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ABSTRACT (THAI)  สุเมธ บุญเกิด : การขยายขนาดการสังเคราะห์อนุพันธ์เบนซอกซาซิโนนในเครื่องปฏิกรณ์

แบบกะ. ( 
SCALE UP OF BENZOXAZINONE DERIVATIVE SYNTHESIS IN BATCH REACTOR) 
อ.ที่ปรึกษาหลัก : ผศ. ดร.อภินันท์ สุทธิธารธวัช, อ.ที่ปรึกษาร่วม : ดร.ภญ.อรศิริ ศรีคุณ 

  
อนุพันธ์เบนซอกซาซิโนนเป็นสารตั้งต้นในการสังเคราะห์วัตถุดิบยา Deferasirox ซึ่งเป็น

ยาสำหรับจับไอออนเหล็กในผู้ป่วยธาลัสซีเมีย ตัวแปรในการสังคราะห์อนุพันธ์เบนซอกซาซิโนน
ศึกษาจากปฏิกิริยาควบแน่นระหว่างกรดซาลิไซลิก ซาลิไซลาไมด์ ไซยานูริกคลอไรด์ และไตรเอทิล
ลามีน โดยใช้โทลูอีนเป็นตัวทำละลาย อัตราส่วนโมลสมมูลระหว่างกรดซาลิไซลิก ซาลิไซลาไมด์ ไซ
ยานูริกคลอไรด์ และ ไตรเอททิลลามีน ที่ 1:1:0.67:1 ให้ร้อยละผลิตภัณฑ์ของอนุพันธ์เบนซอกซาซิ
โนน  46.77% ในการสั งเคราะห์ ระดับปฏิบั ติ การ  โดยมี การค้นพบสาร  4-chloro-2-(2-
hydroxyphenyl)-4H-benzo[e][1,3]oxazine-4-ol ในระหว่างการสังเคราะห์อนุพันธ์เบนซอกซา
ซิโนน นอกจากนี้ปฏิกิริยาการสังเคราะห์อนุพันธ์เบนซอกซาซิโนนได้นำเสนอในรูปแบบจำลองเพ่ือ
ใช้ในการศึกษาการหาค่าคงที่ทางจลนศาสตร์เคมี  ในการศึกษาการขยายขนาดการสังเคราะห์  
อนุพันธ์เบนซอกซาซิโนน จากระดับปฏิบัติการสู่ขนาดเครื่องปฏิกรณ์ 1 ลิตรและ 10 ลิตร โดยใช้
อัตราส่วนโมลสมมูลระหว่างกรดซาลิไซลิก ซาลิไซลาไมด์ ไซยานูริกคลอไรด์ และ ไตรเอททิลลามีน 
ที่ 1:1:0.67:1 พบว่าความเร็วรอบในการกวนที่ 200 รอบต่อนาทีในเครื่องปฏิกรณ์ขนาด 10 ลิตร 
ให้ค่าร้อยละผลิตภัณฑ์ของ Benzoxazinone derivative ที่ 43.18% ซึ่งพบว่าการขยายขนาดของ
กระบวนการจะเป็นการขยายขนาดโดยที่ความเร็วปลายใบกวนมีค่าคงที่  เนื่องจากในระบบมี
อนุภาคของแข็งเกิดขึ้นในระหว่างการเกิดปฏิกิริยา แรงเฉือนที่เท่ากันจะทำให้ขนาดของอนุภาค
ของแข็งมีขนาดใกล้เคียงกัน และส่งผลต่อการเกิดปฏิกิริยาที่อนุภาคของแข็งนั้นละลายกลับ
เปลี่ยนเป็นผลิตภัณฑ์อีกครั้ง 
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ABSTRACT (ENGLISH) # # 5771441821 : MAJOR CHEMICAL ENGINEERING 
KEYWORD: scale up, 4-chloro-2-(2-hydroxyphenyl)-4H-benzo[e][13]oxazine-4-ol 
 Sumate Boonkird : 

SCALE UP OF BENZOXAZINONE DERIVATIVE SYNTHESIS IN BATCH REACTOR. 
Advisor: Asst. Prof. APINAN SOOTTITANTAWAT, D.Eng. Co-advisor: Onsiri 
Srikun, Ph.D. 

  
Benzoxazinone derivative is one of starting materials in the synthesis of 

Deferasirox (a Chelating iron for thalassemia patient). The parameters of 
Benzoxazinone derivative synthesis were investigated from the condensation of 
salicylic acid, salicylamide, cyanuric chloride, and triethylamine using toluene as 
solvent. The mole equivalent ratio of salicylic acid: salicylamide:cyanuric 
chloride:triethylamine at 1:1:0.67:1 provided the 46.77% yield of Benzoxazinone 
derivative in laboratory scale. Surprisingly, 4-chloro-2-(2-hydroxyphenyl)-4H-
benzo[e][1,3]oxazine-4-ol was observed in the synthesis of Benzoxazinone 
derivative. In addition, the reaction scheme of Benzoxazinone derivative synthesis 
was proposed as a model for the study of the chemical kinetic 
constant.  Furthermore, the scale up of Benzoxaxinone derivative synthesis was 
studied from laboratory scale to 1-L reactor and 10-L reactor using the mole 
equivalent ratio from laboratory scale.  The result revealed that the mixing speed 
at 200 rpm of 10-L reactor gave 43.18 % yield. It was found that the scale-up 
process involved using a constant tip speed, as the solid was formed in the 
reaction system. As a result, the same shear force would produce the same size of 
the solid. Consequently, the solid in the reaction mixture could dissolve and be 
transformed into the product. 
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CHAPTER I 

 

GENERAL BACKGROUND 

1.1 Introduction 

 
At present, Thalassemia patients are treated in the chelating iron program with 

three drugs: Deferoxamine (DFO), Deferiprone (L1), and Deferasirox (DFX). The 
Government Pharmaceutical Organization (GPO) successfully researched and 
developed Deferiprone's synthesis process and formulation for the oral dosage form. 
This process has been proven and monitored by Thai Food and Drug Ministry of 
Public Health. The patients treated with Deferiprone course will closely monitor by a 
specialist doctor. For the nation's security, The Government Pharmaceutical 
Organization has researched and developed the synthesis process and formulation of 
Deferasirox to promote the alternate treatment choice. Due to the price of 
Deferasirox, the synthesis process should reduce the cost of raw materials such as 
Benzoxazinone derivative imported from China or India. Moreover, the synthetic 
process of Benzoxazinone using thionyl chloride (chlorinating agent) is at risk of 
exploding when inappropriate handling. This process causes the price of 
Bezoxazinone derivative more expensive. To aim for national drug support, the 
Government Pharmaceutical Organization cooperated with the national 
nanotechnology to develop a new process for synthesizing Benzoxazinone derivative. 
To reduce the price of raw materials and increase the possibility of industrial 
production of Benzoxazinone derivative is the target research of the cooperation. In 
this study, the scale up process of Benzoxazinone derivative is researched from the 
reaction kinetic investigation from the laboratory to develop the parameters to 250 L 
reactor with equivalent yield in the laboratory. 
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1.2 Objectives 

 
1.2.1 To investigate the reaction mechanism in the synthesis of Benzoxazinone 
intermediate on the laboratory scale. 
1.2.2 To study the chemical kinetic and thermodynamic parameters in synthesizing 
Benzoxazinone intermediate, such as rate of reaction, rate constant, and heat of 
reaction. 
1.2.3 To investigate the effect of parameters on the scale up of Benzoxazinone 
intermediate in laboratory scale to 1, 10 L reactor, with the target of the equivalent 
of yield/purity. 
 

1.3 Scope of this work 

 
1.3.1 From the synthesis process of Benzoxazinone intermediate developed by 
National Nanotechnology Center, NSTDA and the Government Pharmaceutical 
Organization’s grant, the investigation of the reaction mechanism of Benzoxazinone 
derivative and by-products affected the yield of the main product is conducted. After 
the synthesis of Benzoxazinone derivative, the unknow substances are purified using 
column chromatography, and the structure elucidation of the purified unknown 
substance is performed using NMR, HRSMS, LC-MS, HPLC, FT-IR, etc. 
1.3.2 The reaction kinetic model and experiment comparison must be performed 
using regression analysis. 
1.3.3 In the study, the parameters such as rate of reaction, rate constant, chemical 
kinetic, thermodynamic, and heat of reaction are conducted using Calorimetry 
Reaction (RC1e)  
1.3.4 The scale up of 10-L reactor should perform after the optimum parameters 
were investigated to evaluate the yield and purity between laboratory and a 10-L 
reactor. 
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1.4 Advantage  

To have the parameters to produce Benzoxazinone derivative in a 10 L reactor with 
equivalent yield and purity of laboratory. 
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CHAPTER II 

THEORY AND LITERATURE REVIEWS 

2.1 Benzoxazine 

Benzoxazine and its derivatives, composed of a benzene ring and a six-

membered ring with hetero atoms such as oxygen and nitrogen, are known for 

heterocyclic compounds shown in Figure 1. These compounds play a vital role in the 

industry, such as monomers in thermosetting plastic processing [1-3]. Furthermore, 

benzoxazine molecule containing carbonyl group widely found in agricultural 

chemicals such as herbicides [4]  (flumioxazin and thidiazimin containing the core 4H-

1,4-benzoxazin-3-one structure) [5] and pharmaceutical area which shown its 

properties in pharmacological and bioactive activities [6, 7], for example, anticancer 

activities [8-10], antiobesity [11, 12], antimicrobial activity [13, 14], antimycobacterial 

activity [13], antiplatelet aggregation activity [15], antidiabetic [16], and antidepressant 

activity [17, 18]. Moreover, they can be used as a starting material (or intermediate) 

for the synthesis of active pharmaceutical ingredients [19, 20]. 

 

 
Figure  1 The example of Benzoxazine: 2H-benzo[e]1,3-oxazine. 
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2.2 Thalassemia 

Thalassemia is an inherited autosomal recessive hemoglobin disorder, 
typically found in tropical countries in various population regions of sub-Saharan 
Africa, the Mediterranean region, the Middle East to South and Southeast Asia [21]. In 
Thailand, the spread of Thalassemia was found in 1 percent of the population (0.6 
million), and 30 to 40% (18-24 million) of the population are carriers [22]. 
Thalassemia can be divided into two groups of genotypic diagnosis (α and β 
thalassemia) [23]. In general, the treatment of thalassemia patience focuses on the 
phenotype of diagnosis depending on the severity of the disease from normal (silent 
carrier) to major [24]. The transfusion is one of the treatments for the patient to 
improve the anemia and relieve the ineffective erythropoiesis (the gastro-intestine 
absorbs erythrocyte's inability back into the body), but simultaneously induces the 
overloaded iron accumulated within organelles, especially in the liver and heart. The 
mechanism to excrete the overloaded iron in the human body is low efficiency. 
Using a chelating agent provided good efficiency in the elimination of overloaded 
iron. In general, patients who receive 10-12 transfusions or ferritin over 1,000 mg/L 
will start a chelation therapy program [25]. 
 
2.2 Chelating iron 

Deferasirox (known for Exjade, ICL-67A, Novartis Switzerland) is one of the 
orphan drugs (Deferoxamine, Deferiprone, Deferasirox) to treat the patient who suffer 
from beta-thalassemia and chorionic anemia to reduce the iron accumulation during 
long-term blood transfusion and the patience with Non-Transfusion-Dependent 
Thalassemia [24]. The tridentate molecule of Deferasirox blinds ferric iron with 2:1 (2 
molecules of Deferasirox blind with one molecule of ferric iron), and it has low 
specific with biological metal forms such as copper and zinc [26]. The administration 
of Deferasirox, an oral dosage form, was approved by US and EU in 2005 and 2006, 
respectively, for once-daily usage. The properties of iron chelator are shown in Table 1 
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Table  1 Iron chelator properties [21, 25-27]. 
 

Properties Deferoxamine Deferasirox Deferiprone 

Route of 

administration 

Intravenous or 

subcutaneous 
oral oral 

Half-life (hour) 0.5 12-16 2-3 

administration 8 – 24 hours/day 

5 – 7 days/week 

Once daily Three times per 

day 

Mode of excretion Urinary and fecal Urinary  Fecal 

Side effect  

and toxicity 

Dermatological, 

ocular, auditory 

Gastrointestinal, 

renal, hepatic 

Hematological 

(neutropenia, 

agranulocytosis), 

arthropathic 

Iron blinding efficiency 1:1 

(hexadentate) 

2:1 

 (tridentate) 

3:1 

 (bidentate) 

Iron selectivity High selective High selective Zinc is excreted 

 

2.3 Synthesis of Benzoxazinone derivative 

The synthesis of Deferasirox was mainly found using Benzoxazinone 
derivative and 4-hydrazinone benzoic acid as starting material. Benzoxazinone 
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derivative is the key intermediate to synthesis Deferasirox because it is found in the 
first step in the synthesis of Deferasirox. The synthesis of Deferasirox has been 
developed and reported using a two-step procedure by several researchers, 
according to Table 2. The first step uses chemicals as such, salicylic acid and 
salicylamide with thionyl chloride and pyridine at reflux in xylene to produce the 
solid product of 50-55% of the molecule called Benzoxazinone intermediate [2-(2-
hydroxyphenyl)benz[e] [1,3]oxazin-4one] thorough the condensation. In the second 
step, Benzoxazinone intermediate reacted with 4-hydrazinonebenzoic acid in the 
presence of absolute ethanol at reflux to give 80% of deferasirox yield. In the 
synthesis process of Benzoxazinone derivative, it is substantially required chlorinating 
agents to convert salicylic acid to salicyloyl chloride. The most common use 
chlorinating agent is thionyl chloride. It provides a higher yield than other chlorinating 
agents. According to Jarassopon [20], they investigated the new chemical to replace 
thionyl chloride due to its hazardous property at high temperature and difficulty 
while handling on the production scale. 

Moreover, the process using thionyl chloride as a chlorinating 

solvent in Table 2 showed the yield of benzoxaxinone derivative over 50% 

using salicylic acid and salicylamide as starting materials. But the usage of 

thionyl chloride in Thailand is infringed against Thai law because thionyl 

chloride is classified as a reagent in the synthesis of methamphetamine and 

under the law in Hazardous Substance Act B.E. 2535 

 Cyanuric chloride (2,4-6-trichloro-1,3,5-triazine) is a prominent chlorinating 
agent instead of thionyl chloride because it offers a highly effective chlorinating 
agent used in many reactions. In addition, its appearance in solid provides good 
handling even in the production scale and is inexpensive compared to thionyl 
chloride and other chlorinating agents such as cyanuric fluoride.   
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          Figure  2 The general route of Benzoxaxinone derivative synthesis. 
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2.4 Reaction Mechanism and Pathway 

According to Miller [35], the chemical reaction mechanism is the 
chemical reaction consisting of all substances from starting material and by-product 
to the product. The chemical reaction mechanism related to chemical kinetic 
modeling, as seen in 2.5, Howell [36] stated that chemical kinetic investigation is 
pivotal to the chemical kinetic mechanism. Moreover, chemical reaction mechanism 
depends on knowledge of chemical analysis, organic chemistry, physical chemistry, 
thermodynamic, statistical thermodynamics, and quantum mechanics. The reaction 
mechanism has been investigated in various studies, especially to analyze kinetic 
modeling. In contrast, a chemical kinetics study is helpful in investigating the reaction 
mechanism. Santacesaria [37], Oliveira, Hudebine, Guillaume, and Verstraete [38] 
explained that the purpose of chemical kinetic is to investigate the reaction 
mechanism and to study the reaction rate with related parameters. 
 

