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ÖZET 

KLORALOZ ESASLI YENİ 

MONOMERLERİN SENTEZLERİ 

YILDIRAN EVREN, Selin 

Yüksek Lisans Tezi, Kimya Bölümü 

Tez Danışmanı: Doç. Dr. A. Yeşim Salman 

Eylül 2019 ,82 pages

     Bu araştırmada D-mannoz, D-galaktoz ve D-glukoz başlangıç şekerleri 

olarak kullanıldı. Bu monosakkaritlerden yola çıkılarak  yeni akrilik ve metakrilik 

polimerlerin sentezi ve karakterizasyonu üzerine çalışılmıştır. 

     D-galaktoz’un susuz kloralle tepkimesi sonucu 1,2-O-trikloroetiliden-α-

D-galaktofuranoz elde edildi. 1,2-O-trikloroetiliden-α-D-galaktofuranoz ile 2,2-

dimetoksipropan tepkimeye sokularak 5,6-O-izopropiliden-1,2-O-trikloroetiliden-

α-D-galaktofuranoz oluşturuldu. Bir sonraki basamakta 5,6-O-izopropiliden-1,2-

O-trikloroetiliden-α-D-galaktofuranoz’un epiklorohidrin ile tepkimesi sonucu 3 

numaralı karbona epoksi halkası bağlandı. Epoksi halkasının bazik ortamdaki 

açılma tepkimesinin özelliğinden faydalanarak akrilik ve metakrilik asitler ile 

halka açılma tepkimesi gerçekleştirildi. 

      Benzer şekilde D-glukoz ve D-mannoz’ dan başlayarak sırasıyla 5,6-O-

izopropiliden-1,2-O-trikloroetiliden-α-D-glukofuranoz ve 5,6-O-izopropiliden-

1,2-O-trikloroetiliden-α-D-mannofuranoz oluşturuldu. D-galaktoz’un reaksiyon 

basamakları bu şekerler için de aynen tekrarlandı. 

Anahtar Kelimeler: Kloraloz, Trikloroetiliden asetal, Epoksi şeker, Şeker 

bazlı polimer 
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ABSTRACT 

SYNTHESIS OF NEW MONOMERS 

BASED ON CHLORALOSE 

YILDIRAN EVREN, Selin 

MSc in Department of Chemistry 

Supervisor: Assoc. Prof. Dr. A. Yeşim SALMAN 

September 2019, 82 pages

In this research, D-mannose, D-galactose and D-glucose were used as 

starting sugars. Starting from these monosaccharides, the synthesis and 

characterization of  acrylic and methacrylic polymers were investigated. 

 As a result of anhydrous chloral and D-galactose reaction, 1,2-O-

trichloroethylidene-α-D-galactofuranose was obtained. 5,6-O-isopropylidene-1,2-

O-trichloroethylidene-α-D-galactofuranose was obtained, 2-O- trichloroethylidene 

-α-D-galactofuranose and 2,2-dimethoxypropane. In the next stage, 5,6-O-

isopropylidene-1,2-O-trichloroethylidene-α-D-galactofuranose and 

epichlorohydrine were reacted and the result of this reaction epoxy ring was added 

to number 3 carbon. Epoxy rings may be opened with the base catalyst. The use of 

this property was performed ring opening reactions with acrylic and methacrylic 

acid. In this way, sugar-based monomers were obtained and investigated. 

 Likewise D-glucose and D-mannose were used as starting sugar.5,6-O-

isopropylidene-1,2-O-trichloroethylidene-α-D-glucofuranose and 5,6-O-

isopropylidene-1,2-O-trichloroethylidene-α-D-mannofuranose were obtained. The 

steps of D-galactose reaction were repeated for other sugars. 

Key Words: Chloralose, Trichloroethylidene acetals, Epoxy sugar, sugar 

based polymer 





xi 

PREFACE 

In this research, D-mannose, D-galactose and D-glucose were used as 

starting sugars. Starting from these monosaccharides, the synthesis and 

characterization of 8 new acrylic and methacrylic polymers were investigated. 

