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SUMMARY  

The work described in this thesis is divided into two portions; Chapter, 1-7 comprises 

the Preparation, Characterization and Application of Monochlorotriazine Reactive Dyes 

and Chapter, 8-11 describes the Phytochemical Investigation of the Guaiacum 

Officinale. 

Reactive dye is most commonly used for cotton dyeing. It is used for dyeing the wide 

range of shades of cotton fabric. Last 50 decades, Monochlorotriazine reactive dyes 

have been the subject of interest in the field of dye chemistry, emphasis moved from 

the search for new reactive systems and introduced new chromagens for modifications 

of commercially successful technology and resulted new shades of cotton fabric. In this 

regard, we synthesized new shade of dyes and also studied their effect on cotton fabric. 

The aim of our work, was to introduce new chromogens with reaction of J-acid and H-

acid system, in MCT dyes, the effect of different shades and the fastness properties like 

wash fastness (in alkaline and acidic condition) color fastness, light fastness and crock 

fastness (rubbing test) were observed. It was also determined the depth of the shade 

with the help of data color software (CCMS). This resulted in the introduction of the 

new direction of dye chemistry to biological point of view. The Anticancer and Urease 

inhibition activity of these synthesize dyes were also studied which showed moderate 

activities . 

 

 

 

J-acid system contains reactive orange MCT dye 



 

 
 

 

H-acid system contains reactive red MCT dye 

 

J-acid and H-acid were used as a starting material to produce new shades of CI reactive 

orange and CI reactive red MCT dye respectively. 

 

 

 



 

 
 

Beside this, the thesis also describes the work on the chemical constituents of 

Guaiacum Officinale. (common name, Lignum vitae). The isolation and structure 

elucidation of the bark of Guaiacum Officinale have led to the four new saponins. The 

most interesting of these are those, possessing an akebonic acid skeleton. The isolated 

new saponin are named as Guaianin T, Guaianin U, Guaianin V and Guaianin W. 

Recent spectroscopic techniques were employed to determine their structures, including 

mass spectroscopic techniques, one dimensional and two dimensional NMR 

experiments, eg. HR-FABMS, FABMS, 
1
H-NMR, HMBC, HMQC, BB, J-resolved and 

Dept-90, Dept-135 experiment were carried out to determine the multiplicity of each 

carbon atom. The structures of new saponins are as follows: 

 

 

Akebonic acid-1-O-[α-L-

arabinopyanosyl]-3-O-[β-D-

glucurnopyanosyl-(1→2)-α-L-

rhamnopyanosyl-(1→2)-α-L-

arabinopyanoside]-28-O-β-D-

glucopyanosyl-(1→2)-α-L-

rhamnopyanoside]ester 

  



 

 
 

 

 

 

Akebonic acid-3-O-[α-L-

rhamnopyanosyl- 

(1→2)-β-D-glucopyanosyl-(1→2)-α-

L-rhamnopyanosyl-(1→2)-α-L-

arabinopyanoside 

 

 

 

 

Akebonic acid-1-O-[β-D-

glucopyanosyl-(1→2)-α-L-

arabinopyanosyl]-3-O-[β-D-

glucopyanosyl-(1→2)-α-L-

rhamnopyanosyl-(1→2)-α-L-

rhamnopyanoside] 

 

 

 

 

Akebonic acid-1-O-[β-D-

glucopyanosyl-(1→2)-α-L-

arabinopyanosyl]-3-O-[α-L-

rhamnopyanosyl]-28-O-[β-D-

glucopyanosyl-(1→6)- β-D-

glucopyanosyl-(1→6)- β-D-

glucopyanoside]ester 
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1.0: Dyes chemistry 

Dyes are color compounds; the world's first commercially successful synthetic dye was 

discovered accidentally by a young English chemist, William Henry Perkin in 1856, by 

the end of the 19th century. Synthetic dye is attributed to his discovery of a purple dye 

named Aniline Purple, which was later known as Mauveine. [1-2]  

Now a day, ten thousand new synthetic dyes had been developed and manufactured in 

industries worldwide. The total dye consumption of the textile industry across the 

world is more than 107 Kg per annum. There are more than 10,000 commercially 

available dyes with over 700 Kg of dyestuff produced annually worldwide. [3] 

1.1: Classification of dyes 

In 1924 an internationally well-known system of classification used for dyes known as 

color index (CI), by the society of dyers and colorists. [4] It classifies dyes by first 

assigning a generic name determined by its application and characteristics. Companies 

need to register (free of charge) with the society of dyers and colorists if they wish to 

use CI numbers and generic names. The commercial name [5-6] of a dye normally 

consists of:  

1. The brand name, often an indication of the dye class as well as the 

manufacturers.  

2. Color of the dyes, example red, blue, or yellow. 

3. One or more suffix letters (of German origin) and figures indicating. 

4. Shade of color, referred to as secondary colors. Example, B, G, R (B = Blau = 

Blue; G = Gelb = Yellow; R = Rot = Red) representing the three secondary 

colors. A red color may be described as R (reddish) or 2R (more reddish) and so 

on. Similarly for red or yellow color which may be described in various 

degrees. Special qualities, for instance, F = fine; FF = superfine. 



 

 
 

1.2: Dyes in textile industry 

Dyes are used in the coloration of a wide range of substrates, including paper, leather, 

and plastics, but their most important outlet is on textiles. Textile industries consume a 

large amount of dyes where the choices of dyes depend very much on the color shade, 

types of fibers, dyeing process, as well as economic considerations. Textile materials 

are used in a wide variety of products, including all types of clothing, curtains and 

carpets. 

1.3: Textile fibers 

Textile fibers [7-9] may be classified as follows: 

1.3.1: Natural fibers 

The most important natural fibers are either of animal origin, for example wool and silk 

or of vegetable origin such as cotton which is a cellulosic fiber. 

1.3.2: Semi-synthetic fibers 

Semi-synthetic fibers used today are derived from cellulose as the starting material 

which of the two most important of these being viscose rayon and cellulose acetate. 

1.3.3: Synthetic fibers 

The most important completely synthetic fibers are polyester, polyamides (nylon) and 

acrylic fibers. Although textile fibers share the common feature that they are made up 

of polymeric organic molecules, however the physical and chemical nature of the 

polymers involved vary widely. This is why each type of fiber essentially requires its 

own application. 

 

 



 

 
 

1.4: Classes of dyes 

A good dye gives a color that is fast, which means it resists fading by water, light and 

other factors. Main dye classes according to their applications are categorized as acid 

dyes, azoic dyes, basic dyes, direct dyes; disperse dyes, mordant dyes, reactive dyes, 

sulfur dyes, and vat dyes. The dye fibers (substrates) and method of applications can be 

seen in table 1.1 [10-15] 

Table 1.1: Classification, types of fibers and application methods of dyes. 

Classes Types of fibers Method of application 

Acid 

 

Nylon, wool, silk, and 

leather. 

Usually from neutral to acidic dye. 

Azoic 

 

Cotton, rayon, cellulose 

acetate and polyester. 

Fiber impregnated with coupling 

component and treated with stabilized. 

Basic 

 

Paper, poly acrylonitrile 

nylon and polyester. 

Applied from acidic dye baths. 

Direct 

 

Cotton, rayon, paper, 

leather, and nylon 

Applied from neutral or slightly 

alkaline. 

Disperse 

 

Polyester, polyamide, 

acetate, acrylic, and 

plastics. 

Baths containing additional electrolyte 

and fine aqueous dispersions. 

Mordant 

 

Wool and leather. 

Temperature carrier methods. Applied 

in conjunction with chelating. 

Reactive 

 

Cotton, wool, silk, and 

nylon 

Reactive site reacts with functional 

group of fiber to bind the dye 



 

 
 

 covalently. 

Sulfur 

 

Cotton and rayon 

 

Aromatic substrate vetted with sodium 

sulfide and reoxidized to insoluble. 

Vat 

 

Cotton, rayon, and wool 

 

Water-insoluble dyes solubilized by 

reducing with sodium hydrosulfite. 

 

1.5: Acid dye 

Acid dyes are a class of dyes applied from acidic solutions to polyamide fibers. These 

dyes are used in the dyeing of wool, silk and nylon where they are typically applied in a 

bath that may range from neutral to strongly acidic at near boiling temperature. Acid 

dyes range from poor to excellent color fastness and from dull tones to brilliant shades. 

[10-15] 

1.6: Azoic dye 

Also known as naphthol dyes, azoic dyes in fact are chemically synthesized inside the 

fiber and are not truly dyes, but insoluble pigments. Naphthol component which is 

soluble is applied to the fibers. Then a solution of diazo salt is used to develop the 

color. Components used can be very toxic before they react to form the pigment. [10-

15] 

1.7: Basic dye 

Also known as cationic dyes, basic dyes are primarily used for acrylic fibers. They can 

also be used on certain nylon and protein fibers. This dye has excellent color fastness 

on acrylic while fastness on natural fibers is generally poor. [10-15] 



 

 
 

1.8: Direct dye 

Direct dyes have high substantively, which meant that dyes from this class have a high 

tendency to move onto fibers without the need for other chemicals to bond the dye to 

the fiber and therefore, have poor wash fastness. [10-15] 

1.9: Disperse dye 

The use of disperse dyes had increased in the textile industry ever since the discovery 

of synthetic fibers. Most of them contain amino or substituted amino groups. Dyes in 

this class are almost totally insoluble in water. Disperse dyes exist as dispersion of 

microscopic particles with only a tiny amount of solution at any time in the dye bath. 

These are the only dyes effective for polyester while some types are used for nylon and 

acetate. Disperse dyes can be applied to most synthetic fibers using simple exhaustion 

techniques. [10-15] 

1.10: Mordant dye 

Mordant dye as its name suggests, requires the use of a mordant; a chemical that aids 

attachment of a dyestuff to fibers by bonding to both fiber and dye. Example of a 

mordant is chromium, being used exclusively as mordant on wool. Many natural dyes 

require a mordant in which it can significantly influence the hue produced with a 

particular dyestuff. [10-15] 

1.11: Sulfur dye 

Sulfur dyes are a class of dyes made by reacting sulfur with organic compounds in 

which most dyes are unknown chemical structure. Sulfur dyes are insoluble in water 

and had to be converted to a soluble form for applications. They are generally dull in 

colors, but inexpensive, have good wash fastness but sensitive to bleach. Sulfur dyes 



 

 
 

may decompose under warm, humid conditions to form acid, but this can be prevented 

by making the finished fabric slightly alkaline. Dyes under this class are often used 

commercially on cellulosic fabrics. [10-15] 

1.12: Vat dye 

A class of dyes that are converted from water insoluble pigment to a soluble form using 

a reducing agent, immersed to fabric, then converting back to the insoluble form by 

oxidation. An example of common vat dyes is indigo, of blue jeans. Vat dyes are very 

wash fast and have good resistance to chlorine bleach. Multiple applications of dye may 

be required to build strong shades because of limited substantively. [10-15] 

1.13: Reactive dye 

Reactive dyes are characterized by their water solubility as well as their high stability 

and persistence due to their complex structure. Since they are designed to resist 

degradation, this enables them to have high resistance against degradation. Reactive 

dyes are characterized as containing one or more groups capable of forming covalent 

bonds with the hydroxyl groups of cellulosic fibers with the amino, hydroxyl and 

mercapto groups of fibers. [10-15] 
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2.0: Introduction of reactive dyes 

Reactive dyes are unique that they contain specific chemical groups capable of forming 

covalent links with the textile substrate. [16] Reactive dyeing directly links the colorant 

to the fiber by formation of a covalent bond. For years, the idea of achieving high wet 

fastness for dyeing cotton by this method was recognized, but early attempts to employ 

conditions so drastic that partial degradation of the fibers occurred. But now-a-days, 

these dyes in the textile industry have brought changes in the history of dyes. Reactive 

dyes are the most predominant classes of dyes for cellulosic fiber today [17-18]. The 

major key factors which are responsible for the growth of reactive dyes [19] are given; 

 Easy application.  

 Choice of different kinds of application techniques like exhaust, semi-continuous 

& continuous. 

 Suitability to dye on any conventional or modern machines. 

 Presence of wide range of gamut of shades from dull to bright and pastel to dark. 

 Compatibility and possibility of getting acceptable all round fastness properties. 

 Cost. 

 Effectiveness. 

Therefore, all research in dye chemistry is being directed towards the reactive dyes that 

can meet all environmental norms as well as can satisfy the needs of the customer (i.e., 

fastness and other requirements). [20] 

2.1: History of reactive dyes 

The first fiber-reactive dyes were designed for cellulose fibers and they are still used 

mostly in this way. There are also commercially available dyes for protein and 

polyamide fibers.  



 

 
 

2.1.1: In 1920s 

Studies at a Swiss dyeing company called Ciba in the 1920s gave promising results 

with wool using colorants having monochlorotriazine group, (triazine are heterocyclic 

ring containing three carbons and three nitrogen’s within the ring), however there was 

little incentive for further development. [21-29] 

2.1.2: In 1932s 

The earliest reactive dye produced was Supramine Orange R, (C.I. Acid Orange 30). It 

was not clearly understood at that time why this particular dye had excellent wet 

fastness on wool. Subsequent research showed that the high wet fastness was due to the 

ώ-chlorine group which formed a covalent bond with the amino (-NH2) group in the 

wool fiber via a nucleophilic substitution reaction. [21-29] 

2.1.3: In 1937s 

A German patent was lodged that indicated it was possible to attach dyes to the wool 

fiber by covalent bonding. Various chemicals had already been tried that could react 

with the hydroxyl groups in cellulose. However, the very severe reaction conditions 

that had to be employed led researchers to the conclusion, then that the dye-fiber 

reaction with cellulose was not practical or commercially achievable. Hence the various 

wool dyes that are capable of forming covalent bonds with cellulose were not 

considered at that time. [21-29] 

2.1.4: In 1953s 

In 1953 the British chemists Ian Rattee and William Stephen at ICI in London found 

that dyes with dichlorotriazinyl group, dyed cotton under mild alkaline conditions with 

no fiber degradation. Reactive dyes first appeared commercially in 1956, after their 



 

 
 

invention in 1954 by Rattee and Stephens at the Imperial Chemical Industries, 

Dyestuffs Division, Manchester, U K. [21-29] 

2.1.5: In 1956s 

Thus, a major breakthrough for the dye industry was made in 1956, when ICI 

introduced their Procion MX reactive dyes (fixed or fastness) to the fiber by covalent 

bonds over 100 years the discovery of the first commercial synthetic dye by Perkins. 

The subsequent bonding of these three new dyes (yellow, red, and blue) with fibers has 

a common basis, namely, the reactivity of chlorine on a triazine ring. [21-29]  

2.1.6: In 1958s 

At the German company Hoechst Aktiengesellschaft, a different approach had been 

under study, and in 1958 they introduced their Remazol dyes. These dyes are the sulfate 

esters of hydroxyl ethylsulfonyl dyes, which, on treatment with a mild base, generate 

the vinylsulfone group. This group, in turn, reacts with cellulose to form a unique dye-

fiber bond. [21-29] 

2.1.7: In 1979s 

In the Procion T series, marketed by ICI in 1979, particularly for dyeing cotton in 

polyester and cotton blends by the thermosol process, the reactive dye is bonded 

through a phosphonate ester. The introduction of reactive dye not only provided a 

technique to overcome inadequacies of the traditional methods for dyeing cotton, but 

also vastly increased the array of colors and type of dyes that could be used for cotton. 

[21-29] 

2.1.8: In 1980s  

Later in 1980s with the introduction of Sumifix supra dyes by Sumitomo, textile 

processors have experienced a trend of incorporating different reactive groups in the 



 

 
 

same molecule. These hetero–bi-functional Sumifix supra dyes contain both MCT and 

a vinyl sulphone reactive groups. Due to the presence of these two different reactive 

systems, these colors offered good fixation, over a wide range of dyeing temperature 

and being smaller in size, also offered better wash off characteristics. [21-29] 

2.1.9: In 1990s  

Year 1990s witnessed the development of fluoro-triazine and low salt reactive systems, 

which resulted in excellent compatibility for achieving batch to batch reproducibility 

and use of low salt in dyeing. Fluorotriazine system offers many advantages over 

chlorotriazines system. [21-29] 

2.1.10: In 2000s too soon  

Very important development in the history of reactive dyes on the industrial point of 

view. Here we provide some data of reactive dyes. [21-29] 

Table 2.1: Development of reactive dyes. 

Functional Fixation T Included in Brands 

Monochlorotriazine Haloheterocycle 

System 

80˚ Basilen E & P, Cibacron E, 

Procion H,HE 

Monofluorochlorotriazine Haloheterocycle 

System 

40˚ Cibacron F & C 

 

Dichlorotriazine Haloheterocycle 

System 

30˚ Basilen M, Procion MX 

 

Difluorochloropyrimidine Haloheterocycle 

System 

40˚ Levafix EA, Drimarene K 

& R 

http://en.wikipedia.org/w/index.php?title=Monochlorotriazine&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Haloheterocycle&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Cibacron&action=edit&redlink=1
http://en.wikipedia.org/wiki/Procion
http://en.wikipedia.org/w/index.php?title=Monofluorochlorotriazine&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Dichlorotriazine&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Difluorochloropyrimidine&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Drimarene&action=edit&redlink=1


 

 
 

Dichloroquinoxaline Haloheterocycle 

System 

40˚ Levafix E 

 

Trichloropyrimidine  Haloheterocycle 

System 

80-

98˚ 

Drimarene X & Z, 

Cibacron T 

Vinyl sulfone  Activated 

double bond 

40˚ Remazol 

 

Vinyl amide  Activated 

double bond 

40˚ Remazol 

 

        T=Temperature 

 

2.2: The general structure of reactive dye 

The first fiber-reactive dyes contained the 1, 3, 5-triazinyl group, and were shown by 

Rattee and Stephen to react with cellulose in mild alkali solution and no significant 

fiber degradation occurred. ICI launched a range of dyes based on this chemistry, called 

the fiber-reactive dyes. The general structure is shown below: [30] 

D-B-G-X 

Figure 2.1: General structure of a reactive dye 

       

These four different components of the dyes as : 

1. D = Dye part is called chromogen (colour producing part). The chromogen is 

azo, carbonyl and phthalocyanine class. 

2. B = Bridging part links the chromogen and the fiber-reactive group. Frequently 

the bridging group is an amino, -NH- or –NR- group.  

http://en.wikipedia.org/w/index.php?title=Dichloroquinoxaline&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Trichloropyrimidine&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Vinyl_sulfone&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Remazol&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Vinyl_amide&action=edit&redlink=1
http://textilelearner.blogspot.com/2011/12/dye-classification-of-dye-according-to.html


 

 
 

3. G = Group reacts bearing part. The water solubilizing group (ionic groups, often 

sulphonate salts), which has the expected effect of improving the solubility, 

since reactive dyes must be in solution for application to fibers.  

4. X = Reactive groups. The fiber-reactive group is the only part of the molecule 

able to react with the fiber. The different types of fiber-reactive group present in 

dyes. [30] 

2.3: Types of reactive dyes 

There are mainly three types of reactive dyes.  

2.3.1: Vinyl sulphone Dyes  

One is, vinyl sulphone dyes are moderately reactive. The dyeing temperature is 

generally 60°C and pH is 11.5 that get applied by utilizing a mixture of soda ash and 

caustic soda. These dyes show excellent fixation properties under proper alkaline 

condition. [31-33] 

2.3.2: Bi-functional dye  

The second is, a bi-functional dye is a form of reactive dye that shows more than one 

type of reactive groups in the molecule. These reactive dyes are designed in such a 

manner to have the capacity to react with the fiber in more than a single way. [31-33] 

2.3.3: Monochlorotriazine Dye (MCT) 

Third one is MCT; normally these dyes are less reactive than vinyl sulphone dyes. The 

reaction can take place under more energetic reaction conditions (30-40°C) and 

typically 80°C, with a pH value of 10.5, are essential for a proper fixation on cellulosic 

fibers. [31-33] 

 



 

 
 

2.4: Brand of reactive dyes  

Dyestuffs with only one functional group sometimes have a low degree of fixation. To 

overcome these dyestuffs containing two different reactive groups (i.e. One 

monochlorotriazine and one vinyl sulfone) were created. 

Dyestuffs containing two groups are also known as bifunctional dyestuffs, though some 

still refers to the original combination. Other types of bifunctional dyes have been 

introduced. The first bifunctional dye made was more tolerant to temperature deviations 

(better process). Other bifunctionals are created, some with fastness (better quality) or 

only fixation degree (better environment/economy). [34-36] 

2.5: Reaction of reactive dyes 

Reactive dyes form a covalent bond between the fiber and dye. They are classified in 

the reactive system and optimized conditions in which they are best used. The reactive 

dyes are broadly divided into two categories: [37-38] 

 

1. Dyes reacting through nucleophilic substitution reactions 

2. Dyes reacting through nucleophilic addition reactions. 

2.5.1: Dyes reacting through nucleophilic substitution reactions 

Aromatic rings are electronically very stable, and will attempt to retain this type of 

reactions. This means that instead of the nucleophilic addition that occurs with alkenes, 

they undergo nucleophilic substitution, and keep the favourable electron system; 

however, nucleophilic substitutions are not very common on aromatic ring, given their 

already high electron density. But this requires harsh conditions. [36-37] To improve 

the rate under mild conditions, used the powerful electron-withdrawing groups such as 



 

 
 

-NO2 group. However, this will only work if there is a good leaving group, is present 

such as -Cl or -N2 in the system. [39] 

 

 

 

Scheme 2.1: Charge separation through nucleophilic substitution reactions 

2.5.2: Dyes reacting through nucleophilic addition reactions 

Alkenes are quite reactive due to the electron-rich π bond. They normally undergo 

electrophilic addition reactions. [39] Again, nucleophilic additions are less favoured 

generally, because of the repulsion between the nucleophilic and the electron-rich π-

bond.  

However, they will occur if sufficient electron withdrawing groups are attached to the 

alkenes much as before, with aromatic substitution. In this case, the process is known 

as Michael addition or conjugate addition. [37-38] For this reaction type, the most 

important dye class is the Remazol reactive dye. This dye type reacts in the presence of 

a base such as HO-. The mechanism for the reaction of one of these dyes is shown 

below: [40] 

 



 

 
 

 

Scheme 2.2: Mechanism of Remazol reactive dye 

 

2.6: Monochlorotriazine reactive Dyes (MCT) 

Monochlorotriazine dye is a member of a class of eactive dyes and its molecules react 

chemically with the fiber polymers, are formed covalent bond between the dye 

molecules and fiber. This is a class of highly colored organic substances and primarily 

utilized for tinting textiles [41] 

2.7: Structural feature of MCT dye  

Structural features of MCT dye comprised of two main parts, namely the chromogenic 

part and the other is the reactive part. The main functional group work in 

monochlorotriazine dye is trichlorotriazine group. The more reactive three chlorine 

atoms react firstly with other functional groups. The reactive group bonded to the 

chromogenic group with a bridge link which generally contains an amino group 

responsible for the interaction with fiber. [42] 

 

 

 

Trichlorotriazine group 

http://en.wikipedia.org/wiki/Cyanuric_chloride
http://en.wikipedia.org/wiki/Cyanuric_chloride


 

 
 

A reactive group (often dyes contain trichlorotriazine), either a haloheterocycle or an 

activated double bond, that, when applied to a fiber in an alkaline dye bath, forms a 

chemical bond with an hydroxyl group on the cellulosic (cell) fiber.  

 

 

Scheme 2.3: Chlorotriazine forms a chemical bond with hydroxyl group on the 

cellulosic fiber. 

R = chromogenic part, Cell = Cellulose 

Dye attaches to the fiber by forming a covalent bond and are known for their bright 

colors with excellent wash fastness even though with poor resistance to chlorine bleach. 

[43] 

2.8: Properties of MCT dyes 

Some points of  dyeing properties are given here, and more detail described in chapter 

6. 