Kinetic modeling analysis related to various fields, for example, the study 
of the detailed chemical kinetic reaction mechanism for combustion of hydrocarbon 
[39], Detailed kinetic modeling in the process of coal pyrolysis [40], the kinetics and 
deactivation of catalytic acetylation of glycerol—A by-product of biodiesel [41], 
Modelling chemical kinetics of a complex reaction network of active pharmaceutical 
ingredient (API) synthesis [42]. In these studies, the modeling process related to 
chemical change of starting material, intermediate, by-products, and conditions in 
the synthesis.   

To set up chemical kinetic modeling based on the hypothesis, the 
indicated data from the experiment used the change from starting material to 
product. Hill and Root [43] stated that reaction mechanisms correspond to the 
experimental data. Gargurevich [44] stated that chemical reaction kinetic knowledge 
covers various fields such as chemistry, reaction chemistry, chemical 
thermodynamics, statistical mechanics, chemical kinetics principles, and quantum 
chemistry. To investigate the reaction mechanism with systematical methodology, 
Wang [45] studies the kinetic using a differential equation without a chemical 
mechanism. Fan, Bertók, and Friedler [46] studied the graph-theoretical method, 
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Szalkai [47] studied the general algorithmic method in reaction syntheses using linear 
algebra, and Bentley [48] explained the method to investigate the reaction 
mechanisms by-product studies. 
 

Vertis, Oliveira, and Bernard [49] proposed a methodology to study the 
systematic development of kinetic models for systems described by linear reaction 
schemes in accordance with the study of Blackmond [50] in a robust methodology 
for mechanistic studies of complex catalytic reactions using data from the 
experiment. From Carolina experiment, there are five steps to be performed. 

1. Identify the reaction of each chemical species in the system that corresponds 
to stoichiometry. Moreover, the thermodynamic data should be considered, 
such as the study of Fishtik, Alexander, and Datta [51] to investigate methanol 
synthesis using copper catalysts. They specify the chemical species in the 
system. Toch, Thybaut, and Marin [52] set the methodology in the chemical 
kinetic modeling using n-Hexane Hydroisomerization. In the first step, they 
collect important data. 

2. Set up the chemical network consisting of species in the system using a circle 
line or arrow to present the chemical reaction between species. The other 
chemical network can be organized to give the same result, such as a 
graphical method [47], [53], incremental identification [54] 

3. Consider the data from the experiment based on the relationship with 
concentration and time in differential equation (d(C)/dt) to calculate the 
polynomial coefficient.  Tirronen and Salmi [53] stated that the system with 
short-time intermediate or fast reaction should consider a quasi-steady state 
method to estimate the concentration. Then, the reaction rate can be 
estimated to 0 and with a low concentration of intermediate as a result,                              
𝑟𝑖 = ∑ 𝜈𝑖𝑗𝑅𝑗 = 0𝑛

𝑗=𝑖 . this method will eliminate the concentration of the 
intermediate from chemical rate equation.  

4. In the model-based experiment, the result of concentration change with time 
will be investigated with the experiment compared to the proposed modeling 
as in the study of Flores-Sánchez, Flores-Tlacuahuac, and Pedraza-Segura [55]; 
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Grom [42]; Grénman [56]. They choose the possible reaction from the 
chemical reaction network. Jin, X. et al. [57] investigated the kinetic modeling 
of the carboxylation of propylene oxide to propylene carbonate using an ion-
exchange resin catalyst in a semi-batch slurry reactor. They conducted the 
experiment to compare the result from the kinetic modeling with the 
concentration profile, and precise kinetic modeling will correspond with data 
from the experiment. 

5. Perform regress analysis in each reaction step. The good correlation between 
reaction rate, starting material, and products showed the same result with the 
chemical reaction network. Therefore, the model can predict/estimate the 
chemical kinetic parameters. In contrast, the experiment and data collection 
should be studied in more detail. In the first and second experiments of 
Toch, Thybaut, and Marin [52], they stated that regression analysis required a 
good initial guess to compute the parameters close to an actual parameter. 
The initial guess can be calculated using linearization of the model or more 
literature review. 
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Figure  3 The methodology scheme in chemical kinetic development [58] 
At present, the investigation of chemical kinetic wildly uses the 

computerized program to reduce time-consuming as in the study of rate-based 
construction of kinetic models for complex systems of Sunsnow et al. [59]; 
Automatic generation of microkinetic mechanisms for heterogeneous catalysis of 
Goldsmith and West [60]; Katare et al. [61]. 

The chemical pathway and reaction mechanism plays a crucial role in the 
development of the chemical and pharmaceutical industry. The sample of chemical 
pathway and reaction mechanism study is used to evaluate the process optimization, 
process safety evaluation, and scale sensitivity understanding. Singh [62] stated that 
understanding the rate-limiting step will help the pharmaceutical industry to research 
for laboratory scale until industry scale and to succeed in product quality control.  
 

2.5 Chemical kinetics 

Chemical kinetics plays a pivotal role in the research and development 
of chemical synthesis. Chemical kinetics is the study of the rate of change from 
substances (starting material) to other substances (intermediates, by-products, 
products) with the defined unit as lost mass/mole of starting material or mass/mole 
of producing material per time scale. 
The rate of reaction can be defined as 

ri =
1

v

dni

dt
=

dCi

dt
 

            i = specie in reaction 
    ni = mole of specie i 
    Ci = concentration of specie i 
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For homogeneous reaction 
  aA + bB → cD + dD  
 
 With the basis of using species A for calculation, the rate of A is defined 
as the lost mass of A per volume and time, rA. At the same time, the other species 
are defined as rB, rC, and rD. Species A and B are starting materials (decreasing with 
time). Then, the reaction rate may rewrite as -rA and -rB. 
 Divided by the coefficient of A, we can write the arbitrary reaction rate (r) 
with the same number. 
 

r =
−rA

a
=

−rB

b
=

rC

c
=

rD

d
 

 or 
 

r =
−1

a

d[A]

dt
=

−1

b

d[B]

dt
=

1

c

d[C]

dt
=

1

d

d[D]

dt
 

 
 Consider the elementary reaction or the order of reaction equal to the 
coefficient in stoichiometry 
 
And  aA + bB → cD + dD 
 
 then, the rate of reaction is 
 

−rA = kCA
a CB

b 

 a is reaction order of substance A 
 b is reaction order of substance B 
 n is total reaction order, (n = a+b) 
 k is chemical equilibrium 
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For any temperature, k can be defined as the Arrhenius constant, 
 k = Ae−E/RT     
 A = frequency factor 
 E = Activation energy, J/mol 
 R = Ideal gas constant, 8.314, J/(mol K)) 
 T = temperature, K 
 
Rearranged to 

 −rA = −
dCA

dt
= Ae−E/RTCA

a CB
b 

 
This rate equation is satisfied with elementary chemical reaction. For 

another reaction, the reaction mechanism should be studied in detail, consisting of 
what elementary chemical reaction is. Moreover, the rate-limiting step should be 
classified. 

Determination of chemical kinetic parameters 
Fogler [63] explains four methods for the determination of chemical 

kinetic parameters from the rate of reaction using the analytical data from the 
experiment to calculate the concentration change from time to time. 

1. Differential and integral method 
2. Method of initial rates 
3. Method of half-life 
4. Regression analysis 

Moreover, Singh [62] explained the method of measuring rate constant 
using the calorimetry technique. This technique was applied in the synthesis of 
Sodium benzoate. Pecar, Gorsek, [64]  and Triaryl phosphates (Carlos and João [65] ) 
 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 16 

2.6 Reaction calorimetry for determining thermodynamic and chemical kinetic 

parameters 

The reaction calorimetry is widely applicable in the thermodynamic and 
chemical kinetic analysis to develop the production process and evaluate thermal 
process safety in those processes. The relation between the chemical reaction rate 
and the heat-flow rate was defined according to Zogg et al. [66].  

 
q̇react(t) ~ r(t)Vr 

Whereas, 
 �̇�𝑟𝑒𝑎𝑐𝑡(𝑡) = heat flow rate by chemical reaction, (W) 
             r(t) = chemical reaction rate, (mol/m3/s) 
     Vr = reaction volume 

Those three variables change with time. Therefore, the appropriate 
monitoring with online spectroscopy (mid-IR, FTIR, or NIR Raman) or Off-line (HPLC) 
will represent thermodynamic and chemical kinetic data. 
 

 
 
Figure  4 Reaction calorimetry: On the left, heat-flow, heat balance, and power-
compensation calorimeter, On the right, Peltier calorimeter. 
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In general, reaction calorimetry consists of the reactor surrounded by 
thermal fluid, as shown in Figure 4 

 At present, heat-flow type reaction calorimeter is produced by various 
brands such as RC1 (Mettle Toledo), SynCalo (Systag), and Simular (HEL). The 
temperature within the reactor (Tr) is controlled using thermal fluid in the jacket (Tj). 

The heat flow in the reactor is sent through thermal fluid in the jacket (q ̇flow), and 
the difference between both temperatures is calculated using the heat transfer 
coefficient from the calibration heater. 
 

 
 

Figure  5 heat-flow, heat balance, and power-compensation calorimeter. 
 

For steady-state isothermal heat flow in Figure 5, the system comprises 
various heat-flow. Therefore, the total heat flow (qtot) in calorimetry can be found in 
the equation. 
 

qtot = qReact + qMix + qPhase 
 
Whereas, 
 qReact = reaction heat-flow rate  
 qMix    = heat-flow rate from mixing 
 qPhase = heat-flow rate from phase change 
and 
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 qReact = − ∑ ∆rHjrjVrj−1…NR
   

   
                               ∆rHjrj = enthalpy of reaction 
 Vr        =  reaction volume 
 rj         =  reaction rate 
  NR      =   number of reactions 
 
 Heat generated by mixing was calculated by 
 

qStirr = Neρrns
3A = πr2dR

5               
Which, 
          Ne = Newton number 

  ρr = density of the substance in the calorimeter 
 ns = mixing speed 
 dR = stirrer diameter     
 
 Heat by dosing (adding substance) 

qDos = fcP, Dos(TDos − Tr) 

Which, 
  F =flow rate   
 cP,Dos  =heat capacity of  dosing substance   
 TDos    =temperature of dosing substance (K) 
 
Heat flow 

qFlow = UA(Tr − Tj) 

Where, 
 U       = Overall heat transfer coefficient 
 A       =  heat transfer area  
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 The overall heat transfer coefficient (U) can be calculated from 
 

1

U
  =   

1

hr
+  

1

φ
 

 
 hr  =  heat transfer coefficient of reactor side 
 φ   =  heat transfer coefficient of the instrument 
  
 The heat transfer coefficient of the instrument can be calculated from 
 

1

φ
  =   

L

λW
+  

1

hj
 

 
Where,  
 λW  =  heat conductivity of the reactor 
 hj    =  heat transfer coefficient of the jacket 
 L      =   reactor thickness   
 

However, the overall heat transfer coefficient (U) and heat transfer area 
(A) usually change with the reaction. Therefore, the calibration must be performed 
using a calibration heater before and after the experiment. 
 
 The application of reaction calorimetry 

The primary purpose of reaction calorimetry is to investigate reaction 
enthalpy and chemical kinetic parameters; rate constant, reaction order, activation 
energy (various temperature changes in the reaction) 

Reaction enthalpy calculation from the heat flow rate 
In the experiment, reaction enthalpy is the summation of overall heat in the system. 

 

Qtot = ∫ qtotdt
t=tf

t=0
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Qtot = − ∑ ∆rHjni

j−1…NR

+ Qmix + QPhase + QError 

Which,  
 
   tf      =  time 
 Qtot      = overall heat in the system 

ni         =  mole in the reaction 
 Qmix     =  heat of mixing 
QPhase  = heat of phase change 
QError  =  heat of measurement error   

 
If the heat of mixing, heat of phase change, and heat of measurement 

error are neglected, the total enthalpy can be reduced to  −∆rH ≈ ∆H =
Qtot

n
  , 

whereas ∆H is total enthalpy change. In general, the other heats cannot be 
neglected. The total enthalpy change can be found using thermal conversion  

 

         Xthermal(t) =
∫ qtotdt

τ=tf

τ=0

Qtot
 

 
The chemical kinetic parameters calculation in the batch reactor 

Consider the reaction with n-order in the constant batch reactor 
A + ⋯ → Prod 

 
rA(t) = −kCA(t)n 

 
The heat of reaction, when neglecting the heat of mixing, heat of phase 

change, and heat of measurement error, is 
 

qReact(t) = −∆rHrA(t)Vr 

 

rA(t) =
qtot(t)

Vr∆rH
= −kCA,0

n (1 − Xthermal(t))n 
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The order of the reaction can be calculated for the relation between log rA(t) and 

log (1 − Xthermal(t)), kinetic constant from non-linear least square      

    There are some publications using a Reaction Calorimeter to determine 
chemical kinetic constant; Crevatin et al. [67] investigate the kinetic of ketonization 
reaction using reaction calorimetry, and Pinto Machado e Silva and Cajaiba da Silva 
[65] evaluate kinetic parameters from the synthesis of triaryl phosphates using 
reaction calorimetry; Pečar, Darja, and Andreja Goršek [64] study the kinetic modeling 
of ethylene glycol monoesterification using Reaction Calorimeter; Kartnaller, Vinicius, 
et al. [68] evaluate the kinetics of the esterification of oleic acid. 

2.7 Reactor and process scale-up 

 The batch reactor is commonly found in active pharmaceutical 
ingredients and products because it can produce high-value products, small 
quantities, and various products (Ehly et al. [69]). The structure of this reactor 
consists of a vessel with a stirrer, baffle, and heating/cooling system in Figure 6. 
Generally, the standard size of the tank or vessel of the reactor provides the 
dimension as shown in Figure 7, 10 for a reference value to calculate the dimension 
when scaled up. 

 
Figure  6 Batch reactor (Saeki and Emura, [70]) 
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2.8 Scale-up process 

 The laboratory experiment generally provides that the synthetic process 
can be produced. Moreover, all parameters should be investigated for the process 
scale up. With small size and well mixing, the thermodynamic and chemical kinetic 
can be neglected in the synthesis process. Therefore, the scale-up process uses the 
knowledge from the laboratory scale to the production scale (industrial scale) by 
performing the experiment on a pilot scale. Additional conditions for the production 
scale will be added, such as synthesis time, instrument types, product purity, etc. 
The different sizes of the reactor can provide different product yields because of the 
flow pattern within the reactor. The purpose of process scale up is to justify the 
criteria for the production from the laboratory to industrial production. According to 
Monsalve-Bravo, Moscoso-Vasquez, and Alvarez [71], they classified three methods in 
the scale-up. 

