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CHAPTER |

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.



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 (RCle)

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.



1.4 Advantage

To have the parameters to produce Benzoxazinone derivative in a 10 L reactor with

equivalent yield and purity of laboratory.



CHAPTER Il
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].

N

p

O

Figure 1 The example of Benzoxazine: 2H-benzole]l,3-oxazine.



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 (a0 and
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



Table 1 Iron chelator properties [21, 25-27].

Properties Deferoxamine Deferasirox Deferiprone
Route of Intravenous or
oral oral
administration subcutaneous
Half-life (hour) 0.5 12-16 2-3
administration 8 — 24 hours/day Once daily Three times per
5 — 7 days/week day
Mode of excretion Urinary and fecal Urinary Fecal
Side effect Dermatolosgical, | Gastrointestinal, Hematological
and toxicity ocular, auditory renal, hepatic (neutropenia,
agranulocytosis),
arthropathic
Iron blinding efficiency 1:1 2:1 3:1
(hexadentate) (tridentate) (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



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-
hydroxyphenylbenz[e] [1,3]oxazin-done] 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.



o

Chlorinated agent, Base

OH

Solvent, temp, time

OH
Salicylic acid Salicyloyl chloride Salicylamide Benzoxazinone derivative

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, Bertok, 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,

— n
= j=

iVijR; = 0. 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-Sanchez, 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.

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
1dn; dG;
NE T T dt
i = specie in reaction
n; = 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, ry. At the same time, the other species
are defined as rg, rc, and rp. Species A and B are starting materials (decreasing with
time). Then, the reaction rate may rewrite as -r, and -rg.

Divided by the coefficient of A, we can write the arbitrary reaction rate (r)

with the same number.

or

_ —1d[A] _-1d[B] _1d[C] _1d[D]

a dt b dt c dt 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

—r, = kC3CH

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 F/RT

A = frequency factor
E = Activation energy, J/mol
R = Ideal gas constant, 8.314, J/(mol K))

T = temperature, K

Rearranged to

—=A = Ae E/RTCACR

AT T g

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 Joao [65] )
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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].

qreact(t) ~ r(t)V,

Whereas,
greact(t) = heat flow rate by chemical reaction, (W)
r(t) = chemical reaction rate, (mol/m3/s)

V, = 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.

Cooling liquid
Calibration / compensation Reactorcover
heater /

Tiour

-~

|

qFIow
‘:i Ty
- ) Y
Reactor content I—/ \—| Peltier element
Reactor jacket Thermal insulation

Figure 4 Reaction calorimetry: On the left, heat-flow, heat balance, and power-

Al
il

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 (T,) is controlled using thermal fluid in the jacket (T)).
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.

out 17, /// S 7
Uewia v %%/ S 7

/—| Outer heat-flow balance
frour ///////////’/{////////

4 an'DW
|

qsrirr

Inner heat-flow balance

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 () in calorimetry can be found in

the equation.

Jtot = qReact T dMix T dPhase

Whereas,
(qReact = reaction heat-flow rate
qQmix = heat-flow rate from mixing
(Qphase = heat-flow rate from phase change

and
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(qReact = _Zj—l...NR Arerer

A H;rj = enthalpy of reaction

V; = reaction volume
I = reaction rate
Nr = number of reactions

Heat generated by mixing was calculated by

dstirr = NeprngA = T[I‘Zdﬁ
Which,

Ne = Newton number
P, = density of the substance in the calorimeter
ns = mMixing speed

dg = stirrer diameter

Heat by dosing (adding substance)

dpos = fcp, Dos(Tpes — Tr)
Which,

F =flow rate
Cp,pos =heat capacity of dosing substance

Toos =temperature of dosing substance (K)

Heat flow

qriow = UA(T; — T})
Where,

U = Qverall heat transfer coefficient

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

1_

+

Sl-

1
h,

h,. = heat transfer coefficient of reactor side
¢

heat transfer coefficient of the instrument

The heat transfer coefficient of the instrument can be calculated from

Where,

Aw = heat conductivity of the reactor

h;

L

heat transfer coefficient of the jacket

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.

t=t¢
Qtot = f Jrotdt
t

=0
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Qtot = — Z ArHjni + Qmix + Qphase T QError

j—1..Ng
Which,
te = time
Quot = overall heat in the system
n; = mole in the reaction
Qmix = heat of mixing
Qphase = heat of phase change

Qgrror = 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 —AH = AH = % ,
whereas AH is total enthalpy change. In general, the other heats cannot be

neglected. The total enthalpy change can be found using thermal conversion

=t
S T= " qrordt
Xthermal (£) = =
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) = —kCp(H)"

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

change, and heat of measurement error, is

(qRreact (t) = —A Hry (t)vr

Qrot ()
V.AH

rA(t) = = _kCR,O(l — Xthermal (t))n



21

The order of the reaction can be calculated for the relation between log ra(t) and

log (1 — Xihermal (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; Pecar, Darja, and Andreja Gorsek [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.

|
J

g

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 TtT-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

Rotation rate, N (rev s
z Impeller diameter, D, (m)
L Tank diameter, T, (m)

r Impeller width, W, (m)
Fill height, H (m)

W-—._-' """ Impeller clearance from bottom, C (m)