1. Exhaustion (primary and secondary) properties 

2. Fixation properties 

3. Washing off  

4. Fastness properties 

 

 

 

http://en.wikipedia.org/wiki/Halogen
http://en.wikipedia.org/wiki/Halogen
http://en.wikipedia.org/wiki/Alkaline
http://en.wikipedia.org/wiki/Chemical_bond
http://en.wikipedia.org/wiki/Hydroxyl
http://en.wikipedia.org/wiki/Chemical_bond
http://en.wikipedia.org/wiki/Hydroxyl


 

 
 

2.8.1-2: Exhaustion and Fixation 

The total amount of dye migrated on the substrate in the presence of salt and alkali was 

called exhaustion. Normally two types of exhaustion take place in dyeing. These are 

primary and secondary. While selecting a combination; one has to ensure that the 

percentage exhaustion (PE) and the percentage fixation (PF) of dyes. [43-45] 

2.8.3: Washing off 

Textile materials which are colored with MCT dyes have to be thoroughly rinsed and 

scoured. Dyes can react with the hydroxyl groups of the water molecule to produce dye 

molecules with poor substantively for the fiber. In fact, these molecules which have to 

remove by a washing-off process, involving scouring and rinsing. If these molecules of 

dye are not removed, poor rub-fastness may result. [43-45] 

2.8.4: Wash fastness 

Textile materials colored with MCT dyes have very good wash fastness; rating is about 

4-5. This is attributed to the very stable covalent bond that exists between the dye 

molecule and the fiber. [43-45] 

2.8.5: Light fastness 

In generally, textile material colored with MCT dyes have a very good light fastness, 

the light fastness rating being about 6. MCT dyes have a very stable electron 

arrangement and provide very good resistance to the degrading effect of the ultraviolet 

component of the sunlight. [43-45] 

2.9: Advantages of MCT dyes 

MCT dyes are mostly used for dyeing cellulosic fibers. In the past cellulosic fibers 

were dyed with direct and vat dyes, but after the introduction of reactive dyes their 

utility has become limited. Below some advantages [46-48] of MCT dyes are given: 

http://textilelearner.blogspot.com/2012/01/fiber-properties-properties-of-textile.html


 

 
 

 Ability to procedure bright shades of wide range.  

 High levelling quality. 

 A good washing fastness. 

 Good light fastness.  

 Simple dyeing method therefore one stage dyeing.  

 Low temperature dyeing.  

 Lower cost, i.e. cheaper.  

Again, its dyeing process is fast and gives brighter shades than metaled azo dyes. For 

the above reasons MCT dyes are more popular class of reactive dyes.  

2.10: Disadvantages of MCT dyes 

In 1990s the dye chemistry, was developed, new florotriazine systems. This reactive 

system, which resulted in excellent compatibility for achieving batch to batch 

reproducibility and use of low salt in the dyeing process. Fluorotriazine system offers 

many advantages over chlorotriazine system. Due to the incomplete utilization of the 

dye bath (i.e., 60-70% exhaustion and 30-40% hydrolyzed dye still remain in the bath) 

and also due to low fixation property, compared to the MCT dye system. [49-51] 

2.11: Uses of MCT dyes 

The dyes contain a reactive group, either a halo-heterocycle or halogenated group that, 

when applied to a fiber in an alkaline dye bath, forms a chemical bond with a hydroxyl 

group on the cellulosic fiber. [52-54] 

1. Used for dyeing cellulose, protein and polyamide fibers.  

2. During dyeing the reactive group of this dye forms covalent bond with fiber 

polymer and becomes an integral part of the fiber. 

http://textilelearner.blogspot.com/2012/01/fiber-properties-properties-of-textile.html


 

 
 

3. Dye is soluble in water. 

4. They have very good light fastness with rating about 6. The dyes have very stable 

electron arrangement and can protect the degrading effect of ultraviolet rays.  

5. Dyes have very good wash fastness with rating about 4-5 due to strong covalent 

bonds formed between fiber polymer and reactive group of dye. 

6. Gives brighter shades and has moderate rubbing fastness.  

7. Dyeing method is easy. It requires less time and low temperature for dyeing. 

8. These dyes are comparatively cheap.  
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3.0: Chemistry of MCT dyes  

MCT reactive dyes are colored compounds that are capable of forming a covalent bond 

between reactive group of the dye molecule and nucleophilic group of polymer chains 

within the fiber, producing dye polymer linkages. The possibility of forming a covalent 

bond between dyes and fiber has long been attractive to dye chemists. It was 

anticipated that the covalent attachment of the dye molecules to the fiber would 

produce very high wash-fastness because covalent bonding known as strongest binding 

forces between molecules. [55] 

3.1: Constitutional characteristic  

The characteristic features of the MCT dyes are; a reactive group, a chromagenic 

group, a bridging group and a solubilizing group. The sections that follow provide 

details on each feature. [56-57] 

3.1.1: Reactive groups 

Dyes owe their covalent bond forming ability to the presence of the reactive group in 

their structure. These systems can react only once with the nucleophilic group in the 

fiber. Examples are halo-triazine. However, when one of these halogen atoms is 

displaced by reaction with functional group in the fiber or with alkali in the dye bath, 

the reactivity of the remaining halogen substituent is greatly decreased. [56-57] 

3.1.2: Chromagenic groups 

Chromagenic groups contribute color to textile fibers. The proper selection of 

chromagens for commercially is essential to achieving a given shaded area. Market data 

also show that dyes are increasingly selected on the basis of shade. In practice, 

monoazo, metallized monoazo, anthraquinone, triphenodioxazine, and phthalocyanine 

chromagens have been used for the preparation of different dyes. [56-57] 



 

 
 

3.1.3: Bridging groups 

A bridging group is the group that links the reactive system to the chromagens. While 

these groups are necessary for synthetic reasons, they also influence the reactivity, 

degree of fixation, stability of the dyeing and other dyeing characteristics, such as 

substantively and migration, significantly. The typical bridging group is an imino (-

NH-) group. They are also less easy to form than imino bridging groups. Carboxamide 

and sulphonamide groups are stable and can be used as bridging groups to a limited 

extent. [56-57] 

3.1.4: Solubilizing groups 

Solubilizing groups provides characteristics such as water solubility, substantively, 

migration and wash off. The dominant solubilizing group in dyes is the sulphonic 

substituent. [56-57] 

3.2: Application (chemistry) of MCT dyes 

Dyeing is now the most important method for the coloration of cellulosic fibers. Each 

different shape of dye molecule absorbs light differently. That's what makes the 

different colors. The fabric of our clothing is made of fibers molecule and cotton. 

Cotton is made of long strands of cellulose molecules. [58] Monochlorotriazine (MCT) 

dyes react with cotton as:  

MCT–Dye + Cotton → Cotton – MCT–Dye 

Scheme-3.1 

 

The link between the cotton and the MCT dye is an ester linkage, which we have not 

stable to an acid. If we want to make a permanent bond between the dye and the cotton, 

washing soda and sodium carbonate is added to the fabric and put in the dye. After 



 

 
 

adding the dye we just have to wait a while. While we wait, the reaction is happening; 

chlorine react with the cellulose molecules. The dye, then attaches to the cellulose and a 

permanent bond is formed, can then wash the warm water so the excess dye out. We 

have to rinse it in cold water and wash it with detergent in hot water to get all the extra 

dye off. After all the excess dye is out and the dye left on the fabric is permanent. [59-

60] 

3.3: Chemistry of electrolytes  

3.3.1: The effect of different electrolytes on the absorption of the dyes 

The electrolytes were sodium chloride, ammonium chloride, lithium chloride, 

magnesium chloride and ammonium sulfate, which differ widely in their ability to 

increase the absorption of hydrolysed dyes on cellulose. Their relative efficiencies were 

in the order: ammonium chloride, ammonium sulfate, sodium chloride, lithium chloride 

and magnesium chloride. [61] 

The effect of the electrolytes has been discussed in terms of partial screening of the 

surface of cellulose by the crowding of the cations at the cellulose, water interface, the 

pH of the bath and the ability to modify the structure of water. The ability of the 

electrolytes to modify the pH of the solution plays a dominant role in an absorption, 

increase in lower concentrations of electrolytes, whereas at higher concentrations the 

ability of the electrolytes to modify the cellulose water interface plays a decisive role. 

[62] 

3.4: Effect of acidic and alkaline conditions 

The construction of the covalent bond between dye and fiber occurs under alkaline 

conditions. The presence of acids may reverse this process. Atmospheric and pollution, 

which is both slightly acidic, so affect on textile materials and colored, resulted in some 



 

 
 

fading. When baking soda added in water, we get a high pH. A high pH is all that is 

needed to get the dye and the cellulose ready to react. Sodium carbonate is stronger 

than baking soda, so it works better for dyeing procedure. [63-64] 

3.5: Previously cyanurated based synthesis of Monochlorotriazine dyes 

Here we write some previously reported synthesis of cyanuric chloride based MCT 

dyes. 

3.6: Synthesis of printing dye 

A structure of the MCT based reactive dye is shown in the scheme-3.2. MCT based 

reactive dyes are chemically combined with hydroxyl groups of cellulose fibers by a 

nucleophilic substitution reaction and as a result an ether linkage is formed. Cyanuric 

chloride is used as a reactive group. This dye showed the crease resistance finishing 

with the single step process. Finishing process to capture the potential time, energy, and 

other savings associated. [65] 

 

 

Scheme-3.2: Crease resistance, dye 

 

3.7: Synthesis of biomimetic dye 

The dye is being used increasingly for protein purification. The colorless biomimetic 

compound was readily coupled on Sepharose CL-4B and used in the purification of 

yeast alcohol dehydrogenase with an analogue of Cibacron Blue F3GA bearing ortho-



 

 
 

sulphonate on the terminal ring as a reference scheme-3.3 (In this dye cyanuric 

chloride, used as a reactive group). These immobilized dyes and colorless ligands were 

tested for their ability to bind alcohol dehydrogenase from bakers yeast. [66] 

 

 

 

 

Scheme-3.3: Protein purification biomimetic dye 

 

3.8: Synthesis of detergent manufacturers dye 

Study of degradation of dyed polymer textiles due to light exposure and washing is of 

great importance in terms of prolonging the lifetime of clothing. The essential features 

of the polymer chain in cotton cellulose: the main sequence of intermediate units, the 

non reducing end groups and the glycosidic linkages. All cotton fabrics used in this 

study had been mercerized and bleached, especially, substitution with the 

monochlorotriazine bridging group. Reactive dyes (MCT) usually show excellent light 

and wash fastness; however, they are not usually fast to chlorine or other bleaches. The 

number of wash cycles, combined with the amount of light exposure that textiles can 

continue the particular interest in clothing and detergent manufacturers. [67] 

 

 



 

 
 

 

 

 

Scheme-3.4: Azo-bis-monochlorotriazine reactive dye. 
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4.0: Synthesis of dyes and their intermediate  

Synthesized new shade of dyes and also study their effect on cotton fabric. The aim of 

our work, introduced new chromogens to react with J-acid and H-acid system. This 

section provides results pertaining to the synthesis of MCT reactive dyes. Step by step 

preparation of different intermediates is presented through a table and schemes. All 

steps and condition parameters like acidic and basic conditions, pH, maintaining during 

all process, temperature controlled and time period methods study and apply this 

synthesis. [68-72] All synthetic steps and intermediates are written in this chapter in 

individual headings. 

4.1: Coupling components 

Synthesis of dye began with the preparation of couplers A (J-acid coupler) and B (H-

acid coupler) according to the steps outlined in Scheme-4.1 and 4.2. Couplers A and B 

were synthesized from the reaction of cyanuric chloride with J-acid and H-acid, 

respectively at pH individual given below. 

4.2: Cyanuration of J-acid (Synthesis of coupler A) 

J-acid (1.0 g, 4.18 mmol) taken in a beaker, dissolved in 200 ml of water. pH adjusted 

to 5-6 using 20% (w/v) Na2CO3 to give a clear brown solution (purification of dark 

brown color of J-acid with charcoal). A solution of cyanuric chloride (0.77 g, 4.18 

mmol) in acetone (20 ml) and 100 g of ice, added dropwise to the stirred J-acid solution 

at 0-5°C. After 12 min, the solution was adjusted to pH 2-3 by adding 20% (w/v) 

Na2CO3 and the reaction was continued for 30 minutes at 0-5°C. The progress of the 

reaction was followed by TLC using n-PrOH: n-BuOH: EtOAc: H2O/2:4:1:3 where the 

product had Rf= 0.72. 

 



 

 
 

 

 

 

Scheme-4.1: Cyanuration of J-acid to prepared coupler A. 

 

4.3: Cyanuration of H-acid (Synthesis of coupler B) 

H-acid (1.0 g, 2.93 mmol) taken in a beaker, dissolved in 200 ml of water. pH 5-6 using 

20% (w/v) Na2CO3 to give a clear brown solution of H-acid (purification not required 

with charcoal in H-acid). A solution of cyanuric chloride (0.54 g, 2.93 mmol) in 

acetone (20 ml) and 100 g of ice, added dropwise to the stirred H-acid solution at 0-

5°C. After 12 min, the solution was adjusted to pH 2-3 by adding 20% (w/v) Na2CO3, 

and the reaction was continued for 30 minutes at 0-5°C. The mixture was filtered to 

give a clear solution of coupler B. The progress of the reaction was followed by TLC 

using n-PrOH: n-BuOH: EtOAc: H2O/1:2:4:3 where the product had Rf = 0.75. 

 



 

 
 

 

 

Scheme-4.2: Cyanuration of H-acid in prepared coupler B. 

4.4: Diazotisation of substituted aryl amines (diazonium salts) 

Aniline (substituted aryl amines) (0.40 g, 4.21 mmol) was stirred into a mixture of 

water (15 ml), conc. HCl (2-5 ml) and ice 100 g was added. The reaction mixture was 

cooled in 0-5°C using an ice bath and then NaNO2 (0.28 g, 4 mmol) dissolved in water 

(10 ml) was added dropwise complete addition of nitrous acid, checked by starch iodide 

paper. The solution was stirred for 30-50 min and the mixture were filtered at 0-5°C to 

give the clear solution of diazonium salts. Prepared different diazonium salts and 

mention in table 4.1 and coded as C-1-C-6. 

 

Scheme-4.3: Synthesis of substituted aryl amine diazonium salts 

 



 

 
 

 

Table-4.1: Diazotisation of substituted aryl amines to prepared diazonium salts  

Code Aryl Amines Diazonium salt. 

C-1 

 

       

 

 

C-2 

 

 

 

 

 

C-3 

 

 

 

 

 

C-4 

 

 

 

 



 

 
 

C-5 

 

 

 

 

C-6 

 

 

 

 

 

 

4.5: Formation of DCT dye (coupling reaction)  

Cyanurated J-acid and H-acid (couplers A and B) was used in a reaction with different 

diazonium salts (C-1-C-6) at 0-5 0C and pH 5-6 to prepare DCT (dichlorotriazine, D-1 

to D-9). The progress of the reaction was followed by TLC using n-PrOH: n-BuOH: 

EtOAc: H2O/1:2:4:3. TLC showed complete conversion. 

To a well stirred solution of J-acid (5 mmol), diazonium salts, C-1 (1.5 g, 5.3 mmol) 

was added. The solution was stirred for 2-3 h at 0-5 °C, after adjusting to pH 5-6 using 

20% (w/v) Na2CO3, The progress of the reaction was followed by TLC (n-PrOH: 

BuOH: EtOAc: H2O/1:2:4:3), where the product had Rf1 was 0.65. Same process repeat 

in H-acid with C-1, using the same molar ratio, temperature, pH and TLC conditions 

and Rf8 value is 0.59 in H-acid DCT formation. 

 

 



 

 
 

Scheme-4.4: Synthesis of DCT 

 

Nine DCT couplers were prepared, during the reaction, of J-acid and H-acid with 

different diazotised aryl amines (diazonium salts). These DCT (diazonium couplers) 

were coded as D-1 to D-9. These diazonium couplers used in the last step in the 

synthesis of MCT dyes. 

 

Table-4.2: Preparation of DCT with J-acid and H-acid couplers 

Code Coupler 

A and B 

Diazonium 

salt 

DCT 

(Dichlorotriazine couplers) 

 

 

D-1 

 

Coupler 

A 

J-Acid 

 

 

C-1 

 

 



 

 
 

 

 

 

D-2 

 

 

Coupler 

A 

J-Acid 

 

 

 

C-3 

 

 

 

 

 

D-3 

 

 

Coupler 

A 

J-Acid 

 

 

 

C-2 

 

 

 

 

D-4 

 

Coupler 

A 

J-Acid 

 

 

C-5 

 

 

 

 

 

D-5 

 

 

Coupler 

A 

J-Acid 

 

 

 

C-4 

 

 

 

 



 

 
 

 

 

D-6 

 

Coupler 

A 

J-Acid 

 

 

C-6 

 

 

 

 

D-7 

 

Coupler 

B 

H-Acid 

 

 

C-1 

 

 

 

 

D-8 

 

Coupler 

B 

H-Acid 

 

 

C-3 

 

 

 

 

 

D-9 

 

 

Coupler 

B 

H-Acid 

 

 

 

C-2 

 

 

 

 

 



 

 
 

4.6: Synthesis of MCT dyes 

(Neucleophilic substitution reaction)  

To well stirred solutions of m-amino sulphonic acid (5 mmol), freshly prepared DCT 

solutions (diazonium coupler) of 2 mmol of D-1 were added dropwise. The pH was 

maintained at 4 by using 20% (w/v) Na2CO3 and continued for 4 h at 30-40°C. Then, 

10% (w/v) urea was added, to help stabilize the dyes. The dyes were isolated by salting 

out of solution with KCl (3 g). The pH was adjusted to 4 using 6% (w/v) HCl and 

stirring was continued for 2 h. The dyes were collected by filtration and washed with 

5% (w/v) KCl. Salt was removed by stirring with DMF, followed by precipitation by 

adding EtOAc. The dyes were collected, washed with acetone and air-dried. This gave 

dyes M-1 (2.3 g, 97%) and Rf1 = 0.54. 

4.7: J-acid synthesis of M-1 to M-7 

To well stirred solutions of amines (5 mmol); freshly prepared DCT (diazonium 

coupler) solutions (2 mmol) of D-1 to D-6 were added dropwise. The coupling 

procedure and conditions described for preparing dye M-1 were employed, giving dyes 

of J-acid compounds, M-2 to M-7. M-2 (3.3 g, 97%), M-3 (2.2 g, 98%), M-4 (1.4 g, 

64%), M-5 (2.2 g, 97%), M-6 (2.3 g, 97%) and M-7 (1.2 g, 73%). The system for TLC 

was 2-BuOH: EtOH: NH4OH: pyridine/1:1:4:4. Dyes M-2 to M-7 had Rf2 = 0.88, Rf3 = 

0.82, Rf4 = 0.83, Rf5 = 0.88, Rf6 = 0.80 and Rf7 = 0.81, respectively.  

4.8: H-acid synthesis of M-8 to M-10 

To well stirred solutions of amines (5 mmol), freshly prepared DCT (diazonium 

coupler) solutions (2 mmol) of D-7 to D-9 were added dropwise. The coupling 

procedure and conditions described for preparing dye M-1 were employed, giving dyes 

of H-acid compounds, M-8 to M-10. M-8 (1.8 g, 77%), M-9 (2.5 g, 87%) and M-10 



 

 
 

(1.0 g, 67%). The system for TLC was the same as for dyes M-1 to M-7. Dyes had Rf8 

= 0.88, Rf9 = 0.81 and Rf10 = 0.86. 

Table-4.3: Synthesis of compounds (M-1 to M-10) 

Code DCT Amines Monochlorotriazine reactive dyes 

M-1 D-1 

 

 

 

 

M-2 D-2 

 

 

 

 

M-3 

 

D-2 

 

 

 

 

 

 



 

 
 

 

 

M-4 

 

 

D-3 

 

 

 

 

M-5 D-4 
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M-7 
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4.9: Total synthetic steps of monochlorotriazine reactive Dye 

The total steps of synthesis of monochlorotriazine reactive dye combine in the scheme-

4.5. This synthesis starts with J-acid resulting dye, CI reactive orange MCT dye. 

Synthetic steps of H-acid are same as J-acid, but resulting product was CI reactive red 

MCT dye. 

 

Scheme-4.5: Synthesis of MCT using J-acid system 
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5.0: Present work  

The present work includes the investigation of the monochlorotriazine reactive dyes. 

These dyes were characterized by different spectroscopic tools such as; MALDI-TOF- 

mass spectrometry, UV spectrometry, FTIR spectrometry and NMR spectroscopy. 

5.1: Characterization of MCT dyes 

For studies on monochlorotriazine reactive dyes, structured analysis techniques are 

commonly used such as UV and IR spectroscopy. Here we describe the MALDI and 

NMR techniques were reported for the first time of these MCT dyes. We study all (M-1 

to M-10) dyes with these techniques.  

5.2: MALDI-TOF-Mass spectrometry 

In the last few decades, MALDI has developed into an indispensable tool in chemistry. 

Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-

TOF) has recently become a popular and versatile method to analyse the 

macromolecules from biological origin and also detected the large protein molecules 

and some time used in small molecules (e.g., in vitro drugs or metabolites). MALDI-

TOF has several advantages over other methodologies, including speed of analysis, 

high sensitivity, and wide applicability with a good tolerance to contaminants and the 

ability to analyse the complex mixtures. 

In MALDI, matrix was added to the sample; pass the laser pulse and ionization taken 

place. The matrix molecule is commonly a small aromatic compound and easily excited 

by the laser pulse (UV light). The energy absorbed by the matrix is then transferred 

onto the analyte to assist the ionization. Because the ionization process prevents analyte 

molecules being thermally decomposed, so it is referred to as soft ionization. Singly 

charged ions are generally produced under this ionization process. [73] 



 

 
 

Dyes M-1 to M-10 was subjected for the MALDI spectroscopy mention in table-5.1. 

Molecular masses of synthesized dyes in 500-700 m/z range. In MALDI-TOF 

spectrometry, the characteristic peak of monochlorotriazinyl reactive dyes appears to 

m/z value, loss of [M-H]- show produced nearest of molecular ions. The other important 

peaks are [M+Cl-] and [M+H2O] addition of chloride and water, these are called adduct 

peaks. One is the most important peak cleavage at C-N bond adjacent to the diazo 

linkage observed in all spectra. These results were obtained by linear negative mode 

analyses and HCCA (α cyano-4-hydroxy cinnamic acid) used as a matrix. [74-76] 

5.3: Visible absorption spectroscopy 

Many molecules absorb ultraviolet or visible light. The absorbance of a solution 

increases as the attenuation of the beam increases. Absorbance is directly proportional 

to the path length b, and concentration c of the absorbing species. Beer's Law states (A 

= εbc) Where ε is a constant of proportionality is called the absorptivity. [77] 

The visible absorption spectra of dyes M-1 to M-10 were recorded in H2O, the results 

of which are summarized in table-5.2. All spectra showed two peaks because these dyes 

exist in azo and hydrazone forms. The hydrazone form is a bathochromic shift 

compared to the azo form. The dyes are capable of undergoing azo-hydrazone 

tautomer’s because they have the hydroxyl groups of J-acid and H-acid conjugated to 

the azo group. The data showed that reactive dyes containing H-acid in M-8 to M-10 

have higher λ max values than their counterparts containing J-acid in M-1 to M-7. In 

other mean, dyes from J-acid had lower λ max values (hypsochromic) than the H-acid 

counterparts (table-5.2). For example, dye M-8 (λ max= 538 nm) absorbed at a longer 

wavelength than dye M-1 (λ max= 490 nm). The spectra of M-8 to M-10 (contain H-

acid) showed that these dyes exist predominantly in the hydrazone form. The structure, 



 

 
 

interrupts the extended conjugated system and causes the dyes to absorb light at a 

shorter wavelength. [78-80] 

5.4: Color strengths  

Color strengths (ε max) of reactive dyes M-1 to M-7 were comparable to that of M-8 to 

M-10. Color strengths of reactive dyes in J-acid were C.I. reactive orange and in H-

acid, C.I. reactive red, while color strength values of C.I. reactive orange were a little 

lower than that of C.I. reactive red. Dye M-3 had quite low color strength. This might 

be because of residual salt content. [81] 

Dye solutions were prepared by dissolving the reactive dyes (1mg) in 3 ml H2O and 

taken 1 ml soluble dye diluting with H2O again 3 ml to give a final concentration 1-5 

x10-5 mol/L. From the resultant absorption spectra, λ max and E max values were 

recorded. Two commercial reactive dyes, C.I. reactive orange and C.I. reactive red 

(table-5.2), were used for comparisons in this study. 

5.5: FTIR spectrometry  

FTIR spectrometry (Fourier Transform Infrared) is an instrumental technique of 

analysis that presents significant advantages of the dispersive traditional system. This 

technique is widely used in the study, characterization and evaluation of organic 

materials. [82-85]. 

In this work the application of FTIR associates to the identification of the color 

compounds of organic dyes. The dye (M-1 to M-10) showed characteristic absorption 

bands, to identify the different functional groups like; amine (NH group), free hydroxy 

(OH group) and aromatic (CH protons). Azo group appeared in two modes, one was 

N=N and another was C=N. The inorganic functionalities; a chloride group of triazine 



 

 
 

ring, S=O and S-O bands of sulphonic group are also constantly appeared in all dyes 

spectra.  

