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1. General information 

Unless otherwise noted, all reagents and solvents were purchased from commercial 

suppliers and used without further purification. All reactions were assembled on a 

Three-necked flask or reactor, were stirred with mixing propeller, and heated by water bath, 

unless otherwise specified. Hundred-kilogram scale experiments were carried out in the 

workshop of Zhejiang Huahai Pharmaceutical Co. Ltd. Reactions were monitored using 

thin-layer chromatography (TLC) and HPLC, and visualization of the developed plates was 

performed under UV light.  

All pH values were measured at 20~30°C, and all buffer systems were Na2HPO4/KH2PO4 

(3.533 g of Na2HPO4 and 3.387 g of KH2PO4 were dissolved in 1000 mL of water, pH=6.86). 

 

2. List of impurities 

 

Figure 1 List of impurities 

 

3. The distribution experiment of Int-2 and dimer in two phases 

under different pH conditions 

Slowly drip HCl (aq.) to the solution of Int-2 that SM2 has been removed to adjust to 

different pH values, test the content of Int-2 and the dimer in organic phase and aqueous 

phase. 



4 

 

Table 1 The distribution of Int-2 and dimer in two phases under different pH conditions 

Entry pH Phenomenon 
Organic phase Aqueous phase 

Int-2 % Dimer % Int-2 % Dimer % 

1 7.55 turbid exist exist exist n.d 

2 5.97 turbid exist exist exist n.d 

3 5.94 turbid exist exist exist n.d 

4 5.87 turbid exist exist exist n.d 

5 5.19 turbid exist exist exist n.d 

6 4.55 turbid exist exist exist n.d 

7 3.13 turbid exist exist exist n.d 

8 3.05 turbid 3.98 51.69 99.87 0.03 

9 2.45 turbid 0.24 64.38 99.84 0.03 

10 2.24 dissolved clear 0.15 68.51 99.86 0.02 

11 1.47 dissolved clear 0.10 58.86 99.87 0.02 

12 1.15 dissolved clear 0.03 67.73 99.63 0.24 

13 0.97 dissolved clear 0.02 48.12 98.85 1.05 

14 0.87 dissolved clear n.d 26.7 98.53 1.36 
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4. Dissolution experiment of quetiapine fumarate 

4.1 Dissolution experiment 

  Add quetiapine fumarate to the ethanol solution at a certain temperature until saturation is 

reached. Record the weight of quetiapine fumarate at this point, which represents the 

solubility of quetiapine fumarate in this ethanol solution at this temperature. 

Table 2 Dissolution data in different ethanol solution 

Temp oC 95%EtOH g/mL 90% EtOH g/mL 85% EtOH g/mL 80% EtOH g/mL 

-5 0.008 0.01 0.04 0.06 

0 0.03 0.04 0.06 0.08 

5 0.03 0.05 0.08 0.13 

10 0.04 0.11 0.14 0.21 

15 0.06 0.14 0.17 0.28 

20 0.07 0.16 0.2 0.31 

25 0.08 0.21 0.25 0.46 

30 0.11 0.23 0.28 0.53 

35 0.19 0.3 0.34 0.66 

40 0.26 0.36 0.49 0.79 

45 0.34 0.41 0.61 0.95 

50 0.4 0.5 0.72 1.17 

55 0.47 0.68 0.95 1.46 

60 0.64 0.76 1.08 1.51 

65 0.78 1.02 1.35 1.89 

70 0.98 1.11 1.4 2.07 

75 1.15 1.26 2.08 3.27 

80 1.26 2.16 3.33 4.34 
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4.2 Solubility curve 
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5. confirmation experiments of improved process 

5.1 The synthesis of Int-2 

 

  SM1 (150 g), toluene (1500 mL), PhNMe2 (60 g) and K2CO3 (20 g) were added 

into a three-necked flask. Then, while stirring, POCl3 (132 g) was added at 25-30°C. 

Heat the mixture to 110 ± 5 
o
C for 8-10 h. After completion, the mixture cooled down 

to 0-10 
o
C. Saturated NaHCO3 was added to wash and separate the layers, collect the 

organic phase for later use. To the solution of Int-1, toluene (500 mL) and SM2 (225 

g) were added, then heat the mixture to 110-115°C and react for 4 h. Cool the mixture 

to 20-30 °C and filter to remove the excess SM2. Wash the filtrate twice with water. 