A
Y

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 D 1
tank diameter @ T 3
fillheight H 1
tank diameter T 1
baffle width _ w _ 1 . 1
tank diameter D 8 © 5

fill height H 1

tank diameter - T 1
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Buffle width B 1

tank diameter T 10

impeller clearance C
tank diameter 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),

D HC o
P=1f(p,,N,g T T geometric ratio, etc. )

For the geometry similarity (the similar size;

) )

1R
=T

=1lg

are constant)

PO = m = f(Re)

With the empirical experiment in glassed steel 3-blade retreat, the relationship

between Py, R. (Reynolds number), and stirrer type is shown in Figure 8



25

500
1 2 3 4 5 6 ]
100 W |
% © —35'— C %/
50 % g X ; g %% u
wn
o c-:Q \ WD=1/5|WD=15|W/D=1/8| W/D=1/8 | W/D=1/8 | W/D =1/8
%. -
I
o 10
o
L N e
° Glassad steel \\ | B
asseq stee
| 3-blade retreat \\\“--____ 1 — e 2 t4)_'—®—
1 [% ™~ ®
-———__-___‘—_‘
0.5 T I ?
1 10 102 10° 104 10°
ND?
Re = 2
I

Figure 8 Correlation between P, , 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 (RCl) which P, is provided

according to Figure 9



26

Impeller Po (turbulent)
Three-blade C/T (tank  0.16  0.16 0.31 0.31
retreat curve base) flat conical  flat conical
impeller (RCI)
glass-coated Fourwall 099" 0.87° 0.93° 0.89?
steel baffles

Onewall 056" 051°  0.56 0.43
baffle
Beaver tail ~ 0.46° 0.41°  0.42° 0.33

Figure 9 Turbulent power number of blade retreat curve impeller (RCI) (Hugh Stitt

ey 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.

Imamosglu, E. and F.V. Sukan [78] investicated 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).

T/10
A
Z
T/10
i ] L» r
I
V4
L. 4 = = -
T » >
. D c
-~ Y
D IC
7 ) T
Tank No.1 Tank No.2

Figure 10 Standard stirrer tank for scale up.

The tank volume in the first tank

nD? nD3
Vl =\ Hl =\ —
4 4

V1 = tank volume no.1

Whereas,

D1 = tank diameter no.1

H1 = Liquid height in tank no.1

The tank volume in the second tank

nD?2 nD3
w= (7 )m=(7)

Whereas,



29

V, = tank volume no.2
D, = tank diameter no.2
H, = Liquid height in tank no.2
Then,
nD2
V2_< 4 >H2_<D§>
v, = (- \pt
1 (1-[4 1) H1 D1
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, (VaD?)

9= ()

The result of the process when keeping geometrical similarity (R) can be

defined in terms of stirrer speed (N), stirrer diameter (D)
RaN‘D?

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

vaD?).

—aNapPb

Then,

P1 b
Na(z)a/D
a ()3/Da

P c b-ad
Ra (V)a/D c




b-ad

Ra (D)5 /v—5—
—)a
@ )3/

b-ad
(P/V)zz(&)( § )
P/V)1 W

This equation represents the relationship between

shown in the Figure 11

(P/V)2 — V)2
(P/V)1 (Y

and

30
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Figure 11 The relationship between ((P/V), /(P/V),) = (V),/(V),

With the selected objects from the picture, the power can be calculated

in tank 2 using data from tank 1.



The 13 equal physical processes from tank 1 to tank 2 are classified.

—_

v o N kRN

S N Y
w N - O

below

Equal heat transfer per unit volume, Turbulent
Equal heat transfer per unit volume, Laminar
Equal blend time, Turbulent

Equal blend time, Laminar

Equal Froude Number (Ng,)

Equal heat transfer coefficient, Turbulent
Equal heat transfer coefficient, Laminar

Equal bubble and drop diameter, Turbulent

Equal mass and heat transfer coefficient, Turbulent

. Equal solid suspension, Turbulent

. Equal tip speed, Turbulent

. Equal tip speed, Laminar

. Equal Reynold Number (N,.), Turbulent, Laminar
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For the general relationship of tank scale-up, the target can be described

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

_ pvD, _ pD?N
" "

re

Whereas,

N = Reynold number

p = fluid density (kg/m?)
u = fluid viscosity (kg/m®)
v = fluid velocity (m/s)



D, = tank diameter (m)
D = stirrer diameter (m)

N = stirrer speed (rpm)

Nre1 = Nyez

plD%Nl _ pZD%NZ

M1 H2
The substance in tank 1 and tank 2 are the same properties.
P1 = P2
H1 = H2

D§N1 = D%Nz

2

Dl Dl g
2 1 D% 1 D2

2. Equal Froude number

Froude number is a dimensionless number defined as the ratio of the

flow inertia to the external field (gravity)

Whereas,
Ni = Froude number
D = stirrer diameter (m)
N = stirrer speed (rpm)

¢ = gravity (m/s?)