1. Physical approach  
 1.1 similarity criteria 
   1.1.1 geometrical similarity 

1.1.2 mechanical similarity 
1.1.3 thermal similarity 
1.1.4 chemical similarity 

 1.2 Dimensional analysis   

  1.2.1 Buckingham π-theorem 
  1.2.2 Inspection analysis  
2. Experimental approach 
 2.1 Trial and error 
 2.2 Rule of thumb 
3. Fundamental approach 
 3.1 Simulation 
 3.2 Dynamic hierarchy (Hankel matrix) 
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 The similarity criteria, particularly the geometrical similarity between the 
different sizes, is commonly used because of simplicity.  Consider the geometry of 
the reactor in different sizes in Figure 7 
 

  
 
Figure  7 Standard tank reactor with dimension (Hugh Stitt and Simmons, [72]   
 

The general criteria to construct the reactor vessel/tank are classified by 
standard geometry with specified size.  
 

impeller diameter

tank diameter
=

D

T
=

1

3
 

 
 

fill height

tank diameter
=

H

T
=

1

1
 

 
 

baffle width

tank diameter
=

W

D
=

1

8
 to 

1

5
 

 
 

fill height

tank diameter
=

H

T
=

1

1
 

 

Rotation rate, N (rev s−1) 
Impeller diameter, D, (m) 
Tank diameter, T, (m) 
Impeller width, W, (m) 
Fill height, H (m) 
Impeller clearance from bottom, C (m) 
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Buffle width

tank diameter
=

B

T
=

1

10
 

 
impeller clearance

tank diameter
=

C

T
=

1

3
 

 
The objective of the process should be specified before the scale-up 

process. The process understanding is required to know what controlling mechanism 
affects the process to provide the ratio between the controlling mechanism (worker) 
over the job. 
 

size of worker

size of job
= constant 

 
The effect of parameters on the pattern flow in the reactor should be 

performed on a laboratory scale, such as the power of mixing, stirrer type, 
temperature, etc., before conducting the process scale-up.  

 
When considering the parameters effect of power (P), 
 

P = f(ρ, μ, N, g,
D

T
,
H

T
,
C

T
, geometric ratio, etc. ) 

 

For the geometry similarity (the similar size; D

T
,

H

T
,

C

T
 are constant)  

 

P0 =
P

ρN3D5
= f(Re) 

 
With the empirical experiment in glassed steel 3-blade retreat, the relationship 
between P0, Re (Reynolds number), and stirrer type is shown in Figure 8 
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Figure  8 Correlation between P0 , Reynolds number, and stirrer type (Hemrajani and 
Tatterson, [73]) 
 

In general, the stirrer type in industrial applications is wildly used 
depending on the process, i.e., Rushton disk turbine, pitched blade turbine, marine 
propeller. The glass-lined reactors in the Government Pharmaceutical Organization 
are constructed with a 3-blade retreat curve impeller (RCI) which P0 is provided 
according to Figure 9 
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Figure  9 Turbulent power number of blade retreat curve impeller (RCI)   (Hugh Stitt 
และ Simmons,  [72]) 
 

Hannon, J. [74], Atherton, J., Houson, I., and Talford, M [75] explained that 
the intrinsic rate of reaction does not depend on the size of the reactor, small and 
large reactors followed by the same rate of reaction. In case the rate of reaction is 
more significant than the physical rate process during the synthesis, such as rate of 
mass transfer, mixing, solubility, heat transfer (heat transfer area per volume), and 
addition rate of the substance. The physical rate process in the synthesis is not 
dominated over the system. Then, chemical kinetic is the process control parameter 
in the system. Consequently, the scale-up process will follow the optimum 
experiment. 

In addition, the mixing effect dominated over the rate of reaction. The 
scale-up process will not follow the result of the experiment. It is necessary to 
conduct the effect of mixing in each synthesis. Bourne, J.R. [76] investigate the mixing 
effect on the laboratory scale. In general, the study of the mixing effect considers the 
geometrical similarity between each reactor scale. To simplify this procedure, the 
standard tank will be specified.  In laboratory scale synthesis, it is obvious that a 
round-bottomed flask is commonly used for the study, and another reason is that 
the mixing in a round-bottomed flask is well-mixed equipment. For the scale up 
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process, the geometrical structure of the reactor differs from the laboratory scale. 
This difference will decrease when using a standard tank such as a dished-bottom 
glass vessel in the study of mixing effect on product distribution. 

To investigate the scale-up process, Keng et al. [77] studied the palm 
ester from the alcoholysis of palm oil with oleyl alcohol in n-hexane using a lipase 
catalyst. The optimum process parameters were chosen from the experiment on the 
laboratory scale. The effect of agitator type (6-blade disc Rushton turbine (RT), AL-
hydrofoil turbine (AL-H), and 2-bladed elephant ear turbine (EE)) and mixing speed on 
%yield of palm ester was investigated using a 2-L reactor with the speed of 50, 150, 
250, and 350 rpm. The result showed that the yield of palm ester increased when 
the agitation speed increased because the substrate and catalyst surface area 
increased. Moreover, the agitation speed of the 6-blade disc Rushton turbine (RT) at 
250 rpm provided the maximum %yield of 95.8% of palm ester synthesis. The scale-
up process from the 2-L reactor to the 75-L reactor was conducted using a 6-blade 
disc Rushton turbine (RT) at 250 rpm as a basis. With a constant tip speed approach 
in the 75-L reactor, the result showed that %yield of palm ester in the 75-L reactor 
(50-L working volume) provided a yield of 97.2% after 5 hours of reaction time in 
comparison with the 2-L reactor, but the rate of palm ester production is higher 
because the 75-L reactor consisted of more number of turbines. 

Imamoglu, E. and F.V. Sukan [78] investigated the scale up process of 
bioethanol production from 2, 5, and 10 L reactors. The optimum parameters were 
investigated on a laboratory scale. Phase number was used to characterize the phase 
of the solution in bioethanol production. Moreover, microorganism as a catalyst in 
bioethanol production was sensitive to the environment, such as pH, mixing speed, 
temperature etc. Therefore, the constant agitation speed was used to conduct the 
scale-up process. 
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For the scale-up of the laboratory tank reactor to the pilot or industrial 
tank reactor, the calculation first considers the standard geometry, and the liquid 
height equals tank diameter (H=T). 

 
Tank No.1 

 
Tank No.2 

 
Figure  10 Standard stirrer tank for scale up. 

 
The tank volume in the first tank    
                                           

V1 = (
πD1

2

4
) H1 = (

πD1
3

4
) 

Whereas,  
  V1 = tank volume no.1 
   D1 = tank diameter no.1 
   H1 = Liquid height in tank no.1 
   
  
The tank volume in the second tank 

V2 = (
πD2

2

4
) H2 = (

πD2
3

4
) 

Whereas,  
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 V2 = tank volume no.2 
 D2 = tank diameter no.2 
 H2 = Liquid height in tank no.2 
Then,  

V2

V1
=

(
πD2

2

4
) H2

(
πD1

2

4
) H1

= (
D2

3

D1
3) 

The scale-up ratio (R) is defined as the ratio between the dimension of 
tank 1 divided by the dimension of tank 2. The volume varies with the tank diameter 
over 3, (VαD3) 
. 

(
V2

V1
)1/3 = (

D2

D1
) 

The result of the process when keeping geometrical similarity (R) can be 
defined in terms of stirrer speed (N), stirrer diameter (D) 
  

RαNcDd 

 
The relationship between power, stirrer speed (N), and stirrer diameter (D, 

VαD3). 
 

P

V
αNaDb 

 

 

 

Then,  
 

N α (
P

V
)

1
a/D

b
a 

 

R α (
P

V
)

c
a/D

b−ad
c  
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R α (
P

V
)

c
a/V

b−ad
c
3  

 

(P/V)2

(P/V)1
= (

V2

V1
)(

b−ad
c
3

)
 

 

This equation represents the relationship between   (P/V)2

(P/V)1
=

(V)2

(V)1
, and 

shown in the Figure 11 
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Figure  11 The relationship between ((P/V)2 /(P/V)1) = (V)2/(V)1  
 

With the selected objects from the picture, the power can be calculated 
in tank 2 using data from tank 1. 
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The 13 equal physical processes from tank 1 to tank 2 are classified. 
 

1. Equal heat transfer per unit volume, Turbulent 
2. Equal heat transfer per unit volume, Laminar 
3. Equal blend time, Turbulent 
4. Equal blend time, Laminar 
5. Equal Froude Number (Nfr) 
6. Equal heat transfer coefficient, Turbulent 
7. Equal heat transfer coefficient, Laminar 
8. Equal bubble and drop diameter, Turbulent 
9. Equal mass and heat transfer coefficient, Turbulent 
10. Equal solid suspension, Turbulent 
11. Equal tip speed, Turbulent 
12. Equal tip speed, Laminar 
13. Equal Reynold Number (Nre), Turbulent, Laminar 

 
For the general relationship of tank scale-up, the target can be described 

below 
 

1. Equal Reynold number  
 

Reynold number is a dimensionless number defined as the ratio of 
inertial forces to viscous forces within a fluid and describes the flow pattern of liquid 
and depends on various parameters 

Nre =
ρvDp

μ
=

ρD2N

μ
 

Whereas, 
  Nre = Reynold number 
   ρ   = fluid density (kg/m3) 
   μ   = fluid viscosity (kg/ms)  
   v   = fluid velocity (m/s) 
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  Dp  = tank diameter (m) 
 D    = stirrer diameter (m) 
 N    = stirrer speed (rpm) 

Nre1 = Nre2 

 
ρ1D1

2N1

μ1
=

ρ2D2
2N2

μ2
 

The substance in tank 1 and tank 2 are the same properties. 
ρ1 = ρ2 

μ1 = μ2 

 

D1
2N1 = D2

2N2 

 

N2 = N1

D1
2

D2
2 = N1 (

D1

D2
)

2

 

 

2. Equal Froude number 
Froude number is a dimensionless number defined as the ratio of the 

flow inertia to the external field (gravity) 
 

Nfr =
DN2

g
 

Whereas, 
  Nfr  = Froude number 
   D    = stirrer diameter (m) 
   N    = stirrer speed (rpm) 
   g    = gravity (m/s2) 
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Nfr1 = Nfr1 

 

D1N1
2

g
=

D2N2
2

g
 

 

N2 = N1 (
D1

D2
)

1/2

 

 
3. Equal stirrer tip speed 

Stirrer tip speed can be calculated from 

v = ωR = ω
D

2
 

Whereas, 
 v     = stirrer tip speed, (m/s) 

 ω    = tangential velocity (rad/s) 
 R    = stirrer radius (m) 
 D    = stirred diameter (m) 
 

v1 = v2 

 

ω1

D1

2
= ω2

D2

2
 

With ω = 2πN, N is the stirrer speed (rpm) 
 

2πN1

D1

2
= 2πN2

D2

2
 

 
N1D1 =  N2D2 

N2 = N1 (
D1

D2
)

1
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4. Equal mixing time 

Mixing time corresponds to mixing speed to complete mixing in the tank 
 

Ft =  NTm 

Whereas, 
 Ft    = mixing time factor, (round) 
 N    = stirrer speed (rpm) 
 Tm   = mixing time (s) 
 D    = stirred diameter (m) 
 

Ft1 = Ft2 

 
N1Tm1 = N2Tm2 

 
N1 = N2 

 
5. Equal heat transfer coefficient/volume 

Consider heat transfer in the reactor through convection, then 
Q = hA∆T 

Whereas, 
 Q     = heat transfer, (m/s) 
 h      = heat transfer coefficient, (rad/s) 
 A     = transfer area (m2) 

 ΔT   = temperature difference (o C) 
 
 Nusselt Number is a dimensionless parameter used in calculations of 
heat transfer between a moving fluid and a solid body. It represents the relationship 
between Reynold number and Prandtl number. 

Nu = f(Nre, Npr) 
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 The relationship between heat transfer coefficient, stirrer speed, and tank 
diameter is shown below. 

h ∝ NxDx/2 

from           
Q1

V1
=

Q2

V2
 

 
h1A1∆T

V1
=

h2A2∆T

V2
 

The heated area and volume calculated from  A = πDt
2,, and V =  π

Dt
2

4
 , 

respectively. 
 

h1A1∆T

π
D1

2

4  

=
h2A2∆T

π
D2

2

4

 

h1

D1
=

h2

D2
 

And  
h ∝ NxDx/2 

Then,  
N1

xD1
x/2

D1
=

N2
xD2

x/2

D2
 

 

(
D1

D2
)

x
2

−1

= (
N2

N1
)

x

 

 

(
D1

D2
)

−x

= (
N2

N1
)

x

 

 

N2 = N1 (
D2

D1
) 
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6. Equal heat transfer coefficient 

For equal heat transfer coefficient, 
h1 = h2 

From  
h ∝ NxDx/2 

 

N1
xD1

x/2
= N2

xD2
x/2

 

N1
x (

D1

D2
)

x/2

= N2
x 

 

N2 = N1 (
D1

D2
)

1/2

 

 
7. Equal power per unit volume 

Power number is a dimensionless parameter used for estimating the 
power consumed by the agitating impeller. 
 

Np =
P

ρN3D5
 

 
Whereas, 
 Np    = power number, (m/s) 
 P      = power, (watt) 
 ρ      = fluid density (kg/m3) 
 N     = stirred speed (rpm) 
 D     = tank diameter (m) 
 
When, Np1 = Np2 
 

P1

ρN1
3D1

5 =
P2

ρN2
3D2

5 
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The fluid in Tank 1 and 2 are the same properties. 
And   

V ∝ D3 

 

P2

P1
= (

N2

N1
)

3

= (
D2

D1
)

5

 

 

P2 V2⁄

P1 V1⁄
= (

N2

N1
)

3

= (
D2

D1
)

2

 

 
When,  

P1

V1
=

P2

V2
 

Then, 
 

(
N2

N1
)

3

= (
D2

D1
)

2

 

 

 

N2 = N1 (
D1

D2
)

2/3

 

 
Table  3 The Table shows the empirical (n) of stirrer speed and tank diameter at any 
objective. 
 

Objective Empirical (n) 
1. Equal Reynold number 2 
2. Equal Froude number 1/2 
3. Equal stirrer tip speed 1 
4. Equal mixing time 0 
5. Equal heat transfer coefficient per volume -1 
6. Equal heat transfer coefficient 1/2 
7. Equal power per volume 2/3 
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CHAPTER III 

EXPERIMENT 

3.1 Materials and reagents 

The materials and reagents used in this research without further purification 
were shown in the Table below 

Table  4 Chemicals and reagents 
 

Chemicals and reagents sources 

Salicylic acid Sigma-Aldrich 

Salicylamide Sigma-Aldrich 

Cyanuric chloride Acros organics 

Salicyloyl chloride as a working  standard Pharmaffiliates 

Benzoxazinone derivative as working  standard TRC (Toronto Research 

Chemicals) 

Bis-salimide as working standard (%Area) The Government Pharmaceutical 

Organization. 