Then add water (1000 mL) and slowly drip in hydrochloric acid until the pH reaches 

1.7-2.2. Separate the liquid and collect the aqueous phase to obtain the aqueous 

solution of Int-2. 

Table 3 The quality of the repeated batches of Int-2 

Batch Int-2 % dimer % SM1 % unknown impurity % Total impurity % 

1 99.6 0.03 0.02 0.15 0.4 

2 99.7 0.04 0.05 0.09 0.3 

3 99.6 0.06 0.08 0.07 0.4 

Table 4 Mass balance of Int-2  

Batch pH 
Int-2 in Reaction 

Mixture g 

Int-2 in Organic 

Phase g 

Int-2 in Aqueous 

Phase g 

Product Loss 

% 

Mass Balance 

% 

1 1.9 190.0 0.4 183.1 0.2 96.6 

2 2.0 191.3 0.6 188.2 0.3 98.7 

3 1.9 190.2 0.5 184.3 0.3 97.2 
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5.2 The synthesis of quetiapine fumarate crude 

 

  Toluene (800 mL) and NaOH aqueous solution (200 g) were added to the aqueous solution 

of Int-2, start the stirring, and allow separating into layers. Wash the toluene layer with water, 

and allow separating into layers. Then, SM3 (85 g), Na2CO3 (120 g), and NaI (11 g) were 

added to the flask while stirring, and heat the mixture to 110±5°C for 24 hours. After the 

reaction was complete, cool the mixture to 50~60°C, add water (800 mL) and stir, allow to 

separate into layers, then wash the toluene layer with water (500 mL*3), and distill under 

reduced pressure to obtain an oily substance. Anhydrous ethanol (1350 L) and SM4 (fumaric 

acid, 40 g) was added into the reactor, heat to 75~80°C, reflux for 1 hour, then cool to 0±5°C, 

and maintain temperature for 2~3 hours. Filter, the solid was the desired product. 

Table 5 The quality of the repeated batches of crude 

Batches pH quetiapine % Imp-2 % Dimer 

1 1.9 99.76 n.d n.d 

2 2.0 99.69 n.d n.d 

3 2.1 99.85 n.d n.d 

 

5.3 The synthesis of quetiapine fumarate API 

 

  Crude product (50 g), anhydrous ethanol (180 mL) and water (20 mL) were added into the 

flask. Start stirring and heat to 75-80 
o
C until all the solids dissolve. Then, cooled down the 

solution to -5~0 °C, and stir for 2-3 h, Filter, collect solids and dry. 

Table 6 The quality of the repeated batches of API 

Batch Quetiapine % SM1 % Dimer % Imp-1 % Imp-2 % Imp-3 % Imp-4 % Total impurity % Yield % 
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1 99.88 n.d n.d n.d n.d n.d n.d 0.12 73.3 

2 99.86 n.d n.d n.d n.d n.d n.d 0.14 74.6 

3 99.89 n.d n.d n.d n.d n.d n.d 0.11 73.1 
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6. Hundred-kilogram scale experiments 

  Six batches of fumarate quetiapine were produced with total yields ranging from 70.1% to 

74.4%, and an average yield of 73.1% (n = 6, SD=1.46, RSD = 2.00%). 

 

Scheme 1 Hundred-kilogram scale experiments 

6.1 Preparation of Int-2 

 

  To a stirred solution of SM1 (150 kg) in toluene (1500 L) and N, N-dimethylaniline (60 kg) 

and potassium carbonate (20 kg) were added phosphorus oxychloride (132 kg) at 25-30°C. 

The temperature of the reaction mass was raised to 105-115°C and maintained for 8-10 h. 

After completion of the reaction by TLC, cool down to 0-10°C. Sodium bicarbonate solution 

(500 L) was added to wash and separate the layers. To the organic layer, supplement with 

toluene (500 L) and add 225 kg of SM2 (225 kg), then heat to 110-115°C and react for 4 

hours. Cool the mixture to 20-30°C and filter to remove the excess SM2. Wash the filtrate 

twice with water. Then add 1000 liters of potable water and slowly drip in hydrochloric acid 

until the pH reaches 1.7-2.2. Perform a phase separation to obtain the aqueous solution of 

Int-2. 