5.6: NMR spectroscopy 

Most frequently, NMR spectroscopy is used by chemists and biochemists to investigate 

the properties of organic molecules, although it is applicable to any kind of sample that 

contains nuclei possessing spin. The impact of NMR spectroscopy on the sciences has 

been substantial because of the range of information and the diversity of samples, 

including solutions and solids. [86-87] 

NMR spectroscopy is a research technique that exploits the magnetic properties of 

certain atomic nuclei. It determines the physical and chemical properties of atoms or 

the molecules. It relies on the phenomenon of nuclear magnetic resonance and can 

provide detailed information about the structure, dynamics, reactive state, and chemical 

environment of molecules. [88] 

1H-NMR spectra performed at 300 MHz in D2O solvent. In this solvent all proton 

clearly showed peaks pattern, but exchangeable protons not appeared in the spectra. 

These proton exchange to D2O solvent so confirmation of these protons, some spectra 

done in DMSO solvent. In DMSO solvent all exchangeable protons appeared separately 

and clarify the structure of dyes, but other protons don't show a clear peak pattern due 

to solubility reason. Here given detailed NMR pattern in D2O solvent by J-values and 

all corelation of protons. 
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5.7.1: 3-(Phenyl) diazinyl-7-{4-(3-sulfoanilino)-6-chloro-1, 3, 5-triazine} amino-4-

hydroxy-2-naphthalene sulfonic acid. (M-1) 

 

 

 

 

 

 

 

 

Figure: 5.1 

Dye M-1 has MW 628, with the loss of [M-H]- the signal corresponding to m/z 627 was 

observed. The m/z 522 [M-105] it is suggested that they were produced by cleavage at 

C-N bond adjacent to the diazo linkage (m/z of diazonium group was 105). Matrix 

adducts peak also observed at m/z 816 (HCCA, m/z 189).  

All naphthalene protons appeared as a singlet, H-1 at 7.93 ppm, H-6 at 7.78 ppm, H-7 

at 7.72 ppm and H-9 appeared at 7.68 ppm. The basic reactive group in MCT dyes was 

chlorotriazine group, in this group not any protons are present, but link moiety m-amino 

sulphonic acid showed at 7.61 ppm doublet of three protons (H-4′′′/5′′′/6′′′) and singlet 

of H-2′′′ at 7.28 ppm. The all protons of aniline, H-2′′/3′′/5′′/6′′, appeared as a doublet at 

7.34 ppm and multiplet of H-4′′ at 7.16 ppm.  

At 3691 cm-1 band of vibration showed an OH group and high absorption due to free 

OH. Absorption at 3401 cm-1 may be assigned to the vibration of NH and while 2923 

cm-1 absorption bands of the aromatic C-H bond. Azo group present in this dye 

conformed by the 1724 cm-1 due to C=N cm-1 and 1525 cm-1 N=N absorption bands. 



 

 
 

The chloride group of triazine ring definite at 757 cm-1. When the inorganic group also 

present it showed at 1047 cm-1 of S=O and at 837 cm-1 of S-O bonds. The value of λmax 

490 (ε =13112.77) nm. The foregoing assignments confirmed the synthesis of M-1 was 

reactive orange MCT dye. 

5.7.2:3-(Phenyl) diazinyl-7-{4-(morpholinyl)-6-chloro-1, 3, 5-triazine} amino-4-

hydroxy-2-naphthalene sulfonic acid. (M-2) 

 

 

                                                         Figure: 5.2 

Dye M-2 has MW 541, with the loss of [M-H]-, the signal corresponding to m/z 540 

was observed. In addition to the molecular ion peak, adducts were observed at m/z 593 

(chloride and water adduct peaks). The m/z 453 [M+ H2O -105], where it is suggested 

that firstly addition of water, then cleavage of C-N bond adjacent to the diazo linkage 

(m/z of diazonium group is 105).  

Napthalene protons, H-1 as a singlet, at 7.55 ppm, H-6 at 7.46 ppm, H-7 at 7.38 ppm 

and H-9 at 7.34 ppm. Morpheline, attached to chlorotriazine ring, showed doublet at 

3.82 for 4H, of  H-3′′′ and H-5′′′. Also other doublet at 3.17 for 4H of H-2′′′ and 6′′′. 

The protons of aniline, H-2′′/3′′/4′′/5′′/6′′ appeared separately at 7.72 doublet of two 

protons H-2′′ and H-6′′ and triplet at 7.18 of two protons, of H-3′′ and H-5′′. H-4′′ 

appeared as a doublet at 7.12 ppm.  



 

 
 

Compound M-2, 3418 cm-1 showed O-H or N-H bonds and while 3056 cm-1 absorption 

of aromatic C-H. Confirmation of azo group by the 1755 cm-1 due to C=N and 1566 

cm-1 of N=N absorption. The chloride group of triazine ring appeared at 758 cm-1. 

When the inorganic group also presents at 1047 cm-1 S=O and 838 cm-1 S-O bonds. At 

1230 cm-1 the cyclic ether linkage of C-O bond was observed. The value of λmax 489 (ε 

= 77541.08) nm. The above data confirmed the synthesis of M-2 as a reactive orange 

MCT dye. 

5.7.3: 3-(3-Acetylphenyl) diazinyl-7-({4-(bis-2-hydroxyethyl amino)-6-chloro-1, 3, 

5-triazine}-amino-4-hydroxy-2-naphthalene sulfonic acid. (M-3) 

 

 

 

Figure: 5.3 

Dye M-3 has MW 602, with the loss of [M-H]-, the signal to m/z 601 was observed. 

The cleavage (C-N bond adjacent to acetophenone) of diazo group is observed m/z 481.  

In NMR, H-1 at 7.75 ppm, H-6 at 7.56 ppm, H-7 at 7.54 ppm and H-9 at 7.50 ppm, all 

appeared as a singlet (napthalene protons). Chlorotriazine link moiety diethanol amine 

showed triplet at 3.87 for 4H, of H-1′′′ and also other triplet appeared at 3.65 for 4H of 

H-2′′′. The protons of m-amino acetophenone ring, H-2′′/4′′/5′′/6′′ appeared separately, 

at 8.09 doublet of two protons H-4′′ and H-6′′. The H-5′′ appeared as a multiplet at 7.32 



 

 
 

ppm and H-2′′ as a singlet at 7.91. A methyl group of acetophenone showed downfield 

ppm value at 3.33 ppm. 

The M-3, showed O-H or N-H vibration at 3407 cm-1 while, 3056 cm-1 absorption of 

aromatic C-H bond. Azo group present in this dye match by the 1741 cm-1 peak this 

appeared due to C=N bond and 1568 cm-1 N=N absorption. The chloride group of the 

triazine ring the 764 cm-1 shows low intensity. When the inorganic group also present it 

showed that 1051 cm-1 of S=O and 844 cm-1 of S-O bonds. At 1387 cm-1 bending mode 

of vibration of CH3 group and the C=O functional group appeared at 1677 cm-1. The 

value of λmax 484 (ε = 10812.94) nm. The above discussion confirmed the synthesis of 

M-3 as a reactive orange MCT dye. 

5.7.4: 3-(4-Acetylphenyl) diazinyl-7-{4-(bis-2-hydroxy ethyl) amino-6-chloro-1, 3, 

5-triazine}amino-4-hydroxy-2-naphthalene sulfonic acid. (M-4) 

 

 

                                                            Figure: 5.4 

Dye M-4 has MW, 602, this compound M-4 is a para derivative of M-3. Same as (M-

3) the loss of [M-H]- at m/z 601 was observed. The C-N bond (adjacent to 

acetophenone) is observed m/z 481.  

In naphthalene all protons appeared as a singlet, H-1 at 7.72 ppm, H-6 at 7.67 ppm, H-7 

at 7.36 ppm and H-9 at 7.20 ppm. The basic reactive group of MCT dyes was 



 

 
 

chlorotriazine ring, attached with diethanol amine showed triplet at 3.74 for 4H, of H-

1′′′ and also other triplet at 3.12 for 4H of H-2′′′. The protons of p-amino acetophenone 

ring, H-2′′/3′′/5′′/6′′ appeared separately, at 8.15 doublet of two protons of H-2′′ and H-

6′′ and other doublet at 7.91 of H-3′′ and H-5′′. A methyl group of acetophenone 

showed downfield at 2.57 ppm. 

This compound was para derivative of previous one, 3672 cm-1 of O-H and N-H bands 

of vibration appear separately at 3385 cm-1 and 2926 cm-1 absorption indicated 

presence of the aromatic ring C-H bond. Azo group appeared at 1724 cm-1 due to C=N 

band and 1564 cm-1 N=N absorption bands. The chloride group of triazine ring specify 

by the vibration at 762 cm-1 show also low intensity. At 1048 cm-1 of S=O and 844 can 

be assigned to the Si-O group. 1391 cm-1 was the bending mode of CH3 group and at 

1672 cm-1a vibration mode of C=O group. The value of λmax 488 (ε = 26729.27) nm. 

The spectroscopic tools confirmed the synthesis of M-4 as areactive orange MCT dye. 

 

5.7.5:3-(4-Methyl phenyl) diazenyl-7-{4-(3-sulfoanilino)-6-chloro-1, 3, 5-triazine}-

amino-4-hydroxy-2-naphthalene sulfonic acid. (M-5) 

 

 

Figure: 5.5 



 

 
 

Dye M-5 has MW, 642, the loss of [M-H]-, the signal corresponding to m/z 641 was 

observed. In addition to the molecular ion peak, was observed at m/z 676 (chloride 

adduct peak). The m/z 520 [M-120] where it is suggested that they was produced by 

cleavage at C-N bond adjacent to the diazo linkage (m/z of 4-methyl phenyl diazine 

group is 120).  

Naphthalene protons appeared on ppm scale, as a singlet, of H-1 7.75, H-6 at 7.70, H-7 

at 7.54 and H-9 at 7.46 ppm. The reactive group was chlorotriazine, with attached 

moiety m-amino sulphonic acid showed doublet of H-4′′′ at 8.06 ppm and the H-5′′′ as a 

multiplet at 7.39 ppm. The other doublet of H-6′′′ appeared in 6.99 and singlet at 7.18 

of H-2′′′. The proton of p-toluene ring, H-2′′/3′′/5′′/6′′ appeared as separately, at 7.89 

doublet of two protons H-2′′ and H-6′′ and 7.82 ppm doublet of two protons, H-5′′ and 

H-6′′. Methyl group appeared in downfield at 2.58 ppm. 

The dye M-5, at 3432 cm-1 of O-H or N-H bands, while 2956 cm-1 absorption bands of 

aromatic C-H but showed extremely low intensity. Azo group present in this dye 

appeared at the 1661 cm-1 due to C=N band and 1572 cm-1 N=N absorption bands. The 

chloride group of the triazine ring at 797 cm-1 shows the normal intensity but high 

range.  

When the inorganic group also present it showed that 1045 cm-1 of S=O and 822 cm-1 

of S-O bands. CH3 group showed 1388 cm-1 bending mode of vibration. The value of 

λmax 497 (ε = 11379.03) nm. The confirmation of the synthesis of M-5 was reactive 

orange MCT dye. 

 



 

 
 

5.7.6: 3-(3-Methyl phenyl) diazinyl-7-{(4-(3-sulfoanilino)-6-chloro-1, 3, 5-triazine} 

amino} 4-hydroxy-2-naphthalene sulfonic acid. (M-6) 

 

 

 

Figure: 5.6 

Dye M-6 has MW 642, this compound M-6 is a meta derivative of M-5. The loss of 

[M-H]-, the signal corresponding to m/z 641 was observed. In addition to the molecular 

ion peak, was observed at m/z 676 (chloride adduct peak). The m/z 521 [M-120] it is 

suggested that produced by cleavage at C-N bond adjacent to the diazo linkage (m/z of 

3-methyl phenyl diazine group is 120).  

In napthalene, H-1 at 7.81 ppm, H-6 at 7.74 ppm, H-7 at 7.57 ppm and H-9 at 7.47 ppm 

appeared as a singlet. m-amino sulphonic acid showed at 7.10 ppm doublet of H-4′′′ and 

multiplet appeared on H-5′′′ at 7.35 ppm. A doublet of H-6′′′ at 6.82 ppm and singlet of 

H-2′′′ appeared at 7.16 ppm. The protons of m-toluene ring, H-2′′/4′′/5′′/6′′ appeared 

separately, at 8.06 ppm as a doublet of two protons of H-4′′ and H-6′′ and other doublet 

of H-5′′ at 7.94. Singlet appeared at 7.40 ppm on H-2′′. Methyl group appeared in 

downfield at 3.34 ppm. 

This compound was para derivative of the previous one, where 3420 cm-1 vibration 

band of O-H or N-H bonds. At 2956 cm-1 absorption appeared of aromatic C-H bond, 

but showed extremely low intensity. Azo group present in this dye solved by the 1660 



 

 
 

cm-1 due to C=N and 1559 cm-1 N=N absorption. The chloride group of the triazine 

ring at 794 cm-1 shows the normal intensity but high range. When the inorganic group 

also present at 1045 cm-1 of S=O and 844 cm-1 of S-O bands. CH3 group showed 1388 

cm-1 bending vibration same as previous one compound. The value of λmax 491 (ε = 

17538.28) nm. Confirmed by the spectroscopic methods, for the synthesis of M-6 as a 

reactive orange MCT dye. 

5.7.7: 3-(4-Nitrophenyl) diazinyl-7-{(4-(bis-2-hydroxy ethyl amino]-6-chloro-1, 3, 

5-triazine} amino-4-hydroxy-2-naphthalene sulfonic acid. (M-7) 

 

 

 

Figure: 5.7 

Dye M-7 has MW 642, the loss of [M-H]- the signal corresponding to m/z 641 was 

observed. The m/z at 543 [M + Cl- + H2O - 151], first added chlorine and water, then 

cleavage of C-N bond of the diazo group (m/z of 4-nitro phenyl diazine group is 151).  

In napthalene ppm value of  H-1 at 7.70, H-6 at 7.63, H-7 at 7.50 and H-9 at 7.22. 

Diethanol amine showed triplet at 3.74 for 4H, of  H-1′′′ and also showed other triplet 

at 3.12 for 4H of H-2′′′. The protons of p-nitro aniline ring, H-2′′/3′′/5′′/6′′ appeared 

separately, at 8.15 doublet of two protons H-2′′ and H-6′′ and other doublet at 7.90 also 

showed two protons, H-3′′ and H-5′′  



 

 
 

The dye M-7, 3342 cm-1 showed O-H or N-H groups and 2928 cm-1 absorption of 

aromatic C-H bond. Conformation of azo group at 1732 cm-1 due to C=N band and 

1500 cm-1 In this region appear two vibrational modes, the one belonging to 1550 cm-1 

N=N absorption bands and other represented by nitro group at 1504 cm-1. The chloride 

group of triazine ring defines by the band 797 cm-1 shows low intensity. When 

inorganic groups also present it showed that 1065 cm-1 of S=O and 847 cm-1 of S-O 

bands. The value of  λmax 498 (ε = 11525.91) nm. Confirmation  the synthesis of M-7 as 

a reactive orange dye. 

5.7.8: 3-(2-Phenyl) diazinyl-5-{(4-morpholinyl)-6-chloro-1, 3, 5-triazine} amino-4-

hydroxy-2, 7-naphthalene disulfonic acid. (M-8) 

 

 

Figure: 5.8 

Dye M-8 has MW 622, the loss of [M-H]- the signal corresponding to m/z at 621 was 

observed. The adduct m/z 516 [M-1H - 105], where it is suggested that they was 

produced by cleavage at C-N bond adjacent to the diazo linkage with H-acid (m/z of 

benzene group is 105). Matrix peak m/z 810 (HCCA, m/z 189) was present.  



 

 
 

H-1 at 7.50 ppm, H-7 at 7.47 ppm and H-9 at 7.43 ppm appeared as a singlet, in 

napthalene group. The protons of morpheline, showed doublet at 3.82 for 4H, of H-3′′′ 

and H-5′′′ and also showed other doublet at 3.18 ppm for 4H of H-2′′′ and H-6′′′. The 

protons of aniline, H-2′′/3′′/4′′/5′′/6′′ appeared separately, at 7.32 doublet of two protons 

of H-2′′ and H-6′′ and observed at 7.18 doublet of doublet, of H-3′′ and H-5′′ The other 

doublet of H-4′′ appeared at 7.08 ppm. 

The most relevant band is found at 3659 cm-1 may be assigned to the vibration of O-H 

(this vibration showed free H-bonding of OH group) in M-8 and separately appeared N-

H bonds at 3434 cm-1. At 2915 cm-1 absorption of C-H bond of aromatic ring. Azo 

group present in this dye conformed by the 1726 cm-1 due to C=N band and 1540 cm-1 

of N=N absorption. The chloride group of triazine ring definite by 754 cm-1. When the 

inorganic group also present it showed that 1045 cm-1 of S=O and 868 cm-1 of S-O 

bands. At 1217 cm-1 the cyclic ether linkage of C-O was appeared. The value of λmax 

538 (ε = 49262.89) nm. The foregoing assignments confirmed the synthesis of M-8 as a 

reactive red dye. 

5.7.9: 3-(3-Acetylphenyl) diazinyl-5-{(4-(bis-2-hydroxy ethyl amino)-6-chloro-1, 3, 

5-triazine} amino-4-hydroxy-2, 7-naphthalene disulfonic acid. (M-9) 

 

 

Figure: 5.9 



 

 
 

Dye M-9 has MW 682, the loss of [M-H]-, the signal corresponding to m/z 681 was 

observed. The ion m/z 533 [M-1H - 148], produced by cleavage at C-N bond adjacent 

to the diazo linkage (m/z of diazonium acetophenone group is 148).  

In napthalene all protons appeared as a singlet, H-1 showed 7.78 ppm, H-7 at 7.73 ppm 

and H-9 at 7.41 ppm. The basic reactive group in MCT dyes was chlorotriazine group, 

link moiety diethanol amine showed triplet at 3.76 for 4H, of  H-1′′′ and other triplet at 

3.13 for 4H of H-2′′′. The protons of m-amino acetophenone ring, H-2′′/4′′/5′′/6′′, 

appeared separately, at 8.09 doublet of two protons of H-4′′ and H-6′′ and multiplet of 

H-5′′ appeared at 7.32 ppm. Singlet of H-2′′ at 7.91ppm. A methyl group of 

acetophenone showed downfield at 2.59 ppm. 

This same compound as a previous M-8, the most relevant band is found at 3687 cm-1 

may be assigned to the vibration of O-H and separately appeared at N-H 3397 cm-1. At 

2924 absorption bands of aromatic ring C-H. Azo group present in this dye conformed 

by the 1729 cm-1 due to C=N band and 1548 cm-1 N=N absorption. The chloride group 

of triazine ring at 794 cm-1. When inorganic groups at 1046 cm-1 of S=O and 1396 cm-1 

of S-O vibration. Bending mode of CH3, at 1390 cm-1 The value of λmax 513 (ε = 

30325.35) nm. The foregoing assignments confirmed the synthesis of M-9 as a reactive 

red dye. 

5.7.10: 3-(4-Acetyl phenyl) diazinyl-5-{(4-(bis-2-hydroxy ethyl amino)-6-chloro-1, 

3, 5-triazine} amino-4-hydroxy-2, 7-naphthalene disulfonic acid. (M-10)  

Dye M-10 has MW 682, the loss of [M-H]-, the signal corresponding to m/z 681 was 

observed. The m/z 533 [M-1H - 148], was observed, suggesting that they were 

produced by cleavage at C-N bond adjacent to the diazo linkage (m\z of diazonium 

acetophenone group is 148).  



 

 
 

 

 

Figure: 5.10 

In napthalene all protons appeared as a singlet, H-1 at 7.80 ppm, H-7 at 7.72 ppm and 

H-9 at 7.50 ppm. The reactive group was chlorotriazine ring, link moiety diethanol 

amine showed triplet at 3.74 of 4H, of H-1′′′. Also other triplet at 3.12 of 4H of H-2′′′. 

The protons of p-amino acetophenone ring, H-2′′/3′′/5′′/6′′, appeared separately, at 8.91 

doublet of two protons H-2′′ and H-6′′ and other doublet at 7.91 ppm also showed two 

protons, H-3′′ and H-5′′. A methyl group of acetophenone showed downfield at 2.57 

ppm. 

This compound similar to the previous ones, the only difference of substitution was 

para derivative of previous one, the peak 3673 cm-1 may be assigned to the vibration of 

O-H and separately appeared N-H bonds at 3448 cm-1. Where, 2927 cm-1 absorption 

bands of aromatic C-H. Azo group present in this dye conformed by the 1725 cm-1 due 

to C=N and 1587 cm-1 N=N absorption bands. The chloride group of the triazine ring 

specify by the 799 cm-1. When the inorganic group also present it showed that 1044 cm-

1 of S=O and S-O vibration at 838 cm-1 appeared in this dye. 1396 cm-1 was bending 

mode of CH3 group and 1672 cm-1 vibration mode of the C=O functional group. The 

value of λmax 520 (ε = 19152.85) nm. The foregoing assignments confirmed the 

synthesis of M-10 as a reactive red dye. 



 

 
 

Here we describe all the spectroscopic data information in tables. 

Table-5.1: MALDI spectral data of MCT dyes 

Code MW 

Pseudo 

molecular ion 

peak or MW) 

Monochlorotriazine reactive dyes 

M-1 628 627 

 
 

M-2 541 540 

 

 

M-3 602 601 

 

 

M-4 602 601 

 

 

M-5 642 641 

 

 



 

 
 

M-6 642 641 

 
 

 
 

M-7 604 603 

 
 

 
 

 

M-8 

 

622 621 

 

 
 

 

M-9 

 

682 681 

 
 

 

 

 

M-10 

 

 

682 

 

681 

 

 
 

 

 



 

 
 

Table 5.2: UV spectral data of dyes M-1-M-10. 

Code λ max ε max Monochlorotriazine reactive dyes 

M-1 490 13112.77 

 
 

M-2 489 77541.08 

 

 
 

M-3 484 10812.94 

 

 

 
 

M-4 488 26729.27 

 

 

 
 
 

M-5 497 11379.03 

 
 

 



 

 
 

M-6 491 17538.28 

 

 

 
 

M-7 498 

 

11525.91 

 

 

 

 
 

 

M-8 

 

538 49262.89 

 
 

 
 

 

M-9 

 

513 30325.35 

 

 

 
 

M-10 520 19152.85 

 
 

 

 



 

 
 

Table 5.3: IR spectral data of MCT dyes M-1-M-10. 

Code 
IR Data Values in 

cm-1 (functional groups) 
Monochlorotriazine reactive dyes 

M-1 

 

3691(OH), 3401 (NH), 2923 

(CH-Ar), 1724 (C=N), 1525 

(N=N), 1047 (S=O), 837 (Si-

O), 757 (C-Cl). 

 
 

M-2 

 

3418 (OH), 3418 (NH), 3056 

(CH-Ar), 1755 (C=N), 1566 

(N=N), 1230 (C-O), 1047 

(S=O), 838 (Si-O), 758 (C-Cl). 

 

 

 

M-3 

3407 (OH), 3407 (NH), 3056 

(CH-Ar), 1741 (C=N), 1677 

(C=O), 1568 (N=N), 1387 

(CH3 bending), 1051 (S=O), 

844 (Si-O), 764 (C-Cl). 

 

 

 

M-4 

 

3672 (OH), 3385 (NH), 2926 

(CH-Ar), 1724 (C=N), 1672 

(C=O), 1564 (N=N), 1391 

(CH3 bending), 1048 (S=O), 

844 (Si-O), 762 (C-Cl). 

 
 
 

 



 

 
 

M-5 

 

3432 (NH), 3432 (OH), 2956 

(CH-Ar), 1661 (C=N), 1572 

(N=N), 1388 (CH3 bending), 

1045 (S=O), 822 (S-O), 797 

(C-Cl) 

 
 
 
 

 

M-6 

 

3420 (NH), 3420 (OH), 2956 

(CH-Ar), 1660 (C=N), 1559 

(N=N), 1388 (CH3 bending), 

1045 (S=O), 844 (S-O), 794 

(C-Cl) 

 
 
 

 

M-7 

 

3342 (OH), 3342 (NH), 2928 

(CH-Ar), 1732 (C=N), 1550 

(N=N), 1504 (NO2), 1065 

(S=O), 847 (S-O), 797 (C-Cl) 

 

 
 
 

 

 

M-8 

 

 

3659 (OH), 3434 (NH), 2915 

(CH-Ar), 1726 (C=N), 1540 

(N=N), 1217 (C-O), 1045 

(S=O), 868 (S-O), 754 (C-Cl) 

 

 

 

       
 



 

 
 

M-9 

 

 

3687 (OH), 3397 (NH), 2924 

(CH-Ar), 1729 (C=N), 1680 

(C=O), 1548 (N=N), 1396 

(CH3 bending), 1217 (C-O), 

1046 (S=O), 794 (C-Cl) 

 

 
 
 

 

 

M-10 

 

 

 

3673 (OH), 3448 (NH), 2927 

(CH-Ar), 1725 (C=N), 1672 

(C=O), 1587 (N=N), 1396 

(CH3 bending), 1217 (C-O), 

1044 (S=O), 838 (Si-O), 799 

(C-Cl) 

 
 
 
 

 

 

 

Table-5.4: NMR spectral data of MCT dyes 

Code NMR Data Monochlorotriazine reactive dyes 

M-1 

7.93 (s, 1H, H-1), 7.78 (s, 1H, H-6), 

7.72 (s, 1H, H-7), 7.68 (s, 1H, H-9), 

7.61 (d, 3H, J= 7.5 Hz, H-4′′′/5′′′/6′′′), 

7.34 (d, 4H, J = 6.0, Hz, H-

2′′/3′′/5′′/6′′), 7.28 (s, 1H, H-2′′′), 7.16 

(m, 1H, H-4′′). 

