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A B S T R A C T   

In this study, we have developed a new ultrasonic synthesis method of dibenzoepines using 
olanzapine and quetiapine, which are well-known drugs for the treatment of schizophrenia and 
bipolar disorder. The method is based on the N-alkylation reaction of the piperazine fragment in 
tricyclic compounds with methyl iodide or 2-(2-chloroethoxy)ethanol as the alkylating agent, 
respectively. The synthesis reactions were carried out in an ultrasonic bath with solvents such as 
acetonitrile or dimethylformamide in the presence of potassium or sodium carbonate or sodium 
hydroxide and metal-free, ecological phase transfer catalyst at a temperature of 40–50 ◦C. This 
allowed us to obtain olanzapine in 1 h (Y = 67%), and quetiapine in 3 h (Y = 72%). An ultrasonic 
reactor (Qsonica Q700) was used in the synthesis of olanzapine and made it possible to shorten 
the reaction time to 10 min and obtain 90% yield with very high purity. The developed method 
allows obtaining compounds in mild conditions and in a short time, thanks to which the process is 
more ecological than others described in the literature.   

1. Introduction 

In the 1960s, the search for new effective neuroleptic drugs in the group of tricyclic systems resulted in obtaining substances with 
new, unique, "atypical", and previously unknown properties. One of them was clozapine (1), the first such drug on the market, which 
was introduced in 1971. It was characterized by a very pronounced antipsychotic activity, but at the same time, it did not induce the 
catalepsy symptoms characteristic of tricyclic neuroleptics. As a result, a hypothesis was formulated that this compound did not cause 
extrapyramidal symptoms. Unfortunately, a few years later, it was observed that clozapine (1) showed side effects in the hematopoietic 
system – agranulocytosis. This caused the drug to be withdrawn from therapy. However, the search for a drug that would exhibit at 
least similar antipsychotic effects bore no results and therefore clozapine (1) was reintroduced on the market in 1989 [1–4]. 

Clozapine (1) gave rise to new SDA drugs – serotonin/dopamine antagonists, which, in addition to blocking dopamine receptors, 
are characterized by a strong blockade of the 5-HT2A receptor. In the following years, it was possible to develop other drugs from the 
dibenzoepine derivatives group, such as olanzapine (2) and quetiapine (3), which are currently very important drugs available on the 
market (Fig. 1) [ [5,6]]. The dibenzoepine derivatives include compounds from the group of tricyclic neuroleptics, whose basic 
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element is a seven-membered heterocyclic system (epin), fused with two aromatic rings. The key element in binding to receptors is the 
piperazine moiety adjacent to the tricyclic system. 

Olanzapine (2-methyl-4-(4-methylpiperazin-1-yl)-10H-benzo[b]thieno [2,3-e][1,4]diazepine) (2) has antipsychotic, anti-manic, 
and mood-stabilizing effects [ [7–10]]. It is widely used in psychiatry to treat schizophrenia, severe manic episodes in the course of 
bipolar disorder [11,12]. The mechanism of action of olanzapine (2) is a consequence of blocking the D2 receptor and even stronger 
5-HT2A blocking. In addition, olanzapine strongly blocks histamine (H1) and muscarinic receptors [ [13–16]]. It is worth noting that 
the application of olanzapine (2) does not cause the side effect of clozapine (1), i.e. agranulocytosis. This is probably because olan-
zapine (2) is more active, so a lower therapeutic dose can be used. In addition, it may also be important that olanzapine (2) is less 
lipophilic, which contributes to limited metabolism and thus, only small amounts of the metabolite responsible for this side effect are 
formed [17]. 

Quetiapine (2-[2-(4-dibenzo[b,f] [1,4]thiazepin-11-yl-1-piperazinyl)ethoxy]ethanol) (3) is used in the treatment of schizophrenia 
and relapse prevention and the treatment and prevention of the recurrence of bipolar disorder [ [18–23]]. Its antipsychotic effect is 
mainly due to the blockade of dopaminergic and serotonergic 5-HT2A receptors. It also blocks the H1 receptor and has a low affinity for 
muscarinic receptors. Interestingly, the activity of quetiapine (3) is due to its active metabolite, i.e. norquetiapine (NKWE) [ [24–29]]. 