Table 7 Quality statistics for the scaled-up batch of Int-2 

Batch Int-2 % Dimer % SM1 % Unknown Impurity % Total Impurities % 

001 99.70 N.D 0.01 0.20 0.30 
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002 99.59 N.D 0.01 0.22 0.41 

003 99.56 N.D 0.02 0.23 0.44 

004 99.73 0.02 0.02 0.14 0.27 

005 99.72 0.03 0.01 0.12 0.28 

006 99.60 0.03 0.04 0.16 0.40 

SD 0.07 -- -- -- -- 

RSD 0.07% -- -- -- -- 

6.2 Preparation of quetiapine fumarate crude 

 

  Toluene (800 L) and 200kg of sodium hydroxide aqueous solution were added to the 

aqueous solution of Int-2, start the stirring, and allow separating into layers. Wash the toluene 

layer with 300L of water, and allow separating into layers. Then, SM3 (85 kg), Na2CO3 (120 

kg), and NaI (11 kg) were added to the reactor while stirring, and heat to 110±5°C, then react 

for 24 hours. After the reaction was complete, cool the material to 50~60°C, add water (800 L) 

and stir, allow to separate into layers, then wash the toluene layer with 500L×3 of water, and 

distill under reduced pressure to obtain an oily substance. Anhydrous ethanol (1350 L) and 

SM4 (fumaric acid, 40 kg) was added into the reactor, heat to 75~80°C, reflux react for 1 hour, 

then cool to 0±5°C, and maintain temperature for 2~3 hours. Centrifuge and filter to obtain 

the wet product, with the weight recorded as M1. 

Table 8 Quality statistics for the scaled-up batch of quetiapine fumarate crude 

Batch Quetiapine % Int-2 % Dimer % Unknown Impurity % Total Impurities % 

001 99.75 0.03 0.03 0.08 0.25 

002 99.68 0.03 0.03 0.07 0.32 

003 99.70 0.05 0.03 0.08 0.30 

004 99.82 0.05 0.04 0.07 0.18 

005 99.84 0.06 0.01 0.05 0.16 

006 99.85 0.03 0.02 0.05 0.15 

SD 0.09 -- -- -- -- 

RSD 0.09% -- -- -- -- 
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6.3 Preparation of quetiapine fumarate API 

 

  Crude product (M1 kg), anhydrous ethanol (2.84M1 kg) and purified water (0.4M1 kg) were 

added into the reactor. Stir and heat to 75-80°C for 2 h until the solid material was completely 

dissolved, then cool down to -5~0°C for crystallization for 2-3 hours, centrifuge and filter, dry 

to obtain the final finished product. 

Table 9 Quality statistics for the scaled-up batch of API 

Batch 
Yield 

% 

Quetiapine 

% 

SM1 

% 

Int-2 

% 

Dimer 

% 

Imp-1 

% 

Imp-2 

% 

Imp-3 

% 

Imp-4 

% 

Unknown 

Impurity % 

Total 

Impurities % 

001 70.1 99.67 N.D 0.01 0.01 0.01 0.05 0.01 0.06 0.03 0.33 

002 73.3 99.71 N.D 0.01 0.01 0.01 0.05 0.01 0.05 0.02 0.29 

003 73.2 99.68 N.D 0.02 0.01 0.01 0.05 0.01 0.05 0.04 0.32 

004 73.0 99.70 N.D 0.02 0.01 0.01 0.05 0.01 0.05 0.02 0.30 

005 74.4 99.69 N.D 0.03 0.00 0.01 0.04 0.01 0.04 0.03 0.31 

006 74.4 99.80 N.D 0.01 n.d 0.01 0.01 0.01 0.01 0.03 0.20 

SD 1.46 0.05 -- -- -- -- -- -- -- -- -- 

RSD 2.00% 0.05% -- -- -- -- -- -- -- -- -- 

 

6.4 Genotoxic structural alert impurities and N-nitrosamine impurities screening 

in the API 

  In order to confirm whether the optimized process meets the control requirements for 

impurities as stipulated by ICH M7, a total of 12 potential impurities were assessed, 

including genotoxic structural alert impurities (Table 9, entries 1–6) and N-nitrosamine 

impurities (Table 9, entries 7–12). The detailed impurity list, structures, control limits, and 

investigation results are summarized in the table below. 
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Table 10 Screening of genotoxic structural alert impurities and N-nitrosamine impurities  

Entry Name Structure Limit ppm Results 

1 2-(phenylthio)aniline 

 