Triethylamine Aldrich-chemie 

Toluene Emparta ACS, labscan (Thailand) 
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3.2 Synthesis of benzoxazinone derivative (8) 

According to Jarussopon [20], to synthesize 2-(2-Hydroxyphenyl)-4H-1,3-
benzoxazin-4-one or benzoxazinone derivative (8), A mixture of salicylic acid (1) (13.8 
g, 0.1 mol), salicylamide (6) (11.65 g, 0.085 mol) and 2,4,6-trichloro-1,3,5-triazine or 
cyanuric chloride (2) (12.3g, 0.067 mol) was added to 500-ml two round-bottom neck 
flask and equipped with a condenser and a Dean-stark trap. Three hundred milliliters 
of toluene were added to a mixture. Then, the suspension was heated up to 80 °C 
and stirred at this temperature for 30 minutes. Next, Triethylamine (13.9 mL, 0.1 mol) 
was slowly added to the reaction mixture. After that, the reaction mixture was 
heated to 110 °C and refluxed. The chemicals from the mixture were investigated at 
each time of reaction. The mole ratios of salicylic acid (1), cyanuric chloride (2), and 
salicylamide (6) were varied at 1:0.67:0.75, 1:0.67:0.85, 1:0.67:1.  

The mole ratios of salicylic acid (1) to triethylamine were also studied at 
1:0.1, 1:1 and 1:2. The TLC technique was also used to monitor the reaction 
progression with 40% ethyl acetate/hexane as a mobile phase. After the completion 
of the reaction, the reaction mixture was cooled down to 80 °C, and the reaction 
mixture was filtered to remove the solid substances. The precipitation of the solid 
was observed during the reaction. The solid and filtrate were further analyzed using 
HPLC to determine the chemicals and their amount. The experiments were done in 
triplicate to determine the concentration profile in each condition, and the average 
values were reported. 

 
 

Figure  12 The experiment in round bottom flask. 
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3.3 Determination of the chemicals concentration in the reaction   

To determine the reaction scheme, the HPLC technique was used to 

analyze the chemical reaction. Liquid chromatography (HPLC) (Agilent, 1100 series) 

equipped with an Inertsil ODS-3V column and photodiode array detector (PDA). The 

filtrated reaction product was diluted with acetonitrile before analyses. The injection 

volume was 10 µL. Mobile phase A consisted of 0.01 M potassium dihydrogen 

phosphate adjusted pH to 3.0±0.05 with phosphoric acid, and mobile phase B 

consisted of acetonitrile and methanol in the ratio of 90:10 v/v in isocratic mode 

(mobile phase A: mobile phase B, 50:50). The flowrate was 1 ml/min with 25 minutes 

for runtime. The HPLC chromatogram showed the known and unknown peaks of 

products. Two major unknown peaks were further investigated. The relative response 

factor was used to quantify all known chemicals to Benzoxaxinone derivative 

standard. The results were shown in the form of conversion and yield, which were 

defined as  

Conversion  𝑥𝑖 =
Initial concentration of i− Concentration of i (mol/l)

Initial concentration i (mol/l)
 

 

Yield                     𝑦𝑗 =
 Concentration of j (mol/l)

Initila Concentration salicylic acid (mol/l)
 

 

3.4 Synthesis of tris-quaternary ammonium salt (10) 

According to Somnath Gholap, and Navanath Gunjal [79], the reaction of 

2,4,6-trichloro-1,3,5-triazine or cyanuric chloride (2) in the presence of triethylamine 

gives the tris-quaternary ammonium salt as a product. Therefore, the reaction of 

cyanuric chloride (2) in the presence of triethylamine with refluxing toluene was 

studied. After the completion of the reaction, the reaction mixture was purified using 

column chromatography to provide the white solid as a product. The white solid was 

dissolved in the acetonitrile and then characterized by HPLC. The chromatogram 

showed the peak at the same retention time of the unknown peak from 
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benzoxazinone derivative synthesis reaction product. Therefore, it was postulated 

that the chemical structure of the other unknown peak was tris-quaternary 

ammonium salt (10).   

3.5 Isolation of 4-chloro-2-(2-hydroxyphenyl)-4H-benzo[e][1,3]oxazine-4-ol 

(9) from the reaction 

To elucidate the chemical structure of the unknown compounds, the 

filtrate of the product mixture was then evaporated under reduced pressure to 

provide a crude product as a sticky matter for the chemical structure elucidation of 

unknown compounds. The sticky matter was purified by preparative column 

chromatography using silica gel (F256) as the stationary phase and ethyl acetate: 

hexane (10:90) as the mobile phase. The fraction was collected and analyzed by TLC 

and HPLC. All fractions with the same spot-on TLC were combined and concentrated 

under reduced pressure to provide a white solid. The chemical structure of the solid 

product was elucidated, which was 4-Chloro-2-(2-hydroxyphenyl)-4H-

benzo[e][1,3]oxazine-4-ol (9). 

3.6 Determination of heat of reaction using reaction calorimeter (RC1e, 

Mettler Toledo) 

 The overall heat of the reaction of the Benzoxazinone derivative (8) 

synthesis was measured using a reaction calorimeter (RC1e, Mettler Toledo) with a 

500 mL vessel with UA 4.83 W/K. 18.40 g of salicylic acid (1) was added to 400 mL 

toluene. The cyanuric chloride (2) and salicylamide (6) were added to the solution at 

1 mole equivalent to salicylic acid. After that, one mole equivalent of triethylamine 

was slowly added to the reaction mixture for 3 hrs. The coolant temperature was 

measured and then used to calculate the removal heat rate to keep a constant 

reaction temperature at 80 °C. The reaction time of 250 minutes was used, and the 

remaining salicylic acid was measured. The overall heat of the reaction was 
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calculated from the peak area of removal heat rate based on one mole reacted of 

salicylic acid (1).          

          

 
 

Figure  13 Automatic reaction calorimeter (RC1e, Mettler Toledo) 
 

3.4 1-L Reactor for synthesis  

 Reactor diameter = 0.1 m 
 Stirrer diameter   = 0.06 m 

 

 

Figure  14 1-L double jacket reactor. 
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3.5 10-L Reactor for synthesis 

 Reactor diameter = 0.2 m 
 Stirrer diameter   = 0.12 m 

 

 
Figure  15 10-L double wall reactor, Büchiglasuster®. 

 

3.6 Analytical procedure 

The HPLC technique was used to analyze the chemical reaction. Liquid 
chromatography (HPLC) (Agilent, 1100 series) equipped with an Inertsil ODS-3V 
column and photodiode array detector (PDA). The filtrated reaction product was 
diluted with acetonitrile before being analyzed. The injection volume was 10 µL. 
Mobile phase A consisted of 0.01 M potassium dihydrogen phosphate adjusted pH to 
3.0±0.05 with phosphoric acid, and mobile phase B consisted of acetonitrile and 
methanol in the ratio of 90:10 v/v in isocratic mode (mobile phase A: mobile phase 
B, 50:50). The flowrate was 1 ml/min with 25 minutes for runtime.  
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Standard preparation for HPLC for profile experiment 

 Accurately weigh about 12.5 mg of 2-Hydroxyphenyl-4H-1-3-Benzoxazin-4-
one into a 25-mL volumetric flask. Add about 15 ml of HPLC-grade acetonitrile and 
sonicate until a clear solution was obtained. Adjust to volume with HPLC grade 
acetonitrile (standard stock solution 1.  

 For calibration curve preparation, Pipet 1 ml of the standard stock 
solution into a 25-ml volumetric flask. Adjust to volume with HPLC-grade acetonitrile. 
Filter the solution through a 0.45 µm porosity nylon membrane filter and use the 
filtrate (standard stock solution 2). Pipet 10 ml of standard stock solution 2 into a 25-
ml volumetric flask. Adjust to volume with HPLC grade acetonitrile (standard stock 
solution 3) and Pipet 1 ml of standard stock solution 2 into a 10-ml volumetric flask. 
Adjust to volume with HPLC grade acetonitrile (standard stock solution 4). Filter the 
solution through a 0.45 µm porosity nylon membrane filter and use the filtrate. The 
last point, pipet 1 ml of standard stock solution 4 into a 10-ml volumetric flask. 
Adjust to volume with HPLC grade acetonitrile (standard stock solution 5). Filter the 
solution through a 0.45 µm porosity nylon membrane filter and use the filtrate. 
 
Table  5 Summary of the standard calibration curve point 
 

No. procedure 
Concentration 

(mg/ml) 

1. 12.5 𝑚𝑙

25 𝑚𝑙
 0.5 

2. 12.5 𝑚𝑙

25 𝑚𝑙
×

1𝑚𝑙

25𝑚𝑙
 0.02 

3. 12.5 𝑚𝑙

25 𝑚𝑙
×

1𝑚𝑙

25𝑚𝑙
×

10𝑚𝑙

25𝑚𝑙
 0.008 

4. 12.5 𝑚𝑙

25 𝑚𝑙
×

1𝑚𝑙

25𝑚𝑙
×

1𝑚𝑙

10𝑚𝑙
 0.002 

5. 12.5 𝑚𝑙

25 𝑚𝑙
×

1𝑚𝑙

25𝑚𝑙
×

1𝑚𝑙

10𝑚𝑙
×

1𝑚𝑙

10𝑚𝑙
 0.0002 
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Preparation of sample solution  

Pipet 10 µL of sample into a 10-mL volumetric flask. Dilute with HPLC-grade 
acetonitrile. Filter the solution through a 0.45 µm porosity nylon membrane filter 
and use the filtrate. 
 
chemical structure elucidation 

The 1H and 13C NMR spectra were structurally studied for identification 
and characterization using Bruker Avance-500 (500 MHz). The chemical shifts were 
given in parts per million (δ ppm). The high-resolution mass spectra (HSMS) were 
obtained on a Bruker micro TOF spectrometer in the ESI mode. The infrared 
spectrum was determined by Attenuated Total Reflection (ATR) technique. The IR 
spectra was recorded on PerKin Elmer Spectrum Two FT-IR Spectrometer in the 
range of 4000 cm-1 to 650 cm-1.    
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CHAPTER IV 

THE REACTION SCHEME OF BENZOXAZINONE DERIVATIVE 

In this chapter, the intensive study of Benzoxazinone derivative synthesis 

from salicylic acid and salicylamide using cyanuric chloride as a chlorinating agent 

was conducted. The reaction scheme was investigated using the concentration 

profile of chemicals in the reaction mixture. The chemical structure elucidation was 

used to identify the chemical structure of unknown compounds. The heat of the 

reaction and effect of reaction parameters: reaction time, temperature, the 

concentration ratio of each reactant, and the concentration of triethylamine (Et3N) 

were studied. 

4.1 Structural elucidation of unknown compounds 

The white powder compounds was confirm structure as the 4-Chloro-2-
(2-hydroxyphenyl)-4H-benzo[e][1,3]oxazine-4-ol (7)  as shown in Figure 16 by melting 
point, m.p.: 95-98 °C, FT-IR: 3243, 3110, 1680, 1616, 1583, 1246, 754 cm-1;  1H-NMR 
(500 MHz, CDCl3, δ (ppm))  and 13C-NMR (500 MHz, CDCl3, δ (ppm)) spectra were 1H-
NMR (CDCl3): δ 7.01 (ddd, J = 7.2, 7.2, 1.0 Hz, 1H), 7.06 (dd, J = 8.4, 0.9 Hz, 1H), 7.42 
(td, J = 7.6, 1.0, 1H), 7.47 (dd, J = 8.3, 0.7 Hz, 1H), 7.58 (ddd, J = 7.3, 7.3, 1.7 Hz, 1H), 
7.71 (ddd, J = 7.7, 7.6, 1.6 Hz, 1H), 7.75 (dd, J = 7.7, 1.6 Hz, 1H), 8.15 (dd, J = 8.0, 1.7 
Hz, 1H), 10.13 (s, OH),; 13C NMR (CDCl3): δ 107.2, 110.9, 114.8, 117.9, 119.9, 123.2, 
126.7, 130.6, 133.5, 134.1, 137.2, 151.7, 162.4, 167.6; HRMS: Calcd for C14H10ClNO3Na 
(M+Na+-HCl) 262.0480. Found: 262.0470. 

 
 
 
 
 
Figure  16 Chemical structure of 4-Chloro-2-(2-hydroxyphenyl)-4H-benzo[e] 

[1,3]oxazine-4-ol (9). 
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4.2 The reaction scheme for benzoxazinone derivative (8) synthesis. 

According to Jarassopon et al. [20], the reaction scheme of 

benzoxazinone derivative synthesis was proposed. First, the salicylic acid (1) reacted 

with cyanuric chloride (2) to form salicyloyl chloride (3) as Rxn 1 in Figure 17. The 

condensation between salicyloyl chloride (3) and salicylamide (6) then occurred to 

form an intermediate bis-salimide (7) as Rxn 3. After that, cyclization of bis-salimide 

(7) provides a six-membered ring of benzoxazinone derivative (8) as Rxn 4. However, 

from the chemical structure elucidation of the solid product, as mentioned before, 

the hydrochloric acid reacted with benzoxazinone derivative (8) to yield compound 

4-chloro-2-(2-hydroxyphenyl)-4H-benzo[e][1,3]oxazine-4-ol (8) which was a new 

reported compound from this synthesis route as Rxn 5.  

Furthermore, because of the unknown peak from HPLC, the reaction of 

cyanuric chloride (2) in the presence of triethylamine was studied. The tris-quaternary 

ammonium salt was found as a product of this reaction. This product indicates that 

in the Benzoxazinone derivative (8) synthesis route using a chlorinating reagent of 

cyanuric chloride (2) under a base condition of triethylamine will give a by-product of 

tris-quaternary ammonium salt (10) as in Rxn 6 
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Figure  17 The reaction scheme for Benzoxazinone derivative (8) synthesis from 

salicylic acid (1) and salicylamide (6) using cyanuric chloride (2) as a chlorinating 

agent under the base condition of triethylamine. 