33
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Nfrp = Ny

D;Ni _ D,N3
g g

D,
M=M%ﬂ
2

1/2

3. Equal stirrer tip speed

Stirrer tip speed can be calculated from

v=wR=w >
Whereas,

v = stirrer tip speed, (m/s)

W = tangential velocity (rad/s)
R = stirrer radius (m)
D

= stirred diameter (m)

V1:V2
idangyle
19 )

With W = 2TTN, N is the stirrer speed (rpm)

D, D,
21'[N1 7 = 2TEN2 7

N1D1 = N2D2

Di\}
M:M%ﬁ
2
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4. Equal mixing time

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

Fi = NT,,
Whereas,
F; = mixing time factor, (round)
= stirrer speed (rpm)
T = mixing time (s)

= stirred diameter (m)

Fu =Fg

N1Tm1 = NyTip2

5. Equal heat transfer coefficient/volume

Consider heat transfer in the reactor through convection, then
Q = hAAT
Whereas,

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

AT = temperature difference (° 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(Nye, Npr)



36

The relationship between heat transfer coefficient, stirrer speed, and tank

diameter is shown below.

h o NXDX/Z
from
% _Q
Vi Vv
h;A;AT B h,A,AT
v, VY
2
The heated area and volume calculated from A = nD%,, and V = n% ,
respectively.
h A AT ) h,A,AT
P\
T3 dC T
h; b
D, D,
And
h oc NXD*/2
Then,

NiDY* _ N3D}?
Dy D,

) =)
) =)

X
St
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6. Equal heat transfer coefficient

For equal heat transfer coefficient,
h1 - h2

From

Dy
1 D2 2
N \ <D1>1/2
2 1 D2

7. Equal power per unit volume

Power number is a dimensionless parameter used for estimating the

power consumed by the agitating impeller.

P
NP = pN3D5

Whereas,

Np = power number, (m/s)

P = power, (watt)

p = fluid density (kg/m3)

N = stirred speed (rpm)

D = tank diameter (m)
When, Npl = Np2

b B
pN3DS ~ pN3D3




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

And
V « D3
v () =)
P, \N,/ \D;
P/V, (N2)3 _ <D2>2
P/Vi ANy D,
When,
PP,
ViV,
Then,

G )
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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




CHAPTER Il
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

39

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.



41

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 pL. 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

__ Initial concentration of i— Concentration of i (mol/I)

nversion 4
Conversio = Initial concentration i (mol/1)

Concentration of j (mol/1)

Yield y] =

" Initila Concentration salicylic acid (mol/1)

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



42

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-benzole][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-

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

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

Mettler Toledo)

The overall heat of the reaction of the Benzoxazinone derivative (8)
synthesis was measured using a reaction calorimeter (RCle, Mettler Toledo) with a
500 mL vessel with UA 4.83 W/K. 18.40 ¢ 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 (RCle, 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, Biichiglasuster®.

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 pL.
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 um 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 uym 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 um porosity nylon membrane filter and use the filtrate.

Table 5 Summary of the standard calibration curve point

Concentration
No. procedure
(mg/ml)
12.
1. >ml 05
25 ml
12.5ml 1ml
2. - .02
25ml  25ml 0.0
12.5ml 1ml 10ml
> 25ml  25ml " 25ml 0.008
12.5ml 1ml 1ml
4. .002
25ml  25ml " 10ml 0.00
12.5ml 1ml 1ml 1ml
. . 2
> 25ml  25ml  10ml . 10ml 0.000
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Preparation of sample solution

Pipet 10 pL of sample into a 10-mL volumetric flask. Dilute with HPLC-grade
acetonitrile. Filter the solution through a 0.45 pum porosity nylon membrane filter

and use the filtrate.

chemical structure elucidation

The 'H and C NMR spectra were structurally studied for identification
and characterization using Bruker Avance-500 (500 MHz). The chemical shifts were
given in parts per million (6 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™ to 650 cm™.
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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 investicated 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 (EtsN)

were studied.
4.1 Structural elucidation of unknown compounds

The white powder compounds was confirm structure as the 4-Chloro-2-
(2-hydroxyphenyl)-4H-benzole][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™; 'H-NMR
(500 MHz, CDCls, 6 (ppm)) and C-NMR (500 MHz, CDCls, & (ppm)) spectra were 'H-
NMR (CDCly): & 7.01 (ddd, J = 7.2, 7.2, 1.0 Hz, 'H), 7.06 (dd, J = 8.4, 0.9 Hz, 'H), 7.42
(td, J = 7.6, 1.0, 'H), 7.47 (dd, J = 8.3, 0.7 Hz, 'H), 7.58 (ddd, J = 7.3, 7.3, 1.7 Hz, 'H),
7.71(ddd, J = 7.7, 7.6, 1.6 Hz, 'H), 7.75 (dd, J = 7.7, 1.6 Hz, 'H), 8.15 (dd, J = 8.0, 1.7
Hz, 'H), 10.13 (s, OH),; *C NMR (CDCl;):: 6 107.2, 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 C;4H;oCINOsNa
(M+Na*-HCl) 262.0480. Found: 262.0470.

OH
Cl

Figure 16 Chemical structure of 4-Chloro-2-(2-hydroxyphenyl)-4H-benzole]
[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-benzole][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.
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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 vyield 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 (RCle, 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 °C. The reaction is quite
highly exothermic.
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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.