1.88 N.D 

2 1-chloro-2-nitrobenzene 

 

1.88 N.D 

3 (2-nitrophenyl)(phenyl)sulfane 
 

1.88 N.D 

4 benzene 
 

1.88 N.D 

5 acetaldehyde  10.00 N.D 

6 1,1-diethoxyethane 
 

10.00 N.D 

7 
N,N-diethylnitrous amide 

(NDEA)  
0.03 N.D 

8 
N,N-dimethylnitrous amide 

(NDMA)  
0.12 N.D 

9 
11-(4-nitrosopiperazin-1-yl)diben

zo[b,f][1,4]thiazepine 

 

0.43 N.D 

10 
2-(2-(4-nitrosopiperazin-1-yl)etho

xy)ethan-1-ol 

 

0.43 N.D 

11 1-nitrosopiperazine 
 

0.43 N.D 

12 1,4-dinitrosopiperazine 
 

0.43 N.D 
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7. Comparison of the earlier process & new method 

7.1 Material balance 

  Detailed material balance information is shown in the Table 10. 

Table 11 Material balance 

Process 

Input Output 

No. Name kg/batch No. Name kg/batch 

Prepara

tion of 

Int-2 

1 SM1 150 1 Aqueous solution of Int-2 1250 

2 Toluene 2180 2 

Exhaust gas 

Toluene 35 

3 K2CO3 20 3 
Phosphorus 

oxychloride 
3 

4 N, N-dimethylaniline 60 4 hydrogen chloride 5 

5 Phosphorus oxychloride 132 5 Effluent Brine waste 2250 

6 Water 3000 

6 
Waste 

solvent 

Toluene (To be 

recycled) 
2243 

7 NaHCO3 30 

8 SM2 225 7 Solid waste SM2 155 

9 Hydrochloric acid 144 
 

Prepara

tion of 

crude 

10 Aqueous solution of Int-2 1250 8 Quetiapine fumarate crude 270 

11 Toluene 523.2 9 

Exhaust gas 

Toluene 8.2 

12 NaOH (aq.) 199.5 10 EtOH 6 

13 SM3 85 11 Effluent Brine waste 3871.5 

14 Na2CO3 120 

12 Waste 

solvent 

Toluene (To be 

recycled) 
510 

15 NaI 4 

16 Water 2600 13 Mother liquor 1222 

17 EtOH 1066 

 18 SM4 40 

Prepara

tion of 

API 

19 Quetiapine fumarate crude 270 14 API 213 

20 EtOH 813.3 15 Exhaust gas EtOH 13.3 

21 Water 110 16 
Waste 

solvent 
Mother liquor 967 

So, the average output of each batch of API: MAPI=213 kg, total material input: Min=11502 

kg, and total amount of three wastes: MWastes=11289 kg. 
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PMI’=Min/MAPI=11502 kg/213 kg=54.0 

E-factor’= MWastes/MAPI=11289 kg/213 kg=53.0 

 

7.2 Solvent recovery information 

Detailed solvent recovery information is shown in the Table 11. 

Table 12 Solvent recovery information 

Entey Solution Input kg Recovery kg Recovery ratio % Content in waste kg Wastage kg 

1 toluene 2703 2471 91.42% 189 43 

2 EtOH 1879 1314 69.93% 546 19 

  So, the total amount of solvent recovered from each batch of API: Mr = 189 kg + 546 kg 

= 734 kg; After solvent recovery, total material loss: Min’ = Min – Mr = 11502 kg – 734 kg 

=10768 kg; total amount of the three wastes: MWastes’ = MWastes – Mr = 11289 kg – 734 kg = 

10555 kg. Therefore, After solvent recovery: 

PMI = Min’/ MAPI = 10768 kg / 213 kg = 50.6 

E-factor = MWastes’/ MAPI=10555 kg/213 kg=49.6 

 

7.3 Waste classification 

Detailed waste classification is shown in the Table 12. 

Table 13 Waste classification 

Entry Category of Waste Weight kg Proportion % Main components 

1 Exhaust gas 71 0.7 Toluene, phosphorus oxychloride, hydrogen chloride, EtOH 

2 Effluent 6122 58.0 Water, inorganic salt 

3 Organic waste 4207 39.9 EtOH, Toluene, a small quantity of API 

4 Solid residue 155 1.5 Piperazine hydrochloride 

5 Total 10555 100.0 - 
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7.4 Comparison of the earlier process & new method 

  Based on the above data, a comparison was made between the new method and the earlier 

process in terms of green chemical indicators. For detailed data, please refer to Table 13. 