 
 
 
 
 
 
 
 

Et3N

+

1 2 3

+

63 7

- HCl

7

Et3N

8

Et3N

2

10

8 9

+ HCl

- H2O

Rxn 1

Rxn 3

Rxn 4

Rxn 5

Rxn 6

+

4

Et3N

+

1 4 3

+

5

Rxn 2



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 50 

4.3 The conversion profile of the reactant and yield profile of the product 

To understand the reaction better, the reactant's conversion profile and 
the product's yield profile in the filtrate product were studied, as shown in Table 6. 
The ratio of each starting chemical salicylic acid (1), cyanuric chloride (2), 
salicylamide (6), and triethylamine was 1:0.67:1:1. The reaction temperature was 110 
°C (reflux temperature). At prescribed time intervals, the amount of each chemical 
was measured unless a reactive cyanuric chloride (2), 2,6-dichloro-1,3,5-triazine (4), 
and 2-monochloro-1,3,5-triazine (5). Considering the reactant, salicylic acid (1) and 
salicylamide (6) conversion increases dramatically even in the early 5 minutes of the 
reaction and slowly increases until constant after 120 minutes. In contrast, the 
product yield of compounds 3, 7, 8, and 9 were not in balance with the reacted 
reactant 1 and 6. According to the experiment, solid precipitation was observed 
during the reaction. To characterize the compositions of the solid, HPLC was 
performed. The results showed that the main component of the solid consisted of 
bis-salimide (7) and salicylamide (6). That means salicyloyl chloride (3) and 
salicylamide (6) were immediately converted to bis-salimide (7) as a solid product 
during the reaction. The solid was formed at the beginning of the reaction and 
trapped all components, especially bis-salimide (7) and salicylamide (6). As a result, 
the conversion of 6 was not equal to the summation of the yield of 7, 8, and 9. 
Therefore, the conversion of salicylamide (6) should be lower, and the yield of bis-
salimide (7) should be higher than the value in Table 6 because only the 
concentration in the filtrate was shown. Furthermore, the incomplete conversion of 
salicylic acid (1) agrees with the Rxn 6, in which a yield of 10 was observed. 
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Figure  18 Reaction picture of Benzoxazinone derivative synthesis (8) 
 
To summarize the reaction from the reaction picture of Benzoxazinone 

derivative synthesis, salicylic acid (1), cyanuric chloride (2), and triethylamine rapidly 
convert to salicyloyl chloride (3). At the same time, salicylamide (6) immediately 
reacts with salicyloyl chloride (3) to form bis-salimide (7). The solid is formed at the 
beginning of the reaction and trapped inside bis-salimide (7) and salicylamide (6). Bis-
salimide in the solution mixture converted to Benzoxazinone derivative (8). In the 
presence of HCl, Benzoxaxinone derivative converts to a compound (9). In addition, 
cyanuric chloride reacts with triethylamine to form a compound (10). 
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 4.4 Effect of salicylic acid (1): salicylamide (6) ratio 

The effect of the molar ratio of salicylic acid (1) to salicylamide (6) on the 

product yield was studied in Entries 1-3 of Table 2. The amount of salicylamide (6) 

varied from 0.75, 0.85, and 1.0, equivalent to salicylic acid (1). The yield of 

benzoxazinone derivative (8) significantly increased when salicylamide increased. This 

higher yield is due to the high salicylamide concentration surrounding the salicylic 

acid molecule. It enhanced the possibility of the two species of molecules to react. 

Not only did the highest equivalent of salicylamide give the highest amount of 

Benzoxazinone derivative, but it also left unreacted molecules more than the low 

equivalent of salicylamide. Furthermore, the yield of compound (9) tends to increase 

with the decrease of salicylamide (6). The yield of compound (10) is reported to be 

around 11 % for all ratios. 

The purity of the Benzoxazinone derivative from entry 3 was determined 

after the reaction was completed in 22 hours. The reaction mixture was cooled to 80°C 

and filtered to remove the solid. The solvent was then removed under reduced 

pressure. Next, ethanol was added to the flask containing the yellow solid and cooled 

to 0°C. the mixture was filtered and then, the solid was dry in vacuum oven for 5 

hours. The purity was determined using HPLC, and the relative area of the peak in the 

chromatogram indicated that the purity of the Benzonxazinone derivative from the 

parameters in entry 3 was 98.64% (see Appendix 1.4). As a result, the by-product, 

compound 9, can be removed from the product through crystallization in ethanol.  

4.5 Effect of triethylamine concentration 

The effect of triethylamine was studied in Entries 2, 4, and 5 of Table 7. 
Triethylamine was used as a catalyst in this reaction. Moreover, the amount of 
triethylamine could control the pH of the reaction mixture. The acidic mixture will be 
neutralized by triethylamine. The effects of the catalyst were studied using 0.1, 1, 
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and 2 triethylamine equivalent to salicylic acid. The results showed that the optimal 
yield of Benzoxazinone derivative (6) was observed at 1 equivalent of triethylamine. 
The lower yield of 6 may be due to lower salicylamide (6) conversion at the higher 
triethylamine. Furthermore, increasing triethylamine lowers the yield of compound 
(7) because HCl in the mixture was neutralized by triethylamine which the Rxn 4 in 
Figure 17 required HCl to change the structure. The higher yield of compound (8) 
surprisingly increases with the decrease of triethylamine. 

 

 

4.6 The effect of the reaction temperature 

Temperature is an essential parameter in chemical synthesis. This 
study will use 80, 100 °C and refluxing temperatures (110 °C), as shown in 
Entries 6, 7, and 2. The lower temperatures, the lower the maximum 
conversion of 1 and 4 were observed. However, the benzoxzainone derivative 
(6) yield is not much different, but the reflux temperature gave the highest 
yield. Moreover, the higher the reaction temperature, the more yield of the 
compound (7). 

When the temperature rose from 80 °C to refluxing temperature of 
toluene (110 °C), the effect of temperature on the amount of benzoxazinone 
derivative trended to increase benzoxazinone derivative. Then, the experiment 
using xylene, which has a boiling point of 138.4 °C, seemed to produce more 
benzoxazinone derivative. Although both toluene and xylene were classified in 
class 2 of “International Council For Harmonisation Of Technical Requirements 
For Pharmaceuticals For Human Use”. However, the energy consumption 
during the synthesis process over 6 hours was one of the essential parameters, 
including purity and yield, to consider in the production scale. Therefore, the 
process with a lower temperature was more suitable to operate in the 
industrial section than the process with a higher temperature.  
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4.7 The overall heat of the reaction  

The overall heat of the reaction of the Benzoxazinone derivative (8) 
synthesis was measured using a reaction calorimeter (RC1e, Mettler Toledo) with a 
500 mL vessel with UA 4.83 W/K. 18.40 g of salicylic acid (1) was added to 400 mL 
toluene. The cyanuric chloride (2) and salicylamide (6) were added to the solution at 
1 mole equivalent to salicylic acid. After that, one mole equivalent of triethylamine 
was slowly added to the reaction mixture for 3 hrs. The coolant temperature was 
measured and then used to calculate the removal heat rate to keep a constant 
reaction temperature at 80 °C. The reaction time of 250 minutes was used, and the 
remaining salicylic acid was measured. The overall heat of the reaction was 
calculated from the peak area of removal heat rate based on one mole reacted of 
salicylic acid (1).                   

The reaction calorimeter was used to measure the overall heat of the 
reaction. The salicylic acid (1, 0.133 mol), salicylamide (6, 0.133 mol), cyanuric 
chloride (2, 0.089 mol), and triethylamine (0.133 mol) in 400 mL of toluene were 
used to perform the data measurement at 80 °C. The triethylamine was added to the 
reaction mixture for 3 hours. The overall heat transfer coefficients were measured 
before and after the reaction for heat flow calculation. The heat flow of the reaction 
was automatically measured by controlling the reaction temperature at 80 °C, as 
shown in Figure 19. After 250 min, the conversion of salicylic acid (1) at 0.89 was 
measured. Therefore, the apparent heat of the reaction, which was calculated from 
the peak area, was about -177 kJ/mol salicylic (1) at 80 oC. The reaction is quite 
highly exothermic.   

 
 
 
 
 
 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 57 

Figure  19  The reaction heat flow for the Benzoxazinone derivative (8) formation 
from salicylic acid (1) and salicylamide (6) using cyanuric chloride (2) as a chlorinating 
agent at 80 °C 
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CHAPTER V 

THE KINETIC STUDY OF BENZOXAZINONE DERIVATIVE SYNTHESIS  

5.1 The kinetic study of Benzoxazinone derivative synthesis 

In this study, the concentration profiles during the synthesis of each 

condition in experiments 4.4 to 4.6 were used to evaluate the kinetic parameters. 

The route of Benzoxazinone derivative synthesis (Figure 17) was rearranged to write 

the chemical equation in the program. 

 

 

 
Figure  20 Chemical structures in kinetic study   
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The sets of chemical data, experimental data, and the optimization 

mode of operation were assigned to the program CERRES (Chemical Reaction and 

Reactor Engineering Simulations, https://www.cerres.org). The operation setting 

method was shown in Appendix 2. The optimization mode of the program was 

performed to calculate the kinetics constant from 7 experiments. Those parameters 

were shown in the Table below. For the kinetic constant, the direct constant (kforward 

and kbackward) was chosen in order to fit the experimental data with model 

concentration using optimization mode. Moreover, R2 value from linear regression of 

parity plot of salicylic acid, salicylamide, Benzoxazinone derivative and compound (9) 

between experimental yield/conversion and model yield/conversion were shown in 

each of 7 experiments.  

 

 Table  8 Summary of 7 conditions for kinetics modelling optimization 
 

Entry 
 

Salicylic acid:Salicylamide 
(equiv.) 

Triethylamine 
(equiv.) 

Temperature (°C) 

1 1:0.75 1 110* 
2 1:0.85 1 110* 
3 1:1 1 110* 
4 1:0.85 0.1 110* 
5 1:0.85 2 110* 
6 1:0.85 1 80** 
7 1:0.85 1 100** 

 * Dropping triethylamine at 80 °C and heated up to refluxing toluene 

** Dropping triethylamine at observed temperature 
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5.2 The results from the kinetic study 

In this experiment, the outcome of kinetic constants was calculated using 

CERRES (Chemical Reaction and Reactor Engineering Simulations) invented by the 

National Institute of Chemistry - Kemijski inštitut. Slovenia. 

From the definition of reaction rate; 

𝑅 = 𝑘𝑓𝑜𝑟𝐶𝑟𝑒𝑎𝑐𝑔,1

𝑜𝑟𝑑𝑒𝑟𝑟𝑒𝑎𝑐𝑔,1𝐶𝑟𝑒𝑎𝑐𝑔,2

𝑜𝑟𝑑𝑒𝑟𝑟𝑒𝑎𝑐𝑔,2 … − 𝑘𝑏𝑎𝑐𝑘𝐶
𝑝𝑟𝑜𝑑,1

𝑜𝑟𝑑𝑒𝑟𝑝𝑟𝑜𝑑,1𝐶
𝑝𝑟𝑜𝑑,2

𝑜𝑟𝑑𝑒𝑟𝑝𝑟𝑜𝑑,2 … 

 

 Where kfor and kback are the rate constants of the forward and backward 
reaction, Creag,i and Cprod,i are the concentrations of reagent,i and product,i, and 
orderreacg,i, and orderprod,i are the orders for each species, which by default equals the 
stoichiometric amount of species i in the reaction. For the liquid phase species, C is 
concentrations (mol/L).  

In this study, the assumption of an elementary reaction in the network 
reaction was proposed. The stoichiometric number of the species related to the 
order of concentration in the rate equation.  

 The experiments were conducted using sampling times of 5, 10, 15, 
20, 30, 45, 60, 120, 180, 240, 300, 360, and 1,320 minutes. The fitting time in the 
program was used from 0 to 360 minutes in order to investigate the parameters in 
the scale-up process described in Chapter VI. The components of the reaction 
solution were analyzed using HPLC. The detectable components included salicylic 
acid, salicylamide, salicyloyl chloride, bis-salimide 7, a benzoxazinone derivative 8, 
compound 9, and compound 10.  

The model conversion/yield and kinetic constants were calculated based on 
the experimental concentrations of four species: salicylic acid, benzoxazinone 
derivative 8, compound 9, and compound 10. Salicylic acid and bis-salimide 7 
formed solids in the reaction, so their concentrations as measured by HPLC were 
lower than the actual concentrations. In addition, salicyloyl chloride 3 was an 
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intermediate that immediately reacted with the substrate, so its concentration was 
also lower than the actual concentration. 
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From the results of experiments, the entry 3 provided the highest yield in 
the synthesis of Benzoxazinone derivative. the equilibrium constants from the 
optimization, the k-values were chosen to conduct because this condition provided 
the highest yield of benzoxazinone derivative. Therefore, a detailed explanation of 
each step was performed. In the first equation, the k-value represented the 
conversion of salicylic acid into an intermediate substance, salicyloyl chloride. The 
kfor and kback are quite similar and the value of k-values in this step was more than 
the other steps.  It means salicylic acid converts to salicyloyl chloride and rapidly 
reverses back to salicylic acid. Actually, salicylic acid almost converts in 5 minutes. 
Then, there should be the consumption of salicylic acid in another equation.  

The reaction in equation 2 also represents the consumption of salicylic 
acid to form salicyloyl chloride. kback is greater than kfor. This equation with kback 
shows that salicyoly choride is likely to convert back to salicylic acid. 

The reaction in equation 3 represents the consumption of salicyloyl 
chloride and salicylamide to form bis-salimide. Kfor is greater than kback. This equation 
with kfor shows that salicyloyl chloride and salicylamide are likely to form bis-
salimide. 

The reaction in equations 4 and 5 show the formation of benzoxazinone 
derivative and degradation into compound 9, respectively. The magnitude of kfor in 
equation 4 is higher than kback, But the k-value in this equation should be greater 
than this value in order to produce more of the desired product. 

Finally, the last equation provides another by-product, tris-quaternary 
ammonium salt, from the reaction of triethylamine and cyanuric chloride. Kfor is less 
than kback. This equation seems to produce less tris-quaternary ammonium salt 
because kback is quite larger than kfor. 

The results from the fitting are shown in Figure 22. The fitting of salicylic 
acid and benzoxazinone derivative from the experimental data and the model data 
revealed a good fit. For compound 9 and compound 10, the fit was a little bit off 
from the experimental data because the adjusted parameters in the program were 
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specific to optimizing the benzoxazinone derivative, the main product, in order to 
achieve good optimization. The other components were the plot from the model 
concentration to predict the concentration of each component in the model.  

To validate the results of model conversion/yield, the parity plot between 
the experimental data and computational data were plotted and shown in Figure 21. 
For starting material (salicylic acid), the experimental conversion (%) and model 
conversion (%) were plotted with 95% confidential interval band. For products 
(Benzoxazinone derivative or compound (8), compound (9) and compound (10), the 
experimental yield (%) and model yield (%) were plotted with 95% confidential 
interval band. The results showed that the parity plot of benzoxazinone derivative 8 
was aligned with the diagonal line. The model calculation provided data that was 
comparable to the experimental data. Moreover, the r-square of the fitting, 0.9670, 
revealed the linearity of the model and experimental data. In addition, the results 
for salicylic acid showed that it was also on the diagonal line and had an r-square of 
0.9864. Compounds 9 and 10 showed good linearity, with r-squares of 0.9851 and 
0.9846, respectively, but they did not align with the diagonal line, which was in 
accordance with the fitting in Figure 22. 

