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CHAPTER |
INTRODUCTION

Nowadays, commercial petroleum products are visibly classified by adding
coloring materials. For example, gasohol 95 is green while gasohol 91 is red. This is
regulated by the government in order to avoid miss use of the fuel in different kind of
engines. The commonly use of dyes are azo dyes and they are all imported.

Triarylmethane is an important elass of compound which is found widely
application in the chemical .industry such.as.in textiles, paper, food, medicals,
cosmetic, petroleum produets, and especially-as a sensitizer in solar cells for
photoconductivity [1]. Malachiie green is a typical example of this class [2].
Numerous methods have Dbeen developed for the synthesis of triarylmethane
derivatives. The commen method of triarylmethane preparation is the condensation
reaction of aromatic aldehyde with N,N-diéthylaniline.

Formazan dyes are colour azo compound of the general structure, RNH-
N=CR'-N=NR’, formed / by  reduction. __7_0f a tetrazolium salt in the
histochemical demonstration of oxitative enzymes. They have a variety of colors
from dark blue to deep redto erange, depehdi‘ng on the original tetrazolium salt used
as the substrate for the reaction. el

Most of commercial triarylmethane and formazan dyes have good solubility in
water but low solubility in petroleum products. By incorporation of long chain
hydrocarbon in cardanol moiety, oil soluble triarylmethane and formazan dyes are
expected.

Cardanol is+a (natural alkyl ‘phenol obtained fram cashew nut shell liquid
(CNSL), which'is commonly available in the southern part of,Thailand. It is an
inexpensive naturalyvaw material bearing a leng hydracarbon chain, which enables the
enhanced solubility in organic solvent and petroleum product. Cardanol derivatives
are used in the preparation of additives for lubricants, diesel engine fuels, resin,
stabilizers and antioxidants.

This research involves the synthesis of a highly oil soluble triarylmethane and
formazan dyes as coloring agent for gasoline fuel by use of locally available cardanol
as a solubilizing and inexpensive precursor for synthesis. The stability of the dye in
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the gasoline fuel will be examined to evaluate the possibility of the dyes for being

used commercially.

1.1 Objectives of this research
The objectives of this research are synthesizing triarylmethane and formazan
dyes from cardanol as coloring agent for petroleum products.

1.2 Scope of this research

The scope of this research covers the synthesis of triarylmethane dyes from
aromatic aldehyde and N;N-diethylaniline, .synthesis of formazan dyes from
condensation of cardanol formaldehyde and phenylhydrazine derivatives such as 2,4-
dinitrophenylhydrazine, then*coupling with aromatic amine such as aniline, benzidine,
p-phenylenediamine and«"4-amino-N,N-dimethyl-anilne, as gasoline dyes. The
product were characterized hy spectroscopic techniques such as mass spectrometry,
and FT-IR, 'H-NMR,#°C-NMR jand U\/-visible spectroscopy. In addition, physical
properties of dyed gasoline and the stabil"it_y of the triarylmethane dyes in petroleum

fuel were studied.



CHAPTER Il
THEORY AND LITERATURE REVIEWS

THEORY

2.1 Color and UV/VIS spectroscopy [3-7]

Colorimetry involves the determination of a substance from its ability to absorb
visible light. Visual colorimetric methods are based on the comparison of a colored solution
of unknown concentration with one or more colored selutions of known concentration. In
spectrophotometric methods, the ratio of the intensities-of the incident and the transmitted
beams of light is measured at a speeific Wavelength by means of a detector such as photocell.

Incident radiation Absarbed Transmitted radiation

» » »
- » »

/ rachiation” | \

Reflection : Scattering

Figure 2-1 Interaction of chemical compound with light or radiation

When a continuous; beaii-of-Hghi-passes-thiough-a-chiemical compound, one part of
the light is reflected, one part is absorbed, one part IS scattered, and another part is
transmitted. This last part lacks those portions of the incident Tight that have been absorbed
or reflected and their-absence \will reveal jenstheirpown spectroanalytically in absorption
bands. Since the reflected Tight has a different composition from the‘incident light, selective
absorption of certain _wavelengths of the spectrum has occurred. ‘Whenever selective
absorption occur in the visible part of thedspeetrum, the €ye will ‘perceive ithe change as an
appearance of the complementary color to the colors represents by the absorbed wavelengths.
The range of wavelengths, color of the corresponding light beam, and complementary colors
of the various regions of the spectrum are given in table 2-1.



Table 2-1 Relation between color absorbed and color visualized.

Wavelength absorbed (nm) Color absorbed Color visualized
400-435 Violet Yellow-green
435-480 Blue Yellow
480-490 Green-blue Orange
490-500 Blue-green Red
500-560 Green Purple
560-580 Yellow-green Violet
580-595 Yellow Blue
595-605 Orange; Green-blue
605-750 Redy 4 Blue-green

The absorption of the particular part of \}ié’ible region is the characteristic of its
molecular structure, which depends on the struct-l‘j_irélj_configurations of that compound. A
UV-VIS spectrophotometer is designed in order to rr;easure the absorption of a sample at
various wavelengths and ploetted by a recorder tb 'g-i'\r/é the spectrum. The wavelength of
absorption is usually reportedias the maximum wavelength (Amax), Which is the wavelength at
the highest point of the curve, while the absorption of energy is recorded as absorbance. This
is shown below in the equation of Beer’s law.

A = ebC

Where A = absorbance

gy=tmolar absorptivity
b-="cell length (cm)
¢ = concentration (mole/L)

It is found that the absorbance of a solution is directly proportional to the
concentration. This relation is advantageous due to the quantitative analysis using a standard
calibration curve, which is produced by measuring absorbance at a maximum wavelength of
standard solution at various concentrations. The standard calibration curve is a plot between

absorbance (y axis) and the concentration (x axis) of standard solution. When the absorbance



of a sample is measured, the quantity of the sample is obtained by comparing the absorbance

with a standard calibration curve.
2.2 Dye

2.2.1 Dye [8-11]

A dye may be defined as an organic compound used to impart color to other
substances. It has necessarily retaining power properly on the substance to retain its color on
prolonged exposure to light or to resist removal under conditions to which the substance
normally is exposed.

Dyes used for coloring pétroleum products, such as, gasoline, kerosene, are carried
out in order to render them identifiable, and thus make difficult the possible tax evasions,
which can result from utilizing said products for purpose that differ from the ones for which
they are taxed. These dyes must satisfy various requirements as the following:

To have a high dyeing power; J

To have a sufficientsolubility in orgarili_c solvents and fuel oils.

To have a high diffusion index. .
To contain little or no by=product insolﬁijfe_li_n fuels.

To leave only a minimum depesit of slqué |n the engines.

To have a properfastness to light during-]-ét_(_)—'rége.

To be compatible With additives and not cause difficulties during combustion.

To be brittle but no powders in the solid form.

© © N o g Bk~ w0 DR

To be sufficiently fluid to be solubilized. in organic solvents, if it used in the form
of a concentrated solution.

10. Not to be extractable from the system in which it is dissolved.

Color strength of a dye can be measured quantitatively as molar absorptivity which

falls within the general ranges given below.



Table 2-2 Dye measure quantitatively as molar absorptivity.

Dye type

Molar absorptivity

Anthraquinone
Azo0
Cyanine

Triarylmethane

5,000 - 15,000
20,000 - 40,000
40,000 - 80,000

40,000 - 160,000

-

The most precise and scieniific classification of dyes is based on their chemical

structure. This is the classificationsof interest to-.‘the research chemist and the manufacturer of

dyes. The classes that are listed inthe/color index:

Table 2-3 Some important dyes:

Some important dyes

Uses and properties

Nitroso (quinone oxime)

Azo (aromatic and heterocyc}ib azo compounds)
Diphenylmethane (ketone imine)
Triarylmethane 7

Xanthene

Quinoline

Thiazole

Indamine and Indophenol

Thiazine

Anthraquinone

Indigoid

For wool

For miscellanercjus materials
For cotton, nylon and leather
For cellulose fibers

f-of /paper and ks

For paper and wool
Forcellulose fibers

For color photography

For paper

For wool and silk

For cellulose fibers and wool




2.2.2 Triarylmethane dyes [8]

Triarylmethane dyes are basic dyes of compound which is found widely application in
the chemical industry such as wool or silk, or for cotton mordanted with tannic acid.
Similarly other workers have prepared electrodes using triarylmethane dyes. While others
have investigated using the dyes in solar cells as sensitizers for photoconductivity [12]. From
the time of their discovery in 1859 to the development of the anthraquinone vat dyes, the
triarylmethane dyes were regarded highly because of their brilliant color that is not only
absorb strongly some parts of the spectrum, but they reflect strongly other parts of the
spectrum. They are not fast to light or washing, however, except when applied to acrylic
fibers.

In their structures, the central carbon is bonded to three aromatic rings. One of which
is in the quinonoid form (the chremophore). Basic Green 4 (Malachite Green, 489), the
typical example of this class whigh usedfor dyeing acrylic fibers and leather and for coloring
bast fibers, paper, and lacquers, is‘fmade by-condensing benzaldehyde with dimethylaniline to
give bis(p-dimethylaminophenyl)phenylmethane, .which is known as the leuco base.
Oxidation converts it to the cardinol; which also is.colorless and is known as the color base or

the carbinol base. Strong acids convert the color base into the colored dye.

2 :
N(CHg)z
Coblas cl

N(CH3)2
Figure 22, Structure of\Basic Green 4/(Malachite ‘Green)

2.2.3 Formazan [13]

Formazans are compounds which contain the characteristic chain of atoms -N=N-
C=N-NH-. Such compounds form a distinct class with characteristic properties, their
structures were first elucidated by Bamberger and by von Pechmann who agreed to call them
formazyl compounds. The term guanazyl is applied to variations of this structure in which the

=N-NH- group is linked to a guanyl group and not to an aryl radical (as it is in all ordinary



formazans hitherto described). Such compounds are characterized by the group -N=N-C=N-
NH-C (=NH)-NH; They are sufficiently akin to the formazans to be described in this review,
but their chemistry is not extensive. Recently two further types of compounds of related
structure have been described: (a) In one, a cholyl radical (introduced as a cholylhydrazide)
replaces the aryl group normally attached to the —NH-N= system. (b) In the other, a diaryl
carbonyl group (introduced as a diarylsemicarbazone) replaces the same aryl group.

2.3 Cashew Nut Shell Liquid (CNSL.) [14-19]

The cashew tree, Anacardium occidentable Lian., is a native plant of Brazil and was
brought to Asia and Africa by the Portuguese in the 4600%S. It was first brought into Thailand
by the governor of Trang in 1901. It can be grown In all parts of Thailand especially in
Songkhla, Phuket, Nakhon Sithammarat, Phung-nga, Krabi and Surat Thani. The shape of
the nut is look like the kidney. «#The'shell of the nut is grey brown in color and hard. It
consists of two layers. The outerdayer, which is smooth surfaced, thin and tough. The inner
layer is hard. Between the two layers is a honeycomb structure which contains a phenolic
material known as Cashew NutShell Liquid (CNSL) which is a reddish brown viscous liquid.
Inside the shell is the kernel, wrapped in a thin brow'n"ékin, known as the testa.