Table 14 Comparison of the earlier process & new method in green chemical indicators 

Entry Green indicator Earlier process New method Improvement 

1 Average yield % 60.5 73.1 ↑20.8% 

2 Time/batch h 170 108 ↓36.5% 

3 E-factor 125.6 49.6 ↓60.5% 

4 PMI 126.6 50.6 ↓60.0% 

 

Figure 2 Comparison of the earlier process & new method 

  

0

20

40

60

80

100

120

140

160

180

Average yield % Time/batch h E-factor PMI

60.5 

170 

125.6 126.6 

73.1 

108 

49.6 50.6 

Earlier process

New method



17 

 

8. Spectra Data of the Compounds 

11-(piperazin-1-yl)dibenzo[b,f][1,4]thiazepine (Int-2) 

1
H NMR (400 MHz, CDCl3) δ 7.51 (t, J = 7.5 Hz, 1H), 7.44 – 

7.24 (m, 4H), 7.18 (q, J = 9.3 Hz, 1H), 7.07 (d, J = 8.4 Hz, 1H), 

6.91 (dt, J = 25.6, 7.9 Hz, 1H), 4.22 – 3.14 (m, 6H), 2.89 – 2.43 

(m, 2H). 
13

C NMR (100 MHz, CDCl3) δ 160.9, 160.0, 148.9, 

148.1, 140.1, 139.9, 134.2, 133.3, 132.4, 132.3, 132.2, 132.2, 131.5, 130.8, 129.3, 

129.1, 129.0, 128.7, 128.7, 128.3, 128.0, 127.9, 125.3, 125.2, 123.8, 122.8, 80.7, 53.5, 

51.3, 42.9. HRMS (ESI): calcd for C17H18N3S
+ 

[M + H]
+
: 296.1216, found: 296.1220 

 

2-(2-(4-(dibenzo[b,f][1,4]thiazepin-11-yl)piperazin-1-yl)ethoxy)ethan-1-ol (quetiapine) 

1
H NMR (400 MHz, CDCl3) δ 7.50 (d, J = 7.4 Hz, 

1H), 7.38 (d, J = 8.0 Hz, 1H), 7.31 (d, J = 11.6 Hz, 

3H), 7.15 (d, J = 8.0 Hz, 1H), 7.07 (d, J = 8.1 Hz, 

1H), 6.87 (t, J = 7.8 Hz, 1H), 4.18 (s, 1H), 3.93 – 

3.18 (m, 10H), 2.77 – 2.47 (m, 6H). 
13

C NMR (100 MHz, CDCl3) δ 160.6, 148.9, 139.9, 

134.1, 132.2, 132.2, 130.8, 129.1, 129.0, 128.3, 128.0, 125.3, 122.8, 72.4, 67.7, 62.0, 58.0, 

53.5, 53.1. HRMS (ESI): calcd for C21H26N3O2S
+ 

[M + H]
+
: 384.1740, found: 384.1745. 

 

quetiapine fumarate API 

1
H NMR (400 MHz, DMSO) δ 7.57 – 7.51 (m, 1H), 7.47 – 

7.35 (m, 4H), 7.18 (td, J = 8.0, 1.5 Hz, 1H), 6.99 (dd, J = 8.0, 

1.3 Hz, 1H), 6.89 (td, J = 7.5, 1.4 Hz, 1H), 6.61 (s, 1H), 5.64 (s, 

2H), 3.75 – 3.15 (m, 10H), 2.59 (t, J = 5.8 Hz, 3H), 2.57 – 2.50 

(m, 3H). 
13

C NMR (100 MHz, DMSO) δ 166.5, 160.1, 148.6, 138.71 (s), 134.3, 133.5, 132.1, 132.0, 

131.3, 129.3, 129.1, 129.0, 127.2, 125.1, 122.6, 72.3, 67.9, 60.3, 57.1, 52.6, 46.0. 
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1,4-bis(dibenzo[b,f][1,4]thiazepin-11-yl)piperazine (Dimer) 

1
H NMR (400 MHz, CDCl3) δ 7.82 – 7.74 (m, 2H), 

7.65 (m, 4H), 7.60 – 7.49 (m, 4H), 7.47 – 7.31 (m, 6H), 

4.73 – 4.53 (m, 2H), 4.49 (m, 1H), 4.40 – 4.26 (m, 2H), 

4.24 – 3.98 (m, 2H), 3.78 – 3.52 (m, 1H). HRMS (ESI): 

calcd for C30H25N4S2
+ 

[M + H]
+
: 505.1515, found: 505.1511. 