 

Table  10  Kinetic constant for salicylic acid:salicylamide ratio (1:1 equivalent), 
triethylamine (1 equivalent), and refluxing toluene (entry 3) 
 

Equation no.  kfor  kback 

1  1.1454E+00  2.0047E+00 
2  1.8703E-01  5.9475E+00 
3  9.7630E-01  6.0809E-01 
4  5.1550E-03  1.0770E-03 
5  6.4147E-02  2.5377E-01 
6  8.8097E-02  2.2158E+00 
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Figure  22 R2-value from fitted model conversion and experimental conversion (%) of 
salicylic acid, model yield experimental yield (%) of compound (8, 9 and 10) with 
95% confidential band for salicylic acid:salicylamide:cyacuric chloride:triethylamine 
mole ratio of 1:1:0.67:1 at refluxing toluene. 
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Moreover, the results showed that this chemical network in the synthesis of 
Benzoxazinone derivative using elemental reaction as a basis in 7 types of conditions 
was able to predict the amount of Benzoxazinone derivative according to the result 
of parity plot (in appendix), which experimental and computational data lined along 
with the diagonal line of the graph and R2-value represented the linearity in 
experiment 1, 2, 3, 5, 6, and 7. In experiment 4, the amount of triethylamine 
deviated from 1 equivalent of triethylamine, causing the concentration of 
experimental data changed due to pH of the reaction mixture. From the parity plot 
of experiment no. 4, it showed that in the condition of 0.1 mol equivalent of 
triethylamine, the regression value of salicylic acid, compounds 8, 9, and 10 deviated 
from the predicted model. 

This model can predict the amount of Benzoxazinone derivative with specific 
conditions (in entries 1, 2, 3, 6, and 7). The change of triethylamine equivalent (0.1 
mole equivalent) can deviate from the result.  

 

5.3 The usage of kinetic parameters from optimization 

The results from the optimization for kinetic parameters were the k-value 
(equilibrium constant) of the reaction. The usage of the k-value provided for k of the 
reaction. From Figure 20, the rate of the reaction could be written as: 

 

𝑑1

𝑑𝑡
= −𝑘1,𝑓𝑜𝑟[1][2] + 𝑘1,𝑏𝑎𝑐𝑘[3][4] + 𝑘2,𝑓𝑜𝑟[1][4] + 𝑘2,𝑏𝑎𝑐𝑘[3][5] 

𝑑2

𝑑𝑡
= −𝑘1,𝑓𝑜𝑟[1][2] + 𝑘1,𝑏𝑎𝑐𝑘[3][4] − 𝑘6,𝑓𝑜𝑟[2][13] + 𝑘6,𝑏𝑎𝑐𝑘[5] 

𝑑3

𝑑𝑡
= 𝑘1,𝑓𝑜𝑟[1][2] + 𝑘1,𝑏𝑎𝑐𝑘[3][4] + 𝑘2,𝑓𝑜𝑟[1][4] − 𝑘2,𝑏𝑎𝑐𝑘[3][4] − 𝑘3,𝑓𝑜𝑟[3][6] + 𝑘4,𝑏𝑎𝑐𝑘[7][11] 

𝑑4

𝑑𝑡
= −𝑘1,𝑓𝑜𝑟[1][2] − 𝑘1,𝑏𝑎𝑐𝑘[3][4] − 𝑘2,𝑓𝑜𝑟[1][4] + 𝑘2,𝑏𝑎𝑐𝑘[3][5] 

𝑑4

𝑑𝑡
= 𝑘2,𝑓𝑜𝑟[1][4] − 𝑘2,𝑏𝑎𝑐𝑘[3][5] 

𝑑6

𝑑𝑡
= −𝑘3,𝑓𝑜𝑟[3][6] + 𝑘3,𝑏𝑎𝑐𝑘[7][11] 

𝑑7

𝑑𝑡
= 𝑘3,𝑓𝑜𝑟[3][7] − 𝑘3,𝑏𝑎𝑐𝑘[7][11] + 𝑘4,𝑓𝑜𝑟[7] 
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𝑑8

𝑑𝑡
= 𝑘4,𝑓𝑜𝑟[8] − 𝑘4,𝑏𝑎𝑐𝑘[8][11] 

𝑑9

𝑑𝑡
= 𝑘5,𝑓𝑜𝑟[9][11] − 𝑘5,𝑏𝑎𝑐𝑘[12] 

𝑑10

𝑑𝑡
= 𝑘6,𝑓𝑜𝑟[2][13]3 + 𝑘6,𝑏𝑎𝑐𝑘[10] 

𝑑11

𝑑𝑡
= 𝑘3,𝑓𝑜𝑟[3][6] − 𝑘3,𝑏𝑎𝑐𝑘[7][11] − 𝑘5,𝑓𝑜𝑟[8][11] + 𝑘5,𝑏𝑎𝑐𝑘[9] 

𝑑12

𝑑𝑡
= 𝑘4,𝑓𝑜𝑟[7] − 𝑘4,𝑏𝑎𝑐𝑘[8][12] 

𝑑13

𝑑𝑡
= −𝑘6,𝑓𝑜𝑟[2][13]3 + 𝑘6,𝑏𝑎𝑐𝑘[10] 

 

whereas; 1=salicylic acid (1), 2=cyanuric chloride (2), 3=salicyloyl chloride (3), 4=2,6-
dichloro-1,3,5-triazine (4), 5=2-monochloro-1,3,5-triazine (5), 6=salicylamide (6), 7=Bis-
salimide (7), 8=Benzoxazinone derivative (8), 9=compound (9), 10=compound (10), 
11=HCl, 12=H2O and 13=triethylamine. 

From the differential equations above, the chemicals in the solution will 
be predicted using the initial concentration of starting materials and solved by all 
equations simultaneously to provide the solution. The most important part of the k-
value is to design the reactor (continuous stirred tank reactor or flow reactor) for 
scale-up.  

The rate of reaction can be defined as 

ri =
1

v

dni

dt
=

dCi

dt
 

            i = specie in reaction 
    ni = mole of specie i 
    Ci = concentration of specie i 
 
Then,  

r1 =
dC1

dt
=

𝐶2 − 𝐶1

𝑡2 − 𝑡1
 

       1 = salicylic acid 
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Table  13 The relations between conversion of salicylic acid and rate of disappear of 
salicylic acid in the experiment entry 3.  
 

Time (s)  
Conversion 1,  
(salicylic acid) 

 
-r1  

(molL-1min-1) 
0  0  0 
5  0.80  0.0301254 
10  0.83  0.0004446 
15  0.84  0.0004992 
20  0.88  0.0004059 
30  0.91  0.0002304 
45  0.94  0.0001664 
60  0.96  0.0000384 
120  0.96  0.0000049 
180  0.96  0.0000006 
240  0.96  0.0000024 
300  0.96  0.0000017 
360  0.97  0.0000020 

 
 The results between time and conversion were explained in the previous 
section. In addition, the rate of disappearance of salicylic acid (-r1) rapidly decreased 
within five minutes, as observed in the conversion of salicylic acid in five minutes. 
From 10 minutes to one hour of the reaction, the rate of disappearance of salicylic 
acid appeared to gradually decrease. After two hours of reaction time, the rate of 
disappearance of salicylic acid was very low, indicating that the salicylic acid was 
almost fully reacted and converted to the products as shown in Table 12. 

This relationship and design equation of the reactor provide a solution for 
the design of the reactor, for example, determining the time and volume required for 
the reactor.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 72 

CHAPTER VI 

THE SCALE-UP OF BENZOXAZINONE DERIVATIVE SYNTHESIS 

6.1 The Scale-up of Benzoxazinone derivative synthesis in a 1-L reactor 

In this chapter, the synthesis conditions were chosen from section 4.5 at 
the ratio of 1:1, equivalent of salicylic acid and salicylamide using 1 equivalent of 
triethylamine, 0.67 equivalent of cyanuric chloride, and at refluxing toluene. The 
maximum yield of Benzoxazinone derivative from the round-bottom flask experiment 
was chosen in order to operate in a 1-L reactor for scaling up the experiment. The 
effect of mixing speed in a 1-L reactor was studied in order to provide the data for a 
10-L reactor. The experiments were performed under the operating volume of a 1-L 
reactor, about 60% of the total volume of the reactor using 27.6 grams (0.2 mol) of 
salicylic acid. The duplicated experiments were performed and analyzed. 

From a laboratory experiment in a round-bottom flask, the reaction time 
was set up to 22 hours. It was designed to observe yield increase with time. The 
results showed that the amount of yield of Benzoxazinone derivative slightly 
increased or seemed constant. It showed that after 6 to 22 hours (14 hours), yield of 
Benzoxazinone derivative increased by 8.8%.  

For the scale-up process in a 1-10-L reactor, the reaction time was 
designed to operate in accordance with a 10-L reactor or 250-L reactor. Considering 
the operating cost (human, machine) in 14 hours (Almost 2 times the reaction time), 
the time required for reaction in a 1-10-L reactor was designed at 6 hours. 
 

6.1.1 The effect of mixing speed on the %yield of Benzoxazinone 

derivative.  

The yield of Benzoxazinone derivative profile in the 1-L reactor was 
performed using the mixing speed of 100, 200, 400, and 600 rpm. The comparison of 
yield of Benzoxazinone derivative between the mixing speed of 100, 200, 400, and 
600 rpm and the round bottom flask was shown in Figure 21. 
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Figure  23 The effect of mixing speed on the %yield of Benzoxazinone derivative. 
 

6.1.2 The result of the synthesis of Benaoxazinone derivative in a 1-L 

reactor 

The results showed that yield of Benzoxazinone derivative in all 
experiments rapidly increased from 0 to 30 minutes, after that, slightly increased 
from 1 to 2 hours and seemed to be constant after 2 hours of the reaction until 6 
hours. From the previous study, the laboratory scale synthesis in a round bottom 
flask provided the highest yield of Benzoxazinone derivative at the end of the 
experiment (6 hours) with 42.9 %yield. The experiments were studied from starting 
until 6 hours of the reaction time. Moreover, from data in chapter 4, the reaction of 
salicylic acid and salicylamide, the reactions of starting material were rapidly 
converted to salicyloyl chloride (3) and bis-salimide (7). The rate of reaction in 30 
minutes was considered to be no effect on various mixing speeds. After that, at 40 
minutes to 6 hours of the reaction, the effect of the mixing rate should be 
investigated.  
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The yield of Benzoxazinone derivative was more produced in ideal mixing 
of round bottom flask 40.3 %yield,  in the experiment of 400 rpm, and 37.4 %yield 
at 200 rpm.  

Considering the yield of Benzoxazinone derivative from 45 minutes – 6 
hours of reaction time, the difference in %yield of Benzoxazinone derivative between 
laboratory scale (Tt) and 1-L reactor (Rt) was shown in Table 12. 

 
Table  14 The difference in %yield of Benzoxazinone derivative between 

laboratory scale (round-bottom flask) and 1-L reactor 
 

Operation  %Difference 

 %yield of 
Benzoxazinone 
derivative (8) 

at 6 hours 

1-L reactor, 100 rpm  14.97  33.269.81 
1-L reactor, 200 rpm  9.94  37.446.22 
1-L reactor, 400 rpm  9.80  40.150.21 
1-L reactor, 600 rpm  15.94  30.836.24 

 
From the definition of %difference  

%Difference =  
100 × ∑ |𝑅𝑡 − 𝑇𝑡|𝑛

𝑖=1

∑ 𝑅𝑡𝑛
𝑖=1

 

Where, 
   Rt = %yield of Benzoxazinone derivative of Reference 
   Tt = %yield of Benzoxazinone derivative of Testing 
   N = number of sample point test 

%difference is proportional to the average difference between the two 
profiles (Reference profile and test profile) calculated from the mean of the yield of 
Benzoxazinone derivative at each time point. The value of %difference is close to 1. 
It means the yield of Benzoxaxinone derivative of the test sample is close to the 
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Reference. From Table 16, %difference in the interval time between 45 minutes – 6 
hours provided the lowest %difference value.  

The geometrical size of the reactor did not affect the chemical reaction. 
Apparently, in this experiment, the highest yield of Benzoxazinone derivative was 
yielded from the round bottom flask due to ideal mixing and good heat transfer rate. 
In addition, the surface area to volume ratio of the round bottom flask provided the 
highest order of magnitude than the jacket vessel reactor. As a result, the cooling, 
heating, and mixing in the round bottom flask was much higher than in the jacket 
vessel reactor, even in a 1-L reactor. For large-scale vessels, the effect of mixing and 
heat transfer rate were the pivotal parameters to study. 

From the 1-L reactor experiment, the mixing speed of 400 rpm provided 
the highest yield among 100, 200, 400, and 600 rpm. Surprisingly, the mixing speed of 
600 rpm yielded the lowest %yield of Benzoxazinone derivative due to the effect of 
higher vortex in the reactor at high mixing speed. The solvent volume in the 1-L 
reactor was used at the same volume in all four experiments. The volume level in 
the 1-L reactor with 600 rpm provides the highest level. This process induced the 
effect of a vortex. The higher the mixing speed, the more it caused an ineffective 
mixing in the vessel and took more extended mixing time than the vessel without 
vortex. Moreover, an excessive amount of air was dragged to the reaction mixture 
[80]. 
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a) mixing speed at 100 rpm 

 
b) m

ixing speed at 400 rpm 
 

 
 
c) mixing speed at 600 rpm 

   
 

Figure  24 the liquid level in the benzoxazinone derivative in the 1-L reactor in the 
same quantity of materials a) at a mixing speed of 100 rpm, b) at a mixing speed of 
400 rpm, c) at a mixing speed of 600 rpm with a high level of liquid vortex effect. 
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6.2 The Scale-up of Benzoxazinone derivative synthesis in a 10-L reactor 

In this experiment, a 10-L reactor was performed to investigate the effect 
of mixing speed when the scale-up process was determined from a 1-L reactor to a 
10-L reactor. The mixing speed is one of the key parameters to promote the mass 
transfer of reactants during the reaction. The well-mixed solution enhanced the 
molecule of chemical species to react and transform into the products. The mixing 
speed can be conducted using a variable motor speed. The optimum mixing speed 
was investigated in a 10-L reactor using the reaction parameters in the same 
condition of a 1-L reactor: 1:1 mole equivalent of salicylic acid and salicylamide 
(276.2 g, 2 mol) of salicylic acid: (274.2 g, 2 mol) of salicylamide), 1 mole equivalent 
of triethylamine (202.4 g, 2 mol), 1.34 mole equivalent of cyanuric chloride (239.2 g) 
and 6-L of Toluene at refluxing toluene condition. Duplicate experiments in the 10-L 
reactor were performed using the same sampling time of the 1-L reactor to generate 
yield of Benzoxazinone derivative profile.  

The reaction time was set in accordance with the same time of the 1-L 
reactor at 6 hours to operate in a 10-L reactor.  

 

6.2.1 The correlation between 1-L and 10-L reactor 

To analyze the effect of mixing speed in a 10-L reactor, the parameters in 
a 10-L reactor should perform by the standard tank reactor, as shown in chapter II. 