Cashew nut shell liquid (CNSL) is obié_ﬁiheg as a by-product from mechanical
processing for edible use of cashew kernet (Anaca'rdiL;m occidentale L.) and is a mixture of
anacardic acid 1, cardanol 2 and smaller amounts of'c-:rér-dol 3 and 2-methyl-cardol 4. Due to
the easy thermal decarboxylation of anacardic acid 1, the main component of distilled CNSL
is cardanol 2 (yield up to 70-80% and purity up to 90%) as a mixture of saturated (3-n-
pentadecylphenol), monoolefini¢ [3-(n-pentadeca-8-enyl)phenol], diolefinic [3-(n-pentadeca-
8,11-dienyl)phenol], ‘and, triolefinic ' [3-(n-pentadeca-8,11,14-trienyl)phenol] long-chain
phenols, with an average value of two double bonds per molecule. Cardol 3 and methylcardol

4 are present in'smatler-percentages (Figure|2:3).



OH OH
COOH
CisHz1n CisHz1n
Anacardic acid Cardanol
6-pentadecenyl salicylic acid 3-pentadecenyl phenol
OH OH

e yyﬂﬁl

__4ardol
nyI resorcinol

CisHzpn
2-methyl cardol
2-methyl-5-pentadecenyl re

Cardanol is a pheno tha €45 aliphatic chain in the meta position,
obtained from cashew nut she CNSL)- Th e and composition of cardanol is
given in Figure 2-4. It is a aturated (mono-, di-, and tri-)

compounds.

(5.4%)

Figure 2-4 Structure and composition of cardanol.
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Table 2-4 Characteristics of cardanol.

Boiling point, °C 228-235 (3.4 mmHg)

Color (Livibond, 1 cm cell) Red (1.0-3.0)
(freshly distilled) Yellow (1.5-3.5)

Viscosity, 30°C (cP) 40-60

Specific gravity 30/30 °C 0.93-0.95

Volatile loss, % by wt (max) 2.0

Acid value 1.9-2.0

lodine value (Wijs method) 210-220

Hydroxyl value r 180-200

2.3.1 Uses and applications

The CNSL is an undesirable by-product of’t’h‘e ‘cashew kernel industry. It has become
a valuable raw material in the manufacture of nﬁmérous industrial products. It is used
commercially as a phenolic.raw material for the manufacture of certain resins and plastics
[20]. In particular, it is used-as a friction modifier in the manufacture of brake linings and
clutch facings because it has an excellent frictional properties [21]. It is also used in rubber
compounds, where it acts as vulcanizing agents by mixing with natural rubber and other
additives. The mechaniCal properties: of 'the' resulting: rubbef; ystch as tensile strength,
hardness, elongation and rebound resilience are improved [22]. The resins from CNSL are
used in laminating, forpapers, cloths.and.glass fibers,-or-impregnating materials where oil or
acid resistance Is required [23]." Furthermore, hydrogenated cardanol ‘represented a simple
and easily available entry to various derivatives useful for different purposes such as
antioxidants, flame-retardants, water-proofing agents and gum inhibitors for gasoline [24].
Other applications include used in the manufacture of lacquers, paints, printing inks,
electrical insulation material, impregnating materials, anti-corrosive for metals, laminates,

insulating varnishes, surface coating, adhesives, insecticides and fungicides [25, 26, 27].
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LITERATURE REVIEWS

Tsujimoto et al. [28] reported two typical methods for the synthesis of triarylmethane
compounds. Method A, it is generally prepared by a reacting aromatic aldehyde with a
complex of a formylating agent (dimethylformamide, diethylformamide) and an acid catalyst
(phosphorus oxychloride, phosphorus oxybromide, thionyl chloride) to form an aromatic
aldehyde. Then, the catalyst is hydrolyzed and the reaction system is neutralized by addition
of an alkaline substance.

HaC~-CHs

H3C\N/CH3 3C\ /CH3

———»
@ JIGH O
CHO ~ -
H;C N N CHj

| |
CHg CHs

On the other hand, method/B have @ problem of low purity of the hydrol derivative
used as the starting material. This reason makes it difficult to obtain the desired product in a

highly pure form.

H3C~ -CH
3V N 3

HaC ~CHg
H
é L
HC - ~CHs
| |
CHs CH3

Nair et al. [29] report a facile method for the Synthesis of triarylmethane by the
catalytic hydrogenation of the diaryl ketone and the subsequent treatment of the carbinol with

aryl amines and HCI.
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Q OH
(1T = U
R R R R

(61%)
o| O
R = NHCOCF4 NHR
R = H, Et, etc.
NH,

HoN l l NHR'

R

(32%)

Li et al. [30] reported the synthesis of triarylmethane derivatives from aromatic
aldehydes and arenes catalyzed hy FeCls.  This. method is simple and mild reaction
conditions. They found that the yield was improved when acetic anhydride was added. The
reactions proceeded smoothly with beth electron-rich-and. electron-poor aromatic aldehydes
and acetylation of arenes was not observed in these reactions-in the presence of acetic
anhydride. Longer reaction thmes were required (50 h) when-highly electron deficient p-
nitrobenzaldehyde was used.

Ar'

FeCl; 10 mol%
Ar——CHO + Ar—H =57 g50C 22

Ar Ar

Kodomari et al. [31] reported the synthesis of triarylmethane and 9,10-
diarylanthracenes which are very important compounds in pharmaceutical industry from an
electron-rich arenes such as anisole, 1,2-dimethoxybenzene, 1,3,5-trimethoxybenzene, 2- and
4-methoxytoluene, and 1-methoxynaphthalene with acetyl bromide and aromatic aldehydes in
the presence of ZnBr,/SiO,. This method gave the corresponding triarylmethanes in high
yields under mild conditions. They found that the reaction of anisole with benzaldehyde in

the presence of ZnBr,/SiO; at room temperature did not give the products but this reaction
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with acetyl bromide and benzaldehyde in the presence of ZnBr,/SiO, in the same condition
gave 4,4’-dimethoxytriphenylmethane in high yield.

OCHj; CHO
7 .
©/ + ©/ +  CH4COBr nbry/SiO,
benzene, RT
H3;CO OCHjg

OCH CHO
©i 3 . @ AcBr-ZhBr,ISiO, HsCO OOO OCHs
OCHs excess c;fﬁ%dehyde H3CO OCH3

Jaratjaroonphong et ald [32] reperted the synthesis of triarylmethanes and

diarylalkanes from electron-rich/ arenes reacted with aromatic aldehydes and aliphatic
aldehydes using iodine catalyzed: Friedel-Crafts ‘alkylation in high yields under mild

conditions.
: Ar Ar
—>ArCHO \( Triarylmethane
(Ar = aryl) Ar'
I5 (10 mol%)
Ar-H ————————

toluene; air
It

Ar An
RCHO \( Diarylalkane
R = alkyl R

Shchipanov et al. [33] reported the synthesis of formazan obtained by diazo coupling
of benzaldehyde (1-methyl-5-pyrazolyl)hydrazone (1) with benzenediazonium chloride which
IS resistant to autoxidation but under the influence of potassium ferricyanide readily
undergoes destruction to give 2,5-diphenyltetrazole (IV) and 1-methyl-5-hydroxytetrazole
(V). A tetrazolium salt, which was isolated in the form of the chloride (IlI), is obtained in

good yield by oxidation of 11 with lead dioxide in acetic acid.
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* 1. PbO,, AcOH *
R—NH CgHsN,Cl o RTNH N7CeHs 5 R=N—"N—CgHs
S S N. =N
’\l\(;|-|c6|-|5 NaOH N Cu N ?
CeHs CsHs
|
I Il
KgFe(CN)G
NaOH
N——N=C¢Hs ROH
N< =N
CIZ V
CeHs
1\

Sedov [34] reported thaf the /oxidation of benzimidazolylhydrazines la, b with
selenium dioxide in absolute ethanol proceedxé via a different pathway. In this case
symmetrical 1,5-di(2'-benzimidazoIyl)-3-methylf<;rmazans (\Va, b) are formed in low yields.
Their structures were confirmed by comparison wlth compounds with known structures.
Phenylhydrazine (Id), like hydrazines ta, b, _,al-ltso_,'__. gives symmetrical 1,5-diphenyl-2-
methylformazan (\Vd), althaugh in very iow yieldfi(_{l_%), when it is oxidized in absolute
alcohol the process does not Stop at this stage but prdcéeds further to give tetrazolium salt VI,
which without isolation from.the solution.

R R CgHs~ CeHs
R H \H Se0s I}IH Il\ll Se0; I |
“NTNHy;  —=—3 Tarn™ N.~N
Ns N HSeO
la, b, d Cog ¢ (R = CgHs) ¢ s
b, CHs CHjy
va, b, d K

a: R = 2-benzimidazolyl, b: R = i- methy]-2-benzimidazolyl, d: R = CgHs

Tezcan and Uzluk [35] reported the synthesis of formazans with various substituents
attached at the 1- and 3-phenyl rings which less toxic compounds for medical use by
condensation of aromatic and aliphatic aldehydes with phenylhydrazine and then coupling the

resulting hydrazones with diazonium salts. This method gives a low yield and the
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purification of the products is difficult but it has the advantage of synthesizing both

symmetrical and asymmetrical formazans. The general formula is shown below:

] ]
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CHAPTER I
EXPERIMENTAL

3.1 Chemicals

All chemicals were purchased from commercial sources and used as received, unless

noted otherwise.

1. Cardanol . Ohtained locally
2. Hydrogenated cardanol . A gift from Dr.Nantanit Wanichacheva
3. Urea : Fluka

4. Acetic acid + Merck

5. N,N-diethylaniline '/ Merck

6. Benzaldehyde '/ Merck

7. Salicylaldehyde f 4 Elukad

8. 2-Nitrobenzaldehyde . Fluka 4

9. 4-Nitrobenzaldehyde . ~Aldrich

10. 4-Methoxybenzaldehyde . Panreac Sintesis
11. 4-(Dimethylamino)benzaldehyde:: Merck; =

12. 2-Chlorobenzaldehyde -~ Fluka |

13. 4-Carboxybenzaldehyde : Flukar

14. Cinnamaldehyde . Aldrich

15. Toluene : Lab Scan

16. Triethylamine . Merck

17. Tin (1V) tetrachloride ;= Fluka

18. Paraformaldehyde . Merck

19. Hydrochloric acid " | Merck

20. Phenylhydrazine .~ Aldrich

21. 2,4-Dinitrophenylhydrazine : Aldrich

22. Tetrahydrofuran . Merck

23. Dioxane : Merck

24. Sodium sulfate (anhydrous) . Merck

25. Potassium hydroxide . Merck

26. Sodium nitrite . Merck

27. 4-Amino-N,N-dimethylaniline  : Fluka
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28. Aniline . Merck

29. Benzidine . Fluka

30. p-Phenylenediamine . Fluka

31. Methanol . Merck

32. Ethanol : Merck

33. Methylene chloride . Distilled from commercial grade (Lab-scan)
34. Hexane . Distilled from commercial grade (Lab-scan)
35. Ethyl acetate . Distilled from commercial grade (Lab-scan)
36. Silica gel . Merck

37. Base gasoline 91  Veerasuwan oil refinery

38. Deuterated chloroform . Merck

3.2 Analytical instruments

FT-IR spectra were recopded  on a . Nicolet Fourier Transform Infrared
Spectrophotometer: Impact 410°(Nicolet Instruménts Technologies, Inc. WI, USA). Infrared
spectra were recorded between 400 cm*to 4,000 cr"r_j'l"-in transmittance mode.