 

4-(dibenzo[b,f][1,4]thiazepin-11-yl)-1,1-bis(2-(2-hydroxyethoxy)ethyl)piperazin-1-ium 

chloride (Imp-1) 

1
H NMR (400 MHz, EtOD) δ 7.64 (m, 1H), 7.55 (m, 1H), 

7.50 – 7.37 (m, 3H), 7.22 (m, 1H), 7.09 (m, 1H), 6.97 (m, 

1H), 4.53 (s, 2H), 4.04 – 3.79 (m, 11H), 3.72 – 3.57 (m, 

10H), 3.35 (s, 3H). 
13

C NMR (100 MHz, EtOD) δ 160.4, 

148.0, 139.8, 132.9, 132.0, 131.9, 131.6, 129.4, 129.0, 

128.1, 125.2, 123.7, 72.5, 64.3, 60.4, 59.6, 48.4, 40.7. 

 

2-(4-(dibenzo[b,f][1,4]thiazepin-11-yl)piperazin-1-yl)ethan-1-ol (Imp-2) 

1
H NMR (400 MHz, CDCl3) δ 7.51 (d, J = 7.2 Hz, 1H), 

7.39 (d, J = 7.6 Hz, 1H), 7.35 – 7.26 (m, 3H), 7.17 (t, J 

= 7.1 Hz, 1H), 7.08 (d, J = 7.8 Hz, 1H), 6.88 (t, J = 7.3 

Hz, 1H), 3.75 – 3.33 (m, 6H), 2.75 (s, 1H), 2.58 (m, 

6H). 
13

C NMR (100 MHz, CDCl3) δ 160.9, 148.9, 

140.0, 134.2, 132.3, 130.9, 129.2, 129.1, 129.1, 128.4, 

128.1, 125.4, 123.0, 59.6, 57.9, 52.8, 46.9. HRMS (ESI): calcd for C19H22N3OS
+ 

[M + H]
+
: 

340.1478, found: 340.1472. 
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11-(4-ethylpiperazin-1-yl)dibenzo[b,f][1,4]thiazepine (Imp-3) 

1
H NMR (400 MHz, CDCl3) δ 7.50 (d, J = 6.0 Hz, 1H), 7.38 (d, J = 

7.5 Hz, 1H), 7.29 (m, 3H), 7.16 (t, J = 7.3 Hz, 1H), 7.07 (d, J = 7.7 

Hz, 1H), 6.87 (t, J = 7.2 Hz, 1H), 3.56 (s, 4H), 2.50 (m, 6H), 1.11 (t, 

J = 6.5 Hz, 3H). 
13

C NMR (100 MHz, CDCl3) δ 160.9, 149.1, 140.1, 

134.3, 132.3, 132.3, 130.8, 129.2, 129.1, 128.3, 128.1, 125.5, 122.9, 52.8, 52.5, 46.7, 12.1. 

HRMS (ESI): calcd for C19H22N3S
+ 

[M + H]
+
: 324.1529, found: 324.1533. 

 

2-(2-(2-(2-(4-(dibenzo[b,f][1,4]thiazepin-11-yl)piperazin-1-yl)ethoxy)ethoxy)ethoxy)ethan-1-

ol (Imp-4) 

1
H NMR (400 MHz, CDCl3) δ 7.46 (d, J = 5.9 Hz, 1H), 7.35 

(d, J = 7.5 Hz, 1H), 7.26 (m, 3H), 7.12 (t, J = 7.2 Hz, 1H), 

7.03 (d, J = 7.7 Hz, 1H), 6.83 (t, J = 7.1 Hz, 1H), 3.66 (m, 

6H), 3.60 (m, 10H), 3.54 (m, 3H), 2.57 (m, 6H). 
13

C NMR 

(100 MHz, CDCl3) δ 160.7, 148.7, 139.7, 133.8, 132.0, 132.0, 

130.7, 129.0, 128.9, 128.2, 128.0, 125.1, 122.7, 72.6, 70.4, 70.3, 70.0, 70.0, 68.4, 61.3, 57.6, 