 For the objective of scale-up “Equal stirrer tip speed”, the relation 
between standard tank reactor can be calculated from 
 

N2 = N1 (
D1

D2
)

1

 

  

N2 = 400 rpm (
0.05 m

0.12 m
)

1
 = 200 rpm 

 
 N     = stirred speed (rpm) 
 D     = tank diameter (m) 
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 D1    = 0.06 m,    D2    = 0.12 m,  
 N1    = 400 rpm,  N2    = 200 rpm, 

  
 For the objective of scale-up “Equal power per unit volume”, the relation 
between standard tank reactors can be calculated from 
 

N2 = N1 (
D1

D2
)

2/3

 

N2 = 400 rpm (
0.05 m

0.12 m
)

2/3
= 253 rpm 

 
 N     = stirred speed (rpm) 
 D     = tank diameter (m) 
 D1    = 0.06 m,    D2    = 0.12 m,  
 N1    = 400 rpm,  N2    ~ 250 rpm, 
 
Table  15 The relation of mixing speed between 1-L and 10-L in the standard reactor  
 

No. Objective 
Stirred speed 

of    1-L 
reactor (rpm) 

Stirred speed 
of 10-L 

reactor (rpm) 
Empirical (n) 

1. Equal tip speed 400 200 1 

2. Equal power per unit 
volume 

400 250 2/3 

3. Equal Reynold number 400 100 2 

4. Equal Froude number 400 280 1/2 

5. Equal mixing time 400 200 0 

6. Equal heat transfer 
coefficient per volume 

400 400 -1 

7. Equal heat transfer 
coefficient 

400 800 1/2 
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From Table 3, the stirred speed was calculated and shown in Table 13. 
The common objectives (equal tip speed and equal power per unit volume) were 
chosen from the list to conduct in a 10-L reactor. The synthesis procedure and 
sampling time were described in section 6.1. Additionally, the speed of 150 rpm in 
the 10-L reactor was conducted to compare the yield of Benzoxazinone derivative. 

 

6.2.2 The result from the scale-up of Benzoxazinone derivative 

synthesis in a 10-L reactor 

The yield of Benzoxazinone derivative profile was shown in Table 14. The 
yield of Benzoxazinone derivative in a 10-L reactor at 150, 200, and 250 rpm seem to 
be a similar pattern to the yield of Benzoxazinone derivative profile of the 1-L 
reactor. The yield of Benzoxazinone derivative rapidly increased within 30 minutes of 
the reaction. After that, it slightly increases from 1 – 2 hours. The yield of 
Benzoxazinone derivative profile after 2 hours seems to be constant production of 
Benzoxazinone derivative.  

The yield of Benzoxazinone derivative at 6 hours of the reaction mixture 
in the 10-L reactor with the revolution speed of 200 rpm showed the highest yield 
(43.18  2.78 %) in comparison with the yield of Benzoxazinone derivative of a 1-L 
reactor with the revolution speed of 400 rpm (40.14  0.21%). Whereas the yield of 
Benzoxazinone derivative in a 10-L reactor with a revolution speed of 250 rpm 
provided the yield 40.85  4.62%.   Meanwhile, the yield of Benzoxazinone derivative 
in a 10-L reactor with a revolution speed of 150 rpm provided the minimum yield 
(37.39  0.93%) of all experiments. In this experiment, the curve of the yield of 
Benzoxazinone derivative was performed and plotted in Figure 23. The yield profiles 
of the 1-L reactor at 400 rpm and 10-L reactor at 200 rpm were similar to a 10-L 
reactor at 250 rpm.  

The interval time for calculating the difference value was considered 45 
minutes – 6 hours of the reaction time. At starting point until 30 minutes, the 
reactions were rapidly converted to the intermediate in the next step. Then, the 
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effect of mixing will be investigated after 45 minutes. Considering the difference 
value of Benzoxazinone derivative between the 1-L reactor and 10-L reactor in 45 
minutes to 6 hours. The result showed that the 10-L rector with 150 and 200 rpm 
provided the difference value in quite the same value. However, the yield of 
Benzoxazinone derivative in a 10-L reactor with 200 rpm provided a higher yield 
(43.18  2.78 %) than in a 10-L reactor with 150 rpm (37.39  0.93%). In this case, the 
difference value of Benzoxaxinone derivative was calculated from the absolute value 
of Rt and Tt. This result implied that the higher yield of Benzoxazinone derivative 
(10-Lreactor-200 rpm) would provide the same difference value calculated from the 
lower yield of Benzoxazinone derivative (10-L reactor with 150 rpm). 

Moreover, the concentration of the major component at the end of the 
reaction was calculated and plotted in the concentration of salicylic acid, 
salicylamide, salicyloyl chloride, dis-salimide, and compound (7) of a 10-L reactor at 
200 and 250 rpm in Figure 23. The results displayed that the Benzoxazninone 
derivative yielded the minimum concentration of compound (7) and unreacted 
starting materials when using the operation of a 10-L reactor with 200 rpm.  

 
Table  16 The difference in yield of Benzoxazinone derivative between 1-L reactor 
400 rpm (as a reference, Rt) and 10-L reactor (as Testing, Tt) 

Operation  
%Difference 

 %yield of 
Benzoxazinone 

derivative (8) at 6 
hours 

400 rpm 1-L  Round bottom    

10-L reactor, 150 rpm  8.25  12.9  37.39  0.93% 
10-L reactor, 200 rpm  7.84  3.61  43.18  2.78 %  
10-L reactor, 250 rpm  8.56  8.12  40.85  4.62 % 
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Figure  25 The comparison of %yield of Benzoxazinone derivative profile in a 10-L 
reactor with various speeds.  

 
 

Figure  26 The components concentration of 1-L 400 rpm, 10-L 200, and 250 rpm    
at 6 hours of reaction time 
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In conclusion, it was proved that the objective of the scale-up was 
governed by equal tip speed. Therefore, the optimum parameters for a 10-L reactor 
were 1:1 equivalent of salicylic acid and salicylamide, 1 equivalent of triethylamine, 
0.65 equivalent of cyanuric chloride, and refluxing toluene with a mixing speed of 
200 rpm. It was found that the scale-up process involved using a constant tip speed, 
as the solid was formed in the reaction system. As a result, the same shear force 
would produce the same size of the solid. Consequently, the solid in the reaction 
mixture could dissolve and be transformed into the product in Figure 18. 
 
 
. 
 
 
 
 
 
 
 
 
  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 83 

CHAPTER VII 

CONCLUSION AND RECOMMENDATION 
 

7.1 Conclusion 

Benzoxazinone derivative was synthesized from a laboratory scale using a 

Dean-stark trap. The new compound was found during the synthesis due to the 

degradation of Benzoxazinone derivative in the presence of hydrochloric acid and 

confirmed the chemical structure via 12C, 1H NMR, HRMS, FT-IR, and boiling point. The 

route of Benzoxazinone derivative synthesis was postulated using identified 

compounds found in the high-performance liquid chromatography chromatogram. 

The reaction started with salicylic acid (1), cyanuric chloride (2) as a chlorinating 

agent, and triethylamine to immediately form salicyloyl chloride (3). Salicylamide (6), 

one of starting materials, rapidly reacted with salicyloyl chloride (3) to bis-salimide 

(7). The solid was found at the initial of the reaction, and it trapped the molecule of 

bis-salimide (7) and salicylamide (6). Dissolved bis-salimide (7) in the reaction mixture 

cyclized to form Benzoxazinone derivative (8). In the presence of hydrochloric acid, 

Benzoxazinone derivative converted to compound (9). Moreover, triethylamine 

reacted with cyanuric chloride to form compound 10.  
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Reaction picture of Benzoxazinone derivative synthesis 

The synthesis parameters were investigated to yield the  parameter for 

process scale-up. For the laboratory scale, the parameters were at the ratio of 1:1 

mole equivalent ratio of salicylic acid:salicylamide, 1 mole equivalent of 

triethylamine, 0.67 mole equivalent of cyanuric chloride and refluxing toluene. 

Interestingly, higher triethylamine as a catalyst provided less compound (9) due to 

the basic condition. Moreover, the higher temperature in the synthesis yielded more 

compound (9).  

The kinetic parameter was examined using CERRES (Chemical Reaction 

and Reactor Engineering Simulations) program. The equilibrium constant was chosen 

as the kinetic parameter. The model and experimental conversion and yield were 

plotted to validate the model. This model showed that Benzoxazinone derivative 

could be predictable in some conditions. 

The study of process scale up was conducted using a 1-L reactor using 

the parameters in the laboratory scale. The mixing effect was investigated from 100, 

200, 400, and 600 rpm. The results displayed that the mixing speed provided the 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 85 

highest yield of Benzoxazinone derivative at 400 rpm. After the mixing speed at the 

1-L reactor was investigated, the scale-up process of the 10-L reactor was performed 

using the geometrical similarity of the two reactors (1-L and 10-L reactor). The mixing 

speed of the 10-L reactor was postulated using the tip speed constant and power 

per volume constant. The experiment in the 10-L reactor was performed using 150, 

200, and 250 rpm. The results showed that the objective of this scale-up process was 

tip speed constant. The mixing speed of 200 rpm in a 10-L reactor provided the 

highest yield of Benzoxazinone derivative in a 10-L reactor. Furthermore, the yield of 

Benzoxazinone derivative in the 10-L reactor was similar content in the 1-L reactor 

with 400 rpm and laboratory scale. 

7.2 Recommendation 

 The scale-up process should perform in a pilot scale reactor, a 250-L reactor, 
using the same objective as the 10-L reactor and the geometrical similarity of 10-L 
and 250-L. The objective of equal tip speed was used to determine the speed of the 
250-L reactor. Yield of Benzoxazinone derivative should be similar between 10-L and 
250-L reactor. In addition, the components of reacted starting and compound (8) 
should be recorded and calculated in order to scale up in a larger reactor volume. 
Moreover, the heat of reaction in this reaction was highly exothermic. Therefore, the 
rate of triethylamine dropping into the reaction mixture should be considered to 
balance the heat removal of the cooling system. 
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Appendix 

1 HPLC calculation 

 1.1 concentration calculation 

The components concentration in the solution can be determined using 

the High-performance liquid chromatography (HPLC) to evaluate the signal compared 

to the standard. The equation is shown below. 

𝐶𝑖 =
𝐴𝑠𝑎𝑚 − 𝑏

𝑎
𝑥 

𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 

𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒 𝑓𝑎𝑐𝑡𝑜𝑟
𝑥

1

𝑀𝑊
 

 Whereas 

   Ci = Concentration of component i 

   Asam = Area of component i from HPLC 

   a,b from the standard calibration curve with a linear plot 

   Y = aX + b 

   MW = Molecular weight of component i  

1.2 %conversion of salicylic acid/salicylamide calculation 
  

%𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝑜𝑓 𝑋𝑖 =  
Initial Concentration  of i −  Concentration of i (mol/l) × 100

𝑚𝑜𝑙𝑒 𝑜𝑓 𝑠𝑎𝑙𝑖𝑐𝑦𝑙𝑖𝑐 𝑎𝑐𝑖𝑑 𝑎𝑡 𝑠𝑡𝑎𝑟𝑡𝑖𝑛𝑔
 

 

 

1.3 %yield of Benzoxazinone derivative/compound (7) calculation  
 

%𝑦𝑖𝑒𝑙𝑑 𝑜𝑓 𝑦𝑗 =
 Concentration of j (mol/l)

Initial Concentration salicylic acid (mol/l)
 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 95 

Table  17 Molecular weight of selected components 
 

Component name Chemical structure Molecular Weight 

Salicylic acid (1) C7H6O3 138.12 
Salicylamide (6) C7H7NO2 137.14 

Salicyloyl chloride (3) C7H5ClO2 156.56 

Bis-salimide (7) C14H11NO4 257.24 
Benzoxazinone derivative (8) C14H9NO3 239.23 

Compound (10) C21H45N6Cl3 487.89 

 

The example of calculation of Benzoxazinone derivative in the 
experiment “4.5.1 The effect of the ratio of salicylic acid and salicylamide with 
1:0.85 salicylic acid : salicylamide ratio”. 
 
Table  18 the concentration and area of Benzoxazinone derivative working standard 
for the calibration curve. 
 

Entry Concentration 
(mg/ml) 

Area 

1 0.00020356 1.9573 

2 0.00203557 24.3120 
3 0.00814227 95.2923 

4 0.02035568 237.6562 

5 0.50889200 5860.7373 
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Figure  27 Calibration curve of Benzoxazinone derivative in the experiment of “The 
effect of the ratio of salicylic acid and salicylamide with 1:0.85 salicylic acid : 
salicylamide ratio” 

 
Calculation of Benzoxazinone derivative at 10 minutes  

- The triplicate sample was performed in this section.  
- Three samples at 10 minutes from 3 experiments were examined using 

HPLC. 
- The initial weight of salicylic acid was 13.8 g (0.1mol) 
 

From  

𝐶𝑖 =
𝐴𝑠𝑎𝑚 − 𝑏

𝑎
𝑥 

𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 

𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒 𝑓𝑎𝑐𝑡𝑜𝑟
𝑥

1

𝑀𝑊
 

-  
- 𝑊𝑒𝑖𝑔𝑡ℎ𝑡𝑠𝑎𝑚 =

24.1811−1.3058

11,514.2538
=

314000

1
= 0.6238 𝑔 

 

- 𝐶𝑜𝑛𝑐.𝑠𝑎𝑚 =
𝑤𝑒𝑖𝑔ℎ𝑡𝑠𝑎𝑚

𝑀𝑊×𝑣𝑜𝑙.
=

0.92 𝑔

239.23(
𝑔

𝑚𝑜𝑙
)×0.314𝐿

= 0.0123 𝑚𝑜𝑙/𝐿 

 

- %𝑦𝑖𝑒𝑙𝑑 𝑜𝑓 𝐵𝑒𝑛𝑧𝑜𝑥𝑎𝑧𝑖𝑛𝑜𝑛𝑒 𝑑𝑒𝑟𝑖𝑣𝑎𝑡𝑖𝑣𝑒 =  
0.0123 𝑚𝑜𝑙/𝐿×0.314 ×100

0.1 𝑚𝑜𝑙
= 3.86 % 

 

 

y = 11,514.2538x + 1.3058
R² = 1.0000
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Table  19 The example calculation of Benzoxazinone derivative in the section “The 
effect of the ratio of salicylic acid and salicylamide with 1:0.85 salicylic acid : 
salicylamide ratio” 
 

 
 

 

1.4 The purity of Benzoxazinone derivative using the parameters in entry 3  

 The mole ratios of salicylic acid (1), cyanuric chloride (2), salicylamide (6), and 

triethylamine at 1:0.67:1:1 with 110 °C (Reflux) was conducted in laboratory scale.  

After the reaction was complete. the reaction mixture was cooled down to 80 

°C and filtrated to remove the solid. The solvent was removed under reduced 

pressure. After that the ethanol was poured into the flask containing yellow solid and 

cooled down to 0 °C. after that the mixture was filtrated. The solid was dry in vacuum 

oven at 60 °C for 5 hours. The analysis was conducted using HPLC and the results 

showed the purity (area %) was more than 98.64%.  
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Figure  28 The HPLC chromatogram show the peak of Benzoxazinone derivative  
 

2 kinetic parameters experiment 

2.1 program for kinetic study 

Fitting parameters in this experiment were calculated using CERRES 
(Chemical Reaction and Reactor Engineering Simulations). The program was designed 
for the simulation of various types of chemical reactors under different operating 
conditions with user-supplied chemistry, allowing for complex bulk and surface 
reaction (micro) kinetics. In addition, the operation mode in the program consists of 
the operation, such as the comparison of the model results to experimentally 
measured values and reaction rate parameter optimization (fitting). Dr. Damjan Lašič 
Jurković, the programmer, provided this program in order to compute with efficiency, 
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ease of use, and wide functionality.  He worked at the Department of Catalysis and 
Chemical Reaction Engineering at the National Institute of Chemistry in Ljubljana, 
Slovenia. 