Considering the wide and universal use of olanzapine (2) and quetiapine (3) and the constant growth of interest in these com-
pounds, the current task is the search for the synthesis methods that will allow obtaining these substances in an ecological way, e.g. 
under mild reaction conditions, with short reaction times, and also with high yield and purity. 

As described in the current literature, the methods of olanzapine synthesis by the N-alkylation reaction of demethylolanzapine 
involve the synthesis with the use of dimethyl sulphate in the presence of sodium hydroxide in methanol or a mixture of methanol and 
dichloromethane [30]. Moreover, this synthesis can be carried out in the presence of potassium carbonate in methanol (Y = 60%) or 
acetone (Y = 46%) [31]. There are other N-alkylation reactions of demethylolanzapine described in the patent literature, for example, 
with methyl iodide in tetrahydrofuran as the solvent [31]. The reaction is favored by the alkaline environment; therefore, the process is 
carried out in the presence of such agents as triethylamine, t-BuONa, NaOH, NaH. The highest reaction efficiency (99%) and the 
shortest process time (2 h) are obtained with t-BuOK and by conducting the process at a temperature of 0 ◦C [31]. Another known 
method of obtaining olanzapine involves the N-methylation reaction of demethylolanzapine under solvent-free conditions in the 
presence of microwave irradiation [32]. 

As for quetiapine, its synthesis most often requires the reaction of norquetiapine hydrochloride and 2-(2-chloroethoxy)ethanol. It is 
carried out in the presence of sodium carbonate, sodium iodide, tetrabutylammonium bromide (TBAB) in toluene at the temperature of 
115–120 ◦C for 17 h. The expected product is obtained with a yield of 98.2% [33]. There are also known quetiapine synthesis reactions 
in solvents such as butan-1-ol or dimethylformamide (DMF) or reactions without TBAB [33]. The synthesis can also be carried out in 
water [34] and in 1-methyl-pyrrolidin-2-one and toluene [35]. 

Literature data from recent years shows that the use of ultrasound in the synthesis of heterocyclic compounds increases the yield 
and reaction rate, makes reactions more energy-efficient, and also improves the efficiency of phase transfer catalysts [36–43]]. 

With these advantages in mind, it was decided to test the possibility of using ultrasound to support the synthesis of olanzapine and 
quetiapine. A method based on the N-alkylation of piperazine was chosen, because it is a very common element in bioactive com-
pounds. This suggests that this method will be universal also in the synthesis of other compounds. In the syntheses, tetrabuty-
lammonium bromide (TBAB) was used as the phase transfer catalyst because it is environmentally friendly, very stable, non-volatile, 
non-flammable, and non-corrosive as well as inexpensive and easily commercially available [ [44,45]]. Literature data on the use of 
TBAB confirms that it has very beneficial effects on alkylation reactions [ [46–50]]. Moreover, numerous experiments in N-alkylation 
reactions of imides and substituted piperazines have proved that it is often the best option among various PTC catalysts [ [51–54]]. 

2. Materials and methods 

The progress of all reactions was monitored by TLC (thin layer chromatography) using chloroform-methanol (80:20) as eluent for 
olanzapine (2) or methanol-toluen (80:20) for quetiapine (3). TLC plates on aluminum silica gel 60 F254 (Merck) plates were used. TLC 
spots were detected by absorbing them in ultraviolet (UV) light (λ = 254 nm) and in an iodine-saturated chamber. Moreover, the 
progress of the reaction was also assessed by HPLC (high-performance liquid chromatography) (Knauer), XTerraRP C18 4.6 × 150 5 
μm column, mobile phase CH3CN/H2O/triethylamine 40/40/0.1; flow 1 ml/min) to compare the retention times with the standard. 
UPLC-MS (ultra-performance liquid chromatography-tandem mass spectrometry) analyses were also performed (Waters Acquity UPLC 
coupled with a Waters TQD mass spectrometer, ESI-tandem quadrupole electrospray ionization mode), PDA detector, Acquity UPLC 

Fig. 1. Structures of benzodiazepines: clozapine (1), olanzapine (2), and quetiapine (3).  
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BEH C18 column, 1.7, 2.1 × 100 mm (Waters Corporation, Milford, MA, USA), mobile phase: methanol:water + formic acid (4:6 +
0.1%, v/v). 