All hydroxyl groups except for the OH group on carbon 3 were protected. 

The epoxy ring was added to carbon 3 as a result of the reaction of 

epichlorohydrin with sugar. Epoxy rings may be opened with the base catalyst. 

The use of this property was performed ring opening reactions with acrylic and 

methacrylic acid. In this way, sugar-based monomers were obtained and 

investigated. 

 The products obtained were purified by Column Chromatography. The 

structures of all synthesized compounds were determined by H-NMR, 13C-NMR 

and IR spectroscopic methods. 

 Some parts of the results of this thesis were published in the journal 

eXPRESS Polymer Letters 11(10), 799-808. 

İZMİR 

09/09/2019 

Selin YILDIRAN EVREN 
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1. INTRODUCTION

1.1 Carbohydrates 

 Carbohydrates occur carbon, oxygen, hydrogen, and other modification 

atoms. They provide up to 40% of the energy the human body needs. In addition, 

many physiological and pathological effects are known. These effects; 

fertilization, biological functions, reproductive system, immune system and 

effects on viruses. 

 Carbon atoms have four valence electrons. so that it be bound with four 

different atoms. Since the end of the nineteenth century, chemists have directed 

their work to these characteristics. The study of carbohydrates began with the 

work of Emil Fischer. The researches started in those years, have reached very 

important stages today. 

1.2 Types of Carbohydrates 

 Carbohydrates are classified into four types monosaccharides, 

disaccharides, polysaccharides, oligosaccharides. Monosaccharides can not be 

hydrolyzed further into simpler form of carbohydrates. All disaccharides and 

polysaccharides are ultimately converted to monosaccharides. Disaccharides are 

composed of two sugars bound by a glycosidic bond. This glycosidic linkage is 

formed by a condensation reaction between two sugar units and causes the loss of 

one hydrogen atom from one monosaccharide and one hydroxyl group from the 

other. Oligosaccharides are polymeric carbohydrate structures consisting of 

between 3-9 repeating units (mono or disaccharides) joined by glycosidic bonds. 

Polysaccharides are polymeric carbohydrate structures consisting of more than 10 

repeating units (mono or disaccharides) joined by glycosidic bonds. 
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Table 1.1 Types of Carbohydrates 

1.3 Stereochemistry of Monosaccharides 

 Monosaccharide known as polyhydroxy aldehydes or ketones.

Monosaccharides's general formul is CnH2nOn or Cn(H2O)n.  The carbon chains 

have 4 or 9 carbons and a hydroxyl group. This structure is known as the Fisher 

structure. The location of carbonyl groups in monosaccharides is important. They 

are referred to as aldehyde or ketone relative to the carbonyl group. 

OH

O

H OH

OH H

H OH

       1
aldopentose
(D-xylose)

OH

O

H OH

OH H

H OH

H OH

        2
aldohexose
(D-glucose)

OH

OH H

H OH

O

OH

        3
ketopentose
(D-xylulose)

OH

OH H

H OH

H OH

O

OH

       4
ketohexose
(D-fructose)

1

2

3

4

55

1

2

3

4

5

6

1

2

3

4

5

1

2

3

4

5

6

Figure 1.1 The configuration of Fischer projection of acyclic polyhydroxy aldehydes and 

ketones 

 A Fischer projection used to represent carbohydrates shows chiral 

carbons, shows -H or -OH groups on the horizontal intersecting line and places 

the CH2OH groups. In a Fischer projection, the isomer L or D is determined by 

the direction of the hydroxyl group bound to the C atom farthest away from the 

carbonyl group It is indicated by the letter L on the left and the letter D on the 



3 

right. The carbonyl carbon has always the lowest possible number in 

monosaccharide chain. 

OH

H OH

OH H

H OH

O

OH

D-sorbose

OH

H OH

OH H

OH H

O

OH

L-sorbose

OH

O

OH H

OH H

H OH

H OH

D-mannose

OH

O

OH H

OH H

H OH

OH H

L-mannose

* * **

Figure 1.2 Configuration of D- and L- sugars 

Some of the monosaccharide chemistry could not be explained by the 

open chain structure. Emile Fischer explained the structure of the 

monosaccharides by an open chain. However, the open chain formula cannot 

accurately represent the actual structure. Haworth developed the ring structure. 