The main advantage of this program 
1. Efficient computation 
This software prioritizes efficient computation, enabling rapid simulations 

of even large systems with demanding numerical characteristics. It accomplishes this 
through a robust C-language backend featuring advanced BDF solvers, multi-
threading, the automatic creation of Jacobian matrices for differential equations, and 
the compilation of essential code segments. 

2. Relevant examples from literature 
In this program, the multiple relevant examples from literature references 

can be used as a baseline for other models.  

3. Model-experiment compare, parameter optimization, sensitivity 
analysis 

In addition to plain reactor simulations, this software includes several 
other modes of operation. User can use it to compare model results to experimental 
data and perform parameter optimization to enhance the model's predictive 
accuracy. It also allows user to conduct sensitivity analysis to determine the most 
influential reactions in the model network 

4. Complex user-defined chemistry 
This program features highly customizable chemical reaction systems, 

allowing user to create complex networks involving hundreds of surface and bulk 
reactions between various species. Additionally, user can provide user-defined 
reaction rate expressions for each of the reactions. 
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The functional window of the program was shown in Figure 26. The users 
should prepare the 3 sets of data. 

1. Experimental data in Figure 27 
2. Chemistry data in Figure 28 
3. Operation mode in Figure 29 

 

 
 
Figure  29 The first page of CERRES (Chemical Reaction and Reactor Engineering 
Simulations). 
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Figure  30 The 3 parameters of Experimental data, Chemistry data, and mode of 
Operation. 

In chemistry data, the rate of the reaction was assigned as defined below 
 

𝑅 = 𝑘𝑓𝑜𝑟𝐶𝑟𝑒𝑎𝑐𝑔,1

𝑜𝑟𝑑𝑒𝑟𝑟𝑒𝑎𝑐𝑔,1𝐶𝑟𝑒𝑎𝑐𝑔,2

𝑜𝑟𝑑𝑒𝑟𝑟𝑒𝑎𝑐𝑔,2 … − 𝑘𝑏𝑎𝑐𝑘𝐶
𝑝𝑟𝑜𝑑,1

𝑜𝑟𝑑𝑒𝑟𝑝𝑟𝑜𝑑,1𝐶
𝑝𝑟𝑜𝑑,2

𝑜𝑟𝑑𝑒𝑟𝑝𝑟𝑜𝑑,2 … 

 
Where kfor and kback are the rate constants of the forward and backward 

reaction, Creag,i and Cprod,i are the concentrations of reagent,i and product,i, and 
orderreacg,i, and orderprod,i are the orders for each species, which by default equals the 
stoichiometric amount of species i in the reaction. For the liquid phase species, the C 
is concentrations (mol/L). 

 

 
Figure  31 Chemical species in the synthesis. 
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Figure  32 The experimental data set. 
 

The example of fitted calculation in  “The effect of the ratio of salicylic 
acid and salicylamide with 1:0.85 salicylic acid : salicylamide ratio” was shown in 
Table 18 using 6 hours of the synthesis process.  

 Four sets of chemical species were assigned to perform process 
optimization. The concentration of salicylic, Benzoxazinone derivative (compound 8), 
and compound 9, 10 were calculated from the experiment using HPLC to monitor 
the reaction progression. Model concentration was the concentration (mol/L) 
calculated from the optimization of fitted kinetic constant using CERRES (Chemical 
Reaction and Reactor Engineering Simulations). After that, conversion and yield (%) 
were calculated and plotted in a parity plot. 
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2.2 The results from program optimization 

Table  21 Kinetic constant for salicylic acid:salicylamide ratio (1:0.75 equivalent), 
triethylamine (1 equivalent), and refluxing toluene (entry 1) 
 

Equation no.  kfor  kback 
1  1.5727E+00  8.1789E-01 
2  8.5813E-01  1.3151E+00 
3  4.1639E-04  1.3821E+00 
4  2.2648E+00  1.1916E-03 
5  1.4194E+00  1.8643E+00 
6  2.3282E-02  6.2524E-01 

 

Figure  33 R2-value from fitted model conversion and experimental conversion (%) of 
salicylic acid, model yield experimental yield (%) of compound (8, 9 and 10) with 
95% confidential band for salicylic acid:salicylamide ratio (1:0.75 equivalent), 
triethylamine (1 equivalent), and refluxing toluene.  
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The abbreviation in graphical results from model and experiment fitting 

 

Abbrevation  Abbrevation  
SAcid  : salicylic acid CyCl  : cyanuric chloride 
SAmid : salicylamide CyClOH  : Compound (4), 
Schlor  : salicyloyl chloride HCl  : Hydrochloric acid 

BisSAmide  : Bis-salimide CyEt  : compound (10), 
BProd  : Benzoxazinone 

derivative, compound 
(8) 

CyClOH2  : compound (5) 

Bimp : compound (9) H2O : water 
TEA  : triethylamine   

 

 

 

 

Figure  34 The graphical results from fitting in entry 1 
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Table  22 Kinetic constant for salicylic acid:salicylamide ratio (1:0.85 equivalent), 
triethylamine (1 equivalent), and refluxing toluene (entry 2) 
 

Equation no.  kfor   kback 
1  2.4142E+00  1.5529E+00 
2  7.4888E-03  4.2922E-03 
3  7.1889E-04  2.1710E-04 
4  2.3284E+00  1.1546E+00 
5  8.9995E-01  1.9405E+00 
6  2.6080E-02  1.8064E+00 

 

 Figure  35 R2-value from fitted model conversion and experimental conversion (%) 
of salicylic acid, model yield experimental yield (%) of compound (8, 9 and 10) with 
95% confidential band for salicylic acid:salicylamide ratio (1:0.85 equivalent), 
triethylamine (1 equivalent), and refluxing toluene. 
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Figure  36 The graphical results from fitting in entry 2 
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Table  23 Kinetic constant for salicylic acid:salicylamide ratio (1:0.85 equivalent), 
triethylamine (0.1 equivalent), and refluxing toluene (entry 4) 
 

Equation no.  kfor  kback 
1  5.6527E-01  1.1541E-01 
2  4.1379E-04  1.2461E-08 
3  1.6315E-03  5.7429E-01 
4  3.5156E+00  1.3094E+00 
5  3.4589E+00  4.0649E-01 
6  5.4109E-01  8.2534E-01 

 

 

Figure  37 R2-value from fitted model conversion and experimental conversion (%) of 
salicylic acid, model yield experimental yield (%) of compound (8, 9 and 10) with 
95% confidential band salicylic acid:salicylamide ratio (1:0.85 equivalent), 
triethylamine (0.1 equivalent), and refluxing toluene   
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Figure  38 The graphical results from fitting in entry 4 
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Table  24 Kinetic constant for salicylic acid:salicylamide ratio (1:0.85 equivalent), 
triethylamine (2 equivalent), and refluxing toluene (entry 5) 
 

Equation no.  kfor  kback 
1  3.3047E-02  9.9202E-01 
2  3.5983E+00  1.2434E-02 
3  2.6116E-04  3.0112E-01 
4  2.4281E-01  4.4785E-03 
5  1.7975E-01  1.4682E+00 
6  7.3319E-03  1.7036E+00 

 

 
 

Figure  39 R2-value from fitted model conversion and experimental conversion (%) of 
salicylic acid, model yield experimental yield (%) of compound (8, 9 and 10) with 
95% confidential band salicylic acid:salicylamide ratio (1:0.85 equivalent), 
triethylamine (2 equivalent), and refluxing toluene 
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Figure  40 The graphical results from fitting in entry 5 
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Table  25 Kinetic constant for salicylic acid:salicylamide ratio (1:0.85 equivalent), 
triethylamine (1 equivalent), and 80 °C reaction temperature (entry 6) 
 

Equation no.  kfor  kback 
1  2.4957E+00  1.5125E+00 
2  2.8603E-02  1.2635E+00 
3  1.8296E-04  6.5075E-02 
4  4.5143E-02  2.3735E-04 
5  2.2774E+00  1.8187E+00 
6  2.0519E-02  2.8035E+00 

 

 

Figure  41 R2-value from fitted model conversion and experimental conversion (%) of 
salicylic acid, model yield experimental yield (%) of compound (8, 9 and 10) with 
95% confidential band salicylic acid:salicylamide ratio (1:0.85 equivalent), 
triethylamine (1 equivalent), and 80 °C reaction temperature. 
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Figure  42 The graphical results from fitting in entry 6 
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Table  26 Kinetic constant for salicylic acid:salicylamide ratio (1:0.85 equivalent), 
triethylamine (1 equivalent), and 100 °C reaction temperature (entry 7) 
 

Equation no.  kfor  kback 
1  1.7792E+00  2.1015E+00 
2  1.4531E-02  1.0805E-01 
3  4.7168E-01  1.3889E+00 
4  5.9764E-03  2.1137E-03 
5  2.6656E-01  1.3542E+00 
6  1.0463E-01  3.5686E+00 

 

 

Figure  43 R2-value from fitted model conversion and experimental conversion (%) of 
salicylic acid, model yield experimental yield (%) of compound (8, 9 and 10) with 
95% confidential band salicylic acid:salicylamide ratio (1:0.85 equivalent), 
triethylamine (1 equivalent), and 100 °C reaction temperature.   
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Figure  44 The graphical results from fitting in entry 6 
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Figure  45 1H NMR spectrum of 4-chloro-2-(2-hydroxyphenyl)-4H-benzo[e] [1,3] 
oxazine-4-ol, compound (9) in CDCl3 
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Figure  46 1H NMR spectrum of 4-chloro-2-(2-hydroxyphenyl)-4H-benzo[e] [1,3] 
oxazine-4-ol, compound (9) in CDCl3 
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Figure  47 1H NMR spectrum of 4-chloro-2-(2-hydroxyphenyl)-4H-benzo[e] [1,3] 
oxazine-4-ol, compound (9) in CDCl3 
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Figure  48 13C NMR spectrum of 4-chloro-2-(2-hydroxyphenyl)-4H-benzo[e] [1,3] 
oxazine-4-ol, compound (9) in CDCl3 
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Figure  49 13C NMR (Dept-135) spectrum of 4-chloro-2-(2-hydroxyphenyl)-4H-benzo[e] 
[1,3] oxazine-4-ol, compound (9) in CDCl3 
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Figure  50 13C NMR HMBC spectrum of 4-chloro-2-(2-hydroxyphenyl)-4H-benzo[e] 
[1,3] oxazine-4-ol, compound (9) in CDCl3 
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Figure  51 13C NMR HMQC spectrum of 4-chloro-2-(2-hydroxyphenyl)-4H-benzo[e] 
[1,3] oxazine-4-ol, compound (9) in CDCl3  
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Figure  52 The position in structure of 4-chloro-2-(2-hydroxyphenyl)-4H-benzo[e] [1,3] 
oxazine-4-ol 
 

Table  27 1H-NMR and 13C-NMR spectroscopic data of 4-chloro-2-(2-hydroxyphenyl)-
4H-benzo[e] [1,3] oxazine-4-ol, compound (9) in CDCl3 
 

position c (ppm) H (ppm) 
1 162.4  

2   

3   
4 107.2  

5 123.2 7.47 

6 134.1 7.71 
7 126.7 7.42 

8 133.5 7.75 

9 151.7  
10 114.8  

1’ 110.9  
2’ 167.6 10.13 

3’ 117.9 7.06 

4’ 130.6 8.15 
5’ 119.9 7.01 

6’ 137.2 7.58 
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Table  28  13C-NMR and DEPT spectroscopic data of 4-chloro-2-(2-hydroxyphenyl)-4H-
benzo[e] [1,3] oxazine-4-ol, compound (9) in CDCl3 
 

c (ppm) DEPT-135 

169.59  
162.42  

151.69  

137.18 137.22 
134.09 134.14 

133.47 133.50 
130.59 130.61 

126.70 126.74 

123.23 123.25 
119.87 119.90 

117.94 117.95 

114.81  
110.92  

107.20  
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Table  29 1H-detected heteronuclear multiple quantum correlations (HMQC) 
spectroscopic data of  4-chloro-2-(2-hydroxyphenyl)-4H-benzo[e] [1,3] oxazine-4-ol, 
compound (9) in CDCl3 

H (ppm) c (ppm) assignment 

10.13  C-2’ 
8.15 130.6 C-4’ 

7.75 133.5 C-8 

7.68 – 7.73 134.1 C-6 
7.56 – 7.60 137.2 C-6’ 

7.47 130.6 C-5 

7.40 – 7.44 126.7 C-7 
7.06 117.9 C-3’ 

6.95 – 7.03 119.9 CH-5’ 
 

Table  30  1H-detected heteronuclear multiple bond correlations (HMBC) 
spectroscopic data of  4-chloro-2-(2-hydroxyphenyl)-4H-benzo[e] [1,3] oxazine-4-ol, 
compound (9) in CDCl3 
 

H (ppm) Carbon correlated with H 
10.13 110.9 (C-1’), 117.9 (C-3’), 137.2 (C -6’), 162.4 (C -2) 

8.15 117.9 (C-3’), 137.2 (C-6’), 162.4 (C -2), 167.6 (C -2’) 
7.75 114.8 (C -10), 123.2 (C -2), 134.1 (C -2), 151.7 (C -9) 

7.68 – 7.73 107.2 (C-4), 123.2 (C -2), 133.5 (C -8), 151.7 (C -9) 

7.56 – 7.60 126.7 (C-7), 130.6 (C -4’), 133.5 (C -8), 162.4 (C -2) 
7.47 107.2 (C -4), 114.2 (C -10), 126.7 (C -7), 133.5 (C -8), 151.7 (C -9) 

7.40 – 7.44 107.2 (C -4), 114.8 (C -10), 123.2 (C -2), 133.5 (C -8), 137.2 (C -6), 
151.7 (C -9) 

7.06 110.9 (C -1’), 119.9 (C -5’), 130.6 (C -5), 162.4 (C -2), 167.6 (C -2’) 

6.95 – 7.03 110.9 (C-1’), 117.4 (C-3’),130.6 (C -5),137.2 (C -6’),162.4 (C -2) 
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Figure  53 HSMS spectrum of 4-chloro-2-(2-hydroxyphenyl)-4H-benzo[e] [1,3] 
oxazine-4-ol, compound (9) 
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Figure  54 FT-IR spectrum of 4-chloro-2-(2-hydroxyphenyl)-4H-benzo[e] [1,3]   
oxazine-4-ol, compound (9) 
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Figure  55 HPLC chromatogram of 4-chloro-2-(2-hydroxyphenyl)-4H-benzo[e] [1,3] 
oxazine-4-ol, compound (9) 
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Figure  56 1H NMR spectrum of Tri-quaternary salt (compound 10) in DMSO-d6 
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Figure  57 HPLC chromatogram of Tri-quaternary salt compound 10. 
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Figure  58 HPLC chromatogram of solid compositions after 6 hours of Benzoxazinone 
synthesis using 20%DMSO/Acetonitrile as dilution medium.  
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