Olanzapine (2) and quetiapine (3) standards, demethylolanzapine (4), norquetiapine (5) as well as other reagents and solvents 
were purchased from Sigma-Aldrich and TCI (used without purification). 

2.1. General procedure for the synthesis of olanzapine (2) – in an ultrasonic bath 

0.98 g (3.3 mmol) of demethylolanzapine (4) 0.31 cm3 (5 mmol) of methyl iodide (5), 0.097 g (0.3 mol) of TBAB, 1.38 g (10 mmol) 
of K2CO3 or Na2CO3 and 50 cm3 DMF* or CH3CN. The reaction was carried out in the presence of ultrasound in an ultrasonic bath 
(operating conditions: temperature 50 ◦C, power 80 W, continuous mode, F = 40 kHz). The progress of the reaction was monitored by 
TLC and HPLC. After 1 h, the product was isolated by adding water, cooling it to 10 ◦C, and filtering (with DMF) or extracting (with 
CH3CN). Additionally, the residue obtained after the extraction was purified by maceration in methanol. 

* In the case of the reaction with a reduced amount of solvent (Table 1), 10 cm3 was used. 
Rf (TLC) 0.62 (chloroform-methanol 80:20), tM (UPLC) = 2.76 min, MS = 312, IR 3237, 3178, 3100, 3050, 2942, 2922, 2839, 2804, 

1587, 1558, 1454, 1411, 1360, 1281, 1266, 1220, 1146, 1029, 1003, 970, 780, 760 cm-1, 1H NMR (400 MHz, DMSO) δ 7.61 (s, 1H), 
6.81 (s, 3H), 6.71 (s, 1H), 6.34 (s, 1H), 3.35 (d, J = 10.9 Hz, 4H), 2.37 (s, 4H), 2.27 (s, 3H), 2.21 (s, 3H). 

2.2. General procedure for the synthesis of quetiapine (3) – in an ultrasonic bath 

0.25 g (0.84 mmol) of norquetiapine (4), 0.27 cm3 (1.27 mmol) of 2-(2-chloroethoxy) ethanol, 0.027 g (0.084 mmol) of TBAB, 
0.348 g (2.52 mmol) of K2CO3 and 2 cm3 of DMF or CH3CN were placed in a flask. The reaction was carried out in the presence of 

Table 1 
Synthesis of olanzapine (2) and quetiapine (3).  

No. Substrates Molar ratio Process conditions Power 
[W] 

Reaction conditions Time Yield % 

1 4 5 1 (4): 2.4 
(5) 

conventional, - 10 ◦C – THF, Et3N 4 h 82 (Mesar et al., 
2008) 

2 4 5 1 (4): 2.4 
(5) 

conventional, - 15 ◦C – THF, NaOH 4 h 98 (Mesar et al., 
2008) 

3 4 5 1 (4): 2.4 
(5) 

conventional, - 10 ◦C – THF, NaH 3 h 98 (Mesar et al., 
2008) 

4 4 5 1 (4): 2.4 
(5) 

conventional, - 10 ◦C – THF, t-BuOK 2 h 98 (Mesar et al., 
2008) 

5 6 7 1 (4): 1.3 
(5) 

conventional, 115–120 ◦C – n-butanol, Na2CO3, NaI, 
TBAB 

24 h 60 (Diller et al., 
2004) 

6 6 7 1 (4): 1.3 
(5) 

conventional, 115–120 ◦C – toluene, Na2CO3, NaI, 
TBAB 

24 h 72 (Diller et al., 
2004) 

7 6 7 1 (4): 1.3 
(5) 

conventional, 100 ◦C – water, Na2CO3, NaI 9 h 80 (Ashok et al., 
2006) 

8 4 5 1 (4): 1.5 
(5) 

Ultrasound Bath, Frequency 40 kHz, 
continuous 

80 DMFa, K2CO3, TBAB 60 40 

9 4 5 1 (4): 1.5 
(5) 