These cyclic structures are named according to the number of C they contain. The 

4-carbon ring furanose is called, the 5-carbon ring pyranose. OH groups attached 

to carbonyl carbon indicate alpha and beta forms. It is called alpha, if the OH 

groups below the structure. If the group OH is above the ring, it is called beta. 

These two structures are diastereoisomers of each other. 

Figure 1.3 Haworth Projections 
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1.4 Optical Properties of  Sugars 

 The ability of an object to deflect polarized light from its plane is called 

optically activity. Only sugars with different OH groups belonging to asymmetric 

carbon are mirror images of each other. Such substances are called optically 

active enantiomers. The physical and chemical properties are the same. Being 

optically active is an important feature for the food industry. Turning the 

polarized light to the right is indicated by "D" (dextro) or "+" and turning to the 

left is indicated by "L" (Levo) or "-". 

2. LITERATURE SURVEY

2.1 Protecting Groups 

 Protecting of hydroxyl groups play an important role in carbohydrate 

chemistry (Wuts and Greene, 2007). This process is often used to temporarily 

mask a functional group that may interfere with a particular reaction. 

 The use of acetals and ketones as protecting groups for hydroxyl is very 

common. Because these derivatives can be readily hydrolyzed with dilute acids 

and no changes in the configuration of the carbon atom are observed (Yüceer, 

1978). 

C

OH

OH

Cl3C H C

O

Cl3C H
H
2
SO

4



-H
2
O

Figure 2.1 Distillation of chloral hydrate. 

 Chloral was obtained by distillation of chloral hyrate and sulphuric acid. 

Chloraloses were first synthesized by Hefter with condensation of 

trichloroacetaldehyde with free glucose in the presence of acid catalyst (Lunitskii, 

1975; Dutka et al, 1992).  

 Trichloroethylidene acetals are highly resistant to acidic effects. But 

there are not enough studies for trichloroethyliden acetals of monosaccarides in 

the literature. Because trichloroethylidene acetals are not easy to isolate. Two 

diastereomers from D-glucose were obtained in the protection with 

trichloroethylidene acetals. These are α-chloralose and β-chloralose. These 

symbols determine the configuration of the acetal carbon.  
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H
+

D-Glucose

CH2 OR

Me

Me2C(OR)2
or

O

OH

OH

OH
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O
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D-Mannose
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O

OHO OH

OCH3

CH3 OH

H
+

CH2 OR
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O

O
O

O

OCH3

CH3 OH

CH3
CH3

D-Galactose

H+

CH2 OR

Me

O

O

OH

O
OH OH

CH3

CH3 +
O

OH

OH

O

O
OH

CH3

CH3

Me2CO
Dowex 50 resin

O

O

O

OH

O

O

CH3

CH3

CH3

CH3

Figure 2.2 Acetonation reactions of D-glucose, D-mannose and D-galactose with 

 Trichloroethylidene acetals are biologically potentially active 

compounds. α-chloralose is used as an anesthetic agent on laboratory animals 

(Metz et al, 1996). Used as a commercial drug α-chloralose is also properly used 

in bird repellent, rodenticide, veterinary medicine and neuroscience for loss of 

sensation named sedative and anesthetic (Forsen et al., 1965; Zosimo-Landolfo et 

al., 1999). 

 O-isopropylidene and O-benzylidene sugars as a protecting sugars are 

the most important derivatives in carbohydrate chemistry. Many methods of 

synthesizing O-isopropylidene derivatives are known in the literature. Traditional 

method comprises condensing the diol in the anhydrous state in the presence of 

acetone and a catalyst. 
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O

O

O

OH

O

O

O

O

O

OH

OH

OH

+

M e2CO

H
+

D-Glucose

O

O

O

O

O

OH

Me2CO

H
+

D-Mannose

Me2CO

D-Galactose

O

OH

O

OO

O
     H+

1 2

3

4

Figure 2.3 Reaction of D-glucose, D-mannose and D-galactose with acetone 

 Reaction of D-glucose with acetone and acid gives the 1,2: 5,6-di-O-

isopropylidene-α-D-glucofuranose and monoacetone glucose. The use of 2,2-

DMP or 2-methoxypropene increases the proportion of monoacetone glucose 

(Hannessian,1997).  

