–90 ℃ 88.3% 
Xalic acid MeOH/DMF 12 h 65–70 ℃ 86.9% 
Citric acid EtOH/DMF 12 h 75–80 ℃ 86.1% 
Acetic acid Isopropanol 15 h 90–95 ℃ 88.5% 
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The following table (Table 1) includes the or-
ganic acids that were used in these reactions, as well 
as the reaction conditions and time, in addition to the 
solvents that were used. 

2.7 Preparation of tizanidine from the reac-
tion of 4-amino-5-chloro-2,1,3-benzothiadia-
zole (1) with imidazoline-2-sulfonic acid (15)  

Another method for the preparation of tizani-
dine organic acid salts was achieved by the reaction 
of 4-amino-5-chloro-2,1,3-benzothiadiazole (1) with 
imidazoline-2-sulfonic acid (15) under reflux tem-
perature in isopropanol, as a solvent in the presence 
of a series of organic acid and afforded the corre-
sponding tizanidine salts (Scheme 7)[18]. 

 

Scheme 7 

The following table includes the organic acids 
that were used in these reactions, as well as the 

reaction conditions and time, in addition to the sol-
vents that were used. 

Table 2. Organic acid salts of tizanidine and the reaction conditions used 
Acid Solvent Time Temperature Yield 
Hexanoic acid DMF 10 h 120–125 ℃ 88.4% 
Fumaric acid Isopropanol 12 h 85–90 ℃ 85.6% 
Tartaric acid Sec-butanol 8 h 95–100 ℃ 87.3% 
Malic acid Isopropanol 10 h 85–90 ℃ 59.2% 
 

3. Preparation of tizanidine starting 
material and related compounds 

Drug-related compounds are the compounds 
that are present with the active pharmaceutical ingre-
dient (API) in very few amounts, and they are often 
formed during the manufacture of the drugs as one 
of the starting materials that enter into the manufac-
turing process or as a by-product formed during the 
process.  

All drugs sold in the market are determined by 
their drug-related compounds and the permissible 
percentages for the presence of these substances with 
the drugs. This information that includes; the meth-
ods of analyzing these substances, methods of 

identifying them, and their percentages in the drugs 
is recorded in what is known as pharmacopeia. This 
information is continuously updated to keep up 
with both modern preparation and analysis methods. 
There are three related compounds to tizanidine that 
are registered in pharmacopoeia in the United States 
USP (Figure 4). These substances are tizanidine A, 
tizanidine B and tizanidine C related compounds, 
which must be identified and separated for many rea-
sons, the most important of which is to avoid the side 
effects that may cause, which may be harmful, and 
the other reason is to determine the correct dose of 
the API. Therefore, identifying and analyzing these 
compounds and knowing the preparation separating 
methods in a pure form is one of the most important 
applications in the field of pharmaceutical chemistry. 
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Figure 4. Structure of USP tizanidine related compounds A, B and C. 
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3.1 Preparation of tizanidine related com-
pounds A  

5-Chlorobenzo[c][1,2,5]thiadiazol-4-amine (1) 
is the tizanidine-related compound A that consider 
the main starting material for the preparation process 
of tizanidine. The preparation process of 5-

chlorobenzo[c][1,2,5]thiadiazol-4-amine (1) was 
achieved in 8 reaction steps starting with aniline and 
is outlined in Figure 5. We will report herein the 
preparation process starting from the commercially 
available 4-chloro-o-phenylenediamine. 

 
Figure 5. Preparation process of 5-chlorobenzo[c][1,2,5]thiadiazol-4-amine (1).  

3.1.1 Preparation of 5-chloro-
benzo[c][1,2,5]thiadiazole (17) 

5-chlorobenzo[c][1,2,5]thiadiazole (17) was 
prepared by several methods mainly depending on 
the reaction of thionyl chloride with 4-chloro-o-phe-
nylenediamine in basic media (pyridine)[19] or acidic 
media (sulfuric acid)[20,21].   

Scheme 8 

 
Scheme 9 

N-Phenylsulfinylamine (18) was used also for 
the preparation of compound 17 by the reaction with 
4-chlorobenzene-1,2-diamine (16) (Scheme 9)[22]. 
 

3.1.2 Preparation of 5-chloro-4-nitro-
benzo[c][1,2,5]thiadiazole (18) 

Nitration mixture from nitric and sulfuric acid 
was used for the nitration process under reflux tem-
perature to afford 5-chloro-4-nitro-
benzo[c][1,2,5]thiadiazole (18) with good to excel-
lent yield[21]. Another nitration mixture from NaNO3, 
H2SO4 was used for the process at reflux temperature 
95–100 ℃ (Scheme 10)[21]. 