 
 
 



 

 
 

M-2 

 

7.72 (d, 2H, 8.2 Hz, H-2′′/6′′), 7.55 (s, 

1H, H-1), 7.46 (s, 1H, H-6), 7.38 (s, 

1H, H-7), 7.34 (s, 1H, H-9), 7.18 (t, 

2H, J = 7.8 Hz, H-3′′/5′′), 7.12 (d, 1H, J 

= 7.5 Hz, H-4′′), 3.82 (d, 4H, J = 4.8 

Hz, H-3′′′/5′′′), 3.17 (d, 4H, J = 4.8 Hz, 

H-2′′′/6′′′). 

 

 

 

 

M-3 

 

8.09 (d, 2H, J = 7.8, Hz, H-4′′/6′′), 7.91 

(s, 1H, H-2′′), 7.82 (m, 1H, H-5′′), 7.75 

(s, 1H, H-1), 7.56 (s, 1H, H-6), 7.54 (s, 

1H, H-7), 7.50 (s, 1H, H-9), 3.87 (t, 

4H, J = 5.4 Hz, H-1′′′), 3.65 (t, 4H, J= 

5.4 Hz, H-2′′′), 3.33 (s, 3H, CH3). 

 

 

 

 

M-4 

 

8.15 (d, 2H, J = 8.0, Hz, H-2′′/6′′), 7.91 

(d, 2H, J = 8.0, Hz, H-3′′/5′′), 7.72 (s, 

1H, H-1), 7.67 (s, 1H, H-6), 7.36 (s, 

1H, H-7), 7.20 (s, 1H, H-9), 3.74 (t, 

4H, J = 5.1 Hz, H-1′′′), 3.12 (t, 4H, J = 

5.1 Hz, H-2′′′), 2.57 (s, 3H, CH3). 

 
 
 
 
 

 



 

 
 

M-5 

 

8.06 (d, 1H, J = 8.1 Hz, H-4′′′), 7.89 (d, 

2H, J = 8.1, Hz, H-2′′/6′′), 7.82 (d, 2H, 

J = 8.4, Hz, H-3′′/5′′), 7.75 (s, 1H, H-1), 

7.70 (s, 1H, H-6), 7.54 (s, 1H, H-7), 

7.46 (s, 1H, H-9), 7.39 (m, 1H, H-5′′′), 

7.18 (s, 1H, H-2′′′), 6.99 (d, 1H, J = 7.8, 

Hz, H-6′′′), 2.58 (s, 3H, CH3). 

 
 
 
 
 

 

M-6 

 

8.06 (d, 2H, J = 8.7 Hz, H-4′′/6′′), 7.94 

(d, 1H, J = 8.7 Hz, H-5′′), 7.81 (s, 1H, 

H-1), 7.74 (s, 1H, H-6), 7.57 (s, 1H, H-

7), 7.47 (s, 1H, H-9), 7.40 (s, 1H, H-

2′′), 7.35 (m, 1H, H-5′′′), 7.16 (s, 1H, 

H-2′′′), 7.10 (d, 1H, J = 8.4, Hz, H-4′′′), 

6.82 (d, 1H, J = 7.9, Hz, H-6′′′), 3.34 (s, 

3H, CH3). 

 
 
 
 
 
 
 

 

M-7 

 

8.15 (d, 2H, J = 8.0, Hz, H-2′′/6′′), 7.90 

(d, 2H, J = 8.5, Hz, H-3′′/5′′), 7.70 (s, 

1H, H-1), 7.63 (s, 1H, H-6), 7.50 (s, 

1H, H-7), 7.22 (s, 1H, H-9), 3.74 (t, 

4H, J= 5.1 Hz, H-1′′′), 3.12 (t, 4H, J = 

5.1 Hz, H-2′′′). 

 
 
 
 

 



 

 
 

M-8 

 

 

7.50 (s, 1H, H-1), 7.47 (s, 1H, H-7), 

7.43 (s, 1H, H-9), 7.32 (d, 2H, J = 7.5 

Hz, H-2′′/6′′), 7.18 (dd, 2H, J =  7.5, 3.6 

Hz, H-3′′/5′′), 7.08 (m, 1H, H-4′′), 3.82 

(d, 4H, J = 4.5 Hz, H-3′′′/5′′′), 3.18 (d, 

4H, J = 4.8 Hz, H-2′′′/6′′′). 

 
 
   

 

 

M-9 

 

 

8.09 (d, 2H, J = 8.4, Hz, H-4′′/6′′), 7.91 

(s, 1H, H-2′′), 7.78 (s, 1H, H-1), 7.73 

(s, 1H, H-7), 7.70 (m, 1H, H-5′′), 7.41 

(s, 1H, H-9), 3.76 (t, 4H, J = 5.1 Hz, H-

1′′′), 3.13 (t, 4H, J = 5.1 Hz, H-2′′′), 

2.59 (s, 3H, CH3). 

 
 
 
 

 

 

 

M-10 

 

 

 

8.91 (d, 2H, J = 8.0, Hz, H-2′′/6′′),  7.91 

(d, 2H, J = 8.5, Hz, H-3′′/5′′), 7.80 (s, 

1H, H-1),7.72 (s, 1H, H-7), 7.50 (s, 1H, 

H-9), 3.74 (t, 4H, J = 5.1 Hz, H-1′′′), 

3.12 (t, 4H, J = 5.1 Hz, H-2′′′), 2.57 (s, 

3H, CH3). 
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6.0: Application of MCT dyes 

This chapter describes the materials, experimental set up, operational procedures and 

analytical methods used in this research work. Introduced new chromogens in MCT 

dyes and observe the effect of different shades and the fastness properties like wash 

fastness (in alkaline and acidic condition), color fastness, light fastness and crock 

fastness (rubbing test) and also observed the depth of the shade with the help of data 

color software (CCMS). In this work also introduced the new direction of dye 

chemistry to biological point of view, include the results of Anticancer and Urease 

inhibition activity.  

6.1: Materials 

Materials used in this study include fabric, chemicals, dyes and laboratory equipment. 

[89] 

6.1.1: Fabric  

Cotton fabric having grams per square meter (GSM) weight in, 5 grams were used. The 

fabric was mainly single construction. However, trial runs were also carried out using 

Pique and interlock construction fabrics and open width fabric.  

6.1.2: Chemicals  

Sodium chloride (NaCl) was used as exhaustion and fixation agents. Sodium carbonate 

Na2CO3 (known as washing soda or soda ash or soda crystals) was used either alone or 

in combination with sodium hydroxide. 

6.1.3: Dyes  

Dyestuff of reactive dyes was used in laboratory scale. However, reactive dyes were 

used because of their common application in cotton dyeing due to the advantages, such 

as easy use, color brightness, and all round fastness.  



 

 
 

6.2: Equipment and Instruments  

A variety of equipment and different instruments, including dyeing machine, 

UV/Visible spectrophotometer was used to accomplish experimentation and laboratory 

analysis. [90] 

6.2.1: Dyeing machine  

A laboratory scale rotary dyeing machine from Microtex, Pakistan, was used for dyeing 

fabric samples. The machine was capable to eight fabric samples at a time. The weight 

of each sample was 5 grams and a liquor ratio of 1:20 was used for dyeing these 

samples.  

6.2.2: UV/Visible spectrophotometer  

The ultraviolet-visible spectrophotometer is an instrument commonly used to analyse 

the compounds using in the ultraviolet region, used Hitachi UV-3200 with a computer 

Win Lab software version. [91] 

6.3: Experimental setup at laboratory-scale  

Synthesize dyes used in laboratory scale. A laboratory-scale experimental assembly 

was used to treat the cotton fabric. The main objective of the laboratory scale 

experiment was to better understand the dyeing behaviour of these MCT reactive dyes.  

Salt, alkali, and other chemicals were also used as per their guidelines reported in 

literature. [92] After the completion of dyeing and washing-off process in dyeing 

machine, fabric was unloaded from the machine and placed in a tumbler to extract the 

excess water. The fabric then dried in 70°C, dryer for 60 minutes. Dyed fabric kept at 

room temperature for 24 hours. After the drying step, fabric, piece was cut from the the 

dyed fabric for testing the quality of dyeing in the terms of shade color fastness, 

washing, rubbing, and color evenness.  



 

 
 

                

Working Lab 

 
A laboratory scale rotary dyeing machine from Microtex, Pakistan, was used for dyeing 

fabric samples. 

                          
 Controling part of Microtex                                     Inner part of Microtex 

 

 



 

 
 

6.5: Dyeing procedures 

Cotton fabric (5 g) was dyed in a machine using 2% conc. of sample for dying. Dye 

solutions were prepared by grinding and then adding warm water (100 ml) and stirring 

the solutions with rod while they set in an ultrasonic machine. Then, NaCl (4 g, 

granular) and Na2CO3 (2 g, powder) were added to the dye-vessel and the temperature 

of dyeing machine was raised to 80°C (start to 40°C and held for 60 min). The dye-

vessel was held at 30 min in dyeing machine. The dyed fabrics were rinsed in cold 

water and scoured with 2 g/l detergent for 10 min, then rinsed again in cold water and 

dried. After completion of this process different result was obtained by different 

technique and methods. [93] 

6.5.1: Color matching functions 

The CIE system characterizes colors by a luminance parameters X, Y, Z and two color 

coordinates x and y which specify the point on the chromaticity. The colorimetric data 

for the dyed fabrics after dyeing of M-1 to M-10 dyes. The fabric samples all had a 

very dark shade (small L* value), making exhaust dyeing, suitable for these reactive 

dyes. Dyebath exhaustion of the dyes, and dyebath to fabric samples was good and 

large amounts of dye were fixed to the fabric. [94] 

Solutions of reactive dyes, under alkaline (table: 6.1) and acid conditions (table: 6.2) 

directly apply to the fabric. The monochlorotriazine reactive group required higher 

temperature for fixation. L*, a*, b* values of dyed cotton fabrics were calculated and 

the data are reported in table 6.1, 6.2 and washing off process in table 6.3. 

 L* = Luminance  

a* = ranges from green to red  

b* = ranges from blue to yellow 

 

http://en.wikipedia.org/wiki/CIE_XYZ_color_space#Color_matching_functions


 

 
 

Table 6.1: MCT dyes under alkaline condition. 

Dyes L* a* b* K/S 

Fixation 

values in % 

M-1 66.86 47.17 44.70 5.90 97 

M-2 66.32 42.53 35.21 3.75 94 

M-3 72.65 33.01 33.71 1.60 70 

M-4 64.12 38.59 23.57 2.80 97 

M-5 68.95 39.54 30.18 2.80 87 

M-6 68.18 42.18 24.56 2.30 82 

M-7 66.57 20.80 9.74 1.24 85 

M-8 62.85 40.47 -7.66 1.79 92 

M-9 68.36 30.45 -5.74 0.90 75 

M-10 58.32 35.32 -9.87 1.95 85 

 

 

Table 6.2: MCT dyes, under acidic condition. 

Dyes L* a* b* K/S 

Fixation 

values in % 

M-1 66.77 46.18 43.65 5.80 95 

M-2 67.58 40.89 34.50 3.10 77 

M-3 72.38 32.61 33.26 2.00 70 

M-4 63.28 37.70 22.63 2.80 97 

M-5 68.54 41.93 32.12 3.00 94 

M-6 68.04 41.73 23.70 1.20 79 



 

 
 

M-7 68.12 24.75 14.64 1.30 90 

M-8 62.66 42.23 -7.61 1.79 90 

M-9 66.64 30.43 -5.23 1.20 100 

M-10 59.33 35.97 -8.75 1.90 83 

 

6.5.2: Wash off process 

The dyed fabrics were rinsed in cold water and scoured with 2 g/l AATCC detergent at 

80 to 90 °C for 15 min, then rinsed again in cold water and dried. This process is 

important to achieve the highest wet fastness. The unfixed dyes were removed. The 

dyed fabric gave some color in the first rinse in cold water and less color in the 

scouring process. After the second rinse with cold water suggests that the unfixed dyes 

were easily removed from the fiber surface. [95] 

 

Table 6.3: MCT dyes, after wash off process 

 L* a* b* K/S 

Fixation 

values in % 

M-1 64.97 41.61 39.01 5.00 82 

M-2 69.03 37.38 32.75 2.90 72 

M-3 70.40 24.15 24.75 1.60 56 

M-4 65.24 36.16 21.00 2.20 88 

M-5 70.08 36.86 27.87 2.20 69 

M-6 69.76 38.54 21.25 1.90 68 

M-7 65.90 13.96 2.64 1.00 69 

M-8 62.69 36.41 -5.04 1.59 81 



 

 
 

M-9 73.20 24.50 -2.49 0.60 50 

M-10 62.96 30.97 -9.57 1.30 57 

 

6.6: K/S values 

K/S and λ max values for dyes M-1 to M-10 are shown in table 6.4. In studies, the K/S 

of monochlorotriazinyl reactive dyes based on chromogenic groups because these 

groups decide the shade of colors. Dyes M-1 exhibited excellent K/S was 96 and M-3 

has lower K/S value was 70, both dyes contain a J-acid counterpart. K/S value was 

mention that the different chromogens gave different shades on the fabrics as shown in 

Figure 6.4.  

The color of fabrics of J-acid group was deeper orange and H-acid group appeared as a 

pink reddish colour of different shades.  

 

Table 6.4: Shades and K/S values of monochlorotriazinyl reactive dyes  

Dyes 

Shades of MCT dyes on 

cotton fabricsa 

Color λ max K/S 

M-1 

 

C.I. Reactive Orange 490 96 

M-2 

 

C.I. Reactive Orange 489 93 



 

 
 

M-3 

 

C.I. Reactive Orange 484 70 

M-4 

 

C.I. Reactive Orange 488 96 

M-5 

 

C.I. Reactive Orange 497 87 

M-6 

 

C.I. Reactive Orange 491 82 

M-7 

 

C.I. Reactive Orange 498 84 

M-8 

 

C.I. Reactive Red 538 90 

M-9 

 

C.I. Reactive Red 513 75 

M-10 

 

C.I. Reactive Red 520 85 



 

 
 

6.7: Fastness test and properties 

Observe the effect of different shades and the fastness properties like wash fastness 

color fastness, light fastness and crock fastness (rubbing test) in these instruments. 

                                 

 

                               

 



 

 
 

6.8: Wash fastness test 

The wash fastness of dyed fabrics was evaluated using test method 61-2001, test No. 

2A. The dyed fabrics employed were 2.0x6.0 in cotton samples. The resulting fabrics 

were evaluated spectrophotometrically for color change and staining of attached multi 

fiber fabrics using evaluation procedure. The rating system used was 1 (poor) to 2 

(excellent). [96] 

6.8.1: Wash fastness studies 

The result of wash fastness studies is shown in table 6.5 used the multi fiber fabric, 

where it can be seen that dyed fabric had moderate to good wash fastness. The 

synthesized monochlorotriazinyl reactive dyes gave better wash fastness on cotton 

fabric. Most of the observed staining was on cotton and there was little staining of wool 

and nylon fabric.  

 

Table 6.5: Shades, under alkaline condition apply on multi-fabric. 

Dye Cellulose 

acetate 

Cotton Nylon Polyester Acrylic Wool 

 4/5 2-3 3.0 3-4 4.0 3.0 

 

M-1 

 

 

 

 

 



 

 
 

Dye Cellulose 

acetate 

Cotton Nylon Polyester Acrylic Wool 

 4/5 2.0 3.0 3-4 4.0 3.0 

 

M-2 

 

 

 

Dye Cellulose 

acetate 

Cotton Nylon Polyester Acrylic Wool 

 4/5 2.0 3.0 4.0 4/5 3.0 

 

M-3 

 

 

 

Dye Cellulose 

acetate 

Cotton Nylon Polyester Acrylic Wool 

 4/5 2.0 2-3 4/5 4/5 3-4 

 

M-4 

 

 



 

 
 

Dye Cellulose 

acetate 

Cotton Nylon Polyester Acrylic Wool 

 4/5 3.0 3-4 4.0 4-5 4-5 

 

M-5 

 

 

 

Dye Cellulose 

acetate 

Cotton Nylon Polyester Acrylic Wool 

 4-5 2.0 2-3 3.0 4.0 3-4 

 

M-6 

 

 

 

Dye Cellulose 

acetate 

Cotton Nylon Polyester Acrylic Wool 

 4-5 3-4 4.0 4/5 4/5 4/5 

 

M-7 

 

 



 

 
 

Dye Cellulose 

acetate 

Cotton Nylon Polyester Acrylic Wool 

 4/5 1.0 2.0 4/5 4/5 4.0 

 

M-8 

 

 

 

Dye Cellulose 

acetate 

Cotton Nylon Polyester Acrylic Wool 

 4/5 2.0 3.0 4/0 4/5 3.0 

 

M-9 

 

 

 

Dye Cellulose 

acetate 

Cotton Nylon Polyester Acrylic Wool 

 4-5 1.0 2-3 4.0 4-5 4.0 

 

M-10 

 



 

 
 

6.9: Light fastness Test 

The light fastness of the dyed fabrics was evaluated according to the conditions of the 

AATCC test method 16-1998 option E using the conditions shown. [97-99] The fabrics 

employed were 7.0x12.0 cm samples, and were exposed for 20 h. The resulting fabrics 

were evaluated for color change using the data color spectrophotometer and the rating 

system used to be 1 (poor) to 4 (excellent). [97] 

6.9.1: Light fastness Studies 

Complete results of light fastness studies are shown in table 6.6. Dyed cotton fabrics 

had exposed to light for 20 hours, light fastness ratings is 1-4. Dye penetration in cotton 

fabric and fixation might be the reason for such good color fastness to light. This 

suggests that the dyes M-1 to M-10 form covalent bonds at or near the fiber surface 

with more penetration. In studies, the light fastness properties of monochlorotriazinyl 

reactive dyes based on chromogenic groups. Dyes M-8 exhibited better colorfastness to 

light (4.0) and M-10 poor colorfastness to light (1.0) in overall result; both dyes contain 

an H-acid counterpart.  

Table 6.6: Light fastness Studies apply on cotton fabric 

Dye L* a* b* % Fixation Color Change rating 

M-1 65.91 42.60 41.90 85 3.0 

 Light Exposed Area Light Unexposed Area 

 

 

 

 



 

 
 

Dye L* a* b* % Fixation Color Change rating 

M-2 67.01 36.78 34.47 77 3.0 

 Light Exposed Area Light Unexposed Area 

 

 

 

 

Dye L* a* b* % Fixation Color Change rating 

M-3 71.26 25.86 29.52 63 1-2 

 Light Exposed Area Light Unexposed Area 

 

 

 

 

Dye L* a* b* % Fixation Color Change rating 

M-4 68.28 33.49 22.66 65 2-3 

 Light Exposed Area Light Unexposed Area 

 

 

 



 

 
 

Dye L* a* b* % Fixation Color Change rating 

M-5 70.05 37.97 30.90 78 3.0 

 Light Exposed Area Light Unexposed Area 

 

 

 

 

Dye L* a* b* % Fixation Color Change rating 

M-6 66.69 37.51 22.92 78 3.0 

 Light Exposed Area Light Unexposed Area 

 

 

 

 

Dye L* a* b* % Fixation Color Change rating 

M-7 58.10 35.12 -8.98 87 3-4 

 Light Exposed Area Light Unexposed Area 

 

 

 



 

 
 

Dye L* a* b* % Fixation Color Change rating 

M-8 62.72 39.73 -7.46 89 4.0 

 Light Exposed Area Light Unexposed Area 

 

 

 

 

Dye L* a* b* % Fixation Color Change rating 

M-9 68.63 27.00 -4.02 66 2-3 

 Light Exposed Area Light Unexposed Area 

 

 

 

 

Dye L* a* b* % Fixation Color Change rating 

M-10 74.63 13.99 9.91 41 1.0 

 Light Exposed Area Light Unexposed Area 

 

 

 



 

 
 

6.10:Crock fastness studies  

The result of crock fastness studies is shown in table 6.7. In the dry crock fastness test, 

M-4, M-5, M-6 to M-10 had higher crock fastness values than other remaing dyes. The 

results were obtained in wet crock fastness test almost same rating in all dyes. The dyes 

have a good crock fastness rating in the dry test, but in the wet test the crock fastness 

ratings were lower because the staining was hydrolysed on the fiber surface. The 

hydrolysed dyes attach to the cutting surface by physical adsorption. [98] 

The stains appeared in table: 6.7 were very dim shades because the rubbing test was 

very good in both dry and wet conditions. 

 

Table 6.7: Crock fastness test of MCT dyes. 

Dye Dry Wet 

M-1 

  

 4/5 3-4 

 

 

Dye Dry Wet 

M-2 

  

 4.0 3-4 

 

 



 

 
 

Dye Dry Wet 

M-3 

  

 4/5 4.0 

 

 

Dye Dry Wet 

M-4 

  

 5.0 4.0 

 

 

Dye Dry Wet 

M-5 

  

 5.0 4.0 

 

 

Dye Dry Wet 

M-6 

  

 5.0 4.0 



 

 
 

Dye Dry Wet 

M-7 

  

 4/5 4.0 

 

 

Dye Dry Wet 

M-8 

  

 4/5 3-4 

 

 

Dye Dry Wet 

M-9 

  

 4/5 4.0 

 

 

Dye Dry Wet 

M-10 

  

 5.0 4.0 

 



 

 
 

6.11: In Vitro Anticancer Screening 

The anti-cancer activities of monochlorotriazine reactive dyes (M-1 to M-10) were 

conducted using NCI-H460 according to the protocol followed by National Cancer 

Institure, Fredrick, MA, USA (Skehan et al, 1990).  

The human large cell lung cancer line (NCI-H460) used in this assay. The standard 

drug used in this screening is doxorubicin (trade name Adriamycin; also known 

ashydroxydaunorubicin) is a drug used in cancer chemotherapy. [99] 

 

 

Doxorubicin 

The stock solutions of monochlorotriazine dyes (100 mM) were prepared in sterile 

DMSO (100%). Dilutions were prepared in RPMI-1640 containing gentamycin (50 

µg/mL) and evaluated in triplicates. The trypsinized cells (7500 cells/well/100 µL) 

were seeded in 96-well plates and incubated for 24 h in CO2 incubator at 37ºC to form 

monolayer. After 24 h, 250 µg/mL of monochlorotriazine dye were added (100 

µL/well) and incubated for 48 h. The control (cells with culture medium only) and 

drug/extract blanks (drug/extract dilutions without cells) were also prepared. 

The NCI-H460 monolayer for time zero-1 (Tz1 plate) and time zero-2 (Tz2 plate) were 

fixed with cold TCA (50% w/v, 50 µL/well) before the start and at the end of the 

experiment, respectively. These were left at room temperature (30 min) followed by 

http://en.wikipedia.org/wiki/Pharmaceutical
http://en.wikipedia.org/wiki/Chemotherapy


 

 
 

washing with distilled water (3x) and left overnight for drying. Likewise, after 48 h of 

treatment all the experimental plates were fixed. [100] 

All the plates were stained with sulforhodamine-B solution (100 µL, 0.4% wt/vol in 1% 

acetic acid) for 10 min. The un-bound stain was removed by washing (5x) with acetic 

acid (1%) and air-dried at room temperature. The protein bound stain was solubilised in 

tris base solution (pH 10.2, 100 µL/well, and 10 mM) by shaking (5 min) on a plate 

shaker. The absorbance for each well was recorded at 545 nm using a micro-plate 

reader. All the experiments were repeated three times. 