Ultrasound Bath, Frequency 40 kHz, 
continuous 

80 DMF, K2CO3, TBAB 1 h 44 

10 4 5 1 (4): 1.5 
(5) 

Ultrasound Bath, Frequency 40 kHz, 
continuous 

80 DMF, K2CO3 2 h 15 

11 4 5 1 (4): 1.5 
(5) 

Ultrasound Bath, Frequency 40 kHz, 
continuous 

80 CH3CNa, K2CO3,TBAB 1 h 67 

12 4 5 1 (4): 1.5 
(5) 

Ultrasound Bath, Frequency 40 kHz, 
continuous 

80 CH3CN, K2CO3, TBAB 1 h 49 

13 4 5 1 (4): 1.5 
(5) 

Ultrasound Bath, Frequency 40 kHz, 
continuous 

80 DMFa, Na2CO3, TBAB 1 h 50 

14 6 7 1 (6): 1.5 
(7) 

Ultrasound Bath, Frequency 40 kHz, 
continuous 

80 DMF, K2CO3, TBAB 2 h 72 

15 6 7 1 (6): 1.5 
(7) 

Ultrasound Bath, Frequency 40 kHz, 
continuous 

80 CH3CN, K2CO3, TBAB 2 h 50 

16 4 5 1 (4): 1.5 
(5) 

QSonica Q700, Amplitude 60%, pulse 
mode 5:1 

50–60 DMF, K2CO3, TBAB 10 
min 

70 (93% purity) 

17 4 5 1 (4): 1.5 
(5) 

QSonica Q700, Amplitude 60%, pulse 
mode 5:1 

35–40 CH3CN, K2CO3, TBAB 10 
min 

90 (100% purity) 

18 4 5 1 (4): 1.5 
(5) 

QSonica Q700, Amplitude 60%, pulse 
mode 5:1 

45–50 H2O, K2CO3, TBAB 10 
min 

12 (91% purity) 

19 4 5 1 (4): 3 (5) QSonica Q700, Amplitude 60%, pulse 
mode 5:1 

50–60 CH3CN, K2CO3, TBAB 10 
min 

25 (91% purity) 

20 4 5 1 (4): 3 (5) QSonica Q700, Amplitude 60%, pulse 
mode 5:1 

50–60 CH3CN, NaOH, TBAB 10 
min 

25 (91% purity)  

a Reactions with reduced amount of solvent. 
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ultrasound in an ultrasonic bath (operating conditions: temperature 50 ◦C, power 80 W, continuous mode, F = 40 kHz). The progress of 
the reaction was monitored by TLC and HPLC. After 3 h from the start of the reaction, water was added to the reaction mixture and then 
the mixture was extracted with two portions of methylene chloride and concentrated to give a solid, which was then dried. 

Rf (TLC) 0.75 (metanol:toluen 80:20), tM (UPLC) = 4.76 min, MS = 383, IR: 3372, 2959, 2872, 1614, 1573, 1562, 1472, 1447, 
1429, 1301, 1278, 1119, 1040, 1019, 870, 769, 748 cm-1 

1H NMR (400 MHz, CDCl3) δ 7.53 (dd, J = 7.3, 3.9 Hz, 1H), 7.43–7.30 (m, 4H), 7.20 (ddd, J = 15.2, 7.4, 1.5 Hz, 1H), 7.08 (dd, J =
8.0, 1.2 Hz, 1H), 6.93 (dtd, J = 16.5, 7.6, 1.4 Hz, 1H), 4.30 (s, 1H), 3.99 (s, 1H), 3.80–3.75 (m, 2H), 3.75–3.70 (m, 3H), 3.68–3.61 (m, 
4H), 3.38–3.14 (m, 2H), 2.81–2.62 (m, 4H). 