 
Scheme 10 

3.1.3 Preparation of 5-chloro-
benzo[c][1,2,5]thiadiazol-4-amine (1) 

The reduction reaction of 5-chloro-4-nitro-
benzo[c][1,2,5]thiadiazole (18) to the corresponding 
amine (1) was achieved by treatment of 5-chloro-4-
nitrobenzo[c][1,2,5]thiadiazole (18) reduction mix-
ture from an iron-acetic acid mixture in MeOH 
(Scheme 11)[21]. 
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Scheme 11 

3.2 Preparation of tizanidine-related com-
pound B 

1-Acetyl-N-(5-chloro-2,1,3-benzothiadiazol-4-
yl)-4,5-dihydro-1H-imidazol-2-amine (9) consider 
as the tizanidine related compound B that was pre-
pared by the reaction of 4-amino-5-chloro-2,1,3-ben-
zothiadiazole (1) and 1-acetyl imidazolin-2-one (8) 
in the presence of phosphorus oxychloride. The re-
action process stopped at this step without going to 
the alkaline hydrolysis step with NaOH (Scheme 
3)[13–15]. 

3.3 Preparation of tizanidine related com-
pound C 

USP tizanidine-related compound C; 1-
Acetylimidazolidine-2-thione (20) was prepared by 
acetylation of N,N’-ethylenethiourea (19) using ace-
tyl chloride or acetic anhydride under reflux condi-
tion[23,24]. The reaction of acetyl chloride and N,N’-
ethylenethiourea (19) under low temperature affords 
S-acetylated products that undergo intramolecular 
rearrangement with heating for several hours to af-
ford the N-acetylated products (20) (Scheme 12)[23]. 

 
Scheme 12 

4. Conclusions 
This review scoped all of the reported methods 

used for the preparation of tizanidine base starting 
from 4-amino-5-chloro-2,1,3-benzothiadiazole (1). 7 
methods were reported for the tizanidine preparation 
starting from the first one that was achieved by Neu-
mann. The importance of this article review is that it 
gives researchers and those interested in tizanidine 
drug the ability to form a complete picture of the 
preparation of this drug, as well as providing the 

opportunity, in the future, for those interested in de-
veloping this drug and the synthesis of other drugs 
that are developed from this drug to increase activity 
and/or reduce side effects. Furthermore, we have 
also reported the reported methods for the prepara-
tion of tizanidine-related compounds and the starting 
materials used in the preparation process. 

Acknowledgements 
This work supported by the Egyptian Academy 

of Scientific Research and technology  (ASRT) 
within the National Knowledge Alliances Program: 
Pharmaceutical Industries; project: Integrated phar-
maceutical technology cycle for research and devel-
opment. 

Conflict of interest 
The authors declare that there is no conflict of 

interest. 

Dedication 
We dedicate this work to our Prof. Dr Ahmed 

Frag, Professor of Organic Chemistry, on the occa-
sion of his fiftieth year at the Faculty of Science, 
Cairo University. 

References 
1. Kamen L, Henney HR, Runyan JD. A practical 

overview of tizanidine use for spasticity secondary 
to multiple sclerosis, stroke, and spinal cord injury. 
Current Medical Research and Opinion 2008; 24(2): 
425. doi: 10.1185/030079908X261113. 

2. Acorda Therapeutics Inc. Zanaflex (tizanidine hy-
drochloride) capsules and tablets for oral use. Full 
prescribing information. Ardsley, New York: 
Acorda Therapeutics Inc.; 2016. 

3. Wagstaff AJ, Bryson HM. Tizanidine: A review of 
its pharmacology, clinical efficacy and tolerability 
in the management of spasticity associated with cer-
ebral and spinal disorders. Drugs 1997; 53: 435–
452. doi: 10.2165/00003495-199753030-00007. 

4. Drugs.com. Tizanidine hydrochloride monograph 
for professionals [Internet]. Bethesda (MD): Ameri-
can Society of Health-System Pharmacists, Inc.; 
2019 [accessed 2019 Mar 3]. Available from: 
https://www.drugs.com/monograph/tizanidine-hy-
drochloride.html. 

5. Drugs.com. Tizanidine pregnancy and breastfeeding 
warnings [Internet]. Bethesda (MD): American So-
ciety of Health-System Pharmacists, Inc.; 2019 [ac-
cessed 2019 Mar 3]. Available from: 



 

19 

https://www.drugs.com/pregnancy/tizanidine.html. 
6. ClinCalc LLC. Tizanidine-Drug usage statistics [In-

ternet]. Rockville (MD): Agency for Healthcare Re-
search and Quality; 2021 [accessed 2021 Feb 18]. 
Available from: https://clincalc.com/Drug-
Stats/Drugs/Tizanidine. 