'H-NMR and *C-NMR spectra were obféi-ngq in deuterated chloroform (CDCls)
using Bruker Spectrospin AG, Switzerland and Vafi_an-_. Mercury NMR spectrometer (Varian
Company, CA, USA) operated at 400 MHz for 1H a_h—d- 100 MHz for *C nuclei. Chemical
shifts (3) are reported in parts per million (ppm) relative to the residual CHCI; peak (7.26
ppm for *H-NMR and 77.0 ppm for “*C-NMR). Coupling constants (J) are reported in Hertz
(H2).

Mass spectra were obtained using- matrix-assisted. laser desorption ionization mass
spectrometry (MALDI*TOF) by using dithranol as a matrix.

Absorption: ispectraand <quantities| af itriarylmethane) dyes-in-gasoline fuel were
measured using a Hewlett-Packard 8453 spectrophotometer.
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3.3 Experimental procedure

Part 1: Synthesis of hydrogenated cardanol formaldehyde

3.3.1 Condensation of hydrogenated cardanol with paraformaldehyde

toluene OH
snCl, CHO

(CoH5)3N, CH,0
reflux 8 h

CisH31 CisH3p

Following a previously published proceduie{36], to a solution of hydrogenated
cardanol (3.04 g, 0.01 mol) in teluene (20 imL) was added triethylamine (0.55 mL, 0.004 mol)
and tin(IV)tetrachloride (115.0°pL,+0.001 mol). The reaction mixture was stirred for 30
minutes at room temperature anderNz and then paraformaldehyde (0.66 g, 0.02 mol) was
added. The reaction mixture was heated at 1OQ_:‘°C for 8 h. After cooling down to room
temperature, the reaction mixture was “poured. into water and acidified to pH 2 with
hydrochloric acid. Then the aqueous layer was extfacted with ethyl acetate. The organic layer
was dried over anhydrous sodium sulfate, filtered and concentrated to dryness. The resulting

crude product was purified by chromatagraphy (silﬁcﬁ}‘hexane) to give a white crystals, (6.53
1 Y
g, 65%); H-NMR: & (ppm).0.87 (t, J=6.8 Hz, 3H), 1.20 = 1.70 (m, 26H), 2.61 (t, J= 7.6 Hz,
2H), 6.80 (s, 1H), 6.83 (d, J=:6:8-Hz; tH); 7-44-(d-J =7-9-Hz, 4+1),0.83 (s, 1H), 11.04 (s, 1H)
13

(Figure A-1); C-NMR: 6 (ppm) 14.1, 22.7, 29.2, 29.40, 29.43, 29.5, 29.63, 29.65, 29.69,
30.7, 31.9, 36.4, 117.1, 118.4,.120.5, 133.6, 153.9, 161.8, 195.8 (Figure A-2); IR: vmax
(cm™): 3184 (O-H st)[2958 (SC-H st); /2850, 2915 (CHH st), 1623, 11666 (C=C st) (Figure A-
3).

Part 2: Synthesis of cardanol.formaldehyde

3.3.2 Condensation of cardanol with paraformaldehyde
OH

toluene H
/@ SnCl, CHO

reflux 8 h
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According to the above-mentioned synthesis of hydrogenated cardanol formaldehyde,
to a solution of cardanol (2.98 g, 10.00 mol) in toluene (20 mL) was added triethylamine
(0.55 mL, 4.00 mmol) and tin(IV)tetrachloride (115 pL, 1.00 mmol). The reaction mixture
was stirred for 30 min at room temperature under N, and then paraformaldehyde (0.66 g, 0.02
mol) was added. The reaction mixture was heated at 100 ‘C for 8 h. After cooling down to
room temperature, the reaction mixture was poured into water and acidified to pH 2 with
hydrochloric acid. Then the aqueous layer was extracted with ethyl acetate. The organic layer
was dried over anhydrous sodium sulfate, filtered and concentrated to dryness. The resulting

crude product was purified by chromatography (silica, hexane) to give a pale yellow oil;
1
(2.14 g, 66%); H-NMR: & (ppm)-0.80 = 2.10 (m), 2.61 (i,d= 7.6 Hz), 2.80 (m), 5.0, 5.4, 5.8

(m), 6.79 (s), 6.83 (d. J =7.9 Ha)e T A4(d, J =1.9 Hz), 0.83:(), 11.04 (s) (Figure A-4): C-
NMR: & (ppm) 14.1, 25.6-31.8¢36.4¢ 1147, 117.0, 118.9, 1205, 126.8, 127.7, 128.1, 129.3,
1297, 130.0, 130.2, 133.6, 1537, 161,9,/95 8 (Figure A-5): IR: vimax (cM™): 3408 (O-H st),
3003(=C-H st), 2850, 2927 (C-H'st)f 2741 (C-OH.st) 1628, 1652 (C=C st) (Figure A-6).

Part 3: Synthesis of triarylmethane dve

3.3.3 Triarylmethane dye 1 from benzaldehyde and N,N-diethylaniline
Wy

HO NJ O
. © ureanChsCQOHy 4 1
reflux24 h O O
/\

N

1

Following a previously published procedure [37], benzaldehyde (0.13 g, 1.21 mmol),
N,N-diethylaniline (0.41 mL, 2.66 mmol), and urea (0.05g, 0.91 mmol) were dissolved in
glacial acetic acid (6.25 mL) and then were refluxed for 24 h. The reaction mixture was
evaporated and extracted with CH,Cl,. The organic phase was separated, dried over
anhydrous sodium sulfate, filtered and evaporated to dryness. The resulting crude product

was purified by preparative TLC [hexane/ethyl acetate (5:1)] to give a blue-green oil (0.12 g,
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1
25%); H-NMR: & (ppm) 1.13 (t, J = 6.4 Hz, 12H), 3.31 (q, J = 7.0 Hz, 8H), 5.33 (s, 1H),
6.59 (d, J = 7.3 Hz, 4H), 6.95 (d, J = 7.7 Hz, 4H), 7.07 (d, J = 7.7 Hz, 1H), 7.16 (d, J = 6.5

Hz, 2H), 7.26 (t, J = 6.9 Hz, 2H) (Figure A-7); PC-NMR: 5 (ppm) 12.7, 44.4, 55.0, 111.7,
125.7, 128.0, 129.4, 130.1, 131.7, 145.8, 146.1 (Figure A-8); IR: vmax (cm™): 2920, 2963 (C-
H st), 1562, 1615 (C=C st), 1197 (C-N st) (Figure A-9); MALDI-MS obsd 386.710; calcd
avg mass 386.572 [M = Cy7H3sN2] (Figure A-10); UV: Ams (CH2CIL) 629 nm, € (CH,CI,)
7.04 (Figure B-1).

3.3.4 Triarylmethane dye 2 from salicylaldghyde and N,N-diethylaniline
L)
OH LNJ O
@/CHO ) U4, CHaCOOH 1, OH
reflux 24 h O O

/

2

According to the above-mentioned synthesis of compound 1 using salicylaldehyde

(0.15 g, 1.21 mmol) as a benzaldehyde derivative. The resulting crude product was purified

1
by preparative TLC [hexane/ethyl acetate (5:1)] to give a green 0il(0.13 g, 27%); H-NMR:
(ppm) 1.15 (t, J = 7.0 Hz, 12H), 3.33 (g, J = 7.0 Hz, 8H), 4.96 (s, 1H), 5.39 (s, 1H), 6.62 (d, J
= 8.5 Hz, 4H), 6.83-6.89 (m,3H), 7.00 (d, J = 8.5 Hz, 4H), 7.14 (t, J = 7.4 Hz, 1H) (Figure

A-11); 13C-NMR: 3 (ppm) 127} 44,3, 5000, 112.05:146 4120:54127.6, 128.9, 130.1, 130.3,
131.6, 146.7, 154.0 (Figure A<12); 1R viax (cM™):"3477 (O-H st), 2924, 2967 (C-H st), 1561,
1611 (C=C st), 1193 (C-N st) (Eigure A-13);, MALDI-MS obsd 402.590; calcd avg mass
402.572 [M = CyiH34NL O] (Figure tA=14); UV Aaps ((CH,CI) 627 inm, &.(CH,CI;) 15.52
(Figure B-2).
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3.3.5 Triarylmethane dye 3 from 4-carboxybenzaldehyde and N,N-diethylaniline
L)
o L ®
. urea, CH;COOH
reflux 24 h O O
~ N

/

COOH COOH

3

According to the above-mentioned synihesis. of compound 1 wusing 4-
carboxybenzaldehyde (0.18 g, 1.21 mmol) as a benzaldehyde derivative. The resulting crude
product was purified by sonicationin_hexane and filter to give a green solid (0.15 g, 30%);
lH-NMR: 6 (ppm) 1.14 (t, =40 Hz, 12H), 3.32 (g, J=6.9 Hz, 8H), 5.39 (s, 1H), 6.61 (d,
J=6.3 Hz, 4H), 6.94 (d, J=8.5/Hz4H), 7.26 (d J=8.2 Hz, 2H), 7.99 (d, J=8.3 Hz, 2H)
(Figure A-15); *C-NMR: & (ppm) 12.1; 44.1, 55,0,:112.0, 126.6, 129.5, 130.0, 130.5, 146.1,
152.0, 171.8 (Figure A-16); IR: vy (6m™): 3032 (5C-H st), 2930, 2964 (C-H st), 1577, 1607
(C=C st), 1441 (COOH st), 1190 (C-N st) (Figuréﬁ-l?); MALDI-MS obsd 429.614; calcd
avg mass 430.582 [M = CygH34N,0;] (Figure A=18); UV: daps (CH2Cl,) 630 nm, ¢ (CH,Cly)
941.16 (Figure B-3). T

3.3.6 Triarylmethang dye 4 from 4-nitrobenzaldehyde and N,N-diethylaniline
L]
o B ®
. @ urea, CHzCOOH
reflux.24 h O O
NO, /)\1 NO,

4

According to the above-mentioned synthesis of compound 1 wusing 4-
nitrobenzaldehyde (0.18 g, 1.21 mmol) as a benzaldehyde derivative. The resulting crude

product was purified by preparative TLC [hexane/ethyl acetate (5:1)] to give a green oil (0.11

1
g, 21%); H-NMR: & (ppm) 1.14 (t, J = 7.0 Hz, 12H), 3.32 (q, J = 6.9 Hz, 8H), 5.40 (s, 1H),
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6.60 (d, J = 8.3 Hz, 4H), 6.91 (d, J = 8.3 Hz, 4H), 7.31 (d, J = 8.4 Hz, 2H), 8.11 (d, J = 855

Hz, 2H) (Figure A-19); PC-NMR: 5 (ppm) 12.6, 44.3, 54.9, 111.7, 123.3, 129.8, 130.0,
130.1, 146.1, 146.5, 153.9 (Figure A-20); IR: vmax (cm™): 2927, 2963 (C-H st), 1555, 1608
(C=C st), 1339 (C-NO,), 1193 (C-N st) (Figure A-21); MALDI-MS obsd 431.966; calcd avg
mass 431.570 [M = Cy;H33N30,] (Figure A-22); UV: Ags (CH2CI,) 597 nm, € (CH,CI,) 7.22
(Figure B-4).