The absorbance values of the test agents were calculated by subtracting the absorbance 

values of appropriate blanks from control and treated cells. If the absorbance value of 

the treated cells was greater than Tz plates, the percent growth was calculated as: 

Cell growth (%) = [(T-Tz)/(C-Tz)] x 100 

C was control, Tz and T = absorbance before and after the addition of test agents, 

respectively. Tz was calculated as the mean of Tz1 and Tz2. However, if the absorbance 

value is less than the absorbance of Tz plates, the percent growth was calculated by 

following formula: 

Cell growth (%) = [(T-Tz)/Tz] x 100 

Ten compounds (M-1 to M-10) were tested for in vitro anticancer drug screening by 

using NCI-H460 Cancer cell lines, the results of compound M-1 to M-10 are compiled 

in table-6.8. All the compound was found to be inactive against NCI-H460 Cancer cell 

line, but only compound M-2 mention as small activity. It is concluded that all the 

compounds were found to be inactive against NCI-H460 cancer cell line, but if these 

studies will carry over on other cell lines they might have potential to be potent against. 

 

 



 

 
 

 

Table 6.8: In Vitro Anticancer Screening of MCT Dyes 

Compound 
Growth inhibition 

(%) 

M 1 0.85 

M 2 58.12 

M 3 2.53 

M 4 3.71 

M 5 1.32 

M 6 -0.09 

M 7 3.48 

M 8 24.35 

M 9 7.21 

M 10 1.31 

Doxorubicin 

Standard 
IC50 = 0.3 µM 

Inhibitory concentration for 50% of cells = IC50 

6.12: Urease Inhibitory activity 

Urease (urea amidohydrolase EC 3.5.15) catalyses the hydrolysis of urea to ammonia 

and carbon dioxide [101]. Urease is an enzyme responsible for an organism to use urea 

as nitrogen source. In plant urease also act as defence protein in systemic nitrogen 

transport pathways. Ureas are known to be one of the major causes of pathologies 



 

 
 

induced by H pylori, this bacterium thus allows them to survive at low pH of the 

stomach and therefore, play a crucial role in the pathogenesis of gastric and peptic 

ulcer, apart from cancer as well. The urease is directly involved in the formation of 

infectious stones and contributes to the pathogenesis of urolithiasis, pyelone-phritis, 

ammonia and hepatic encephalopathy, hepatic coma and urinary catheter encrustation.  

In agriculture, by contrast, a hydrolysis of fertilizer urea by soil urease, if too rapid, 

results in unproductive volatilisation of nitrogen and may cause alkaline-induced plant 

damage or ammonia toxicity. Urease has also a role in the inactivation of complement, 

which is a component of the host defence mechanism [102]. Due to the diverse 

functions of this enzyme, its inhibition by potent and specific compounds could provide 

an invaluable addition for treatment of infections caused by urease-producing bacteria. 

[103] 

6.12.1: In vitro urease inhibition 

Ten monochlorotriazinyl reactive dyes M-1-M-10 were randomly subjected for in vitro 

urease inhibitory activity and compounds 3 and 8 showed a varying degree of activity 

with IC50 values 239.8±0.94 to 382.8±0.70µM, however, remaining compounds found 

to be moderately active. Compound 3, 3-(3-acetylphenyl) diazenyl-7-({4-(bis-2-

hydroxyethyl amino)-6-chloro-1,3,5-triazin}amino-4-hydroxy-2-naphthalene sulfonic 

acid was found to be the most active in this series with an IC50 value 239.8±0.94 μM, 

while standard thiourea has an IC50 value of 21 ± 0.11 μM.  

This compound may act as a lead compound for further research in the field of urease 

inhibition and mention the points that briefly work in this field gave the satisfactory 

results. Ten pure compounds M-1 to M-10 were tested for urease inhibitory activities, 

by the indophenol method and using a microplate reader (Molecular Device, USA). The 

results of urease inhibitory activity of compounds 1-10 are compiled in table 6.9. 



 

 
 

Table 6.9: Urease inhibitory activity of compounds M-1-M-10 

Compound Concentration 
Concentration 

% Inhibition 
IC50 

M 1 0.25 - 0.5  

M 2 0.25 22.9  

M 3 0.50 61.8 239.8±0.94 

M 4 0.25 43.3  

M 5 0.12 12.6  

M 6 0.25 20.5  

M 7 0.12 17.4  

M 8 0.50 61.7 382.8±0.70 

M 9 0.12 44.6  

M 10 0.25 27.9  

Standard 

(Thiourea) 
98%   

 

 

 

 

 

 

 

 

 



 

 
 

Chapter:7 

 

Present work-4: 
Experimental 

 

 

 

General Information 

Molecular Weight  

 % Yield of compounds  

Rf  values 

MALIDI (m/z)  

1H-NMR (MHz) 

IR (KBr) max  

UV (water) λmax  

CHN values 

 

 

 
 

 

 

 



 

 
 

7.0. General Information  

7.0.1: Chemicals  

Chemicals used as solvents and reagents in this study were obtained from Aldrich 

Chemical Company.  

7.0.2: Thin layer chromatography  

TLC was conducted using Merck kieselgel Si F254 pre-coated aluminium cards (0.2 mm 

thickness) with UV visualization. [104] 

7.0.3: Rotary evaporation 

Rotary used to evaporate the solvents and further drying of residual solvents under 

vacuum (< 0.01 mmHg) or by air suction through a filter funnel. [105] 

7.0.4: Structures elucidation  

The structures of dyes and their intermediates were evaluated by 1H-NMR, MALDI, 

UV and IR spectrometry.  

7.0.5: MALDI-TOF-Mass spectrometry 

Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-

TOF) used in this study, were obtained by linear negative mode analyses and HCCA (α 

cyano-4-hydroxy cinnamic acid) used as a matrix. [106] 

7.0.6: NMR  

Spectra scanned on Bruker 300 MHz using MeOD and DMSO. The chemical shifts 

were reported in ppm using tetramethylsilane (TMS) as the internal reference and 

reported in  (ppm) and coupling constants in Hz. [107] 

7.0.7: IR  

Spectra were measured on a JASCO A-302 spectrophotometer. [108] 



 

 
 

7.0.7: UV  

Spectra were observed in H2O on a UV spectrophotometer (Hitachi UV-3200). [109] 

7.1: Anticancer activity  

7.1.1: Human cancer cell lines 

The Human Cancer Cell lines, NCI-H460 (large cell carcinoma, lung) MCF-7 

(adenocarcinoma, breast) and SF-268 (Ana plastic Astrocytoma, CNS) were kindly 

provided by National Cancer Institute, Frederick, MD., USA in 2006 under a material 

transfer agreement. The cell lines were maintained in a humidified atmosphere with 5% 

CO2 at 37 0C in RPMI-1640 medium supplemented with amphotericin-B (2.5 µg/ml) 

heat inactivated fetal bovine serum (10%), glutamine (2 Mm), Penicillin (100 units/ml) 

and streptomycin (100 µg/ml). The cell monolayers were trypsinised for 3-6 with 

trypsin/EDTA (0.05%) to obtain a cell suspension. The cell concentration and viability 

were determined for each cell line using a haemocytometer. [110] 

7.2: Urease inhibition assay 

Reaction mixtures comprising 25μl of enzyme (Jack bean urease) solution and 55 μL of 

buffers containing 100 mM urea were incubated with 5 μL of test compounds (each 0.5 

mM) at 30 °C for 15 min. In 96-well plates. Urease activity was determined by 

measuring ammonia production using the indophenol method as described by weather 

burn. Briefly, 45 μL each of phenol reagent (1% w/v phenol and 0.005% w/v sodium 

nitroprussside) and 70 μL of alkali reagent (0.5% w/v NaOH and 0.1% active chloride 

NaOCl) were added to each well. The increasing absorbance at 630 nm was measured 

after 50 mins using a micro plate reader (Molecular Device, USA). All reactions were 

performed in triplicate in a final volume of 200 μL. The results (change in absorbance 

per min) were processed by using SoftMax Pro software (molecular Devices, USA). 



 

 
 

The entire assays were performed at pH 6.8. Percentage inhibitions were calculated 

from the formula 100-(Atestwell/Acontrol) ×100. Thiourea was used as a standard inhibitor 

of urease, where “A” is the absorbance of the “test well as well as the “control”. [111-

112] 

7.1: 3-(Phenyl) diazinyl-7-{4-(3-sulfoanilino)-6-chloro-1, 3, 5-triazine} amino-4-

hydroxy-2-naphthalene sulfonic acid. (M-1) 

 

 

 

 

 

 

 

MW = 628, C25H18ClN7O7S2 

Yield: 97 %  

Rf = 0.54 

MALDI (m/z): 627[M-H]-, 522[M- C-N=N-R], 816[M++ Cl- +HCCA].  

1H-NMR (300 MHz, D2O):  7.93 (s, 1H, H-1), 7.78 (s, 1H, H-6), 7.72 (s, 1H, H-7), 

7.68 (s, 1H, H-9), 7.61 (d, 3H, J4′′′/5′′′ = J6′′′/5′′′ = J5′′′/4′′′ = J5′′′/6′′′ = 7.5 Hz, H-4′′′/5′′′/6′′′), 

7.34 (d, 4H, J2′′/3′′ = J3′′/2′′ = J5′′/6′′ = J6′′/5′′ = 6.0, Hz, H-2′′/3′′/5′′/6′′), 7.28 (s, 1H, H-2′′′), 

7.16 (m, 1H, H-4′′). 

IR (KBr) max: 3691(OH), 3401(NH), 2923(CH-Ar), 1724(C=N), 1525(N=N), 1047 

(S=O), 837(Si-O), 757(C-Cl).cm-1 

UV (water): max 490 (ε =13112.77) nm 



 

 
 

Anal. calcd. for C25H18ClN7O7S2: C, 47.81; H, 2.89; Cl, 5.64; N, 15.61; O, 17.83. S, 

10.21. Found: C, 47.76; H, 2.85; Cl, 5.60; N, 15.58; O, 17.80. S, 10.20. 

7.2: 3-(Phenyl) diazinyl-7-{4-(morpholinyl)-6-chloro-1, 3, 5-triazine}-amino-4-

hydroxy-2-naphthalene sulfonic acid. (M-2) 

 

 

 

MW = 541, C23H20ClN7O5S. 

Yield: 97 %  

Rf = 0.38 

MALDI: (m/z): 540[M-H]-, 593[M+Cl-+H2O] 453[M-C-N=N-R+ H2O].  

1H-NMR (300 MHz, D2O): 7.72 (d, 2H, J2′′/3′′ = J6′′/5′′ = 8.2 Hz, H-2′′/6′′), 7.55 (s, 1H, H-

1), 7.46 (s, 1H, H-6), 7.38 (s, 1H, H-7), 7.34 (s, 1H, H-9), 7.18 (t, 2H, J5′′/4′′ = J5′′/6′′ = 

J3′′/2′′ = J3′′/4′′ = 7.8 Hz, H-3′′/5′′), 7.12 (d, 1H, J4′′/3′′ or J4′′/5′′ = 7.5 Hz, H-4′′), 3.82 (d, 4H, 

J3′′′/2′′′ = J5′′′/6′′′ = 4.8 Hz, H-3′′′/5′′′), 3.17 (d, 4H, J2′′′/3′′′ = J6′′′/5′′′ = 4.8 Hz, H-2′′′/6′′′). 

IR (KBr) max: 3418 (OH), 3418(NH), 3056(CH-Ar), 1755(C=N), 1566(N=N), 1230 

(C-O), 1047(S=O), 838(Si-O), 758(C-Cl). cm-1 

UV (water): max 489 (ε = 77541.08) nm 

Anal. calcd. For C23H20ClN7O5S.: C, 50.97; H, 3.72; Cl, 6.54; N, 18.09; O, 14.76. S, 

5.92. Found: C, 50.94; H, 3.69; Cl, 6.50; N, 18.01; O, 14.70. S, 5.88. 



 

 
 

7.3: 3-(3-Acetylphenyl) diazinyl-7-({4-(bis-2-hydroxyethyl amino)-6-chloro-1, 3, 5-

triazine}-amino-4-hydroxy-2-naphthalene sulfonic acid. (M-3) 

 

 

 

 

MW = 602, C25H24ClN7O7S. 

Yield: 98 %  

Rf = 0.40 

MALDI: (m/z): 601[M-H]-, 481(C-N bond adjacent to acetophenone). 

1H-NMR (300 MHz, D2O):  8.09 (d, 2H, J4′′/5′′ = J6′′/5′′ = 7.8, Hz, H-4′′/6′′), 7.91 (s, 1H, 

H-2′′), 7.82 (m, 1H, H-5′′), 7.75 (s, 1H, H-1), 7.56 (s, 1H, H-6), 7.54 (s, 1H, H-7), 7.50 

(s, 1H, H-9), 3.87 (t, 4H, J1′′′/2′′′ = 5.4 Hz, H-1′′′), 3.65 (t, 4H, J2′′′/1′′′ = 5.4 Hz, H-2′′′), 

3.33 (s, 3H, CH3). 

IR (KBr) max: 3407(OH), 3407(NH), 3056(CH-Ar), 1741(C=N), 1677(C=O), 

1568(N=N), 1387(CH3 bending), 1051(S=O), 844(Si-O), 764(C-Cl).cm-1 

UV (water): max 484 (ε = 10812.94) nm 

Anal. calcd. For C25H24ClN7O7S.C, 49.88; H, 4.02; Cl, 5.89; N, 16.29; O, 18.60. S, 

5.33. Found: C, 49.82; H, 4.00; Cl, 5.84; N, 16.23; O, 18.55. S, 5.30. 



 

 
 

7.4: 3-(4-Acetylphenyl) diazinyl-7-{4-(bis-2-hydroxy ethyl)-amino-6-chloro-1, 3, 5-

triazine}-amino-4-hydroxy-2-naphthalene sulfonic acid. (M-4) 

 

 

 

 

 

MW = 602, C25H24ClN7O7S. 

Yield: 64%  

Rf = 0.43 

MALDI: (m/z): 601[M-H]-, 481(adjacent to acetophenone),  

1H-NMR (300 MHz, D2O):  8.15 (d, 2H, J2′′/3′′ = J6′′/5′′ = 8.0, Hz, H-2′′/6′′), 7.91 (d, 2H, 

J3′′/2′′ = J5′′/6′′ = 8.0, Hz, H-3′′/5′′), 7.72 (s, 1H, H-1), 7.67 (s, 1H, H-6), 7.36 (s, 1H, H-7), 

7.20 (s, 1H, H-9), 3.74 (t, 4H, J1′′′/2′′′ = 5.1 Hz, H-1′′′), 3.12 (t, 4H, J2′′′/1′′′ = 5.1 Hz, H-

2′′′), 2.57 (s, 3H, CH3). 

IR (KBr) max: 3672(OH), 3385(NH), 2926(CH-Ar), 1724(C=N), 1672(C=O), 

1564(N=N), 1391(CH3 bending), 1048(S=O), 844(Si-O), 762(C-Cl).cm-1 

UV (water): max 488 (ε = 26729.27) nm 

Anal. calcd. For C25H24ClN7O7S.: C, 49.88; H, 4.02; Cl, 5.89; N, 16.29; O, 18.60. S, 

5.33. Found: C, 49.83; H, 4.00; Cl, 5.84; N, 16.23; O, 18.56. S, 5.31. 



 

 
 

7.5: 3-(4-Methyl phenyl) diazinyl-7-{4-(3-sulfoanilino)-6-chloro-1, 3, 5-triazine}-

amino-4-hydroxy-2-naphthalene sulfonic acid. (M-5) 

 

 

 

 

MW = 642, C26H20ClN7O7S2. 

Yield: 97 %  

Rf = 0.38 

MALDI: (m/z) 641[M-H]-, 676[M+Cl-], 520[M- C-N=N-R]. 

1H-NMR (300 MHz, D2O):  8.06 (d, 1H, J4′′′/5′′′ = 8.1 Hz, H-4′′′), 7.89 (d, 2H, J2′′/3′′ = 

J6′′/5′′ = 8.1, Hz, H-2′′/6′′), 7.82 (d, 2H, J3′′/2′′ = J5′′/6′′ = 8.4, Hz, H-3′′/5′′), 7.75 (s, 1H, H-

1), 7.70 (s, 1H, H-6), 7.54 (s, 1H, H-7), 7.46 (s, 1H, H-9), 7.39 (m, 1H, H-5′′′), 7.18 (s, 

1H, H-2′′′), 6.99 (d, 1H, J6′′′/5′′′ = 7.8, Hz, H-6′′′), 2.58 (s, 3H, CH3). 

IR (KBr) max: 3432(NH), 3432(OH), 2956(CH-Ar), 1661(C=N), 1572(N=N), 

1388(CH3 bending), 1045(S=O), 822(S-O), 797(C-Cl) cm-1 

UV (water): max 497 (ε = 11379.03) nm 

Anal. calcd. For C26H20ClN7O7S2. C, 48.64; H, 3.14; Cl, 5.52; N, 15.27; O, 17.44. S, 

9.99. Found: C, 48.62; H, 3.13; Cl, 5.51; N, 15.22; O, 17.42. S, 9.93. 



 

 
 

7.6: 3-(3-Methyl phenyl) diazinyl {(4-(3-sulfoanilino)-6-chloro-1, 3, 5-triazine}-

amino}-4-hydroxy-2-naphthalene sulfonic acid. (M-6) 

 

 

 

 

MW = 642, C26H20ClN7O7S2. 

Yield: 97%  

Rf = 0.40 

MALDI: (m/z): 641[M-H]-, 676[M+Cl-], 521[M- C-N=N-R]. 

1H-NMR (300 MHz, D2O):  8.06 (d, 2H, J4′′/6′′ = J6′′/5′′ = 8.7 Hz, H-4′′/6′′), 7.94 (d, 1H, 

J5′′/4′′ = 8.7 Hz, H-5′′), 7.81 (s, 1H, H-1), 7.74 (s, 1H, H-6), 7.57 (s, 1H, H-7), 7.47 (s, 

1H, H-9), 7.40 (s, 1H, H-2′′), 7.35 (m, 1H, H-5′′′), 7.16 (s, 1H, H-2′′′), 7.10 (d, 1H, 

J4′′′/5′′′ = 8.4, Hz, H-4′′′), 6.82 (d, 1H, J6′′′/5′′′ = 7.9, Hz, H-6′′′), 3.34 (s, 3H, CH3). 

IR (KBr) max: 3420(NH), 3420(OH), 2956(CH-Ar), 1660(C=N), 1559(N=N), 

1388(CH3 bending), 1045(S=O), 844(S-O), 794(C-Cl) cm-1 

UV (water): max 491 (ε = 17538.28) nm 

Anal. calcd. For C26H20ClN7O7S2: C, 48.64; H, 3.14; Cl, 5.52; N, 15.27; O, 17.44. S, 

9.99. Found: C, 48.61; H, 3.11; Cl, 5.51; N, 15.24; O, 17.42. S, 9.94. 

 

 



 

 
 

7.7: 3-(4-Nitrophenyl) diazinyl-7-{(4-(bis-2-hydroxy ethyl amino]-6-chloro-1, 3, 5-

triazine}-amino-4-hydroxy-2-naphthalene sulfonic acid. (M-7) 

 

 

 

 

MW = 642, C23H21ClN8O8S. 

Yield: 73%  

Rf = 0.40 

MALDI: (m/z): 641[M-H]-, 543[M + Cl- +H2O - C-N=N-R]. 

1H-NMR (300 MHz, D2O):  8.15 (d, 2H, J2′′/3′′= J6′′/5′′= 8.0, Hz, H-2′′/6′′), 7.90 (d, 2H, 

J3′′/2′′= J5′′/6′′= 8.5, Hz, H-3′′/5′′), 7.70 (s, 1H, H-1), 7.63 (s, 1H, H-6), 7.50 (s, 1H, H-7), 

7.22 (s, 1H, H-9), 3.74 (t, 4H, J1′′′/2′′′= 5.1 Hz, H-1′′′), 3.12 (t, 4H, J2′′′/1′′′= 5.1 Hz, H-2′′′). 

IR (KBr) max: 3342 (OH), 3342 (NH), 2928 (CH-Ar), 1732 (C=N), 1550 (N=N), 1504 

(NO2), 1065 (S=O), 847 (S-O), 797 (C-Cl) cm-1 

UV (water): max 498 (ε = 11525.91)nm 

Anal. calcd. For C23H21ClN8O8S: C, 45.66; H, 3.50; Cl, 5.86; N, 18.52.; O, 21.16; S, 

5.30. Found: C, 45.62; H, 3.45; Cl, 5.82; N, 18.50.; O, 21.14; S, 5.27. 

 



 

 
 

7.8: 3-(2-Phenyl) diazinyl-5-{(4-morpholinyl)-6-chloro-1, 3, 5-triazine}-amino-4-

hydroxy-2, 7-naphthalene disulfonic acid. (M-8) 

 

 

 

MW = 622, C23H20ClN7O8S2. 

Yield: 77%  

Rf = 0.48 

MALDI: (m/z): 621[M-H]-, 516[M-H – C-N=N-], 810(M+HCCA).  

1H-NMR (300 MHz, D2O):  7.50 (s, 1H, H-1), 7.47 (s, 1H, H-7), 7.43 (s, 1H, H-9), 

7.32 (d, 2H, J2′′/3′′ = J6′′/5′′ = 7.5 Hz, H-2′′/6′′), 7.18 (dd, 2H, J3′′2′′ = J3′′4′′ = J5′′/6′′ = J5′′/4′′ =  

7.5, 3.6 Hz, H-3′′/5′′), 7.08 (m, 1H, H-4′′), 3.82 (d, 4H, J3′′′/2′′′ = J5′′′/6′′′ = 4.5 Hz, H-

3′′′/5′′′), 3.18 (d, 4H, J2′′′/3′′′ = J6′′′/5′′′ = 4.8 Hz, H-2′′′/6′′′). 

IR (KBr) max: 3659(OH), 3434(NH), 2915(CH-Ar), 1726(C=N), 1540(N=N), 1217(C-

O), 1045(S=O), 868(S-O), 754(C-Cl) cm-1 

UV (water): max 538 (ε = 49262.89) nm 

Anal. calcd. For C23H20ClN7O8S2: C, 44.41; H, 3.24; Cl, 5.70; N, 15.76; O, 20.58. S, 

10.31. Found: C, 44.32; H, 3.20; Cl, 5.67; N, 15.72; O, 20.51. S, 10.30. 



 

 
 

7.9: 3-(3-Acetylphenyl) diazinyl-5-{(4-(bis-2-hydroxy ethyl amino)-6-chloro-1, 3, 5-

triazine}-amino-4-hydroxy-2, 7-naphthalene disulfonic acid. (M-9) 

 

 

 

 

MW = 682 C25H24ClN7O10S2. 

Yield: 87%  

Rf = 0.51 

MALDI: (m/z): 681[M-H]-, 533[M -1H – C-N=N-]. 

1H-NMR (300 MHz, D2O):  8.09 (d, 2H, J4′′/5′′ = J6′′/5′′ = 8.4, Hz, H-4′′/6′′), 7.91 (s, 1H, 

H-2′′), 7.78 (s, 1H, H-1), 7.73 (s, 1H, H-7), 7.70 (m, 1H, H-5′′), 7.41 (s, 1H, H-9), 3.76 

(t, 4H, J1′′′/2′′′  = 5.1 Hz, H-1′′′), 3.13 (t, 4H, J2′′′/1′′′  = 5.1 Hz, H-2′′′), 2.59 (s, 3H, CH3). 

IR(KBr) max: 3687(OH), 3397(NH), 2924(CH-Ar), 1729(C=N), 1680(C=O), 

1548(N=N), 1396(CH3 bending), 1217(C-O), 1046(S=O), 794(C-Cl) cm-1 

UV (water): max 513 (ε = 30325.35) nm 

Anal. calcd. For C25H24ClN7O10S2: C, 44.02; H, 3.55; Cl, 5.20; N, 14.37; O, 23.46. S, 

9.40. Found: C, 44.00; H, 3.52; Cl, 5.19; N, 14.35; O, 23.45. S, 9.38. 

 



 

 
 

7.10:  3-(4-Acetyl phenyl) diazinyl-5-{(4-(bis-2-hydroxy ethyl amino)-6-chloro-1, 3, 

5-triazine}-amino-4-hydroxy-2, 7-naphthalene disulfonic acid. (M-10) 

 

 

 

 

MW = 682, C25H24ClN7O10S2. 

Yield: 67 %  

Rf = 0.48 

MALDI: (m/z): 681[M-H]-, 533[M -H–C-N=N-]. 

1H-NMR (300 MHz, D2O):  8.91 (d, 2H, J2′′/3′′ = J6′′/5′′ 8.0, Hz, H-2′′/6′′),  7.91 (d, 2H, 

J3′′/2′′= J5′′/6′′ = 8.5, Hz, H-3′′/5′′), 7.80 (s, 1H, H-1),7.72 (s, 1H, H-7), 7.50 (s, 1H, H-9), 

3.74 (t, 4H, J1′′′/2′′′ = 5.1 Hz, H-1′′′), 3.12 (t, 4H, J2′′′/1′′′ = 5.1 Hz, H-2′′′), 2.57 (s, 3H, 

CH3). 