2.3. General procedure for the synthesis of olanzapine (2) – in QSonica Q700 reactor 

0.98 g (3.3 mmol) of demethylolanzapine (4) 0.31–0.62 cm3 (5–10 mmol) of methyl iodide (5), 0.097 g (0.3 mol) of TBAB, 1.38 g 
(10 mmol) of K2CO3 or NaOH and 50 cm3 DMF, CH3CN or H2O. The reaction was carried out in the presence of ultrasound in the 
QSonica Q700 sonicator reactor (amplitude 60%, power 40–60 W in a pulse mode with a pulse duration of 60 s and a break of 12 s, 
40–50 ◦C). The progress of the reaction was monitored by TLC and HPLC. After 10 min from the start of the reaction, water was added 
to the reaction mixture and the product was filtered off. The crude product was triturated in methanol to yield olanzapine. The 
methanol obtained after maceration was then concentrated to crystallize olanzapine, yielding an additional second portion of the 
product. 

3. Results 

Our preliminary research, which aimed to show the possibilities of using ultrasound in the synthesis of olanzapine (2) or quetiapine 
(3), was conducted in an ultrasonic bath (80 W, 40 KHz, 50 ◦C) by the most commonly described method of synthesis, i.e. the N- 
alkylation reaction (scheme 1 and 2). 

In the case of the synthesis of olanzapine, the reactions were carried out with demethylolanzapine (2-methyl-4-(1-piperazinyl)- 
10H-thieno[2,3-b][1,5]benzodiazepine) (4) and methyl iodide (5) in the presence of a tetrabutylammonium bromide (TBAB) as a 
phase transfer catalyst and potassium or sodium carbonate in a solvent such as dimethylformamide or acetonitrile. 

The experiments showed that olanzapine (2) could be obtained in an ultrasonic bath from demethylolanzapine (4) within an hour 
by N-alkylation with methyl iodide (5) in a solvent such as dimethylformamide. The yield was in the range of 40–44% using potassium 
carbonate and 50% using sodium carbonate. When the synthesis was carried out in acetonitrile, the yield was in the range of 49–67% 
(Table 1, no. 8–13). During the first study, we checked the effect of TBAB on the efficiency and speed of the process in the reaction 
using DMF and potassium carbonate. In the results, it can be observed that the reaction occurs three times less efficiently without a 
catalyst despite longer time (Table 1, no. 10). The reactions were carried out without heating and spontaneous heating of the ultrasonic 
bath water to 50 ◦C was observed after time. In one of the first tests, the effect of raising the temperature to 80 ◦C was evaluated, but 
neither higher efficiency nor shorter reaction time was observed. This was also accompanied by a problem with evaporation of water 
from the ultrasonic bath, so this option was discarded. 

In the next stage of the study, the possibility of synthesizing quetiapine (3) under similar conditions (Table 1, no. 9–10) was 
assessed. In this case, the reaction was slower and had to be carried out for 3 h. After the first hour, only a small amount of product was 
observed in the reaction mixture and it was necessary to run it for 3 h to obtain a yield of 72% in dimethylformamide and 50% yield in 
acetonitrile. 

The obtained results encouraged conducting a further study to continue the synthesis of the olanzapine (2) with the Qsonica Q700 
sonicator reactor (Church Hill Rd, Newtown, CT, USA) (amplitude 60%, power 40–60 W in pulse mode with pulse duration of 60 s and 
a break of 12 s, 40–50 ◦C) (Table 1, no. reaction 16–20). The first reactions were carried out in the same conditions as in the case of an 
ultrasonic bath, i.e. with acetonitrile and dimethylformamide as solvents, and in the presence of potassium carbonate and TBAB with 
the same molar ratio of reagents. It turned out that when the Qsonica reactor was used, the expected product was obtained after 10 
min, i.e. six times faster and with much higher efficiency (Table 1, no. 16–17). The effect of replacing the solvent with water was 
checked, but this resulted in a drastic reduction in efficiency to 25% (Table 1, no. 18). 

In the course of the experiments, it was noticed that it was very important to monitor the progress of the reaction and finish it in a 
timely manner. When the reaction was carried out for too long or when a large excess of methyl iodide (5) was used (Table 1, no. 

Scheme 1. The synthesis of olanzapine (2) in the presence of ultrasound.  
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19–20), a by-product was formed in the reaction mixture. The by-product was a methyl derivative of olanzapine 1,1-dimethyl-4-(2- 
methyl-10H-thieno[2,3-b][1,5]benzodiazepin-4-yl)piperazin-1-ium (8) (Fig. 2), which is known in the literature [42]. 