N N)\ Rxn 1
Xn
it )\\ |
N
Cl Cl 1Bacl 4
1
o Cl
)\ K2 for ;\
OH + N - N N
)\\ \ —_— Ny | Rxn 2
OH ach
,for
HCl Rxn 3
N b N OH Rxn 4
H —_— | +  HO
k4.back o
o
Cl
N Ks for
| HCl _ | Rxn 5
O ks back (o}

8 ¢
Cl \—N +Cl
)\ kg for
M= \N * Et:N I E— - N ‘N cr Rxn 6
Cl)\\N)\CI ° Ke pack Eﬁ)\\N)\’Q/\
: N

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 (Kionyarg
and  Kpacward) Was chosen in order to fit the experimental data with model
concentration using optimization mode. Moreover, R? 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 Triethylamine
Temperature (°C)

(equiv.) (equiv.)
1 1:0.75 1 110%
2 1:0.85 1 110%
3 1l 1 110%
a4 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 institut. Slovenia.

From the definition of reaction rate;

orderprod1 ~0TdeTprod,2

o= kpaerC C

orderyeqcg,1 ~O0TA€Treqcy,2
R = kforC C prod,1 prod,2

reacg,1 reacg,2

Where kg, and kg, are the rate constants of the forward and backward
reaction, Ciq and Cpoq; are the concentrations of reagent,i and product,i, and
Ordereacel, and ordery,q,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
Kior @and kpaee @re 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. kp. is greater than ke, This equation with kpacx

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. K, is greater than ky,. This equation
with ke, 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 k¢, in
equation 4 is higher than kp,, 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. K, is less
than kpae. This equation seems to produce less tris-quaternary ammonium salt

because Ky, is quite larger than ke,

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)

Fquation no. Keor Koack
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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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 R®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:

dl

=7 = ~kuror (11121 + Kt pac 31141 + ke ror [1114] + ke ek [3115]
d2

= =~k or[11[2] + kypack [31[4] = ke ror [21[13] + ke pack 5]
d3

= = Kuror[1112] + ey pack 31041 + ke ror [1114] = Kz ek [3114] = ki 1o [3106] + K i [71[11]
d

d—f =~k por[1112] = Ky pack [3114] = ko for [1114] + ke e [3115]
d4

E = kz,for[l][4] - kz,back [3] [5]

dé6

E = _k3_for [3][6] + k3,back [7] [11]

d7

E = k3,for [3][7] - k3,back [7][11] + k4,for [7]
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ds

E = k4,for [8] - k4.baCk [8][11]

d9

E - kS,for [9] [11] - ks,back[lz]
d10 3

W = kﬁ,for[z][13] + k6,back [10]
di1

W - k3.for[3][6] - k3,back[7] [11] - ks,for[g][ll] + ks,back [9]
dil2

W = k4—,for [7] - k4,back [8][12]
d13 3

—r = Ko or[21113]° + Ko paci[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=H,0 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
1 dni dCl
TS

i = specie in reaction

n; = mole of specie i

Ci = concentration of specie i

Then,
_ dC1 _ Cz - Cl
R T —

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!min™)

10
15
20
30
a5
60
120
180
240
300
360

0
0.80
0.83
0.84
0.88
0.91
0.94
0.96
0.96
0.96
0.96
0.96
0.97

0
0.0301254
0.0004446
0.0004992
0.0004059
0.0002304
0.0001664
0.0000384
0.0000049
0.0000006
0.0000024
0.0000017
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.
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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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1-L 100 rpm
1-L 200 rpm
1-L 400 rpm
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%yield of Benzoxazinone derivative
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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

%yield of
Benzoxazinone
Operation %Difference
derivative (8)
at 6 hours
1-L reactor, 100 rpm 14.97 33.2649.81
1-L reactor, 200 rpm 9.94 37.44+6.22
1-L reactor, 400 rpm 9.80 40.15+0.21
1-L reactor, 600 rpm 15.94 30.83+6.24

From the definition of %difference
100 x it |Rt — Tt|
I, ke

%Difference =

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].



a) mixing speed at 100 rpm

b)

Liquid level

Liquid level

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

1

D4
N2 =N, (D_>
2

0.05m
0.12m

N, = 400 rpm ( )1 =200 rpm

N = stirred speed (rpm)

D = tank diameter (m)



Dl = 006 m,
N, =400 rpm,

D, =012m,
N, =200 rpm,
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For the objective of scale-up “Equal power per unit volume”, the relation

between standard tank reactors can be calculated from

D, 2/3
N = (5)
2
2/3
N, = 400 rpm (g‘;; Z) = 253 rpm

N = stirred speed (rpm)

D = tank diameter (m)
D, =006m, D, =0.12m,
N; =400 rpm, N, ~ 250 rpm,

Table 15 The relation of mixing speed between 1-L and 10-L in the standard reactor

Stirred speed | Stirred speed
No. Objective of 1-L of 10-L Empirical (n)
reactor (rpm) | reactor (rpm)
1. Equal tip speed 400 200 1
2. Equal power per unit
400 250 2/3
volume
3. Equal Reynold number 400 100 2
q. Equal Froude number 400 280 1/2
5. Equal mixing time 400 200 0
6. Equal heat transfer 400 400 -1
coefficient per volume
7. Equal heat transfer 400 800 1/2
coefficient
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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 slishtly 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)

%yield of
. Benzoxazinone
%Difference
Operation 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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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.
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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 **C, 'H 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
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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 rom 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.