IR(KBr) max: 3673(OH), 3448(NH), 2927(CH-Ar), 1725(C=N), 1672(C=O), 

1587(N=N), 1396(CH3 bending), 1217(C-O), 1044(S=O), 838(Si-O), 799(C-Cl) cm-1 

UV (water): max 520 (ε = 19152.85) nm 

Anal. calcd. For C25H24ClN7O10S2: C, 44.02; H, 3.55; Cl, 5.20; N, 14.37; O, 23.46. S, 

9.40. Found: C, 44.00; H, 3.47; Cl, 5.15; N, 14.31; O, 23.44. S, 9.34. 
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8.0: Natural products chemistry 

Chemical compound and substance produced by a living organism and found in nature, 

called natural product. Major used in pharmaceutical drug discovery and drug design 

and these compounds is important in the treatment of life-threatening conditions. These 

products extracted from global plants, marine-organisms or micro-organism. A crude 

extract from any one of these sources contains a novel, chemical compounds. 

Structurally chemical diversity in nature is based on biological and geographical 

diversity, so researchers travel around the world obtaining samples to analyse and 

evaluate in drug discovery screens or bioassays. This effort to search for natural 

products is known as bio-prospecting. The study of natural products rendezvous more 

than a thousand years back. The civilizations excelled in isolated natural products for 

their medicinal and religious purposes. Studies based on the evaluation of the natural 

products have shown the significance, as disease preventing and health promoting 

agents. Here we described the some natural source. [113-114] 

8.1: Plant kingdom 

Plants provide a large bank of rich, complex and highly varied structures which are 

unlikely to be synthesized in laboratories. Major classes of molecules include 

terpenoids, phytosterols, alkaloids, natural phenols and polyphenols. Many of these 

compounds are useful drugs in themselves (e.g. Alkaloids, morphine and quinine), and 

others have been the basis for synthetic drugs (e.g. local anaesthetics developed for 

cocaine). [115-116] 

8.2: Microbial world 

Microorganisms such as bacteria and fungi have been invaluable for discovering drugs 

and novel compounds. These microorganisms produce a large variety of antimicrobial 
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agents which have evolved to give their hosts an advantage over their competitors in 

the microbiological world. The screening of microorganisms became highly popular 

after the discovery of penicillin. Soil and water samples were collected from all over 

the world in order to study new bacterial or fungal strains, leading to an impressive 

arsenal of antibacterial agents such as the cephalosporins, tetracyclines, 

aminoglycosides, rifamycins, and chloramphenicol. [117] 

8.3: The marine world 

In recent years, there has been a great interest in finding from marine sources. Coral, 

sponges, fish, and marine microorganisms have a wealth of biologically potent 

chemicals with interesting inflammatory, antiviral, and anticancer activity. For 

example, curacin A is obtained from a marine cyanobacterium and shows potent 

antitumor activity. Other antitumor agents derived from marine sources include 

eleutherobin, discodermolide, bryostatins, dolostatins, and cephalostatins. [118] 

8.4: Animal sources 

Animals can sometimes be a source of new compounds. For example, a series of 

antibioticpeptides were extracted from the skin of the African clawed frog and a potent 

analgesic compound called epibatidine was obtained from the skin extracts of the 

Ecuadorian poison frog. [119-120] 

8.5: Isolation and purification 

The active principle is present in a mixture of compounds from a natural source; it has 

to be isolated and purified. The ease with which the active principle can be isolated and 

purified depends much on the structure, stability, and quantity of the compound. For 

example, Alexander Fleming recognized the antibiotic qualities of penicillin and its 
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remarkable non-toxic nature to humans, but he disregarded it as a clinically useful drug 

because unable to purify it. Isolate it in aqueous solution, but whenever he tried to 

remove the water, the drug was destroyed. It was not until the development of new 

experimental procedures such as freeze drying and chromatography that the successful 

isolation and purification of penicillin and other natural products became feasible. A 

number of drugs have been derived from biological a source in nature, these include; 

Rotenoids from boerhaaviadiffusa as potential anti-inflammatory agents and bioactive 

constituents of Indigoferaspicata. [121-122] 

8.6: Synthesis of natural products 

Not all natural products can be fully synthesized (but some natural product synthesized 

in lab and as well as in industry) because many natural products have very complex 

structures that are too difficult and expensive to synthesize on an industrial scale. These 

include drugs such as penicillin, morphine, and paclitaxel (Taxol). Such compounds 

can only be harvested from their natural source a process which can be tedious, time 

consuming, and expensive, as well as being wasteful on the natural resource. [123] 

8.7: Semi synthesis of natural products 

This often involves harvesting a biosynthetic intermediate from the natural source, 

rather than the final compound itself. The intermediate could then be converted to the 

final product by conventional synthesis. This approach can have two advantages. First, 

the intermediate may be more easily extracted in higher yield than the final product 

itself. Second, it may allow the possibility of synthesizing analogues of the final 

product. The semisynthetic penicillins are an illustration of this approach. Another 

recent example is that of paclitaxel. It is manufactured by extracting 10-
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deacetylbaccatin III from the needles of the yew tree, then carrying out a four stage 

synthesis. [124] 

8.8: Medicinal & natural products chemistry 

The Medicinal Chemistry offers studies with a concentration in natural products 

chemistry. Research in natural products encompasses the exploration of biodiversity for 

novel drug lead discovery, isolation and structure determination of organic, natural 

products of medicinal significance from plants and microbes, studies on the structure 

and biochemistry of biological products, examination of the biosynthesis of natural 

products, and evaluation of the biochemical effects of these active constituents. 

Furthermore, the semi or total synthetic chemistry of pharmacologically active natural 

products is also pursued. [125] 

8.9: Traditional medicine 

In the past, traditional peoples or ancient civilizations depended greatly on local flora 

and fauna for their survival. They would experiment with various berries, leaves, roots, 

animal parts or minerals to find out what effects they had. As a result, many crude 

drugs were observed by the local healer to have some medical use. Although some 

preparations may have been dangerous, or worked by a traditional or placebo effect, 

traditional healing systems usually had a substantial active pharmacopoeia, and in fact 

most western medicines up until the 1920s were developed this way. Some systems, 

like traditional Chinese medicine or Ayurveda were fully as sophisticated and as 

documented systems as western medicine, although they might use different paradigms. 

Many of these aqueous, ethanolic, distilled, condensed or dried extracts do indeed have 

a real and beneficial effect, and a study can give clues as to which plants might be 

worth studying in more detail. Rhubarb root has been used as for many centuries, in 
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China, it was called "The General" because of its "galloping charge" and was only used 

for one or two doses unless processed to reduce its qualities. Bulk laxatives would 

follow or be used on weaker patients, according to the complex laxative protocols for 

the medical system. The most significant chemicals in rhubarb root are anthraquinones, 

which were used as the lead compounds in the design of the laxativedantron. [126-127] 
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9.1: Picture overview of Guaiacum officinale 

                     

View of Guaiacum officinale 

                     

Flowers are bear 10 stamens with golden anthers. 

                            

The flowers are bluish in color which fades to white to show variation. 



 

 
 

                      

Tree, 8-12 m in height. 

                        

Bark wrinkly and intensely hard wood. 

                         

Work done on the bark of Guaiacum officinale 

 



 

 
 

9.2: Plant description of Guaiacum officinale 

Guaiacum officinale also identified as Lignum vitae belong to family Zygophyllacea. 

This family consists of 25 genera with 240 species distributed in the tropical, sub-

tropical and temperate zones. Guaiacum officinale is a tree of 8-12 m in height after 

maturity which has deeply furrowed bark and intensely hard wood. The length of the 

leaflets in between 6 to 13 cm with obviate and obtuse shape. The flowers are bluish in 

color which fades to white to show variation.  

Flowers are bear 10 stamens with golden anthers. The name lignum vitae (wood of 

life) are given due to its medicinal power. Resin can be collected naturally from the 

stem or artificially by slashing and not chin or boring the holes. The resin is commonly 

used as a pill, or tincture to cure toothache and rheumatism.   

The wood is very hard and durable, largely used by turners, suitable for making 

pulleys, rollers and skittle boards. It is slightly acrid taste, but is odourless. However, it 

emits an acceptable scent upon heating. The bark of this plant affords 1% volatile oil of 

lovely fragrance.  

The resin of guaiacum is a mild laxative and is used in the treatment of chronic 

rheumatism and gout. It is also employed in blood purification, treatment of tonsillitis 

and pharyngitis, especially when the conditions are accompanied with rheumatism. 

This plant has both ornamental and medicinal significance and it was introduced in 

Pakistan and other countries from South America and West Indies. [128-130] 

9.3: Chemical constituents of the genus Zygophyllum 

An extensive literature survey of the genus Guaiacum officinale reveals that this genus 

is very rich in saponin (triterpene glycosides, quinovic acid glycosides), although 



 

 
 

flavonoids; alkaloids and phenolic acids are also reported from this genus. Brief 

overview of the compounds reported from given below. 

9.3.1: 1918 

G. Schroeter in 1918 started the studies on chemical constituents of Guaiacum 

officinale and isolated guaiene (2, 3-dimethyl naphthalene) and pyroguaiacum (6-

hydroxy-7-methoxy-2,3-dimethyl naphthalene). [131] 

9.3.2: 1929 

An unsaturated simple bicyclic tertiary sesquiterpene from the wood of guaiac was 

reported by H. Wienhaus in 1929 and named as Bulnesol with a molecular formula 

C15H25O. [132] 

9.3.3: 1931 

A sapogenin was obtained by the hydrolysis of saponin and named as guagenin. I. E. 

Wedekind established the molecular formula C30H48O3 in 1931. [133] A. Winterstein 

and G. Stein reported the isolation of a pentacyclic triterpene, oleanolic acid in the 

same year. A series of lignans as methyl and ethyl derivatives were reported by R. D. 

Haworth and E. King. They were named as guaiaretic acid, isomeric acid and meso and 

dihydroguaiaretic acid, dehydroguaiaretic and isoguaiacin. 4, 5-Dinitroveratrol and 2-

ethoxy-4,5-dinitroanisol were obtained by oxidation of isoguacine in the presence of 

HNO3. A quinonoid type of compound was identified as 6,7-dimethoxy-2,3-dimethyl 

naphthoquinones by oxidation of dimethyl ether with chromic acid/ acetic acid into a 

gel compound (C14H14O4) which after reoxidation in air gave a quinonoid structured. 

[134] 

 



 

 
 

9.3.4: 1964 

Other lignans were also identified by F. E. King and J. G. Willson in the year of 1964 

as guaiacin, furoguaiacin (α-guaiaconic acid), methylfuroguaiacin, tetrahydro 

furoguaiacin A and tetrahydrofuroguaiacin B [135]. The guaiaretic acid and 

dihydroguaiaretic acid were previously isolated by Doebner and co-workers and 

Schroeter from the resin of Guaiacum. [136] 

9.3.5: 1971 

Highly conjugated phenolic molecule α-guaiaconic acid (furoguaiacin) was isolated by 

J. F. Kratochavil and co workers in 1971. [137] 

9.3.6: 1974 

Furoguaiacidin (C25H30O6) was isolated in 1974 by P. L. Majumdar and co workers 

from the heart wood of Guaiacum officinale. [138] 

9.3.7: 1975 

They also (P. L. Majumdar and co workers) reported the isolation of enedionlignan 

which was named as furoguaiaoxidin (C24H28O6) in 1975 [139]. 

9.3.8: 1978 

Guaiacomic acid A, was also reported as an active constituent of this plant by G. 

Werner in 1978 [140] 

9.3.9: 1984 

Isolation of a new sapogenin was reported by Viqar Uddin Ahmad and co-workers in 

1984 [141] which were named as 3β-20ε-dihydroxy-30-norolean-12-en-28-oic acid 

(melting point 234-236 oC). The artifact 3β-hydroxy-30-norolean-12, 19-dien-28-oic 

acid with its methyl ester from acid hydrolysate of crude extract of the plant was also 



 

 
 

reported by the same group. Another sapogenin as officigenin was identified and 

reported by the same research group in the same year which afforded two triterpenoids 

mesembryanthemoidigenic acid (3β-29-dihydroxyolean-12-ene-28-oic acid) [141] and 

3β-24-dihydroxy-olean-12-ene-28, 29-dioic acid. One more new sapogenin was 

successfully isolated and identified from the acid hydrolysed of crude saponins by the 

same researchers [142]. This sapogenin was named as 3β-hydroxy-20-ε-methoxy-30-

norolean-12-ene-28-oic acid (melting point 229 oC). Identification of prosapogenin 

from acid hydrolysate was reported again by the same group of scientists [143] which 

afforded officigenin and glucose after acid hydrolysis. 

3-O-[α-L-Arabinopyranosyl]-30-norolean-12,20(29)-diene-28-oic acid (melting point 

276-279 oC) was another addition in saponins extracted from the stem bark of the plant 

along with β-sitosterol-β-D-glucoside in 1986 by the same authors [144]. 

9.3.10: 1986 

The same research group isolated and characterized another new saponin as guaianin 3-

O-[α-L-rhamnopyranosyl (1→3) β-D-glucopyranosyl (1→3) [α-L-arabinopyranosyl]-

30-norolean-12, 20(29)-diene-28-oic acid in 1986 [145]. Phytochemical investigation 

on the leaves of Guaiacum officinale resulted in isolation of six triterpenoidal saponins. 

They were named as Guaiacin A, B, C, D, E and F.  

These saponins were published in Planta Medica and Phytochemistry by Viqar Uddin 

Ahmad and co-workers [146-147]. Seven triterpenoidal saponins were identified from 

the bark of this plant after an exhaustive NMR studies. These saponins were named as 

Guaiacin A, A1, A2, B, C, D and E, respectively [148-150]. 

9.3.11: 1989 to 1990 

Seven triterpenoidal saponins were isolated as a result of continuous phytochemical 

investigations of the n-butanolic extract of the fruit of G. officinale. These were named 



 

 
 

as guaianin F, guaianin G, guaianin H, guaianin I, guaianin J, guaianin K and guaianin 

L. This work was published by Viqar Uddin Ahmad and co-workers in 1989 and 1990 

in Phytochemistry and J. of Natural Products. [151-152]. 

9.3.12: 1991 and till to date 

Three new saponins were isolated from the bark of this plant and named as guaianin P, 

Q, and R beside a number of reported guaianins i.e. M, N, and O by the research group 

of Viqar Uddin Ahmad [153-158]. 

9.4: Literature survey of the Guaiacum officinale 

Literature survey of the genus Guaiacum officinale and brief overview of the 

compounds reported from given below. 

Table-9.1: Literature Survey of the Guaiacum officinale 

No. Name Structure 
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Year 
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10.0: Present work in Guaiacum officinale 

The present work describes the phytochemical studies on Guaiacum officinale. The 

detailed literature review of the earlier contributions of the Guaicum officinale is given 

in the chapter no 9th. Phytochemical investigations were carried out on the methanolic 

extract of the bark of this plant. Compounds have been isolated during these studies, 

four new (1-4) saponins and three (5-7) reported compounds. A list of compounds is 

given below.  

10.0.1: List of compounds 

In the present work, the following known and unknown compounds were isolated from 

Guaiacum officinale. 

1. Guaianin T (new compound) 

2. Guaianin U (new compound) 

3. Guaianin V (new compound) 

4. Guaianin W (new compound) 

5. Ursolic acid (reported compound) 

6. β-Sitosterol 3-O- -D-glucopyranoside (reported compound) 

7. Oleanolic acid (reported compound)   

 

 

 



 

 
 

10.1: Akebonic acid-1-O-[α-L-arabinopyanosyl]-3-O-[β-D-glucurnopyanosyl(1→2) 

-α-L-rhamnopyanosyl-(1→2)-α-L- rhamnopyanosyl]-28-O-β-D-glucopyanosyl 

(1→2) -α-L-rhamnopyanoside]ester. (Guaianin T ). 

 

 

Column chromatography of methanolic extract of the bark of Guaiacum officenale, 

eluted with water: methanol, 9:1 and further purified by (RP-18 column, water: 

methanol, 9:1). It is a new akebonic acid saponin named as guaianin T. The structure 

of compound 1 was determined in the light of the results of spectroscopic tools. 

13C-NMR spectrum of aglycone of compound 1 (BB, Dept-90, Dept-135) showed 29 

carbon signals of aglycone moiety, which were similar to the 13C-NMR chemical shifts 

of akebonic acid. [159] The downfield 13C-chemical shift of C-1 at δ 90.5, C-3 at δ 89.7 

and upfield 13C-chemical shift of C-28 at δ 177.2 demonstrated that the monosaccharide 

moieties were attached at these carbons. [160]  



 

 
 

13C-NMR spectra of sugars also showed 35 carbon resonances of pyranose sugar 

moieties including six anomeric carbon signals which appeared at δ 107.1, 105.2, 

104.0, 102.7, 102.5 and 95.7 (table-10.2). The 13C-NMR assignments of three L-

rhamnose, one D-glucose, one D-glucuronic acid and one L-arabinose units were 

appeared the corresponding glycosides indicated that they were internals and terminal 

sugars. The last anomeric signal showed that one rhamnose moiety was attached to the 

aglycone by an ester bond [161].  

1H-NMR spectrum of aglycone supports the structure of akebonic acid. The spectra of 

compound 1 indicated the five tertiary methyl singlets at δ 1.04 (s, H3-23), .84 (s, H3-

24), 0.94 (s, H3-25), 0.79 (s, H3-26), 1.18 (s, H3-27), and two secondary methyl groups 

at δ 4.16 (s, H2-29) and distorted triplet at 5.32 which was characteristic of H-12, in an 

olean-12-ene [162] indicating a pentacyclic triterpenoid skeleton.  

1H-NMR spectrum of sugars the symbol α or β showed the anomeric configuration of 

sugar moieties of compound 1, determined by 1H-NMR spectrum, on the basis of large 

coupling constant. The anomeric protons appearing at 4.00 (d, J=8.3 Hz, H-1’), 5.13 (d, 

J=1.0 Hz, H-1”), 4.58 (d, J=1.5 Hz, H-1’”), 4.55 (d, J=8.2 Hz, H-1””), 5.18 (d, J=1.2 

Hz H-1’””) and. 5.20 (d, J=8.5 Hz, H-1’”’”), the position six of rhamnose also appeared 

at 1.22 (d, J=6.6 Hz H-6”), 1.24 (d, J=6.2 Hz H-6’”) and 1.26 (d, J= 6.8 Hz H-6’””). 

The sugar linkage and sequencing have been determined through 13C-NMR and FAB 

negative mass spectrum, respectively. This configuration showed the complete 

agreement with the configuration of sugar moieties deduced by 13C-NMR spectrum of 

compound 1.  

The attachments of sugar moieties at these positions were also augmented by HMBC 

spectra. The HMBC spectrum showed long range coupling enabled us to determine the 



 

 
 

glucosidation at position C-1, C-3 and C-28. The cross peaks between H3-23, H3-24/C-

3 also showed that two methyl groups were present at C-4 position. 1H-NMR signal at 

δH 3.90 (br.s, H–1), the anomeric H-atom of the sugar unit at δH 4.00 Ovlp, 2 H, (d, J= 

8.3 H–1'), showed HMBC interactions with C-2, (δ 27.1) C-5, (δ 57.2) and C-25, (δ 

16.1) thus confirming the point of attachment of the hydroxyl group with sugar unit at 

C-1. The protons at C-3 in compound 1 was observed at δ 89.7 the down field shift of 

this carbon, indicating the presence of an electron withdrawing group which is due to 

the attachment of the sugar moiety. C-3 also showed HMBC interactions with C-2, (δ 

27.1) C-5, (δ 57.2) and C-23/24, (δ 28.6/16.1), these assignments were further 

supported by comparison of the 13C chemical shifts to related triterpenoids. The C-28 of 

the aglycone was shifted downfield to δ 177.2 due to glycosylation. [163-164] 

FAB mass spectrum, the mass fragment observed in negative ion FAB mass spectrum 

at m/z 455 corresponds to the akebonic acid. The sequence of the sugars was 

established from the negative ion FAB mass spectrum, which exhibited a [M-H] - ion 

peak at m/z 1365. The fragments at m/z 1187, 1025, 879, 733, 587 and 455 indicated 

the loss of [M-H-glucuronic acid], [M-H- glucuronic acid - glucose], [M-H- glucuronic 

acid – glucose - 3 x rhamnose], [M-H- glucuronic acid – glucose - 3 x rhamnose - 

arabinose] respectively. This sequence indicates the attachment of rhamnose with 

glucose on one side (C-28) and glucuronic acid with the rhamnose on the other side (C-

3) while the arabinose was directly attached to the aglycone (C-1). Analysis of the 

HREIMS gave a molecular ion at m/z 1365.1112 [M]+, corresponding to the molecular 

formula C64H100O31, supported by the 1H NMR, 13C NMR and DEPT analysis. 

IR spectrum showed bands of OH (3408 cm-1) and olefinic bond appeared at (1664 cm-

1). Structure of compound (1) was established largely on the basis of 1D and 2D-NMR 



 

 
 

and mass spectrometry. On the basis of above observations the structure of compound 1 

was established as Guaianin T. 

Table:10.1-. spectral data of aglcon unit of compound 1 in CD3OD 

C. No. Multiplicity Broad Band 13C-NMR () 1H-NMR () 

 CH CH2 CH3 C   

1 CH    90.5 3.90 (br.s) 

2  CH2   27.1  

3 CH    89.7 3.30 (br.s) 

4    C 40.7 - 

5 CH    57.2  

6  CH2   19.3  

7  CH2   33.9  

8    C 40.6 - 

9 CH    49.8  

10    C 37.9 - 

11  CH2   24.1  

12 CH    124.0 5.32 (dis t) 



 

 
 

13    C 144.2 - 

14    C 52.8 - 

15  CH2   28.9  

16  CH2   24.5  

17    C 48.4 - 

18 CH    57.0  

19  CH2   48.7  

20    C 149.4  

21  CH2   38.4  

22  CH2   30.8  

23   CH3  28.6 1.04 (s) 

24   CH3  16.9 0.84 (s) 

25   CH3  16.1 0.94 (s) 

26   CH3  17.7 0.79 (s) 

27   CH3  26.3 1.18 (s) 

28    C 177.2 - 



 

 
 

29  CH2   107.3 4.16 (br.s) 

 

1H-NMR, sugar region was too small and appeared 35 signals, maximum signals were 

overlapd so not mention the individual values. Coupling constant of anomeric protons 

were calculated by J-Resolve spectra. 

Table:10.2. spectral data of sugar units of compound 1 in CD3OD 

Sugars 1-O-Sugar Moieties 

 C-1 C-2 C-3 C-4 C-5 C-6 

 Arabinose 

13C NMR 104.0 72.7 74.4 69.7 66.7 - 

1H-NMR 

J values 

4.78  

5.7 

- - - - - 

 3-O-Sugar Moieties 

 Rhamnose 

13C NMR 102.7 79.7 72.8 74.3 72.7 18.5 

1H-NMR 

J values 

5.13  

1.0 

- - - - 

1.22 

6.6 

 Rhamnose 



 

 
 

13C NMR 103.5 72.7 73.1 74.5 71.1 18.6 

1H-NMR 

J values 

4.58  

1.5 

- - - - 

1.24  

6.2 

 Glucronic acid 

13C NMR 105.2 76.5 78.7 71.9 78.9 62.3 

1H-NMR 

J values 

4.55 

7.2 

- - - - - 

 28-O-Sugar Moieties 

 Rhamnose 

13C NMR 95.7 83.2 72.5 74.3 72.7 18.7 

1H-NMR 

J values 

5.18  

1.2 
- - - - 

1.26 

6.8 

 Glucose 

13C NMR 107.1 76.2 78.3 71.9 78.5 62.3 

1H-NMR 

J values 

5.20 

7.0 

- - - - - 

 

 



 

 
 

10.2: Akebonic acid-3-O-[α-L-rhamnopyanosyl-(1→2)-β-D-glucopyanosyl-(1→2)-

α-L-rhamnopyanosyl-(1→2)-α-L-arabinopyanoside. (Guaianin U). 

 

 

The methanolic extract of the bark of Guaiacum officenale, eluted with water: 

methanol, 9:1 and further purified by (RP-18 column, water: methanol, 9:1). New 

akebonic saponin named as Guaianin U. Aglycone spectrum, of 13C-NMR (including 

BB, Dept-90, and Dept-135) showed 29 carbons out of 52, showed the signals of 

aglycone moiety, which were similar to the 13C-NMR chemical shifts of akebonic acid. 