3.3.7 Triarylmethane dye 5 from 2-nitrobenzaldehyde and N,N-diethylaniline
L)
o e ®
NO,

urea; CHsCOOH . NO,

reflux24 h O O

N

>

5

According to the abgve-mentioned syhfhesis of compound 1 wusing 2-
nitrobenzaldehyde (0.18 g, 1.21 mmol) as a benialdghyde derivative. The resulting crude
product was purified by preparative TLC [hexanefethyl acetate (5:1)] to give a green oil (0.19

1
g, 37%); H-NMR: 5 (ppm) 213 (t, J = 7.0 Hz, 12H), 3.31 (4,0~ 6.9 Hz, 8H), 6.02 (s, 1H),
6.58 (d, J = 8.4 Hz, 4H), 6:90 (d, J = 8.3 Hz, 4H), 7.22 (d, J = 78 Hz, 1H), 7.30 (t, J = 7.7

Hz, 1H), 7.44 (t, J = 7.6 Hz, 1H), 7.79 (d, J = 8.0 Hz, 1H) (Figure A-23); 13C-NMR: d (ppm)
12.6, 44.3, 49.3, 1117, 1243, 126.7,.129.5, .130:2, .132.01, 132.03, 140.1, 146.4, 149.9
(Figure A-24); IR: v (cM1):.2927, 2967.(C-H st), 1608,.1515 (C=C st), 1353 (C-NO; st),
1197 (C-N st) (Figure A-25); MALDI-MS obsd 431.746; calcd avg mass 431.570 [M =
C27H33N30,] (Figure A-26); UV: Aaps(CHLClp). 644 nm, £.(CH,CI,) 30.67 (Figure B-5).
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3.3.8 Triarylmethane dye 6 from 2-chlorobenzaldehyde and N,N-diethylaniline
L)

L
CHO N O
©/C' . © urea, CH;COOH ¢!
reflux 24 h O O
e

N

According to the above-mentioned, synthesis® of compound 1 using 2-
chlorobenzaldehyde (0.17 g, 1.2&-mmol) as a benzaldehyde derivative. The resulting crude
product was purified by preparative FLC Jhexane/ethyl acetate (5:1)] to give a blue-green oil
(0.18 g, 36%); "H-NMR: 5 (ppM) 214/t J = 7.0 Hz, 12H), 3.32(q, J = 7.0 Hz, 8H), 5.75 (s,
1H), 6.60 (d, J = 8.5 Hz, 2H)#6.92 (d; J = 8.7 Hz 2H), 7.04-7.17 (m, 3H), 7.34 (d, J=7.2
Hz, 1H) (Figure A-27); 13C-NMR: of (ppm) 127 443, 51.4, 126.3, 127.1, 128.3, 129.4,
130.2, 131.1, 134.4, 143.3, 146.3/(Figure A-28): IR: via (cm™): 2920, 2963 (C-H st), 1565,
1608 (C=C st), 1197 (C-N st), 692 (C-Cl st) (Figu-r';(_’_é,'ﬁ_\l-._29); MALDI-MS obsd 421.818; calcd
avg mass 421.017 [M = Cy7H33CIN,] (Figtire A307'UV Aabs (CH2CIy) 643 nm, & (CH,Cl,)
72.76 (Figure B-6). i

3.3.9 Triarylmethane-dye 7 from 4-methoxybenzaldefiyde and N,N-diethylaniline
L)
HO NJ O
\ © urea, CH;COOH
reflux 24'h O O
N

OCHj N OCHj

7

According to the above-mentioned synthesis of compound 1 wusing 4-
methoxybenzaldehyde (0.16 g, 1.21 mmol) as a benzaldehyde derivative. The resulting crude
product was purified by preparative TLC [hexane/ethyl acetate (5:1)] to give a green oil (0.10
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1
g, 21%); H-NMR: & (ppm) 1.13 (t, J = 6.6 Hz, 12H), 3.31 (g, J = 6.8 Hz, 8H), 3.77 (s, 3H),
5.28 (s, 1H), 6.59 (d, J = 7.7 Hz, 4H), 6.80 (d, J = 7.3 Hz, 2H), 6.94 (d, J = 7.8 Hz, 4H), 7.06

(d, J = 7.7 Hz, 2H) (Figure A-31); “C-NMR: 5 (ppm) 12.7, 44.3, 54.1, 55.2, 111.7, 113.4,
130.0, 130.3, 132.1, 138.0, 146.1, 157.6 (Figure A-32); IR: vmax (cm™): 2930, 2973 (C-H st),
2831 (OCH3) 1578, 1608 (C=C st), 1197 (C-N st) (Figure A-33); MALDI-MS obsd 416.535;
calcd avg mass 416.598 [M = CygH3sN20] (Figure A-34); UV: Aaps (CH2CIL) 617 nm, ¢
(CH.CI,) 836.65 (Figure B-7).

3.3.10 Triarylmethane dye 8 from 4-(dimethylamino)benzaldehyde and N,N-
L]
o : ®
. dred, CH,COOH
rgflox 24 hag O O
x /\ N/CH3

/N\ 4 7 N
HsC™ “CHs .

CHs

diethylaniline

8

According to thew, above-mentioned Syn'thésis of scompound 1 wusing 4-
(dimethylamino)benzaldehyde (0.18 g, 1.21 mmol) as a benzaldehyde derivative. The
resulting crude product was purified by preparative TLC [hexane/ethyl acetate (1:1)] to give a
dark blue oil. However, the target compound could not be isolated. Due to the complication
of the spectrum of the’crudel sample, the targét/compouind colld hotbe elucidated. *H-NMR
spectrum of the reaction crude indicated the formation of compound 8 in the region at 1.12,
2.89, 3.30, 5.30, 6:59,/6.96 7.05-ppm- (Figure A=35):MALDI-MS,0bsd,429:903; calcd avg
mass 429.640 [M" = CyoH3gN3]" (Figure "A-36); UV: Xas (CH3CI) 590 nm, & (CH,CIy)
176.3185 (Figure B-8).
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3.3.11 Triarylmethane dye 9 from cinnamaldehyde and N,N-diethylaniline

L)

N
©/\/CHO urea, CHzCOOH
* =
reflux 24 h O O
P

According to the above-mentioned synthesis.ef"'compound 1 using cinnamaldehyde
(0.16 g, 1.21 mmol) as a benzaldehyde-derivative. The resulting crude product was purified
by preparative TLC [hexane/ethyl acetaie (6:1)] to give a green oil, However, the target
compound could not be isolated: Dug to the complication of the spectrum of the crude
sample, the target compound could Mot be elucidated. “H-NMR spectrum of the reaction
crude indicated the formation'of gompotind 9 inithe region at § 1.12, 3.30, 5.32, 6.59, 6.94,
7.06, 7.15 ppm (Figure A-37); MALDI-MS obsd 412.775; calcd avg mass 412.610 [M =
CasHasNs] (Figure A-38); UV: 2, (€H,Cl) 729 am, & (CH,Cl,) 135.9571 (Figure B-9).

3.3.12 Triarylmethane dye 10 from hydr,c')gernated cardanol formaldehyde and

L

N

o L C
/©/CHO © urea, CH3COOH QH
[
reflux 24 h
I
N

10

N,N-diethylaniline

CisH31

According to the above-mentioned synthesis of compound 1 using hydrogenated
cardanol formaldehyde (0.40 g, 1.21 mmol) as a benzaldehyde derivative. The resulting

crude product was purified by preparative TLC [hexane/ethyl acetate (5:1)] to give a green oil
1
(0.30 g, 41%); H-NMR: & (ppm) 0.88 (t, J = 6.7 Hz, 3H), 1.14 (t, J = 7.0 Hz, 12H), 1.20-

1.60 (m, 26H), 2.52 (t, J = 8.0 Hz, 2H), 3.32 (q, J = 7.0 Hz, 8H), ), 4.85 (s, 1H), 5.32 (s, 1H),
6.61 (d, J = 8.6 Hz, 4H), 6.66 (d, J = 4.2 Hz, 2H), 6.74 (d, J = 7.7 Hz, 1H), 6.99 (d, J = 8.6
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Hz, 4H) (Figure A-39); 13C-NMR: d (ppm) 12.6, 14.1, 22.7, 29.3, 29.4, 29.5, 29.6, 29.7,
31.2, 31.9, 355, 44.4, 49.8, 112.1, 116.4, 120.5, 128.2, 128.7, 129.3, 130.0, 142.7, 146.7,
153.8 (Figure A-40); IR: vma (cm™): 3485 (O-H st), 3016 (=C-H st), 2847, 2917 (C-H st),
1562, 1608 (C=C st), 1200 (C-N st) (Figure A-41); MALDI-MS obsd 612.106; calcd avg
mass 612.970 [M = C4,HgssN20] (Figure A-42); UV: Aaps (CH2CI,) 624 nm, ¢ (CH,Cl,) 35.01
(Figure B-10).