C - Asam — b X dilution factor . 1
' a response factor MW

Whereas
C; = Concentration of component i
Asam = Area of component i from HPLC
a,b from the standard calibration curve with a linear plot
Y=aX+Db
MW = Molecular weight of component i

1.2 %conversion of salicylic acid/salicylamide calculation

Initial Concentration ofi — Concentration of i (mol/1) x 100

Y%conversion of X; = o . .
1% mole of salicylic acid at starting

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

Concentration of j (mol/1)

0 i . =
hoyteld of y, Initial Concentration salicylic acid (mol/1)



Table 17 Molecular weight of selected components

Component name Chemical structure Molecular Weight
Salicylic acid (1) CsHgO5 138.12
Salicylamide (6) C;H;NO, 137.14
Salicyloyl chloride (3) C;HsClO, 156.56
Bis-salimide (7) CyaH1,NO, 257.24
Benzoxazinone derivative (8) Cy4HoNO; 239.23
Compound (10) Co1HasNgCls 487.89

The example of calculation of Benzoxazinone derivative

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 Area
(mg/ml)
1 0.00020356 1.9573
2 0.00203557 24.3120
3 0.00814227 95.2923
a4 0.02035568 237.6562
5 0.50889200 5860.7373

in the
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7000.0 Benzoxazinone derivative standard curve

6000.0 y = 11,514.2538x + 1.3058
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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

From

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 ¢ (0.1mol)

Asqm — b dilution factor 1
C; = X

i =

x
a response factor MW

_24.1811-1.3058 __ 314000

Weigthts,, = TLs122538 T = 0.6238 g
ight 092 g
CONC.gqpy = o9 sam _ = 0.0123 mol /L
sam ™ ywxwol. 239.23(%)x0.314L /

0.0123 mol/Lx0.314 X100
0.1 mol

=3.86%

%yield of Benzoxazinone derivative =
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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”

reaction time | Sam. No. area Conc. iluti benzoxazinone Benzoxazinone

(min) (min) sam. Sam. [mﬂgtg-gm] (g) (RF=1) benzoxaznone (g) sb (mol/L) 5D
0-1 0.0000 0.000000 314000 0.00

0 0-2 0.0000 0.000000 314000 0.00 0.00 0.00 0.0000 0.0000
0-3 0.0000 0.000000 314000 0.00
5-1 10.5073 0.000799 314000 0.25

3 5-2 18.8492 0.001524 314000 0.48 0.40 0.13 0.0054 0.0018
5-3 18.9369 0.001531 314000 0.48
10-1 24.18115 0.001987 314000 0.62

10 10-2 40.73269 0.003424 314000 1.08 0.92 0.26 0.0123 0.0034
10-3 40.25478 0.003383 314000 1.06
15-1 59.72465 0.005074 314000 1.59

15 15-2 79.71481 0.006810 314000 2.14 1.95 0.31 0.0259 0.0041
15-3 78.56536 | 0.006710 314000 2.11
20-1 76.23747 | 0.006508 314000 2.04

20 20-2 113.2534 0.009723 314000 3.05 2.72 0.59 0.0363 0.0078
20-3 113.99821 [ 0.009787 314000 3.07
301 117.80282 | 0.010118 314000 3.18

30 30-2 171.58989 | 0.014789 314000 4.64 4.13 0.82 0.0549 0.0110
30-3 168.59116 | 0.014529 314000 4.56
45-1 192.24969 | 0.016583 314000 5.21

45 45-2 216.7981 0.018715 314000 5.88 6.10 1.03 0.0813 0.0137
45-3 266.34573 [ 0.023018 314000 7.23
62-1 241.89915 [ 0.020895 314000 6.56

60 60-2 248.52264 | 0.021471 314000 6.74 6.84 0.34 0.0911 0.0046
60-3 266.34573 | 0.023018 314000 7.23

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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550 : Benzoxazinone UV_VIS_1
|mAU WVL:245 nm
1 2 - Benz -9.617
200+ |
150+ ||
100+
50+ ‘ |
] ‘\ ‘
1 |
0; - U‘I‘-diimide-4.108 I“' | | ‘ 3_‘|mp BNZ - 14.517
-50 ‘ | . — — : min
0.0 5.0 10.0 15.0 20.0 25.0
No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min %
1 411 diimide 4.139 0.602 1256 n.a. BMB
2 9.62 Benz 204.007 47644  98.64 n.a. BMB
3 14.52 Imp BNZ 0.097 0.054 0.11 n.a. BMB
Total: 208.242 48.300 100.00 0.000

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 Lasi¢

Jurkovi¢, 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

SR CERRES | Chemical Reaction and Resetor Engineering Siemulations || v0:02b [ No fie loaded

Fie Tock Help About Prefesences
w 1 1
5+ l EX
RUN Exampie | save | savias |cHensTey| BXFDATA |BUG REPOR

NEW PN

Current file:

Mo file opened...

Output console:

Figure 29 The first page of CERRES (Chemical Reaction and Reactor Engineering

Simulations).