2.2 Epoxy Groups 

 The epoxide structure, also known as oxirane, is a three-membered ring. 

The ring members are an oxygen and two carbons. It’s three-membered ring 

makes it more susceptible to nucleophilic attacks (Solomons and Fryhle, 2007). 

 Epoxides are building blocks commonly used in the synthesis of 

complex organic compounds. Their use as valuable intermediates was further 

extended by the synthesis of asymmetric catalytic processes. 

 Epoxides are important substances for organic synthesis laboratories. 

With the emergence of asymmetric methods for synthesis, their value has 

increased further. It is also present as an intermediate in some biosynthetic 

reactions. 
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Figure 2.4 A small part of biosynthesis of cholesterol (ring opening reaction of epoxides) 

2.3 Ring Opening of the Epoxides 

 The opening reactions of the epoxy ring are very important for organic 

synthesis. The most important feature of epoxides is that they are more sensitive 

to nucleophilic attacks than simple ethers. Thus, they react rapidly even with 

nucleophiles in which other ethers are ineffective. 

2.3.1 Acid Catalysed Ring Opening Reactions of Epoxides 

In the typical reaction of epoxide with acid catalyst as a nucleophile; acid 

catalysis helps to open the epoxide ring provided that it forms a better leaving 

group (alcohol) at the carbon atom undergoing the nucleophilic attack (Fig.2.5). 

This catalysis is more important when the nucleophile is water or alcohol 

(Solomons and Fryhle, 2007). 

Figure 2.5 Typical ring opening epoxide reaction with acid catalysed 

 As a result of their reaction, the acid forms a protonated epoxide. The 

protonated epoxide structure reacts with a weak nucleophile such as water to form 

+
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protonated glycol. The protonated glycol after that transfers a proton to water to 

form a hydronium ion and a glycol. 

 İf the epoxide structure is not symmetrical in acid catalyzed ring 

openings, the nucleophile attacks the more substituted carbon atom. 

CH3 OH + CH3 C

CH3

CH2

O

HA
CH3 C

OCH3

CH3

CH2 OH

: :

:

:

Figure 2.6 In the unsymmetrical epoxide; acid-catalyzed ring opening reaction 

2.3.2 Base Catalysed Ring Opening Reactions of Epoxides 

 The epoxides may also give a base catalyst ring opening reaction. Such 

reactions do not be formed with all ethers. However, it is possible with epoxides 

(due to ring tension) on condition that the attacking nucleophile is a strong base. 

Opening an epoxide ring with a strong nucleophile proceeds like an SN2 

reaction. 

 If the epoxide structure is not symmetrical in base catalyzed ring 

openings, the nucleophile attacks the less substituted carbon atom. 

Figure 2.7 In the unsymmetrical epoxide; base-catalyzed ring opening reaction 

2.4 Sugar Based Polymers 

 Plants and microorganisms produce billions of tons of carbohydrates 

every year. Therefore, carbohydrates are the most plenty group of products in 

..

+..

.. ..
 ..

 ..: ..O

CC R-O:

 :

CC RO

 O:

 H   OR
RO C C

..

..

 :OH

R-O: ..
 ..
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nature. At the beginning of the 20th century, many trials were made to use 

carbohydrates as crude materials in the chemical industry, especially for 

producing polymers. The industrially high purity of carbohydrates increased the 

interest in these substances. The chemical bonding of the sugar moieties to the 

synthetic material increased their functionality. In addition, high hydrophilic 

character, compatibility with skin and other biological surfaces increased interest 

in their use. Sugars are a good food source for microorganisms. Thus, many 

poly(vinylsaccharide)s are biodegradable polymers. 