3.3.13 Triarylmethane dye 11 from eardanol formaldehyde and
N,N-diethylaniline

L

N

e »
CHO
+

urea, CH3COOH

OH
R refiux 24 1 O O
& 4 R

J

11

According to the above-mentioned Synthesis of compound 1 using non-hydrogenated
cardanol formaldehyde (0.4Q-g;—12%-mimeb-as-a-benzatdehyae derivative. The resulting

crude product was purified by-preparative TLC [hexane/ethyl acetate (5:1)] to give a green oil

1
(0.21 g, 29%); H-NMR: & (ppm) 0.86-2.83 (m), 1.13 (t, J = 6.8 Hz), 2.52 (t, J = 7.7 H2),
2.80 (M), 3.31 (q, J =6.8"Hz); 4.84 (8)/14:965(87-(m)/\6/60 (d} 3= 861 Hz), 6.65 (d, J = 4.7

Hz), 6.74 (d, J = 7.5 Hz), 6.99 (d, J = 8.1 Hz) (Figure A-43); 13C-NMR: d (ppm) 12.6, 14.1,
22.8, 25.6-31:8,135.5,44.3,49.8,112:0,/114.7, 116.3; 120.5,1126.8; 127;6) 129.9, 130.5142.7,
146.6, 153.8 (Figure A-44); IR: vina (cm™): 3478 (O-H st), 3003 (=C-H st), 2850, 2923 (C-H
st), 1569, 1612 (C=C st), 1193 (C-N st) (Figure A-45); MALDI-MS obsd 605.179-612.334;
calcd avg mass 606.923-612.970 [M = CyHss-nN20; n = 0, 2, 4, 6] (Figure A-46); UV: Aaps
(CH,CIy) 593 nm, ¢ (CHCl,) 39.27 (Figure B-11).
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Part 4: Synthesis of formazan model

3.3.14 Synthesis of phenylhydrazone 12 from salicylaldehyde and

phenylhydrazine

_NH
OH HN™ 2

OH H
o O
. .

12

Following a previously published procedure 438], phenylhydrazine (0.27 g, 2.50
mmol) was dissolved in ethanol ( 5 mL) and salicylaldehyde (0.30 g, 2.50 mmol) was added
in a solution. The reaction mixiure'was.stirred at room temperature for 3 h. Then the reaction

mixture was cooled and filtered.” The resulting crude product was purified by tritulation with

hexane to give a yellow solid(0.29'0,55%); 1H-N.J.\/IR: o (ppm) 6.89-7.02 (m, 5H), 7.15 (d, J
= 7.6 Hz, 1H), 7.22-7.33 (m#8H); 7.84 (s, 1H);-‘10_.90 (s, 1H) (Figure A-47); *C-NMR: &
(ppm) 112.7, 116.6, 118.5, 119.5, 120.9, 1294, igd;e, 130.1, 141.2, 143.4, 157.1 (Figure A-
48); IR: vmax (cm™): 3286 (N-H st), 2844, 2912 (C:-H st), 1589, 1601 (C=C st), 1564 (C=N st)
(Figure A-49); MALDI-MS obsd: 212:148; calb‘a__"g\_/g mass 212.247 [M = Cy3H12N20]
(Figure A-50). TJ

3.3.15 Synthesis of formazan 13 from phenylhydrazone .12

+

NH, N=N
HCl
NENT
HaC ™ “CHy HaC™"CHy
NEN

, KOH ©
/N\
HsC™ "CHs
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Following a previously published procedure [39], 4-N,N-dimethylaniline (0.02 g, 0.16
mmol) was dissolved in water (0.26 mL) and hydrochloric acid (0.10 mL). Then diazotized
at 0-5 °C with a solution of sodium nitrite (0.02 g, 0.33 mmol) in water (0.12 mL). After that
the reaction mixture was added to a solution of phenylhydrazone 12 (0.07 g, 0.33 mmol) in
tetrahydrofuran (2.66 mL). Then a solution of potassium hydroxide (0.20 g, 3.66 mmol) in
water (0.66 mL) was added to a reaction mixture and stirred at below -2 °C for 2 h. The
reaction mixture was cooled to room temperature and diluted with water, then the precipitate

was filtered. The resulting crude product was purified by preparative TLC ( CH,Cl,) to give

a dark purple solid (0.01 g, 24%); 1H-NMR: d (ppm)3.15 (s, 6H), 6.79 (d, J = 9.1 Hz, 2H),
6.94 (t, J = 7.0 Hz, 1H), 7.03 (t, J = 7.0 Hz, 2H), 7.36t, J= 7.9 Hz, 2H), 7.85 (d, J = 9.2 Hz,
2H), 8.21 (d, J = 6.5 Hz, 1H), 11.55«(s; 1H) (Figure A-51); *C-NMR: & (ppm) 40.3, 111.9,
114.2, 117.1, 119.0, 120.2, 1229, 125.0, 127.6, 129.4, 129.6, 142.3, 142.7, 142.8, 153.2,
156.6 (Figure A-52); MALDI-MS ogbsd 358.628; calcd avg mass 359.424 [M = Cj1H21NsO]
(Figure A-53); UV: Agps (CH2Clp) 560 nm, € (CHZCIZ) 191,154 (Figure B-12).

Part 5: Synthesis of formazan from hyd roqenat_ed cardanol formaldehyde

3.3.16 Synthesis of phenylhydrazone 14 from hydrogenated cardanol

formaldehyde and phenylhydrazine
OH HN 2

OH H H
. > N

C15H3:|. C15H31

14

Following_.a.previously published ,procedure. [38],.. phenylhydrazine, (0.07 g, 0.62
mmol) was disselved in tetrahydrofuran {2:50°mL) and hydrogenated cardanol formaldehyde
(0.21 g, 0.62 mmol) was added in a solution. The reaction mixture was stirred at room
temperature for 3 h. Then the reaction mixture was cooled and filtered. The resulting crude

product was purified by column chromatography on a silica gel [hexane/CH,Cl, (1:1)] to give

a pale yellow solid (0.23 g, 87%); 1H-NMR: d (ppm), 0.88 (t, J = 6.5 Hz, 3H),1.25-1.63 (m,
26H), 2.58 (t, J = 7.6 Hz, 2H), 6.72 (d, J = 7.8 Hz, 1H), 6.83 (s, 1H), 6.91 (t, J = 7.1 Hz, 1H),
6.98 (d, J = 8.2 Hz, 2H), 7.05 (d, J = 7.8 Hz, 1H), 7.30 (t, J = 7.6 Hz, 2H), 7.42 (s, 1H), 7.85
(s, 1H), 10.80 (s, 1H) (Figure A-54); *C-NMR: & (ppm) 14.1, 22.7, 29.7, 31.1, 31.9, 36.0,
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112.6,116.1, 116.4, 119.4, 120.7, 129.2, 129.5, 141.5, 143.6, 145.9, 157.1 (Figure A-55); IR:
Vmax (€m™): 3314 (N-H st), 2844, 2912 (C-H st), 1601, 1629 (C=C st), 1558 (C=N st)
(Figure A-56); MALDI-MS obsd 422.602; calcd avg mass 422.646 [M = CysH42N20]
(Figure A-57).

3.3.17 Synthesis of phenylhydrazone 15 from hydrogenated cardanol

formaldehyde and 2,4-dinitrophenylhydrazine

OH HzN‘NH O,N

HHo
CHO Qg X N NO,
. ' N

CisHag

Cy5H
NO, 15M31

15
According to the above-mentioned —synthesis of compound 14 using 2,4-
dinitrophenylhydrazine (0.12°g, 0.62 mmol) as abhenylhydrazine derivative was dissolved in

dioxane (2.50 mL). The resulting grude product was purified by column chromatography on

a silica gel [hexane/CH,CI, (1:1)] ta give @n orangga_éolid (0.12 g, 37%); lH-NMR: d (ppm)
0.78 (t, J = 6.1 Hz, 3H), 1.18-1.62/(m/26H), 2.49 (t, J'= 7.6 Hz, 2H), 6.66 (s, 1H), 6.67 (d, J
= 7.0 Hz, 1H), 7.37 (d, J = 7.6 Hz, 1H), 7.77 (d, Jj=. 9.6 Hz, 1H), 8.29 (d, J = 9.6 Hz, 1H),
8.56 (s, 1H), 8.93 (s, 1H), 9.68 (s, 1H), 11.31 (s, 1H) (Figure A-38); *C-NMR: & (ppm) 13.4,
22.6,29.3, 29.5, 29.7, 31.0,31.9, 35.8, 115.6, 116.1, 120.1, 122.8,7129.3, 129.7, 137.9, 144.0,
147.9, 149.9, 157.8 (Figure A-59); IR: vmax (CM ): 3270 (N-H st), 3088 (=C-H st), 2844,
2918 (C-H st), 1592, 1611 (C=Cust), 1580 (C=N'st) (Figure A-60); MALDI-MS obsd
512.595; calcd avg mass 512.641 [M = C,gH4oN4Og] (Figure A-61).

3.3.18Synthesis efiformazan-16from phenylhydrazone 14 and 4¢Amino-N,N-

dimethylaniline

NH,

HCI
NaNO2

N«
HsC  CHg HsC™ CHj
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+_
N=N
, KOH

CisHag OH

CisH3p

16

Following a previously published procedure {39};4-N,N-dimethylaniline (0.02 g, 0.16
mmol) was dissolved in water (0:26 ML) -and hydrochloric acid (0.1 mL). Then diazotized at
0-5 °C with a solution of sodium_aitrite (0.02 g, 0.33 mmel) in water (0.12 mL). After that
the reaction mixture was added i@"a solution of pheny!hydrazone 14 (0.14 g, 0.33 mmol) in
tetrahydrofuran (2.66 mL). Thensa selution of potassium hydroxide (0.20 g, 3.67 mmol) in
water (0.66 mL) was added 10 a reaction mixtufe and stirred at below -2 °C for 2 h. The
reaction mixture was cooled to#oom temperatureiand diluted with water, then the precipitate
was filtered. The resulting crude product was plifiﬁéd by preparative TLC [hexane/CH,ClI,
(2:1)] to give a yellow solid; MALDJ:MS obsd 568,178; calcd avg mass 569.823 [M =

C36H51N50] (Figure A-62) = ~

3.3.19 Synthesis of formazan-i7-from-phenythydrazone 14 and aniline

NH, +_

CisHap

CisHay
17

According to the above-mentioned synthesis of compound 16 using aniline (0.01 g,

0.16 mmol) as an aromatic amine derivative. The resulting crude product was purified by
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preparative TLC [hexane/CH,CI, (2:1)] to give a yellow solid; MALDI-MS obsd 525.192;
calcd avg mass 526.755 [M = Cs4H4sN4O] (Figure A-63); UV: Aaps (CH2Clp) 339 nm, ¢
(CH.CIy) 26,551 (Figure B-13).

3.3.20 Synthesis of formazan 18 from phenylhydrazone 14 and benzidine

HCI +_
H2N NH2 NaNO H2N N=N
2

I
T
4
z
\
ZT
A
®)
T
e
7=
=z
Il
:Z
=z
I
N

cm(é/k
OH
1

According to the above-mentioned syntheésisé‘bf compound 16 using benzidine (0.03 g,
0.16 mmol) as an aromatic amine derivative:  An attempt to coupling benzidine with
phenylhydrazone 14 failed to give compound 18. N

wead A4

3.3.21 Synthesis of formazan 19 from pheh'gﬂhyd razone 14 and p-

phenylenediamine

- - +

NH2 NEN
Hal Y
NaN02

NH_ NH,
+_
N=N

OH H , KOH NH
H
O
N NH, R C—N=N NH,
CisH31 OH
CisHag

19
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According to the above-mentioned synthesis of compound 16 using p-
phenylenediamine (0.02 g, 0.16 mmol) as an aromatic amine derivative. An attempt to
coupling p-phenylenediamine with phenylhydrazone 14 failed to give compound 19.