Current file:

R CERRES || Chemical Reaction and Reactor Engineering Simulatians ||| w0025 [I| File: €1 _fies/A-Sumate_Bxp-05-01-16.xt a *
Hc Teols Help About Preferences
CkmmBE
AUM NEW opEN | ExampLE SAVE nvus (HEanv mnnu BuﬁREPﬂnI
Output cer
Ls _filesiA-Sumate_Exp-06.01-16.txt X
put_files/param £

Genersl  Resctorsetup  Optimizstion settings  Opersting conditions | Sohve settings | Dats export _ Results plotting

Parameter  Value info
Experimentl data fle name | SUMATE_esp 14 Companents-€ [1] D
[ -

Opsration mode | Optimizstion ~ [

Chemistry file name | SUMATE chemistry-05.cav

wnta vith semi-fico onl i
¥ore: uses o1p Exe w.-r. Sias ser win

References.

pDat
e Exp-05-




101

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
. orderreqcg,1 ~0TA€Treacg,2 orderyrod1 ~0TA€Tprod,2
R = kaTCreacg,l Creacg,z kbaCkarod,l Cprod,z

Where k¢, and k. are the rate constants of the forward and backward
reaction, Cae; and Cyoq; are the concentrations of reagent,i and product,i, and
Ordereacel, and ordery,qq,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).

SR CERRES | Chemisty Eater || File SUMATE chemisty 5.0 - 8 %
Fie

Sigrificant digits for Savefimport 6

 Species fsts

Gasspecies [i]

®

Liquid species [{]

Q5 @U@k Qusink  @Bw  @bw Q@ Qo
Oxcion Ola O @cycor Qo ®

Adsorbedisurtace species [1]

@

Catalystsites:

®

User defined variables [{]

®

[ Listof reactions and constants

Seectkmode | Directconstants ¥ [1]

5 Rosge P kiowerd  Kbedwend Reversible  User defined User defined rate ;]
yin rate yin expression

© 1 [ShcideCyCi TeA [SChors CiCI0Hs 267650002 000000600 & r

@ 2 [shddeCyCIOHe [SChior TEALCHC (R552680e02  [0.000000e 00 5 r

© 3 SChiore SAmide [BaShmide « HCI (100000000 20000ev00 7
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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. Keor Kiack
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

a) salicylic acid T ,.w.’é b) compound 10
g 40 34 = -
5070 “ Experirr::mal conveizion‘ (%) ” " 107o ’ Expe:imental yiel‘;, (%) ’ ,10
W d) compound 8 . “.’,/'I . d) compound 9

Experimental yield, (%)

Experimental yield, (%)

104

Figure 33 R%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),
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Figure 34 The graphical results from fitting in entry 1



Table 22 Kinetic constant for salicylic acid:salicylamide ratio (1:0.85 equivalent),

triethylamine (1 equivalent), and refluxing toluene (entry 2)

Equation no. Keor Kiack
1 2.4142E+00 1.5529E+00
2 7.4888E-03 4.2922E-03
3 7.1889E-04 2.1710E-04
a4 2.3284E+00 1.1546E+00
5 8.9995E-01 1.9405E+00
6 2.6080E-02 1.8064E+00
" a) salicylic acid ";‘" ° b) compound 10
< [ o ~ R ol
507'J “ Experim":ntal conveE::ion, (%) ” '1001070 ’ Expe:imental yield, (%) ) 1,0
d) compound 9
40 c) compound 8 84 o ’
;\5_30 bl ’ g 6 - o
0 > : : — o-i"v.’ ) |

Experimental yield, (%)

Experimental yield, (%)
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Figure 35 R”-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. Keor Kiack
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
10 a) salicylic acid ; 9 = -
80 s -" s;
é ol g S— g i Lo aieis
§ r-square  0.6576 | b) compound 10
30 ' ” Experirr:eomal conve?:ion. (%) ” 10010 ’ ’ Expe:memal yielz (%) ’ ,m
% ¢) compound 8 8 d) compound 9

Experimental yield, (%)

Experimental yield, (%)
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Figure 37 R*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



Table 24 Kinetic constant for salicylic acid:salicylamide ratio (1:0.85 equivalent),

triethylamine (2 equivalent), and refluxing toluene (entry 5)

Equation no. Keor Kiack
1 3.3047E-02 9.9202E-01
2 3.5983E+00 1.2434E-02
3 2.6116E-04 3.0112E-01
a4 2.4281E-01 4.4785E-03
5 1.7975E-01 1.4682E+00
6 7.3319E-03 1.7036E+00
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@ y=0.9997X+0.0695 o
£ r-square 0.9995 |
5 60
0 S
@ y
=
8w
S
o
=
20
///
V4
0¥ !
0 20 40 60
30 Experimental conversion, (%)

¢) compound 8
58 ) poul

S
el 2z
° - 4
2\157 ‘,‘./
[} ’,"
3 -
= 10- p
.
m
5- p
-
4 -(
o0& — "
0 5 10 15 20

Experimental yield, (%)

y=1.01356X-0.2407 4
20| r-square 09861 | *. "

80

25

Model yield, (%)

Model yield, (%)

[}
]

2
3
!