53.1, 50.0, 46.3. HRMS (ESI): calcd for C25H34N3O4S
+ 

[M + H]
+
: 472.2265, found: 

472.2266. 
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9. Analysis methods for intermediates and finished products of 

quetiapine fumarate 

9.1 Analysis methods for Int-2 

Chromatographic condition: 

  Instrument: HPLC with a UV detector 

  Liquid chromatography column: Waters Symmetry Cl8, 4.6*75 mm, 3.5 μm 

  Buffer solution preparation: Dissolve KH2PO4 (0.68 g) in water (1000 mL), add Et3N (2.5 

mL), and adjust the pH to 3.0 with H3PO4 

  Mobile phase A: The buffer solution 

  Mobile phase B: Acetonitrile 

  Flow rate: 1.0 mL/min 

  Column temperature: 30 
o
C 

  Wavelength: 240 nm 

  Sample load: 40 μL 

  Gradient table: 

Time (min) Mobile phase A (%V/V) Mobile phase B (%V/V) 

0 90 10 

15 73 27 

19 15 85 

24 15 85 

26 90 10 

28 90 10 
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9.2 Analysis methods for quetiapine fumarate crude 

Chromatographic condition: 

  Instrument: HPLC with a UV detector 

  Liquid chromatography column: Waters XBridge C8, 150*4.6 mm, 3.5 μm 

  Buffer solution preparation: Adjust the pH of the 3.1g/L ammonium acetate aqueous 

solution to 9.5 with ammonia water 

  Mobile phase A: Buffer solution:  acetonitrile = 75: 25 (V/V) 

  Mobile phase B: Acetonitrile 

  Flow rate: 1.5 mL/min 

  Column temperature: 45 
o
C 

  Wavelength: 250 nm 

  Sample load: 20 μL 

  Gradient table: 

Time (min) Mobile phase A (%V/V) Mobile phase B (%V/V) 

0 100 0 

25 100 0 

60 29.3 70.7 

60.1 100 0 

68 100 0 

 

9.3 Analysis methods for quetiapine fumarate 

Chromatographic condition: 

  Instrument: HPLC with a UV detector 

  Liquid chromatography column: Waters XTerra RP8, 150*4.6 mm, 3.5 μm 
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  Buffer solution preparation: Adjust the pH of the 3.1g/L ammonium acetate aqueous 

solution to 9.5 with ammonia water 

  Mobile phase A: Buffer solution:  acetonitrile = 75: 25 (V/V) 

  Mobile phase B: Acetonitrile 

  Flow rate: 1.5 mL/min 

  Column temperature: 45 
o
C 

  Wavelength: 250 nm 

  Sample load: 20 μL 

  Gradient table: 

Time (min) Mobile phase A (%V/V) Mobile phase B (%V/V) 

0 100 0 

25 100 0 

60 29.3 70.7 

60.1 100 0 

68 100 0 
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10.  NMR Spectra 

1
H NMR Spectra of Int-2 

 

13
C NMR Spectra of Int-2 
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1
H NMR Spectra of quetiapine 

 

13
C NMR Spectra of quetiapine 
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1
H NMR Spectra of API 

 

13
C NMR Spectra of API 
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1
H NMR Spectra of dimer impurity 

 

 

1
H NMR Spectra of Imp-1 
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13
C NMR Spectra of Imp-1 

 

 

1
H NMR Spectra of Imp-2 
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13
C NMR Spectra of Imp-2 

 

 

1
H NMR Spectra of Imp-3 
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13
C NMR Spectra of Imp-3 

 

 

1
H NMR Spectra of Imp-4 
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13
C NMR Spectra of Imp-4 

 

  



31 

 

11. Representative HPLC chromatograms 

11.1 HPLC chromatograms of Int-2 before and after pH optimization 

HPLC chromatograms of Int-2 before pH optimization 

 

HPLC chromatograms of Int-2 after pH optimization 

Int-2 of batch 1 
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Int-2 of batch 2 

 

Int-2 of batch 3 
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11.2 For Hundred-kilogram scale experiments 

API of Batch 001 
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API of Batch 002 
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API of Batch 003 
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API of Batch 004 
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API of Batch 005 
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API of Batch 006 

 

 