[159] The downfield 13C-chemical shift of C-3 at δ 89.7 demonstrated that the 

monosaccharide moieties was attached at this position. [158-160] The ether 

glucosidation site was shown to be C-3 at δ 89.7, C-2, (δ 29.0) C-5, (δ 57.2) and C-

23/24, (δ 28.6/17.2), which were in agreement with a model of akebonic acid. [161] 



 

 
 

In compound 2, 35 carbons of sugars showed resonances of one pentose and three 

hexoses sugar moieties including four anomeric signals appeared at δ 105.1, 104.0, 

102.7 and 101.8 (table-10.4). Carbon signals revealed the presence of monosaccharide 

moieties, with a triterpenoid aglycone. The 13C-NMR assignments of two L-rhamnose, 

one D-glucose and one L-arabinose units were mentioning the glycosides linkage. 

Akebonic acid, like the aglycone structure of compound 2 also supports by 1H-NMR 

spectrum. Indicated the five tertiary methyl singlets at δ 1.01 (s, H3-23), 0.84 (s, H3-24), 

0.94 (s, H3-25), 0.79 (s, H3-26), 1.18 (s, H3-27), and two secondary methyl groups at δ 

4.16 (s, H2-29) and distorted triplet at 5.03 which was the characteristic peak of H-12, 

is called an olean-12-ene [162] indicating a pentacyclic triterpenoid skeleton.  

The symbol α or β showed the anomeric configuration of sugar moieties determined by 

1H-NMR spectrum. The anomeric protons appearing at δ 5.34 (d, J=8.21 Hz, H-1’), 

4.50 (d, J=1.5 Hz, H-1”), 5.36 (d, J=8.2 Hz, H-1’”), and 4.45 (d, J=1.7 Hz H-1””) show 

coupling interaction with the carbon resonating at δ 104.0 (C-1’) 102.7 (C-1”), 105.1 

(C-1’”), and 101.8 (C-1””), The rhamnose C-6 also appeared at δ 1.22 (d, J=6.6 Hz H-

6”), 1.24 (d, J=6.2 Hz H-6) and 1.26 (d, J=6.8 Hz H-6””). The sugar linkage and 

sequencing have been established in the course of 13C-MNR, 1H-NMR and FAB 

negative mass spectrum.  

The sugar moieties, coupling range enabled us to decide the glucosidation and in 

compound 2 only position C-3 appeared in down field region that’s show sugar 

moieties present only this position. The cross peaks between H3-23, H3-24/C-3 also 

showed that two methyl groups were present at C-4 position in same as previous 

compound 1. 1H-NMR signal at δH 3.30 (br.s, H–5 attached with C-3 at δ 89.7), the 

anomeric H-atom of the sugar unit at δH 5.34 Ovlp, 2 H, (d, J= 8.1 H–1'), showed 



 

 
 

HMBC interactions with C-2, (δ 29.0) C-5, (δ 57.2) and C-23/24, (δ 28.6/17.2), these 

assignments were further supported by comparison of the 13C chemical shifts to related 

triterpenoids. [163-164] 

FAB mass spectrum, the mass fragment observed in negative ion FAB mass spectrum 

at m/z 455 corresponds to the akebonic acid. The sequence of the sugars was 

established from the negative ion FAB mass spectrum, which exhibited a [M-H] - ion 

peak at m/z 1025. The fragments at m/z 879, 717, 571 and 455, the loss of [M-H- 

rhamnose], [M-H- rhamnose - glucose], [M-H- rhamnose – glucose - rhamnose], [M-H- 

rhamnose – glucose - rhamnose - arabinose] respectively. Analysis of the HREIMS 

gave a molecular ion at m/z 1025.1105 [M]+, corresponding to the molecular formula 

C52H82O20, supported by the 1H NMR, 13C NMR and DEPT studies. 

IR spectrum showed bands of OH (3408 cm-1) and olefinic bond appeared at (1664 cm-

1). Structure of compound (2) was determined on the basis of 1D and 2D-NMR and 

mass spectrometry. The basis of above explaining the structure of compound 2 was 

established at Guaianin U. 

Table:10:3: spectral data of aglcon unit of compound 2 in CD3OD 

C. No. Multiplicity Broad Band 13C-NMR () 1H-NMR () 

 CH CH2 CH3 C   

1 CH    33.5 - 

2  CH2   29.0 - 

3 CH    89.7 3.30 (br.s) 



 

 
 

4    C 40.5 - 

5 CH    57.2 - 

6  CH2   19.3 - 

7  CH2   34.0 - 

8    C 40.3 - 

9 CH    49.8 - 

10    C 37.9 - 

11  CH2   24.5 - 

12 CH    124.0 5.03 (dis t) 

13    C 144.2 - 

14    C 52.8 - 

15  CH2   27.1 - 

16  CH2   24.5 - 

17    C 48.4 - 

18 CH    57.1 - 

19  CH2   43.2 - 



 

 
 

20    C 149.4 - 

21  CH2   40.0 - 

22  CH2   30.8 - 

23   CH3  28.6 1.01 (s) 

24   CH3  17.2 0.84 (s) 

25   CH3  16.0 0.94 (s) 

26   CH3  17.9 0.79 (s) 

27   CH3  26.4 1.18 (s) 

28    C 177.2 - 

29  CH2   106.6 4.16 (br.s) 

 

 

Table10:4. Spectral data of sugar units of compound 2 in CD3OD 

Sugars 3-O-Sugar Moieties 

 C-1 C-2 C-3 C-4 C-5 C-6 

 Arabinose 

13C NMR 104.0 75.9 73.8 68.4 64.5 - 



 

 
 

1H-NMR 

J value 

4.34  

5.2 

- - - - - 

 Rhamnose 

13C NMR 103.7 83.2 72.7 74.3 72.7 18.4 

1H-NMR 

J value 

4.50  

1.5 

- - - - 

1.28 

6.1 

 Glucose 

13C NMR 105.1 76.1 78.7 71.9 78.5 62.4 

1H-NMR 

J value 

5.36  

7.2 

- - - - - 

 Rhamnose 

13C NMR 101.6 72.0 72.3 73.5 69.6 18.4 

1H-NMR 

 J value 

4.45  

1.7 

- - - - 

1.26 

6.4 

 

 

 



 

 
 

10.3: Akebonic acid-1-O-[β-D-glucopyanosyl-(1→2)-α-L-arabinopyanosyl]-3-O-β-

D-glucopyanosyl-(1→2)-α-L-rhamnopyanosyl-(1→2)-α-L-rhamnopyanoside. 

(Guaianin V). 

 

 

Work to methanolic extract of Guaiacum official, the bark portion, eluted with water: 

methanol, 9:1 and further purified by (RP-18 column, water: methanol, 9:1) obtain as 

new Akebonic saponin named as Guaianin V. The structure of compound 3 was 

determined by spectroscopy methods. 

Broadband (BB), Dept-90, and Dept-135 spectrum of  the 13C-NMR study of the 

aglycone unit of compound 3 showed 29 carbon signals of aglycone moiety, which 

were similar to the 13C-NMR chemical shifts of akebonic acid and same as previous 

compounds 1 and 2. [159] The downfield 13C-chemical shift of C-1 at 89.6 and C-3 at 



 

 
 

89.7 demonstrated that the monosaccharide moieties were attached at these carbons. 

[160-161] Both positions are ether glucosides linkage. The ether glucosidation at C-3 

(89.7), attached with C-2 (27.1) and C-23/24, (δ 28.6/17.2), which were in agreement 

with a model of akebonic acid, Furthermore, a down field shift at 89.6 suggested that 

the monosaccharide was also attached to the C-1 of aglycone on the evidence of 

HMBC.  

Compound 3, 13C-NMR spectrum of sugars showed 35 carbon resonances of pyranose 

sugar moieties including five anomeric carbon signals appeared in 105.3, 105.1, 104.0, 

102.6 and 101.9 (table-10.6). The 13C-NMR assignments of two L-rhamnose, two D-

glucose and one L-arabinose units. 

In 1H-NMR spectrum of compound 3 indicated the five tertiary methyl singlets at δ 

1.01 (s, H3-23), 0.84 (s, H3-24), 0.95 (s, H3-25), 0.78 (s, H3-26), 1.18 (s, H3-27), and 

two secondary methyl groups at δ 4.10 (s, H2-29) and distorted triplet at 5.30 which 

was the main characteristic peak of H-12, in an olean-12-ene [162] indicating a 

pentacyclic triterpenoid skeleton.  

The symbol α or β showed the anomeric configuration of sugar moieties of compound 

3, determined by the 1H-NMR spectrum. The anomeric protons appearing at 4.58 (d, 

J=8.3 Hz, H-1’). 4.57 (d, J=8.3 Hz, H-1”), 4.55 (d, J=2.3 Hz, H-1’”), 4.48 (d, J=2.1 Hz, 

H-1””) and 4.49 (d, J=8.0 Hz H-1’””). The rhamnose C-6 also appeared at 0.54 (d, 

J=7.5 Hz H-6’”) and 0.70 (d, J=7.5 Hz H-6””). The sugar linkage and sequencing have 

been determined through 13C-MNR and FAB negative mass spectrum, respectively. 

This configuration showed the complete agreement with the configuration of sugar 

moieties deduced by 13C-NMR spectrum of compound 3.  



 

 
 

The attachments of sugar chain at C-1 confermed by the downfield chemical shift of C-

1 of aglycon, at 89.6. Attachments of sugar moieties confermed by HMBC corelations 

these long range coupling enabled us to determine the glucosidation present at position 

C-1 and C-3 and also H3-23, H3-24/C-3 showed that two methyl groups were present at 

C-4 position. 1H-NMR signal at δH 3.38 (br.s, H–1), the anomeric H-atom of the sugar 

unit at δH 4.58 Ovlp, 2 H, (d, J= 8.3 H–1'), corelat with C-2, (δ 27.1) C-5, (δ 57.2) and 

C-25, (δ 16.1), so confermed correlation of C-1. The attachments of sugar chain at C-3 

confermed by the downfield chemical shift of C-3 of aglycon,at  δ 89.7. In compound 3 

was observed at δ 89.7 that indicating the the attachment of sugar moiety. C-3 also 

showed HMBC interactions with C-2, (δ 27.1) C-5, (δ 57.2) and C-23/24, (δ 28.6/16.9), 

these assignments were further supported by comparison of the 13C chemical shifts to 

related triterpenoids. [163-164] 

The sequence of the sugars was established from the negative ion FAB mass spectrum 

which exhibited a [M-H] ion peak at m/z 1187. The fragments at m/z 1025, 879, 733, 

571 and 455 indicated the loss of [M-H- glucose], [M-H- glucose – x 2 rhamnose], [M-

H- glucose – x 2 rhamnose -glucose], [M-H- glucose – x 2 rhamnose –glucose - 

arabinose] respectively and analysis of the HREIMS gave a molecular ion at m/z 

1365.1112 [M]-, corresponding to the molecular formula C58H92O26, supported by the 

1H NMR, 13C NMR and DEPT analysis.13CNMR values also supported these sequence. 

IR spectrum showed bands of OH (3408 cm-1) and olefinic bond appeared at (1664 cm-

1). The above explanation, established the structure of compound 3 as a Guaianin V  

 

 

 



 

 
 

Table:10:5-. spectral data of aglcon unit of compound 3 in CD3OD 

C. No. Multiplicity Broad Band 13C-NMR () 1H-NMR () 

 CH CH2 CH3 C  - 

1 CH    89.6 3.38 (br.s) 

2  CH2   27.1 - 

3 CH    89.7 3.30 (br.s) 

4    C 40.7 - 

5 CH    57.2 - 

6  CH2   19.3 - 

7  CH2   33.9 - 

8    C 40.6 - 

9 CH    49.8 - 

10    C 37.9 - 

11  CH2   24.1 - 

12 CH    124.0 5.30 (dis t) 

13    C 144.2 - 

14    C 52.8 - 



 

 
 

15  CH2   28.9 - 

16  CH2   24.5 - 

17    C 48.4 - 

18 CH    57.0 - 

19  CH2   48.7 - 

20    C 149.4 - 

21  CH2   38.4 - 

22  CH2   30.8 - 

23   CH3  28.6 1.01 (s) 

24   CH3  16.9 0.84 (s) 

25   CH3  16.1 0.95 (s) 

26   CH3  17.7 0.78 (s) 

27   CH3  26.3 1.18 (s) 

28    C 177.2 - 

29  CH2   107.3 4.10 (br.s) 

 

 



 

 
 

Table-10:6: spectral data of sugar units of compound 3 in CD3OD 

Sugars 1-O-Sugar Moieties 

 C-1 C-2 C-3 C-4 C-5 C-6 

 Arabinose 

13C NMR 105.0 73.8 74.4 69.3 67.2 - 

1H-NMR 

J-value 

4.79  

5.58 

- - - - - 

 Glucose 

13C NMR 103.3 83.5 78.0 71.0 78.0 62.5 

1H-NMR 

J-value 

4.57  

7.34 

- - - - - 

 3-O-Sugar Moieties 

 Rhamnose 

13C NMR 104.6 72.7 73.1 74.6 71.1 18.7 

1H-NMR 

J-value 

4.55  

2.33 

- - - - 

0.54  

7.5 

 Rhamnose 



 

 
 

13C NMR 103.9 79.6 72.8 74.3 72.7 18.6 

1H-NMR 

J-value 

4.48  

2.1 

- - - - 

0.70  

7.5 

 Glucronic acid 

13C NMR 105.1 76.5 78.3 71.8 78.7 62.3 

1H-NMR 

J-value 

4.49  

7.0 

- - - - - 

 

 

 

 

 

 

 

 

 

 



 

 
 

10.4: Akebonic acid-1-O-[β-D-glucopyanosyl-(1→2)-α-L-arabinopyanosyl]-3-O-[α-

L-rhamnopyanosyl]-28-O-[β-D-glucopyanosyl-(1→6)- β-D-glucopyanosyl-(1→6)- 

β-D-glucopyanoside]ester (Guaianin W). 

 

 

A methanolic extract of the bark of Guaiacum officinal, eluted with water: methanol, 

9:1 fraction and further purified by (RP-18 column, water: methanol, 9:1). Developed 

the structure of new akebonic saponin named as Guaianin W. The structure was 

determined on the results observed by spectroscopy tools. 

Study the aglycone part of of compound 4, 13C-NMR spectrum (BB, Dept-90, and 

Dept-135), showed 29 carbon signals of aglycone moiety, which were similar to the 

13C-NMR chemical shifts of akebonic acid (159). The downfield 13C-chemical shift of 



 

 
 

C-1 at 82.8, C-3 at 88.2 and upfield 13C-chemical shift of C-28 at 177.2 demonstrated 

that the monosaccharide moieties were attached at these positions [160]. The ether 

glucosidation site was shown to the 13C-NMR at C-3 (88.2), C-2 (27.4) and C-4 (41.4) 

which was in agreement with a model of akebonic acid. Furthermore, a down field shift 

at 90.5 suggested that the monosaccharide was attached to the C-28 of aglycone with 

ester linkage.  

13C-NMR spectrum of sugars of compound 4 also showed 35 carbon resonances of 

pyranose sugar moieties including six anomeric carbon signals appeared at 105.5, 

104.6, 104.2, 102.3 and 94.7, 94.4 (table-10.8). The 13C-NMR spectrum showed 35 

carbon signals revealed the presence of monosaccharide moiety with a triterpenoid 

aglycone. The C13-NMR assignments of one-L-rhamnose, four-D-glucose and one 

arabinose units were mention the corresponding methy1 glycosides indicated that they 

were terminal and internal sugars. [161]  

1H-NMR spectrum also supports the structure of aglycone as a akebonic acid. The 

spectrum of compound 4 indicated the five tertiary methyl singlets at δ 1.01 (s, H3-23), 

0.84 (s, H3-24), 0.92 (s, H3-25), 0.79 (s, H3-26), 1.14 (s, H3-27) and two secondary 

methyl groups at δ 4.10 (br.s H2-29) and distorted triplet at 5.36 which was 

characteristic of H-12, in an olean-12-ene [162] indicating a pentacyclic triterpenoid 

skeleton.  

1H-NMR spectrum of sugars the symbol α or β showed the anomeric configuration of 

sugar moieties of compound 4, determined by 1H-NMR spectrum. The anomeric 

protons appearing at 4.18 (d, J=5.5 Hz, H-1’), 4.82 (d, J=7.8 Hz, H-1”), 4.91 (d, J=2.1 

Hz, H-1”’), 4.49 (d, J=7.1 Hz, H-1””), 4.84(d, J=7.2 Hz H-1’””) and 4.86 (d, J=9.0 Hz, 

H-1””’’). The rhamnose positon C-6 also appeared at 1.20 (d, J=4.2 Hz H-6”’). The 



 

 
 

sugar linkage and sequencing have been determined through 13C-MNR and FAB 

negative mass spectrum, respectively. This configuration showed the complete 

agreement with the configuration of sugar moieties deduced by 13C-MNR spectrum of 

compound 4.  

The sugar moieties at these positions were also augmented by HMBC spectra. Showed 

long range coupling enabled us to conclude the glucosidation at position C-1, C-3 and 

C-28. The cross peaks between H3-23, H3-24/C-3 also showed that two methyl groups 

were present at C-4 position. 1H-NMR signal at δH 3.15 (br.s, H–1), the anomeric H-

atom of the sugar unit at δH 4.18 Ovlp, 2 H, (d, J= 5.5 H–1'), showed HMBC 

interactions with C-2, (δ 27.4) C-5, (δ 57.7) and C-25, (δ 16.2) thus confirming the 

point of attachment of the hydroxyl group with sugar unit at C-1. The protons at C-3 in 

compound 4 was observed at δ 88.2 the down field shift of this carbon indicating the 

presence of an electron withdrawing group which is due to the attachment of sugar 

moiety. C-3 also showed HMBC interactions with C-2, (δ 27.4) C-5, (δ 55.7) and C-

23/24, (δ 27.4/16.5), these assignments were further supported by comparison of the 

13C chemical shifts to related triterpenoids. The C-28 of the aglycone was shifted 

downfield to δ 177.2 due to glycosylation. [163-164] 

FAB mass spectrum, the sequence of the sugars was established from the negative ion 

FAB mass spectrum which exhibited a [M-H] ion peak at m/z 1383 for C64H102O32. The 

fragments at m/z 1203, 1041, 895, 733, 571 and 439 indicated the loss of [M-H- x 2 

glucose], [M-H- x 2 glucose –rhamnose], [M-H- x 2 glucose –rhamnose - x 2 glucose], 

[M-H- x 2 glucose –rhamnose – x 2 glucose - arabinose] respectively. analysis of the 

HREIMS gave a molecular ion at m/z 1383.1112 [M], corresponding to the molecular 

formula C64H102O32, supported by the 1H NMR, 13C NMR and DEPT analysis.13CNMR 



 

 
 

values also supported these sequence. IR spectrum showed bands of OH (3408 cm-1), 

acid carbonyl (1814 cm-1) and olefinic bond appeared at (1664 cm-1). Structure of 

compound (4) was established mainly on the basis of 1D and 2D-NMR and mass 

spectrometry. The above evidence led to the structure of Guaianin W  

Table:10.7: spectral data of aglcon unit of compound 4 in CD3OD 

C. No. Multiplicity Broad Band 13C-NMR () 1H-NMR () 

 CH CH2 CH3 C   

1 CH    82.8 3.15 (br.s) 

2  CH2   27.4 - 

3 CH    88.2 3.43 (br.s) 

4    C 41.4 - 

5 CH    55.7 - 

6  CH2   17.8 - 

7  CH2   33.4 - 

8    C 41.1 - 

9 CH    49.8 - 

10    C 36.9 - 

11  CH2   22.7 - 



 

 
 

12 CH    124.0 5.36 (dis t) 

13    C 143.3 - 

14    C 52.8 - 

15  CH2   25.6 - 

16  CH2   23.0 - 

17    C 48.4 - 

18 CH    57.0 - 

19  CH2   48.7 - 

20    C 35.2 - 

21  CH2   38.6 - 

22  CH2   29.3 - 

23   CH3  27.4 1.01 (s) 

24   CH3  16.5 0.84 (s) 

25   CH3  16.2 0.92 (s) 

26   CH3  17.1 0.79 (s) 

27   CH3  22.6 1.14 (s) 



 

 
 

28    C 177.2 - 

29  CH2   107.4 4.10 (br.s) 

 

Table 10.8: spectral data of sugar units of compound 4 in CD3OD 

Sugars 1-O-Sugar Moieties 

 C-1  C-2 C-3 C-4 C-5 C-6 

 Arabinose 

13C NMR 94.2 80.5 72.5 68.1 64.7 - 

1H-NMR 

J-value 

4.18 

 5.5 

- - - - - 

 Glucose 

13C NMR 104.6 75.1 78.3 71.6 78.4 62.4 

1H-NMR 

J-value 

4.82  

7.8 

- - - - - 

 3-O-Sugar Moieties 

 Rhamnose 

13C NMR 102.3 72.6 73.0 74.5 71.1 18.6 



 

 
 

1H-NMR 

J-value 

4.91  

2.1 

- - - - 

1.20  

4.2 

 28-O-Sugar Moieties 

 Glucose 

13C NMR 94.4 77.0 77.9 70.8 77.2 69.5 

1H-NMR 

J-value 

4.49  

7.1 

- - - - - 

 Glucose 

13C NMR 105.6 83.2 78.1 71.5 78.3 62.5 

1H-NMR 

J-value 

4.84  

(7.2) 

- - - - - 

 Glucose 

13C NMR 104.2 77.0 77.9 71.7 77.8 62.8 

1H-NMR 

J-value 

4.86  

9.0 

- - - - - 

 

 



 

 
 

10.5: Ursolic acid 

 

 

 

 

 

 

 

The methanol-water fraction from the main methanolic extract after column 

chromatography on RP-18 in solvent systems of H2O and CH3OH (7:3) obtain as a 

colorless crystals.  

The EI-MS exhibited the molecular ion peak at m/z 456. The HREI-MS revealed the 

exact mass of this peak at m/z 456.3598 which is in accordance with molecular formula 

C30H48O3.The appearance of the base peak at m/z 248 confirmed the basic skeleton 

which is a characteristic of penta cyclic triterpenes with a double bond at carbon 12. 

Other fragment ions are also justified as reported in the literature. IR spectrum 

indicated the presence of OH, COOH and C=C groups.  

Appearance of five tertiary methyl signals ( 1.25, 1.22, 1.08, 1.02 and 0.90 ppm), two 

methyl doublets (1.00, J = 6.5 Hz and 0.93, J = 5.9 Hz), a one-proton triplet at  5.46 

(J = 3.4 Hz) in the 1H NMR spectrum and along with the characteristic 13C NMR 

chemical shifts of C-12 and C-13 at 125.6 and 139.2 respectively suggested that 6 



 

 
 

belongs to the 12-amyrin series of triterpenoids. 3β-Hydroxyurs-12-en-28-oic acid.[ 

165-166] 

 

Table10.10-. spectral data of sugar units of compound 5 in CD3OD 

C. No. 

Multiplicity 

Broad Band 

13C-

NMR () 

C. No. 

Multiplicity 

Broad Band 

13C-NMR 

() 

1 CH2 39.1 16 CH2 25.0 

2 CH2 28.2 17 C 48.1 

3 CH 78.4 18 CH 53.5 

4 C 39.2 19 CH 39.5 

5 CH 55.8 20 CH 39.4 

6 CH2 18.8 21 CH2 31.2 

7 CH2 33.6 22 CH2 37.4 

8 C 40.0 23 CH3 28.9 

9 CH 48.0 24 CH3 16.6 

10 C 37.5 25 CH3 15.7 

11 CH2 23.8 26 CH3 17.5 

12 CH 125.6 27 CH3 24.1 



 

 
 

13 C 139.2 28 C 180.0 

14 C 42.4 29 CH3 17.5 

15 CH2 28.6 30 CH3 21.5 

 

10.6: β-Sitosterol 3-O- -D-glucopyranoside 

 

 

Compound 6 was isolated as colorless crystals. The IR spectrum showed absorptions 

bands for hydroxyl group (3454, cm-1) and trisubstituted double bond (3045, 1647 and 

816 cm-1). 

The HR-FABMS showed the molecular ion peak [M+-H] at m/z 577. 4443 so, 

molecular formula C35H60O6 (calcd. for C35H60O6, 577.4387). The fragmentation 

pattern in the mass spectrum of compound 6 was characteristic for a sterol with a 

double bond at C-5. 



 

 
 

The 1H-NMR data were similar to β-sitosterol except additional resonances at δ 5.14 

(1H, d, J = 7.2 Hz) for the anomeric proton and δ 3.21-3.80 oxymethine protons. The 

13C-NMR spectra (BB and DEPT) showed 35 signals for six methyl, twelve methylene 

fourteen methine and three quaternary carbon atoms. 