0.50

0.25

00

b) compound 10

y=0.3656X+2.0431
r-square 0.7917

S gEm EEm

Experimental yield, (%)

d) compound 9

y=0.2302X+0.6879
- r-square  0.0687

0 .
30 000 025 0.50 075 1.00 125 1.50 175 200

Experimental yield, (%)

110

Figure 39 R%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. Keor Kiack
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
e a) salicylic acid " s b) compound 10
= y=0.9704X+2.0924 . '.P"V | [ y=0.2636X+0.82249
5 tisquare | 0.9793 P 4 r-square  0.5051
g 60 "// 53
& 3
é 40 gz
s
20 1
° 0‘ 2‘0 40 60 3‘0 100 ° 0 ' 1 2 % ' 4 5
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<20 r-square  0.9896 ’ ol =
03_ I w o:.v 25 L .
£ Bos| & - [y=33844%+0.1976
4 o P r-square  0.9915
5 ,,r"" / i
| 4% 0.25
0 e : 3 : 000 F — i . 5 -
0 5 10 15 20 25 30 0.00 025 0.50 0.76 1.00 1.25 1.50 1.76 2.00

Experimental yield, (%)

Experimental yield, (%)

112

Figure 41 R%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



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. Keor Kiack
1 1.7792E+00 2.1015E+00
2 1.4531E-02 1.0805E-01
3 4.7168E-01 1.3889E+00
q 5.9764E-03 2.1137E-03
5 2.6656E-01 1.3542E+00
6 1.0463E-01 3.5686E+00

o a) salicylic acid """A \ b) compound 10

- ¢) compound 8 e d) compound 9

" | y=0.8304X+1.3974
20 r-square  0.9906 Y
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Figure 43 R%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.



115

5 5 5 5

= SAcid = SAmide = SChlor = BisSAmide

Eos 5 2 o1 2

= —— Model = —— Model = —— Model =01 —— Model
c 02 o S 02 B E

501 o B ® o1 E =

=] T T T T T - T T T T T £ 00+ T T T T 5 0.0+ T T T T
g 0 5000 10000 15000 20000 0 5000 10000 15000 20000 & 0 5000 10000 15000 20000 & 0 5000 10000 15000 20000
£ Time [s] 5 Time [s] 5 Time [s] 5 Time [s]

S 5] S S

5 5 5 5

= BProd = Bimp = TEA = CycCl

E 017 o [} 5 g £ 02

= — Model | = 0011 o, © O~ Wodel | = 0304 — Model | = —— Model
2 o Exp. 2 E;UU - ©° Bp S S o014

£ oo+ £ 000 S 0251 £

H 0 5000 10000 15000 20000 § 0 5000 10000 15000 20000 & 0 5000 10000 15000 20000 G 0 5000 10000 15000 20000
£ Time [s] H Time [s] s Time [s] s Time [s]

5] 5] S 5]

5 5 5 5
2 CyCIOH < HCI < CyEt 2 CyCIOH2

S 0014 s s S
E E — Model | £ £ —— Model
& = ] Model | = 0.02 " Model = 0.1 Mode
S s 01 =] S

= — Model | 2 2 o Exp. £

£ 0.00- £ o0+ £ 0004 £ 00+

§ 0 5000 10000 15000 20000  § 0 5000 10000 15000 20000 & 0 5000 10000 15000 20000  § 0 5000 10000 15000 20000
< Time [s] s Time [s] s Time [s] s Time [s]

S S S S

5

= H20

g

= 005 Model

c

2

£ 0005 . . . .

g 0 5000 10000 15000 20000

g Time [s]

8

Figure 44 The graphical results from fitting in entry 6
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Figure 45 'H NMR spectrum of 4-chloro-2-(2-hydroxyphenyl)-4H-benzole] [1,3]

oxazine-4-ol, compound (9) in CDCl,
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Figure 46 'H NMR spectrum of 4-chloro-2-(2-hydroxyphenyl)-4H-benzole] [1,3]

oxazine-4-ol, compound (9) in CDCl,

11987, ~_
SHOS L ——
LSLSL

$846°L
€185~
STOSL =—
6868 L~

G950

7.54  ppm

7.60 58 7.56

7.62

8L66°0 [

ppm

8.20 8.15 8.10 8.05 8.00 7.95 7.90 7.85 7.80 7.75 7.70 7.65 7.60 7.55

825

117



118

E
(=%
7669 -
TEO6'9 - =
LLO0'L~ -S
POOU L — TSS01
THO'L
90 L~
LSZO'L—/ -
LOSO'L ~_ - | @
9TS0'L—" TR
9LY0'L ~_ 67860
#690'L —"
& | =
s L £ o
SSOb'L
SLOF'L > TE66'9 —_ g
60THL | QtLooL -
zTrL — Zp600°L —=
19EP L~ < CHoL -
18stL—" L S9cE0 L 7 g
" LszoL ©~
665 L~ _ | 270502 v
CropL—" Sorepy B
Q9L L —— 0 9L90"L ~_
- Jp690L — o
5 -2
@ -3
> ~
o b=
o
o8
E‘C—) vy
N8 -8
%5 09T L —
T
X
W)
o
=
- A
2
a)
- \"\.
o
SSOKL . LS
~_ =
SLOV L — |
60Zr'L _
§iTh L 0850
ey L ——
18€H°L - o
665t L~ _ - ~
cIobL—" _
I — sl
B f=3
-
i
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Figure 48 >C NMR spectrum of 4-chloro-2-(2-hydroxyphenyl)-4H-benzole] [1,3]

oxazine-4-ol, compound (9) in CDCl,
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Figure 51 °C NMR HMQC spectrum of 4-chloro-2-(2-hydroxyphenyl)-4H-benzole]