7. Henney HR, Runyan JD. A clinically relevant re-
view of tizanidine hydrochloride dose relationships 
to pharmacokinetics, drug safety and effectiveness 
in healthy subjects and patients. International Jour-
nal of Clinical Practice 2008; 62(2): 314–324.  
doi: 10.1111/j.1742-1241.2007.01660.x. 

8. Malanga G, Reiter RD, Garay E. Update on tizani-
dine for muscle spasticity and emerging indications. 
Expert Opinion on Pharmacotherapy 2008; 9(12): 
2209–2215. doi: 10.1517/14656566.9.12.2209. 

9. Mathias CJ, Luckitt J, Desai P, et al. Pharmacody-
namics and pharmacokinetics of the oral antispastic 
agent tizanidine in patients with spinal cord injury. 
Journal of Rehabilitation Research and Develop-
ment 1989; 26(4): 9.  

10. Mense S. Muscle pain: Mechanisms and clinical 
significance. Deutsches Ärzteblatt 2008; 105(12): 
2140. doi: 10.3238/artzebl.2008.0214.  

11. Neumann P (inventor). Sandoz AG (assignee). Cer-
tain 4-substituted amino-2,1,3-benzothiadiozoles. 
US patent. 3,843,668. 1974 Oct 22. 

12. Neumann P (inventor). Wander Ag Dr A (assignee). 
Imidazolin-2-ylamino-2,1,3-benzothiadiazoles 
prodn. - by cyclising corresp. beta aminoethyl (thio) 
ureas, active against muscle tremors and rigor. CH 
patent. 579,565. 1976 Sep 15. 

13. Liu Q, Fu L, Li X, et al. (inventors). Luzhou Kered 
Pharmaceutical Co., Ltd, Sichuan Credit Pharma-
ceutical Co., Ltd. (assignees). Preparation method 
of novel central skeletal muscle relaxant. Chinese 
patent. 107,759,582. 2021 Oct 1.  

14. Wang K, Fu L, Chen G, et al. (inventors). Sichuan 
Keruide Pharmaceutical Ltd By Share Ltd (as-
signee). Process for preparing imidazoline-diazacy-
clopentene derivatives. Chinese patent. 
110,563,715. 2019 Dec 13. 

15. Keiji O, Kiyonori Y, Hideki N (inventors). Perma-
chem Asia Ltd (assignee). A process for making a 

benzothiadiazole derivative. EP patent. 0,644,192. 
1996 Dec 18. 

16. Hradil P, Kvapil L, Grepl M, Novotný J (inventors). 
Farmak AS (assignee). Process for preparing tizani-
dine hydrochloride. Czechia patent. 2,008,819. 
2010 Jul 21.  

17. Liu Q, Li X, Fu L, et al. (inventors). Sichuan Keru-
ide Pharmaceutical Ltd By Share Ltd (assignee). 
The preparation method for benzothiadiazole deriv-
ative. Chinese patent. 109,535,148. 2019 Mar 29.  

18. Liu Q, Fu L, Li X, et al. (inventors). Luzhou Kered 
Pharmaceutical Co., Ltd, Sichuan Credit Pharma-
ceutical Co., Ltd. (assignees). A kind of preparation 
method of the adrenoceptor agonists of central α 2. 
Chinese patent. 107,778,307. 2021 May 28. 

19. Mo D, Wang H, Chen H, et al. Chlorination of 
low-band-gap polymers: Toward high-performance 
polymer solar cells. Chemistry of Materials 2017; 
29(7): 2819–2830.  
doi: 10.1021/acs.chemmater.6b04828.  

20. Nguyen YH, Lampkin BJ, Venkatesh A, et al. 
Open-resonance-assisted hydrogen bonds and com-
peting ouasiaromaticity. The Journal of Organic 
Chemistry 2018; 83(17): 9850–9857.  
doi: 10.1021/acs.joc.8b01331.  

21. Walter T, Smith Jr, Wen-Yean C. Preparation of 
2,1,3-benzothiadiazoles using dimethylformamide-
sulfur dioxide reagent. The Journal of Organic 
Chemistry 1962; 27: 676–677.  
doi: 10.1021/jo01049a536. 

22. Zhivotova TS, Gazaliev AM, Fazylov SD, et al. 
Synthesis and structure of some imidazolidine-2-
thiones. Russian Journal of Organic Chemistry 
2006; 42(3): 448–450.  
doi: 10.1134/S1070428006030183.  

23. Baer JE, Lockwood RG. Acetylation and S-alkyla-
tion of ethylene thiourea. Journal of the American 
Chemical Society 1954; 76(4): 1162–1164.  
doi: 10.1021/ja01633a068. 

24. Greenhalgh R, Weinberger MA. Nuclear magnetic 
resonance and infrared studies of acylated imidazol-
idinones and imidazolidinethiones. Canadian Jour-
nal of Chemistry 1965; 43(12): 3340–3346.  
doi: 10.1139/v65-464. 

 