3.3.22 Synthesis of formazan 20 from phenylhydrazone 15 and 4-Amino-N,N-

dimethylaniline

NH, NEN
HCl -
NaNO2
N«
H3C CH3 H3C/ \CH3
1 NO
NEN 2
Y, ' KOH O,N
O,N NH
M HaCl ™ E HY N CH
~ B 3 1 7 3
NN ) £ A C—N:N@N\
i 4 CHs
CisH31 OH
CysHap
20

Following a previously-pubtished-procedure-{40};4-N;N-dimethylaniline (0.02 g, 0.16
mmol) was dissolved in water (0.26 mL) and hydrochloric acid (0.10 mL). Then diazotized
at 0-5 °C with a solution of sodium nitrite (0.02 g, 0.33 mmol) in water (0.12 mL). After that
the reaction mixture was added to-a solutionof, phenylhydrazane~15:(0.17 g, 0.33 mmol) in
tetrahydrofuran (2.66 'mL). Then a“solution of potassiumhydroxide (0.20 g, 3.67 mmol) in
water (0.66 mL) was added to a_reaction mixture and stirred at below =2 °C for 2 h. The
reaction mixture was cooled to' room temperature and diluted with'water, then the precipitate
was filtered. The resulting crude product was purified by preparative TLC [hexane/CH,Cl,
(1:2)] to give an orange solid; MALDI-MS obsd 660.510; calcd avg mass 659.818 [M =
C36H49N7Os] (Figure A-64); UV: Aaps (CH2Cly) 417 nm, € (CH,CI,) 8,475 (Figure B-14).
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3.3.23 Synthesis of formazan 21 from phenylhydrazone 15 and aniline

NH, ﬁEN
@ HCl R
NaN02
NO2

N=

+
N
O,N
)
CisH31 f—N:N—<::>

CisH3p

21

According to the above-mentioned synthe§is of compound 20 using aniline (0.01 g,
0.16 mmol) as an aromatic amine degivative. The resulting crude product was purified by
preparative TLC [hexane/CH,Cly (1:2)] (0 give a yellow solid; MALDI-MS obsd 617.040;
calcd avg mass 616.750 [M = CgsHasNgOs] (Figh-re— A-65); UV: daps (CH,CIy) 392 nm, ¢
(CH,Cl,) 6,612 (Figure B-15).

i

Part 6: Physical property of triarylmethane dye in base gasoline

3.3.24 Preparation 0f stock solution of crude triarylmethane dye 10
A 10,000 ppm stock of triarylmethane dye solution was prepared by dissolving
0.2500 g of crude compound 10.in base gasoline and the volume was made up to 25 mL in a

volumetric flask.

3.3.25/Quantitative determination of crude-triarylmethane,dye 10 in gasoline

A standard calibration curve of 10 in base gasoline was prepared atconcentration of
2,000-6,000 ppm by pipetting the stock solution into a 5 mL volumetric flask and the volume
was made up with base gasoline. The volume of the stock solution used to prepare each

calibration solution is shown in Table 3-1.
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Table 3-1 Preparation of calibration solution of crude triarylmethane dye 10 in base

gasoline.
Concentration (ppm) Volume of ppm stock solution (mL)

0 0.00
2,000 1.00
3,000 1.50
4,000 2.00
5,000 2.50
6,000 3.00

Absorption spectra of eaeh calibration___ solution. were recorded by a UV/Vis
spectrophotometer (Figure B-16). The calibratio;n- curve was plotted between absorbance (y-
axis) and the concentration (x-axis) of crude. triarylmethane dye 10 in base gasoline (Figure
B-17). '

3.3.26 Preparation of stock solution of plj;r;ejti'fiarylmethane dye 10

A 16,000 ppm stock of triaryimethane dye-r'solution was prepared by dissolving
0.8000 g of compound 10-iA_base gasoline and the volume was made up to 50 mL in a

volumetric flask.

3.3.27 Quantitative determination of puretriarylmethane.dye 10 in gasoline

A standard calibration‘curvé of 10-in base ‘gasoline-was prepared at concentration of
8,000-16,000 ppm by pipetting the stock®solution inte=a 5 mL volumetric flask and the
volume was made up with base gasoline. . The volume of the stock solution used to prepare

each calibration solution is shown in Table 3-2.
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Table 3-2 Preparation of calibration solution of pure triarylmethane dye 10 in base gasoline.

Concentration (ppm) Volume of 16,000 ppm stock solution (mL)
0 0.00
8,000 2.50
10,000 3.13
12,000 3.75
14,000 4.38
16,000 ' 5.00

Absorption spectra of seach” calibration solution were recorded by a UV/Vis
spectrophotometer (Figure B-18). The calibration' curve was plotted between absorbance (y-
axis) and the concentration (X-axis) of pure triaryxllmethane dye 10 in base gasoline (Figure B-
19).

Part 7: Stability test of triarylmethane dye 10 in :qas.pline

The stability test was performed with the basé g-|asoline dyed containing compound 10
in the concentration of 12,000 ppm on a UV-visible spectrophotometer. The three 12,000
ppm solutions of compound 10 in base gasoline were prepared by diluting the 16,000 ppm
stock solution of triarylmethane'dye 10 (7.5 mL)with the base gasoline to 10-mL in three
volumetric flasks. A'portion of each 10-mL solution (3 mL) was placed into 3 sealed vials
and stored for 3 months'in an ambient environment. Each solution was_directly taken from
the vial to the'UV=uisible Jieasurement (Ays = 610 nm) afterd, 2.and 3 taonths. The quantity

of triarylmethane dye 10 in the blended gasoline was determined by the calibration equation.



CHAPTER IV
RESULTS AND DISCUSSION

4.1 Synthesis of hydrogenated cardanol formaldehyde

toluene OH
SncCl, CHO
(C,Hs)3N; CH,0
reflux 8 h

CisH3q CysHap

Scheme 4-1 Synthesis-of hiydrogenated cardanol formaldehyde.

The synthesis of hydrogenated cardanael "formaldehyde was successfully performed by
condensation reaction of hydrogenated cardanol with paraformaldehyde. The resulting
crude product was purified by celumn chromatégpaphy using hexane as the solvent system,
leading to white solid of hydrogenated_cardanol_ffqrmaldehyde in 65% yield. According to

1H-NMR spectral analysis, the Signal of p,henoliéjjy_droxyl proton of hydrogenated cardanol
formaldehyde appeared as a singlet'at ¢ 11.04 éb_rf#‘(lit. 10.94 ppm [40], Figure A-1 in
Appendix A) indicating that the malectule bear?s:_iiﬁramolecular hydrogen bond between
hydroxyl hydrogen and formyl oxygen atom.

CsH34

Figure 4-1 Intramolecular hydragen bond of hydrogenated cardanel farmaldehyde.
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4.2 Synthesis of cardanol formaldehyde
OH OH

toluene
R (CoHg)3N, CH,O

reflux 8 h

Scheme 4-2 Synthesis of cardanol formaldehyde.

The synthesis of cardanol formaldehyde wassuecessfully performed by condensation
reaction of cardanol with paraformaldehyde. , The resulting crude product was purified by
column chromatography using-hexane-as the solvent system, leading to pale yellow oil of

cardanol formaldehyde whichrused as starting material to synthesized triarylmethane dye.
4.3 Synthesis of triarylmethane dye

Most of resulting dyes in this synthesis :'e_xh_ibited moderate solubility in common
organic solvents. The presence of cardanol in-melecular structure of triarylmethane dyes

enhanced solubility of the dye in organic solvent @d-‘betroleum product due to the presence

of a long hydrocarbon chain. = -

4.3.1 Triarylmethane dye 1 from benzaldehyde and N,N-diethylaniline
L)

HO NJ O
b, © urea; CHgCOOH
reflux 24 h ] O O
S

N

Scheme 4-3 Synthesis of Compound 1.
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The synthesis of compound 1 was successfully performed by condensation reaction of
N,N-diethylaniline with benzaldehyde. The resulting crude product was purified by
preparative TLC using hexane/ethyl acetate (5:1) as a solvent system to give a blue-green
oil in 25% vyield (lit. 72%) [41]. The appearance of the singlet signal of —CH group at &
5.33 ppm in the "H-NMR spectrum indicated the completion of the reaction. Mass
spectrum confirmed the formation of compound 1 by showing the molecular ion peaks at
386.710 m/z.

4.3.2 Triarylmethane dye 2 from salicylaldehyde and N,N-diethylaniline
L

o L ®

©/CHO . dred,/ICHLCOOH \ OH
reflux24h 4 \ O O
b\

Scheme 4-4 Synthesis of Compound 2.

The synthesis of compound 2 was successfully performed by condensation reaction of
N,N-diethylaniline with salicylaldehyde. The resulting crude product was purified by
preparative TLC using hexanefethyl acetate (5:1):as a solvent system to give a green oil in
27% yield. The appearance of the singlet signal of ~CH! group at$ 5.39 ppm in the *H-
NMR spectrum indicated the completionsof the reaction. Mass spectrum confirmed the

formation of gompound 2'by.showing the malecular ion peaks at 402.590 m/z.
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4.3.3 Triarylmethane dye 3 from 4-carboxybenzaldehyde and N,N-
L]
co Sy ®

urea, CH;COOH

reflux 24 h O O
N COOH

diethylaniline

COOH

The synthesis of comp
N,N-diethylaniline with 4-car 7
by sonication in hexane and Ti ive e % yield. The appearance of the
singlet signal of —CH gro ‘oo R spectrum indicated the
completion of the reaction. formation of compound 3 by

showing the molecular ion peaks

o ﬁummmwmm

urea, CH3COOH

‘-]:W I

Scheme 4-6 Synthesis of Compound 4.
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The synthesis of compound 4 was successfully performed by condensation reaction of
N,N-diethylaniline with 4-nitrobenzaldehyde. The resulting crude product was purified by
preparative TLC using hexane/ethyl acetate (5:1) as a solvent system to give a green oil in
21% yield (lit. 67%) [41]. The appearance of the singlet signal of —CH group at & 5.40 ppm
in the 'H-NMR spectrum indicated the completion of the reaction. Mass spectrum
confirmed the formation of compound 4 by showing the molecular ion peaks at 431.966

m/z.

4.3.5 Triarylmethane dye 5 from 2-nitrobenzaldehyde and N,N-diethylaniline

N
HO LNJ ; O
NO, . ufea, CH3COOH| NO2
reflux 24 h O O

/\N

Scheme 4-7 Synthesis of Compound 5.