A by-product resulting from N-methylation at position 10 in demethylolanzapine (4) was not observed, which is consistent with the 
literature data. 

The structures of the compounds obtained were confirmed using FT-IR (Fig. 3. A), 1H NMR (Fig. 3. B) and MS. 
Interestingly, the method developed in the N-alkylation of piperazine, present in the structure of olanzapine or quetiapine, can be 

successfully adopted in an analogous reaction in the synthesis of other APIs (Active Pharmaceutical Ingredients) from the family of 
long-chain arylpiperazines such as trazodone, aripiprazole, flibanserin with the yield of 71–85% [54]. 

4. Discussion 

The results show that in the case of using the QSonica Q700 reactor, it is possible to obtain olanzapine (2) in the presence of 
potassium carbonate and in acetonitrile as a solvent after 10 min with a 90% yield of very high purity (100%) (Table 1, no. 9). High 
yield and purity can be also achieved with dimethylformamide (Table 1, no. 8). When water is used as a solvent, in this case, olan-
zapine (2) is obtained with only 25% yield (Table 1, no. 10). The use of a threefold excess of the alkylating agent 5 results in the 
formation of a by-product 8 and, as mentioned earlier, in this case, it is only possible to obtain olanzapine at 25% yield (Table 1, no. 
11). Then, it was checked if using a stronger base, i.e. sodium hydroxide instead of potassium carbonate would make it possible to 
obtain a higher yield of olanzapine. However, the result was exactly the same (Y = 25%) (Table 1, no.12). Our research has also proved 
that the method can be also used in the N-alkylation of piperazine in long-chain arylpiperazine derivatives, which are a very important 
group of bioactive compounds. 

5. Conclusion 

The conducted experiments have proved that the use of ultrasound in the synthesis of heterocyclic compounds such as the ben-
zodiazepines, i.e. olanzapine or quetiapine, is a very effective synthesis option. The use of an ultrasonic bath (80 W, 40 kHz, 50 ◦C) 
makes it possible to obtain olanzapine within 1 h with a yield of up to 67% and quetiapine within 3 h with a yield of 72%. When an 
ultrasonic reactor is used (amplitude 60%, power 40–60 W in a pulse mode with pulse duration of 60 s and a break of 12 s, 40–50 ◦C), it 
is possible to shorten the synthesis time to 10 min and obtain olanzapine with a high yield of 90% and very high purity. If we take into 
consideration that many of the syntheses of olanzapine and quetiapine described in the literature concern reactions that last many 
hours and often require extreme conditions, we believe that the developed synthesis method is a very advantageous green alternative, 
e.g. due to lower energy consumption in the process. 

The great advantage of the developed method is the short time and mild reaction conditions. The reactions are carried out at room 
temperature and the maximum temperature observed during the synthesis is 50 ◦C. An additional benefit is the fact that the obtained 
compounds are characterized by a very high purity. This allows eliminating costly purification procedures, which often require toxic 
solvents. 

Both olanzapine and quetiapine are sold all over the world and this demands their production in very large quantities. The 

Scheme 2. The synthesis of quetiapine (3) in the presence of ultrasound.  

Fig. 2. By-product 1,1-dimethyl-4-(2-methyl-10H-thieno[2,3-b][1,5]benzodiazepin-4-yl)piperazin-1-ium (8).  

J. Jaśkowska et al.                                                                                                                                                                                                    



Heliyon 9 (2023) e18319

6

presented modifications in the syntheses, if introduced in the industry, could significantly affect the ecology of the production of these 
drugs. An important advantage of the developed method is the fact that it is universal and can be also successfully used in the synthesis 
of other APIs. 

The developed method, which was tested on the example of the synthesis of olanzapine and quetiapine, can be also used in the 
synthesis of other compounds with a piperazine system. Our experiments prove that with appropriate adaptation, i.e. appropriate 
selection of a PTC or solvent, this method can be also successfully applied in other piperazine N-alkylation reactions. 
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