These sugar polymers, have an important field of study that is of interest to 

scientists today. Synthesis of polyvinylsaccharides started with Reppe in the early 

1930s. He is known as the first person to synthesize vinyl saccharide monomers. But in 

the last 30-40 years, sugars have begun to attract more attention. Intensive researches 

are carried out by the researchers for their application areas. 

 In 1945, Nichols and Yanovsky reported that glucose was prepared as a 

sugar monomer. GPM (pentamethacrylate) monomer was formed by direct 

addition of methacrylic hydride to D-glucose at 65 ° C for 3.5 hours. This 

monomer was dissolved in most of the organic solvents. Thus, the first cross-

linked polymer containing pentamethacrylate and glucose monomer group was 

synthesized in carbohydrate chemistry. 

 In 1946, Haworth, Gregory, and Wiggins polymerized acrylate and 

methacrylate-containing carbohydrates to produce hard products. The first linear 

and water-soluble poly(vinylsaccharide) was reported in 1960 by Bird, Black, 

Dewar and Rutherford. the same substance was synthesized in 1961 by Kimura 

and Imoto as copolymers. 

O

OH

O

OH

OH

OH

C

C

CH3

CH3CH3

O

n

Figure 2.8 Poly(methacryloyl-D-glucose) 
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Poly(3-O-methacryloyl 1,2:5,6 di-O-isopropylidene-D-glucofuranose) structure 

was formed by polymerizing structure 1,2:5,6 di-O-isopropylidene-D-glucofuranose 

methyl methacrylate by free radical polymerization. 

O

O

O

C

C

CH3

CH3CH3

O
O

O

CH3

CH3

O

CH3

CH3

n

Figure 2.9 Poly(3-O-methacryloyl-1,2:5,6-di-O-isopropylidene-D-glucofuranose) 

 In 1976, polymeric derivatives of methacrylic acid containing aromatic 

synthesized glycopronoside side chains were first reported by Carpino, Ringsdorf 

and Ritter. 

 There are four general methods of synthesizing synthetic 

polysaccharides: 

 vinyl sugars polymerization  (polyvinylsaccharide)s

 anhydro-sugar polymerization (polyanhydrosugar)s

 synthesis of enzyme-mediated carbohydrate polymers

 synthetic polymers functionalized by polymer-like reactions.

 In addition, olefin metathesis reactions were used for the synthesis of 

poly(vinylsaccharide)s.  

 The most preferred methods of poly(vinylsaccharide)s synthesis are 

homopolymerization of vinyl sugars or copolymerization with other 

polymerizable monomers. 
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 It is also possible to obtain poly(vinylsaccharide)s from ring opening 

polymerization of anhydro sugars using macromolecular halides (Uryu et 

al.,1981). In the 1990s, many articles emphasized the importance of polyvinyl 

saccharides in the biological system. In 1994a Kaboyashi et al. Synthesized poly 

(N- (p-vinyl benzyl) -4-O-β-D-galactopyranosyl D-gluconamide) as a substrate for 

hepatocyte culture. Pinilla et al. synthesized poly (ester amide) based on 

arabinose, which may be an AIDS drug carrying a carbohydrate fragment (Pinilla 

et al., 2002). 

2.5 Polymerization of Vinyl Sugar Monomers to Obtain 

Poly(vinylsaccharide)s 

 These monomers are prepared by linking an unsaturated component to a 

carbohydrate derivative via an ether, ester or amido linkage. Such carbohydrate-

based polymers are the most extensively studied. Synthesis of pure vinyl sugar 

monomers is an important step in polymer synthesis. 

 Homopolymerization of vinyl sugar or copolymerization of 

poly(vinylsaccharide)s with polymerizable vinyl monomers are more commonly 

used synthesis methods. Vinyl sugar syntheses can be listed as follows; 

 addition of acrylic ester to a sugar moiety and homopolymerization

 copolymerize the presence of radical catalyst with acrylate (Patil et al.,

1991). 

 an alkyl isosionate is condensed with a sugar molecule followed by free

radical polymerization with a urea bond (Zhou et al., 1999).