On the basis of the above evidence, the compound 6 could be identified as β-Sitosterol 

3-O-  -D-glucopyranoside [167-168]  

Table10.11-. spectral data of sugar units of compound 6 in CD3OD 

C. No. 

Multiplicity 

Broad Band 

13C 

NMR () 

C. No. 

Multiplicity 

Broad Band 

13C-NMR 

() 

1 CH2 39.3 19 CH3 19.4 

2 CH2 28.8 20 CH 36.8 

3 CH 79.7 21 CH3 19.4 

4 CH2 40.3 22 CH2 34.5 

5 C 141.0 23 CH2 30.2 

6 CH 122.5 24 CH 46.6 

7 CH2 32.4 25 CH 29.9 

8 CH 32.5 26 CH3 19.9 

9 CH 51.0 27 CH3 19.6 

10 C 37.2 28 CH2 23.6 



 

 
 

11 CH2 21.6 29 CH3 12.2 

12 CH2 40.3 1΄ CH 101.7 

13 C 43.0 2΄ CH 71.1 

14 CH 57.5 3΄ CH 76.5 

15 CH2 24.7 4΄ CH 74.3 

16 CH2 26.9 5΄ CH 77.3 

17 CH 56.8 6΄ CH2 62.4 

18 CH3 12.1    

 

10.7: Oleanolic acid 

 

 

 

 

 

 

This compound was obtained after column chromatography with the eluting system of 

H2O and CH3OH (7:3). 



 

 
 

 The appearance of molecular ion peak at m/z 456 in electron impact mass spectrum 

and a demonstration of exact mass of this peak at m/z 456.360 in high resolution 

electron impact mass spectrum confirmed the molecular formula molecular as 

C30H48O3.The presence of the base peak at m/z 248 further confirmed the basic 

skeleton. Further fragmentation is also in agreement with reported values. Retro-Diels 

Alder fragmentation of olen-12-en-28-oic acid class is also illustrated in the Figure 

10.1.  

The hydroxyl, carboxylic acid and C=C groups could be seen in the IR spectrum of the 

compound.  

The UV absorption maximum was appeared at  205 nm, showing the lack of 

conjugation in the compound.  

1H NMR spectrum showed seven tertiary methyls as singlet ( 1.14, 0.97, 0.93, 0.90, 

0.88, 0.80 and 0.75). It also exhibited resonance for an olefinic proton at  5.26 (t, J = 

3.6 Hz, H-12) and characteristic methine proton at 2.80 (dd, J = 13.4, 4.2 Hz, H-18). 

These data along with the characteristic 13C-NMR chemical shifts of C-12 and C-13 at 

 122.2 and 144.8 respectively and mass fragmentation pattern indicated that 3 belong 

to 12-amyrin series of pentacyclic triterpenoids. [169-170] 

Table10.12-. spectral data of sugar units of compound 8 in CD3OD 

C. No. 

Multiplicity 

Broad Band 

13C-

NMR () 

C. No. 

Multiplicity 

Broad Band 

13C-NMR 

() 

1 CH2 38.9 16 CH2 23.7 

2 CH2 28.0 17 C 46.8 



 

 
 

3 CH 78.3 18 CH 41.8 

4 C 39.2 19 CH2 46.4 

5 CH 55.8 20 C 31.0 

6 CH2 18.7 21 CH2 34.1 

7 CH2 33.6 22 CH2 33.3 

8 C 39.7 23 CH3 29.0 

9 CH 47.9 24 CH3 16.6 

10 C 37.3 25 CH3 15.6 

11 CH2 23.8 26 CH3 17.5 

12 CH 122.2 27 CH3 26.1 

13 C 144.8 28 C 180.0 

14 C 42.1 29 CH3 33.2 

15 CH2 28.1 30 CH3 23.6 
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11.0: General Information  

11.0.1: Solvents  

Commercial grade was distilled at appropriate temperature before use for 

chromatography and fractionation protocols. 

11.0.2: Ceric Sulphate reagent  

This reagent was used to check compounds on TLC. 

 11.0.3:1HNMR spectra  

1HNMR were recorded at 300 and 500 MHz on Bruker Av (Avance) instruments.  

11.0.4:13C spectra  

13CNMR were recorded with the same instruments at 125 MHz respectively. 

11.0.5: The heteronuclear spectra 

2D 1H– 13C chemical shift inverse correlation experiments were determined at 500 or 

600 or Cryoprobe 500 MHz. 

11.0.6: IR spectra  

Spectra were recorded on a JASCO-320-Aspectrophotometer or Bruker vector 22 FTIR 

spectrophotometer.  

11.0.7: FAB spectra 

Glycerol and thioglycol have been used as a matrix. Cesium iodide was used as an 

internal standard for accurate mass measurements.  

11.0.8: Column chromatography  

Chromatography was done on reverse phase column by using Sephadex LH-20 (25-100 

μm; Sigma-Aldrich). 



 

 
 

11.1. Plant Material 

The stem bark of Guaicum officinale was collected from the trees growing in 

University of Karachi campus. The plant was identified by Dr. Mohammad Qaiser 

(Department of Botany, University of Karachi, Karachi, Pakistan) and a voucher 

specimen (No. 33 KUH) has been deposited in the Herbarium of the same department.  

11.2. Extraction  

The bark was dried in the shade and chopped. The whole air dried and chopped bark 

(10 kg) was ground and extracted with methyl alcohol (3 times) at room temperature. 

The methanol was removed under reduced pressure from the extract to yield a brownish 

gummy residue using freeze drying. [171] 

11.3. Fractionation  

The crude methanolic extract was partitioned with different solvents (hexane, ethyl 

acetate, butanol, methanol and water) to obtain different extracts. Further work has 

been preceded on the water part. The water fraction after removal of solvent under 

reduced pressure afforded residue (60.7 g). This water residue was passed through 

repeated column chromatography on RP-18, using solvent systems, water and methanol 

in different proportions. [171] 

11.4. Isolation  

This fraction resulted the isolation of seven compounds, Guaianin T (1), Guaianin U 

(2), Guaianin V (3), Guaianin W (4), ursolic acid (5), -sitosterol glucoside (6), 

oleanolic acid (7). Purity of compounds was finally checked on high performance thin 

layer chromatography (HP-TLC) plates, and spots were visualized by spraying with 

ceric sulfate reagent followed by heating. 



 

 
 

The presences of saponins were confirmed by demonstration of frothing and 

emulsification property. The water residue was subjected on Rp-18 column 

chromatography in eluting system of water, methanol (starting from 9:1 to 1:9 and 

purely methanol). Ten fractions containing mixture of compounds have been obtained 

during column chromatography. These fractions were further investigated to purify 

using HPLC.  

11.5. Extraction and isolation scheme  

 



 

 
 

11.6.: Characterization of Akebonic acid-1-O-[α-L-arabinopyanosyl]-3-O-[β-D-

glucurnopyanosyl(1→2) -α-L-rhamnopyanosyl-(1→2)-α-L- rhamnopyanosyl]-28-

O-β-D-glucopyanosyl (1→2) -α-L-rhamnopyanoside]ester. (Guaianin T ). 

 

 

Brown colour crystals 

HR-FABMS (–ve) m/z: 1365. 1112 [M–H]– for C64H100O31.  

FABMS (–ve) m/z: The fragments at m/z 1187, 1025, 879, 733, 587 and 455, loss of 

[M-H-glucuronic acid], [M-H- glucuronic acid - glucose], [M-H- glucuronic acid – 

glucose - 3 x rhamnose], [M-H- glucuronic acid – glucose - 3 x rhamnose - arabinose]  

IRmax (KBr) cm-1: OH(3408), ester carbonyl(1735), olefinic bond(1664)  

13C–NMR (CD3OD, 125 MHz): δc 90.5(C-1), 27.1(C-2), 89.7(C-3), 40.7(C-4), 

57.2(C-5), 19.3(C-6), 33.9(C-7), 40.6(C-8), 49.8(C-9), 37.9(C-10), 24.1(C-11), 

124.0(C-12), 144.2(C-13), 52.8(C-14), 28.9(C-15), 24.5(C-16), 48.4(C-17), 57.0(C-18), 

48.7(C-19), 149.4(C-20), 38.4(C-21), 30.8(C-22), 28.6(C-23), 16.9(C-24), 16.1(C-25), 



 

 
 

17.7(C-26), 26.3(C-27), 177.2(C-28), 107.3(C-29), Ara: 104.0(1), 72.7(2), 74.4(3), 

69.7(4), 66.7(5); Rha: 102.7(1), 79.7(2), 72.8(3), 74.3(4), 72.7(5), 18.5(6); Rha: 

103.5(1), 72.7(2), 73.1(3), 74.5(4), 71.1(5), 18.6(6); Glu A: 105.2(1), 76.5(2), 78.7(3), 

71.9(4), 78.9(5), 62.3(6); Rha: 95.7(1), 83.2(2), 72.5(3), 74.3(4), 72.7(5), 18.7(6); Glc: 

107.1(1), 76.2(2), 78.3(3), 71.9(4), 78.5(5), 62.3(6). 

1H–NMR (CD3OD, 500 MHz): δH 3.90(br.s, H-1), 3.30(br.s, H-3), 5.32(dis t), H-12), 

1.04(s, H3-23), 0.84(s, H3-24), 0.94(s, H3-25), 0.79(s, H3-26), 1.18(s, H3-27), 4.16(br.s,, 

H2-29), 4.78(d, J=5.7 Hz, H-1 of Arb), 5.13(d, J=1.0 Hz, H-1 of Rua), 4.58(d, J=1.5 

Hz, H-1 of Rua), 4.55(d, J=7.2 Hz, H-1 of Glu A), 5.18(d, J=1.2 Hz, H-1 of Rua), 

5.20(d, J= 7.0 Hz, H-1 of Glc). 

11.7: Characterization of Akebonic acid-3-O-[α-L-rhamnopyanosyl-(1→2)-β-D-

glucopyanosyl-(1→2)-α-L-rhamnopyanosyl-(1→2)-α-L-arabinopyanoside. 

(Guaianin U). 

 

 

 



 

 
 

Brown colour crystals 

HR-FABMS (–ve) m/z: 1025.1105 [M–H]– for C52H82O20 

FABMS (–ve) m/z: The fragments at m/z 879, 717, 571 and 455, the loss of [M-H- 

rhamnose], [M-H- rhamnose - glucose], [M-H- rhamnose – glucose - rhamnose], [M-H- 

rhamnose – glucose - rhamnose - arabinose]. 

IRmax (KBr) cm-1: OH(3408), C–H stretch(2925), olefinic bond(1664) 

13C–NMR (CD3OD, 125 MHz): δc 33.5(C-1), 29.0(C-2), 89.7(C-3), 40.5(C-4), 

57.2(C-5), 19.3(C-6), 34.0(C-7), 40.3(C-8), 49.8(C-9), 37.9(C-10), 24.5(C-11), 

124.0(C-12), 144.2(C-13), 52.8(C-14), 27.1(C-15), 24.5(C-16), 48.4(C-17), 57.1(C-18), 

43.2(C-19), 149.4(C-20), 40.0(C-21), 30.8(C-22), 28.6(C-23), 17.2(C-24), 16.0(C-25), 

17.9(C-26), 26.4(C-27), 177.2(C-28), 106.6(C-29), Ara: 104.0 (1), 75.9 (2), 73.8 (3), 

68.4 (4), 64.5 (5); Rha: 103.7 (1), 83.2 (2), 72.7 (3), 74.3 (4), 72.7 (5), 18.4 (6); Glc: 

105.1 (1), 76.1 (2), 78.7 (3), 71.9 (4), 78.5 (5), 62.4 (6).Rha: 101.6 (1), 72.0 (2), 72.3 

(3), 73.5 (4), 69.6 (5), 18.4 (6). 

1H–NMR (CD3OD, 500 MHz): δH  3.30(s, H-3), 5.03(dis t, H-12), 1.01(s, H3-23), 0.84 

(s, H3-24), 0.94(s, H3-25), 0.79(s, H3-26), 1.18(s, H3-27), 4.16(br.s, H2-29), 4.34(d, 

J=5.2 Hz, H-1 of Arb), 4.50(d, J=1.5 Hz, H-1 of Rha), 5.36(d, J= 7.2 Hz, H-1 of 

Glc).4.45(d, J=1.7 Hz, H-1 of Rha),  

 

 

 

 

 



 

 
 

11.8: Characterization of Akebonic acid-1-O-[β-D-glucopyanosyl-(1→2)-α-L-

arabinopyanosyl]-3-O-β-D-glucopyanosyl-(1→2)-α-L-rhamnopyanosyl-(1→2)-α-

L-rhamnopyanoside. (Guaianin V). 

 

 

Brown colour crystals 

HR-FABMS (–ve) m/z: [M-H] ion peak at m/z 1187.1112 for C58H92O26. 

FABMS (–ve) m/z: The fragments at m/z 1025, 879, 733, 571 and 455 indicated the 

loss of [M-H- glucose], [M-H- glucose – x 2 rhamnose], [M-H- glucose – x 2 rhamnose 

-glucose], [M-H- glucose – x 2 rhamnose –glucose - arabinose] 

IRmax (KBr) cm-1: OH (3408), olefinic bond (1664) 

13C–NMR (CD3OD, 125 MHz): δc 89.6 (C-1), 27.1 (C-2), 89.7 (C-3), 40.7 (C-4), 57.2 

(C-5), 19.3 (C-6), 33.9 (C-7), 40.6 (C-8), 49.8 (C-9), 37.9 (C-10), 24.1 (C-11), 124.0 

(C-12), 144.2 (C-13), 52.8 (C-14), 28.9 (C-15), 24.5 (C-16), 48.4 (C-17), 57.0 (C-18), 

48.7 (C-19), 149.4 (C-20), 38.4 (C-21), 30.8 (C-22), 28.6 (C-23), 16.9 (C-24), 16.1 (C-



 

 
 

25), 17.7 (C-26), 26.3 (C-27), 177.2 (C-28), 107.3 (C-29), Ara: 105.0 (1), 73.8 (2), 

74.4 (3), 69.3 (4), 67.2 (5); Glc: 105.3 (1), 83.5 (2), 78.0 (3), 71.0 (4), 78.0 (5), 62.5 

(6); Rha: 104.6 (1), 72.7 (2), 73.1 (3), 74.6 (4), 71.1 (5), 18.7 (6); Rha: 103.9 (1), 

79.6(2), 72.8 (3), 74.3 (4), 72.7 (5), 18.6 (6); Glc: 105.1 (1), 76.5 (2), 78.3 (3), 71.8 (4), 

78.7 (5), 62.3 (6);  

1H–NMR (CD3OD, 500 MHz): δH  3.38 (br.s, H-1), 3.30 (br.s,, H-3), 5.30 (dis t), H-

12), 1.01 (s, H3-23), 0.84 (s, H3-24), 0.95 (s, H3-25), 0.78 (s, H3-26), 1.18 (s, H3-27), 

4.10 (br.s,, H2-29), 4.79(d, J=5.8 Hz, H-1 of Arb), 4.57(d, J= 7.34 Hz, H-1 of 

Glc).4.55(d, J=2.33 Hz, H-1 of Rua), 4.48(d, J=2.1 Hz, H-1 of Rua), 4.49(d, J=7.0 Hz, 

H-1 of Glc). 

11.9: Characterization of Akebonic acid-1-O-[β-D-glucopyanosyl-(1→2)-α-L-

arabinopyanosyl]-3-O-[α-L-rhamnopyanosyl]-28-O-[β-D-glucopyanosyl-(1→6)- β-

D-glucopyanosyl-(1→6)- β-D-glucopyanoside]ester (Guaianin W). 

 



 

 
 

Brown colour crystals 

HR-FABMS (–ve) m/z: [M-H] ion peak at m/z 1383.1112 for C64H102O32, 

FABMS (–ve) m/z: The fragments at m/z 1203, 1041, 895, 733, 571 and 439 indicated 

the loss of [M-H- x 2glucose], [M-H- x 2 glucose –rhamnose], [M-H- x 2 glucose –

rhamnose - x 2 glucose], [M-H- x 2 glucose –rhamnose – x 2 glucose - arabinose]  

IRmax (KBr) cm-1: OH(3408), C–H stretch(2925), ester carbonyl(1735), olefinic 

bond(1664) 

13C–NMR (CD3OD, 125 MHz): δc 82.8(C-1), 27.4(C-2), 88.2(C-3), 41.4(C-4), 55.7 

(C-5), 17.8(C-6), 33.4(C-7), 41.1(C-8), 49.8(C-9), 36.9(C-10), 22.7(C-11), 124.0(C-

12), 143.3(C-13), 52.8(C-14), 25.6(C-15), 23.0(C-16), 48.4(C-17), 57.0(C-18), 48.7(C-

19), 35.2(C-20), 38.6(C-21), 29.3(C-22), 27.4(C-23), 16.5(C-24), 16.2(C-25), 17.1(C-

26), 22.6(C-27), 177.2(C-28), 33.5(C-29), 24.7(C-30), Ara: 94.2 (1), 80.5 (2), 72.5 (3), 

68.7 (4), 64.7 (5); Glc: 104.6 (1), 75.1 (2), 78.3 (3), 71.6 (4), 78.4 (5), 62.4 (6); Rha: 

102.3 (1), 72.6 (2), 73.0 (3), 74.5 (4), 71.1 (5), 18.6; Glc: 94.4 (1), 77.0 (2), 77.9 (3), 

70.8 (4), 77.2 (5), 69.5 (6); Glc: 105.6 (1), 83.2 (2), 78.1 (3), 71.5 (4), 78.3(5), 62.5 (6); 

Glc: 104.2(1), 77.0(2), 77.9(3), 71.7(4), 77.8(5), 62.8(6). 

1H–NMR (CD3OD, 500 MHz): δH  3.15(br.s, H-1), 3.43(br.s,, H-3), 5.36(dis t), H-12), 

1.01(s, H3-23), 0.84(s, H3-24), 0.92(s, H3-25), 0.79(s, H3-26), 1.14(s, H3-27), 4.10 (br.s, 

H2-29), 4.18(d, J=5.5 Hz, H-1 of Arb), 4.82(d, J= 7.8 Hz, H-1 of Glc).4.91(d, J=2.1 Hz, 

H-1 of Rua), 4.49(d, J=7.1 Hz, H-1 of Glc), 4.84(d, J=7.2 Hz, H-1 of Glc), 4.86(d, 

J=9.0 Hz, H-1 of Glc). 

 

 

 



 

 
 

11.10: Characterization of Ursolic Acid (5) 

 

 

 

 

 

 

 

Colorless crystals  

HREI-MS m/z: 456.3598 [C30H48O3 required for 456.3603, M+], 438.3495 

[C30H46O2]
+,248.1770 [C16H24O2]

+, 207.1746 [C14H23O]+, 203.1798 [C15H23]
+, 

189.1638 [C14H21]
+ and 133.1014 [C10H13]

+. 

IR max (KBr) cm-1: 3450-2996 br. (OH and COOH), 2912, 2836 (CH), 1694 (acid 

C=O), 1632 (C=C) and 1050 (C-O). 

EI-MS m/z (rel. int. %): 456 [M]+ (10), 438 (10), 248 (100), 207 (28), 203 (29), 189 

(15) and 133 (25). 

13C–NMR (CD3OD, 125 MHz): δc 39.1(C-1), 28.2(C-2), 78.4(C-3), 39.2(C-4), 55.8 

(C-5), 18.8(C-6), 33.6(C-7), 40.0(C-8), 48.0 (C-9), 37.5(C-10), 23.8(C-11), 125.6(C-

12), 139.2(C-13), 42.4(C-14), 28.6(C-15), 25.0(C-16), 48.1(C-17), 53.5(C-18), 39.5 

(C-19), 39.4(C-20), 31.2(C-21), 37.4(C-22), 28.9(C-23), 16.6(C-24), 15.7(C-25), 17.5 

(C-26), 24.1(C-27), 180.0(C-28), 17.5(C-29), 21.5(C-30)  



 

 
 

1H-NMR (C5D5N, 400 MHz):  5.46 (1H, triplet, J = 3.4 Hz, H-12), 3.45 (1H, dd, J = 

10.3, 4.5 Hz, H-3), 2.60 (1H, doublet, J = 11.3 Hz, H-18), 1.25 (3H, s), 1.22 (3H, s), 

1.08 (3H, s), 1.02 (3H, s), 1.00 (3H, d, J = 6.5 Hz), 0.93 (3H, d, J = 5.9 Hz), 0.90 (3H, 

s). 

11.11: β-Sitosterol 3-O- -D-glucopyranoside (6) 

 

 

 

Colorless crystals  

HREI-MS m/z: 396.3750 [C29H48 required for 396.3756, M+-D-glucose], 355.3362 

[C26H43]
+ and 255.2113 [C19H27]

+. 

IR max (KBr) cm-1: 3406 (OH), 2962, 2846 (CH), 1636 (C=C) and 1044 (C-O). 

EI-MS m/z (rel. int. %): 396 [M+- D-glucose] (100), 355 (8) and 255 (12). 

13C–NMR (CD3OD, 125 MHz): δc 39.3(C-1), 28.8(C-2), 79.7(C-3), 40.3(C-4), 141.0 

(C-5), 122.5(C-6), 32.4(C-7), 32.5(C-8), 51.0(C-9), 37.2(C-10), 21.6(C-11), 40.3(C-

12), 43.0 (C-13), 57.5 (C-14), 24.7 (C-15), 26.9 (C-16), 56.8 (C-17), 12.1 (C-18), 19.4 



 

 
 

(C-19), 36.8 (C-20), 19.4 (C-21), 34.5 (C-22), 30.2 (C-23), 46.6 (C-24), 29.9 (C-25), 

19.9 (C-26), 19.6 (C-27), 23.6 (C-28), 12.2 (C-29), (C-30) , Glc: 101.7 (1), 71.1 (2), 

76.5 (3), 74.3 (4), 77.3 (5), 62.4 (6). 

1H-NMR (C5D5N, 400 MHz):  5.35 (1 H, m, H-6), 5.04 (1H, d, J = 7.8 Hz, H-1), 4.54 

(1H, dd, J = 11.6, 2.1 Hz, H-6a), 4.39 (1 H, dd, J = 11.6, 5.2 Hz, H-6b), 4.28 (1H, m, 

H-3), 4.24 (1 H, m, H-4), 4.04 (1H, t, J = 7.7 Hz, H-2), 3.96 (1H, m, H-5), 3.90 (1H, 

m, W1/2 = 21.4 Hz, H-3), 0.97 (3H, d, J = 6.6 Hz, H-21), 0.92 (3H, s, H-19), 0.88 (3H, 

t, J = 6.7 Hz, H-29), 0.87 (3H, d, J = 6.5 Hz, H-27/H-26), 0.86 (3H, d, J = 6.8 Hz, H-

26/H-27) and 0.65 (3H, s, H-18). 

11.12: Characterization of Oleanolic Acid (7) 

 

 

 

 

 

 

 

Colorless needles  

HREI-MS m/z: 456.3612 [C30H48O3 required for 456.3603, M+], 248.1775 

[C16H24O2]
+, 207.1748 [C14H23O]+, 203.1794 [C15H23]

+, 189.1644 [C14H21]
+ and 

133.1015 [C10H13]
+. 



 

 
 

EI-MS m/z (rel. int. %): 456 [M]+ (30), 248 (100), 207 (25), 203 (83), 189 (16) and 

133 (29). 

IR max (CHCl3) cm-1: 3428-2992 br. (OH and COOH), 2932, 2840 (CH), 1692 (acid 

C=O), 1640 (C=C) and 1052 (C-O). 

13C–NMR (CD3OD, 125 MHz): δc 38.9(C-1), 28.0(C-2), 78.3(C-3), 39.2(C-4), 55.8 

(C-5), 18.7(C-6), 33.6(C-7), 39.7(C-8), 47.9(C-9), 37.3(C-10), 23.8(C-11), 122.2(C-

12), 144.8(C-13), 42.1(C-14), 28.1(C-15), 23.7(C-16), 46.8(C-17), 41.8(C-18), 46.4 

(C-19), 31.0(C-20), 34.1(C-21), 33.3(C-22), 29.0(C-23), 16.6(C-24), 15.6(C-25), 17.5 

(C-26), 26.1(C-27), 180.0(C-28), 33.2(C-29), 23.6(C-30)  

1H-NMR (CDCl3, 400 MHz):  5.26 (1H, triplet, J = 3.6 Hz, H-12), 3.18 (1H, dd, J = 

11.3, 5.0 Hz, H-3), 2.80 (1H, dd, J = 13.4, 4.2 Hz, H-18), 1.14 (3H, s), 0.97 (3H, s), 

0.93 (3H, s), 0.90 (3H, s), 0.88 (3H, s), 0.80 (3H, s) and 0.75 (3H, s). 
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