[1,3] oxazine-4-ol, compound (9) in CDCl,
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Figure 52 The position in structure of 4-chloro-2-(2-hydroxyphenyl)-4H-benzole] [1,3]

oxazine-4-ol

Table 27 'H-NMR and ">C-NMR spectroscopic data of 4-chloro-2-(2-hydroxyphenyl)-
4H-benzole] [1,3] oxazine-4-ol, compound (9) in CDCl,

position 0. (ppm) S (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

i 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 "C-NMR and DEPT spectroscopic data of 4-chloro-2-(2-hydroxyphenyl)-4H-

benzole] [1,3] oxazine-4-ol, compound (9) in CDCl;

O (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




Table 29 'H-detected heteronuclear multiple quantum correlations (HMQC)
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spectroscopic data of 4-chloro-2-(2-hydroxyphenyl)-4H-benzole] [1,3] oxazine-4-ol,

compound (9) in CDCly

O, (ppm) Oc (ppm) assignment
10.13 c-2’
8.15 130.6 c-4
7.75 133.5 C-8

7.68 -17.73 134.1 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 'H-detected heteronuclear multiple bond correlations (HMBC)

spectroscopic data of 4-chloro-2-(2-hydroxyphenyl)-4H-benzole] [1,3] oxazine-4-ol,
compound (9) in CDCly

O, (ppm) Carbon correlated with &
10.13 110.9 (C-17), 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 -7.173 107.2 (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 -47), 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-17), 119.9 (C -5"), 130.6 (C -5), 162.4 (C -2), 167.6 (C -2’)
6.95 - 7.03 110.9 (C-17), 117.4 (C-3"),130.6 (C -5),137.2 (C -6"),162.4 (C -2)
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Mass Spectrum List Report

Analysis Info

Analysis Name Acquisition Date  6/14/2018 9:39:52 AM

Administrator

0SGP020180614001.d

Method Tune_low_90_04092017.m Operator
Sample Name  SOLID Instrument micrOTOF 72
SOLID
Acquisition Parameter Set Corrector Fill 50V
Source Type ES! lon Polarity Positive Set Pulsar Pull 337V
Scan Range n/a Capillary Exit 600V Set Pulsar Push 337V
Scan Begin 50 miz Hexapole RF 0.0V Set Reflector 1300V
Scan End 3000 m/z Skimmer 1 700V Set Flight Tube 9000 V
Hexapole 1 250V Set Detector TOF 2295V
Intens“. +MS, 0.5-0.5min #(28-32);
x10 262.0470 -
4
4
24 301.1415
143.0098 413.2748
it il 201830 i bthn 303782 L SORE2
100 1560 200 250 300 350 400 450 500 mlz

Figure 53 HSMS spectrum of 4-chloro-2-(2-hydroxyphenyl)-4H-benzole] [1,3]

oxazine-4-ol, compound (9)
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Figure 54 FT-IR spectrum of 4-chloro-2-(2-hydroxyphenyl)

oxazine-4-ol, compound (9)



12.5mg/vol.25

5 Imp-BNZ

Sample Name:
Vial Number:
Sample Type:
Control Program:

Imp-BNZ
RAS
unknown
Assay

Injection Volume: 20.0
Channel: UV_Vis_1
Wavelength: 245
Bandwidth: 2

Quantif. Method:  Benzoxazinone Dilution Factor: 1.0000
Recording Time:  11/5/2021 12:25 Sample Weight: 1.0000
Run Time (min): 30.00 Sample Amount: 1.0000
160 211104 #5 Imp-BNZ UV_ViIS_1
mAU WVL:245 nm)|
B 1 -Imp-BNZ - 14.268
125+
100
754
50+
]
25
\ A
20 : i 1 mi
0.0 5.0 10.0 15.0 20.0 25.0 30.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min %
1 14.27 Imp-BNZ 149.072 60.829 100.00 4.884 BMB
Total: 149.072 60.829 100.00 4.884
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Figure 55 HPLC chromatogram of 4-chloro-2-(2-hydroxyphenyl)-d4H-benzole] [1,3]

oxazine-4-ol, compound (9)
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Figure 56 'H NMR spectrum of Tri-quaternary salt (compound 10) in DMSO-d6
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6 Imp-Y
5mg/vol.5
Sample Name: Imp-Y Injection Volume: 20.0
Vial Number: RA6 Channel: Uv_vis_1
Sample Type: unknown Wavelength: 245
Control Program:  Assay Bandwidth: 4
Quantif. Method: Benzoxazinone Dilution Factor: 1.0000
Recording Time: 11/5/2021 12:55 Sample Weight: 1.0000
Run Time (min): 30.00 Sample Amount: 1.0000
500 211104 #6 Imp-Y UV_VIS_1
|mAU WVL:245 nm|
1 -Imp-Y - 18.642
400+
300+
200
100
k I
-50 I > —r— AT L Inin
0.0 5.0 10.0 15.0 20.0 25.0 30.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min %
1 18.64 Imp-Y 439.289 210.426 _ 100.00 5.150 BMB
Total: 439.289 210.426 100.00 5.150

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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