The synthesis of compound 5 was successfully performed by condensation reaction of
N,N-diethylaniline with 2-nitrobenzaldehyde. The resulting crude product was purified by
preparative TLC using hexane/ethyl acetate (5:1).as a solvent system to give a green oil in
37% yield (lit. 71%) {41]. 'The appearance of the singlet'signal of —CH group at 6 6.02 ppm
in the 'H-NMR spéctrum indicated the completion of the reaction. Mass spectrum
confirmed the\forimation. of Compound 5 by showing‘the‘molécular 40n jpeaks at 431.716

m/z.
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4.3.6 Triarylmethane dye 6 from 2-chlorobenzaldehyde and N,N-

diethylaniline

L)

CHO N
Cl . urea, CH;COOH cl
reflux 24 h O O

/\N

/

Scheme 4<8 Synthesis of Compound 6.

The synthesis of compound® was successfully performed by condensation reaction of

N,N-diethylaniline with 2- chlorobenzaldehyde =The resulting crude product was purified by

preparative TLC using hexanglethy! acetate (5 ﬂ) as a solvent system to give a blue-green

oil in 36% yield. The appearance of the: smglet 5|gnal of —=CH group at 6 5.75 ppm in the

'H-NMR spectrum indicated the comple‘tlon of the‘reactlon Mass spectrum confirmed the

formation of compound 6 by showmg the molecu{ai*lon peaks at 421.818 m/z.

o

4.3.7 Triarylmethanedye7from4-methoxybenzatdehyde and N,N-

L

N

PR »

urea,«CHzCOOH

reflux24h O O
N

OCHj N OCH,

diethylaniline

Scheme 4-9 Synthesis of Compound 7.
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The synthesis of compound 7 was successfully performed by condensation reaction of
N,N-diethylaniline with 4-methoxybenzaldehyde. The resulting crude product was purified
by preparative TLC using hexane/ethyl acetate (5:1) as a solvent system to give a green oil
in 21% yield. The appearance of the singlet signal of —CH group at & 5.28 ppm in the *H-
NMR spectrum indicated the completion of the reaction. Mass spectrum confirmed the

formation of compound 7 by showing the molecular ion peaks at 416.535 m/z.

4.3.8 Triarylmethane dye 8 from 4-(dimethylamino)benzaldehyde and
N,N-diethylaniline

L

N

CHO LNJ O
. @ urea, CHsCOOH
reflux.24 h \ O O
HgC/N\CHg o y o

N |

CHj
Scheme 4-10 Synthesis of Compound 8.

The synthesis of compound 8 was successfully performed by condensation reaction of
N,N-diethylaniline with 4-(dimethylamino)benzaldehyde. An atiempt to completely isolate
the resulting dye by preparative TLC was failed. "H-NMR spectral analysis of the crude
product indicated the characterizespeaks of compeund 8 at 1.12, 2.89, 3.30, 5.30, 6.59, 6.96,
7.05 ppm which cannot be elucidated from the .other side products (Figure A-35). The
molecular peak at m/z*429.903 in mass spectrum of the crude dye 8 as shown in Figure A-

36 indicated the Tormationiof-compound 8 and the presence of the unreriovable products.
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4.3.9 Triarylmethane dye 9 from cinnamaldehyde and N,N-diethylaniline

L

N
©/\/CHO urea, CH;COOH
+ =
reflux 24 h O O
N

Scheme4=11 Synthesis of-Compound 9.

The synthesis of compaound 94vas succeésfully performed by condensation reaction of
N,N-diethylaniline with cinnamaldghyde. "An a{ttémpt to completely isolate the resulting dye
by preparative TLC was failed / "H-NMR spec';;tra_l analysis of the crude product indicated
the characterize peaks of compound 9 at 1.12, 3.30, 5.32, 6.59, 6.94, 7.06, 7.15 ppm which
cannot be elucidated from the ©other sidg produ@_::é%s_(Figure A-37). The molecular peak at
m/z 412.775 in mass spectrum of the crurde dye9. as; shown in Figure A-38 indicated the

formation of compound 9 and the presence of the;@n_(emovable products.

4.3.10 Triarylmethéne dye 10 from hydrogenated cardanol formaldehyde
and N,N-diethylaniline

L

N
OH N O
/©/CHO © urea, CH;CO0H OH
+ >
reflux 24 h
isns
N

)

CisHa1

10
Scheme 4-12 Synthesis of Compound 10.
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The synthesis of compound 10 was successfully performed by condensation reaction
of N,N-diethylaniline with hydrogenated cardanol formaldehyde. The resulting crude
product was purified by preparative TLC using hexane/ethyl acetate (5:1) as a solvent
system to give a green oil in 41% yield. The appearance of the singlet signal of —-CH group
at & 5.32 ppm in the '"H-NMR spectrum indicated the completion of the reaction. Mass
spectrum confirmed the formation of compound 10 by showing the molecular ion peaks at
612.106 m/z.

4.3.11 Triarylmethane dye 11 from cardanol formaldehyde and N,N-

N
o &
CHO . urea, CH3COOH oH
R reflux 24.h O O
S

N R

diethylaniline

11

Scheme 4-13 Synihesis of Compound 11.

Synthesis of compound 11 was achieved in the same manner as described in the
synthesis of compound 10, except that cardanol was used instead. Purification by
preparative TLC using hexanefethyl acetate (5:1)@s'a solvent system afforded compound 11
as a green oil in 29% yield.. The-appearance ofthe singlet signal ef —CH group at 5 4.84
ppm in the *H-NMR "spectrum indicatedsthe completion of the reaction. Mass spectrum
confirmed the formation ef‘compound 11 by showing the molecular i0n peaks at 605.179-
612.334 m/z.
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4.4 Synthesis of formazan model

4.4.1 Synthesis of phenylhydrazone 12 from salicylaldehyde and

phenylhydrazine

OH H
G & e SO
+

Scheme 4-14 Synthesis of-e0mpound 12.

The synthesis of compound 12:Wwas successfully performed by condensation reaction
of phenylhydrazine with salicylaldehyde which was used as.model. The resulting crude
product was purified by tritulation with hexane to give a yellow solid in 55% yield. In the
literature, benzaldehyde was used 10 give 92%? yield [38]. The appearance of the singlet
signal of -CH and -NH group-at 8 7.84 a_nd 10.90 ppm in the '"H-NMR spectrum indicated
the completion of the reaction. /Mass spectium ég]pfi.rmed the formation of compound 12 by

showing the molecular ion peaks at 242.148 m/z. =

-

4.4.2 Synthesis of formazan 13 from phenylhydrazonre 12

&£,
NH, N=N
HCI
NaNO,
N LNy
HsC™ "CHs 9 3
+_
N=N
, KOH ©
~N-
HsC™ "CHs

OH H H
O
N 1 CHs
C—N=N N,

12 13

Scheme 4-15 Synthesis of compound 13.
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The synthesis of compound 13 was successfully performed by coupling reaction of
phenylhydrazone 12 with diazonium salt of 4-amino-N,N-dimethylaniline. The resulting
crude product was purified by preparative TLC ( CH,CI,) to give a dark purple solid in 24%
yield. The disappearance of the singlet signal of —CH group at & 7.84 ppm in the ‘H-NMR
spectrum indicated the completion of the reaction. Mass spectrum confirmed the formation

of compound 13 by showing the molecular ion peaks at 358.628 m/z.

4.5 Synthesis of formazan from hydrogenated cardanol formaldehyde

4.5.1 Synthesis of phenylhydrazone 14 from-aydrogenated cardanol

formaldehyde and phenylhydrazine

P OH H
4 - N

CisHzg b 4 CisHzg

14

Scheme4-16 Synthesis of compound 14.

The synthesis of compound 14 was successfully performed by condensation reaction
of phenylhydrazine with hydrogenated cardanol formaldehyde. The resulting crude product
was purified by columnichrematography using hexane/CH;Cl,(1:1). as a solvent system to
give a pale yellow selid in 87%. The appearance of the singlet signal of -CH and -NH
group at & 7,85 and 20.80 ppm-in.the-:H-NMR spectrumsindicated the completion of the
reaction. Mass" spectrum confirmed- the “formation of compound“14 “by showing the

molecular ion peaks at 422.602 m/z.
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4.5.2 Synthesis of phenylhydrazone 15 from hydrogenated cardanol

formaldehyde and 2,4-dinitrophenylhydrazine

HoN<
2 NH 02N

OH
CHO NO oH W H

CisHay

NO,

Scheme 4-17 Synthesis oi-compound 15.

The synthesis of compound 15"was successfully performed by condensation reaction
of 2,4-dinitrophenylhydrazingswith hydrogen"ated cardanol formaldehyde. The resulting
crude product was purified hy column chromdfography using hexane/CH,Cl, (1:1) as a
solvent system to give an orange solid in 37%. ZTh_e appearance of the singlet signal of -CH
and -NH group at 6 8.56 and"9.63 ppm in the 1I_fl__—.l\;l_MR spectrum indicated the completion
of the reaction. Mass spectrum canfirmed the féf[ﬁation of compound 15 by showing the

molecular ion peaks at 512.595 m/z. /-« #2720

o

4.5.3 Synthesis of formazan 16 from phenylhydrazone 14 and 4-Amino-N,N-

dimethylaniline;

NH,

Z +
11
pd

HCI
NaNO»
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CisH3ag OH

CisHz

14 16

ound 16.

The synthesis of code cessfully rgrmed by coupling reaction of

phenylhydrazone 14 with diaz ; methylaniline. The resulting
crude product was purifie ane/CH,Cl, (2:1)] to give a yellow
solid. Mass spectrum confi tion of 6 by showing the molecular
ion peaks at 568.178 m/z.

4.5.4 Synthesis of formaz razone 14 and aniline

sk~ I
AUEINENININIC
ﬁﬁwﬂﬂi@waiﬂﬂwﬁjﬁN e

CyisH31

OH
CysHa

14 17

Scheme 4-19 Synthesis of compound 17.
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The synthesis of compound 17 was successfully performed by coupling reaction of
phenylhydrazone 14 with diazonium salt of aniline. The resulting crude product was
purified by preparative TLC [hexane/CH,CI;, (2:1)] to give a yellow solid. Mass spectrum
confirmed the formation of compounds 17 by showing the molecular ion peaks at 525.192

m/z.

4.5.5 Synthesis of formazan 18 from phenylhydrazone 14 and benzidine

HCl N < _
NH, H,N NEN
NaNO,

CisH3ag p
) OH

14 ‘) 18

Scheme 4-20 Synthesis of élémpound 18.
According to TLC|analysis;— H-NMR-and-mass-speetruim, an attempt to prepare
formazan dye compound 18 by coupling reaction of phenylhydrazone 14 with diazonium
salt of benzidine was failed. The reason of this may be due to the instability of the

diazonium salt of benzidine which,couldunderge:differenttype-of reactions.

4.5.6 Synthesis of<ormazan-19from phenylhydrazone 14 anc.p-

phenylenediamine

Z +
11
2z

NH,

HCI
NaN02

NH_ NH,
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Z+
11
b

OH H , KOH NH
N NH, _ C-N=N NH;,
CisH3y OH
CisHag
14 19

Scheme 4-21

//mpound 19.

According to TLC analys ctrum an attempt to prepare

formazan dye compound 19 \ nylhydrazone 14 with diazonium
salt of p-phenylenediamine . ‘%{‘\?\\i ay be due to the instability of

the diazonium salt of p-ph ing wh idergo different type of reactions.

4.5.7 Synthesis of forma ) .'\ 15 and 4-Amino-N,N-
dimethylaniline \
+
N=N
/N -
HsC ﬁ'ﬁ m HaC™ “CHs

ﬂumwﬂmwmmz

o
H q-l H N CH
X N 0, ] _ ~M3
N C—N=N N\
</ ;*OH

15 20

Scheme 4-22 Synthesis of compound 20.
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The synthesis of compound 20 was successfully performed by coupling reaction of
phenylhydrazone 15 with diazonium salt of 4-amino-N,N-dimethylaniline. The resulting
crude product was purified by preparative TLC [hexane/CH,Cl, (1:2)] to give an orange

solid. Mass spectrum confirmed the formation of compounds 20 by showing the molecular

ion peaks at 660.510 m/z.

4.5.8 Synthesis of formazan 21 from phenylhydrazone 15 and aniline

+
NH., N=N
@ fel _
NaN02
NO>
+_
N=N
O,N
oH By © KOH O2N
)
CisHa1 _ C—N:NO
QOH
CisH3p

15 21

Scheme 4-23 Synthesis of compound 21.

The synthesis of compound 21 was successfully performed by coupling reaction of
phenylhydrazone 15_with diazomium, salt of anHline, _The resulting crude product was
purified by preparative TIC.[hexane/CH.Cl; (1:2)] to give a yellow solid. Mass spectrum
confirmed the formation of compounds 21 by showing-the molecular ien peaks at 617.040

m/z.



4.6 Solubility properties of triarylmethane dyes
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Solubility properties of triarylmethane compounds were observed by dissolve

triarylmethane compounds about 1 mg in various solvents 0.1 mL (10,000 ppm). The
results are shown in table 4-1.
Table 4-1 Observed solubility of triarylmethane compounds in various solvents.
solvent hexane | CH,Cl; | EtOAc | MeOH | H,O | toluene bassa
substance gasoline
L J
N
O x J J J x J J
T
J 1)
L J
N
(0 OH § ity J x J J
/ )
L J d
N
O X i W J x X X
S 3)
L)
N
O X J J V. X J J
a‘t‘ O,
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solvent hexane | CH,Cl, | EtOAc | MeOH | H,O | toluene bas?
substance gasoline
L)
N
O NO, X J J J X J J
T
J (5)
J J
J J
J J
J J
J J
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solvent hexane | CH,Cl, | EtOAc | MeOH | H,O | toluene basc'a
substance gasoline
L J
N
O J J J X X J J

OH
~ T,
A

(11)

These results were shown that most of ‘triarylmethane compounds were soluble in

various solvent. Compound 1, 2, 3, 4, 5, 6, 7, 8.and 9 could not dissolve in hexane, but

compound 10 and 11 could dissolve-in hexane because of long chain hydrocarbon of

cardanol. These compounds dissolved-n-base gasoline aswell.

4.7 Photophysical properticsof triarylmeth'ane dyes

The photophysical properties: of compoﬂnds 1,2 3,4 5 6,7 10 and 11 were

investigated and summarizedsin Table 4-2. Cémpounds 8 and 9 could not be obtained in

pure form, therefore they were not used in.this stugy

o

e My

Table 4-2 Observed absorption maxima and mola_ng-_sorptivities of triarylmethane

compounds in CH.ClI; .

o el

compound Amax (NM) | &max (M cm™)
L)
N
® 629 7.04
Y 1)
L J
N
O OH 627 15.52
AT O
N ¥y
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compound Amax (NM) emax (M™cm™)
L/
O 630 941.16
7.22
30.67
72.76
I
PIE; HIiRp)
U N
MARIUNMTINLTAY e

N OCH3 (7

A
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compound Amax (NM) emax (M7 cm’™)
L)
N
O 624 35.01
OH
/\N O O CisHay (10)
/
| é..'.-
@ 593 39.27
> N
. @ r \
/ N
A7 ’\\\
4.8 Solubility properties of phe ...g.q;i__ d fo \ an dyes
Solubility properties of phe n‘}_fiEf" : azan compounds were observed by

dissolve phenylhydrazone and forma ﬁ:'far poL bout 2 mg in various solvents 0.1 mL
et R
(20,000 ppm). The results are :

| <
ﬂ‘UEl’J‘VIEWlﬁWEI']ﬂ?
Qﬁqﬁﬁﬂ‘iﬁuﬂ'ﬂﬂmﬂﬂﬂ



Table 4-3 Observed solubility of phenylhydrazone and formazan compounds in

various solvents.
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solvent hexane | CH,Cl, | EtOAc | MeOH | H,O | toluene basc_e
substance gasoline
OH H
N J J
NH J J
N
C—N=N
Cp-on
OH
CisH3q
OH
CisHag
NH
N J J
C-N=
o
CisH3a1
NH
N @ J J J x x J J
C-N=N
OH

17)
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solvent hexane | CH,Cl, | EtOAc | MeOH | H,O | toluene basc'a
substance gasoline
NO,
O,N i
NH
'.\I.‘ CH, J2 J J X X J J2
CHs
OH
: (20)
CysH3ap
NO»
O,N
NH
N i \ J X X J J
b0 '
QOH (24) :
CisHa1

% Solubility was not complete.

#

These results were shown that most of ph‘ehy]_.hydrazone and formazan compounds

were soluble in various solvents. Compound-16 _ah.d_ 17 were completely soluble in hexane,

but compound 20 and 21 were not completely soluble in hexane because of the polarity of

nitro group in their molecules.

4.9 Photophysical properties'of-formazan dyes

The photophysical properties of compounds 13, 17, 20 and 21 were investigated and

summarized'in Table 4-4:
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Table 4-4 Observed absorption maxima and molar absorptivities of formazan compounds

in CHzClz
Compound Amax (NM) emax (Mcm™)
NH 560 191,154
26,551
8,475
6,612

(21)
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4.10 Physical properties of triarylmethane dyes in base gasoline

4.10.1 Quantitative determination of crude triarylmethane dye 10 in base
gasoline
A standard calibration curve of crude triarylmethane dye 10 in base gasoline was
prepared by plotting absorbance at 599 nm of a series of the solution of 10 in base gasoline
with the concentration ranging from 2,000 to 6,000 ppm (Figure B-17).
The standard calibration equation of crude triarylmethane dye 10 in base gasoline
was found to be Y = 0.0001X with the correlation eoefficient equal to 0.9997.

4.10.2 Quantitative determination of puretriarylmethane dye 10 in base
gasoline
A standard calibration“Curve of pure triarylmethane dye 10 in base gasoline was
prepared by plotting absorbance at'610,nm of a series of the solution of 10 in base gasoline
with the concentration rangingfrom 3,000 fo 16,600 ppm (Figure B-19).
The standard calibration eguation of pure triarylmethane dye 10 in base gasoline
was found to be Y = 2x10°X with the correlation coefficient equal to 0.9997. This equation

was used to evaluate the stability of the triarylmethane dye 10 in gasoline fuel.

4.11 Stability test of triarylmethane dye in base gasoline

Generally, gasoline=is consumed within 3 months “after released to the market.
Therefore, in this study, the stabiiity test of the triarylmethane dye 10 in base gasoline was
designed to be perfarmedin.a’period of.3 months. 'The.test was carried out by measuring
absorbance of Aaps at 610 nm of a solutien of 10 in base gasoline at the concentration of
12,000 ppm fafter"1—3 months by using a spectrophotometer. . The absorbance at 610 nm
was converted into the triarylmethane dye concentration by the above-mentioned calibration

equation.
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Table 4-5 Concentration of compound 10 (12,000 ppm) in base gasoline.

Concentration in gasoline (ppm)
Month
1 2" 3" Average
1 11,995 + 8 12,009 + 8 12,004 + 8 12,003 + 8
2 11,997 + 8 12,010+ 8 12,008 + 8 12,005 + 8
3 11,997 + 8 12,008 + 8 12,005 + 8

The results shown in T
the concentrations of triaryl Ie throughout the period of 3

months and hence the triary ity for at least 3 months.
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CHAPTER V

CONCLUSION

5.1 Conclusion

This research is related to the synthesis of triarylmethane and formazan dyes
from cardanol which is a naturally occurring compound obtained from extraction of
cashew nut shell for use as coloring agent in gaseline fuel. These triarylmethane dyes
were synthesized by condensation reactioh—ofN,N-diethylaniline with various
aromatic aldehydes ineluding benzaldehyde (eempound 1), salicylaldehyde
(compound 2), 4-carboxybenzaldehyde (compound 3), 4-nitrobenzaldehyde
(compound 4), 2-nitrobenzaldeqyde (corﬁpqund 5), 2-chlerobenzaldehyde (compound
6), 4-methoxybenzaldehyde (compogﬁd 7), . 4-(dimethylamino)benzaldehyde
(compound 8) and cinnamaldehyde (compound . 9), hydrogenated cardanol
formaldehyde (compound 10) and ,cardanb__l_. formaldehyde (compound 11). Most of
dyes provided green color, only .compound.8 provided blue color. Formazan dyes
were synthesized by condensation reactionj)i‘-‘.'-hydrogenated cardanol formaldehyde
with phenylhydrazine and 2,4-d,initrophenylﬁydrazine, then coupling the product with
diazonium salt of = 4-amino-N N-dimethylaniline, aniline, benzidine and p-
phenylenediamine. The formazan dyes 16, 17 and 21 provided a pale yellow color

and formazan dyes 20+provided an orange color.

Amongs these “dyes, “besides"  the desirable” green“~color with maximum
absorption at 640 nm, triarylmethane dye 10 showed high solubility in gasoline fuel
and commenyorganic selvents: Moreoaver; the-stability, of triarylmethane dye 10 was
found to be satisfactory "in” gasoline’ fuel for” at least three months, but the
concentration was too high. According to the above properties, it could be concluded

that triarylmethane dye 10 was not suitable for being used in commercial gasoline.
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5.2 Suggestion for future work

e Preparation of other triarylmethane dye from cardanol having various color.
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Figure B-2 Absorption spectrum of compound 2 in CHCl,.
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Figure B-4 Absorption spectrum of compound 4 in CH,Cl,.
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Figure B-6 Absorption spectrum of compound 6 in CH,Cl,.
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Figure B-7 Spectrum of d 7 in CH,Cl,.
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Figure B-8 Absorption spectrum of compound 8 in CHCl,.
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Figure B-10 Absorption spectrum of compound 10 in CHCl,.
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Figure B-14 Absorption spectrum of compound 20 in CH,Cl..
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Figure B-16 Absorption spectrum of crude compound 10 in base gasoline at
2,000, 3,000, 4,000, 5,000 and 6,000 ppm (Aaps = 599 nm).
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Figure B-18 Absorption spectrum of compound 10 in base gasoline at 8,000,
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