 The sugars converted to the glycosyl amine are then converted to the N-

acryloyl derivative by radical polymerization (Kallin et al., 1989).

 The free radical polymerization of vinyl sugars is the most common 

synthesis method of poly(vinylsaccharide)s. A sugar is added to a polymeric 

backbone by means of ether (Furuike et al., 1995; Nishimura et al., 1991), amide 

(Fraser & Grubbs, 1995; Kobayashi et al., 1986; Nishimura et al., 1994a, b) or 

ester (Chen et al., 1995) linkages. 

 Free radical polymerizations were performed in both aqueous and non-

aqueous media. Previous studies have included the polymerization of vinyl sugars 
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in non-aqueous media using the AIBN (Carpino et al., 1976; Emmerling & 

Pfannemuller, 1983; Kimura & Hirai, 1962; Ouchi et al, 1984; Rios & Bertorello, 

1997) or benzoyl peroxide radical initiator (Bird et al, 1960; Rios & Bertorello, 

1997). 

The sugar unit in the structure of a vinyl sugar may be a mono, di or 

oligosaccharide containing a protecting group. These sugars can be separated from 

their protecting groups after polymerization. 

.

Figure 2.10 Preparation of D-glucose monomer; (a)acetone, H2SO4 ; (b)AllCl, NaH, 

DMF; (c)MCPBA, CHCl3; (d)methacrylic acid, TEA. 

 The easiest way of protecting sugar compounds with all but one 

hydroxyl groups is to prepare isopropylidene derivatives in many cases. The 

starting compound (acetone) is inexpensive, yields are generally good, and 

isopropylidene groups can be easily removed if desired. In the literature, vinyl 

sugar monomers (acrylate, methacrylate, etc.) with isopropylidene derivatives 

protected can be seen. 

 Trichlorethylene acetals are basically not used as protecting groups. 

However, they are subject to studies due to their biological activities. 

Trichloroethylidene acetals are potential active compounds in biologically. 

Therefore, examples of this method are also seen in the literature. There are sugars 

commercially available as well as sugars formed with anhydrous chloral in the 

presence of sulfuric acid. 
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3. METHOD AND MATERIAL

3.1 General Methods 

 Melting point was measured by Gallenkamp electrothermal melting point

device.

 Reactions were monitored by TLC (Merc 5554) and purified by silica gel

G-60 (Merc 7734 and Merc 9385) column chromatography. Stains of TLC

were observed by spraying 5% sulfuric acid and heating the plates above

120
0 

C.

 Starting products were purchased from Merck and Sigma Aldrich.

Solvents ( Hexane, Methanol, Dichloromethane) were purified from

industrial grade solvents.

 Solvents were dried with molecular sieve (4Å and 3Å).

 Water remaining in the solvent were filtered with anhydrous sodium

sulphate.

 All of the solvent were evapored by Rotary evaporator.

 IR spectra were obtained by Perkin Elmer Spectrum 100 FTIR

Spectrometer.

 1
H-NMR and 

13
C-NMR (400 MHz) spectra were recorded on an Oxford

NMR 400 MHz spectrometer using TMS as the internal standard d-values 

(in ppm) and coupling constants (in Hz). CDCl3 peak were used as 

reference in 
1
H-NMR (7.26 ppm) and 

13
C-NMR (77.36 ppm) respectively.

 Optical rotation measurements were done with Rudolph Autopol-1 Automatic

Polarimeter
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3.2 EXPERIMENTS 

3.2.1 Preparation of anhydrous chloral 

C

OH

OH

Cl3C H C

O

Cl3C H
H
2
SO

4



-H
2
O

 

At room temperature concentrated H2SO4  (180 mL, d=1.84 g/cm
3
) was 

slowly added on chloral hydrate ( 320g, 1.9 mol). The resulting solution was 

allowed to stir for 2 hours at 98
0
 C. As a result of this reaction, anhydrous chloral 

was obtained in 91% yield. (171 mL, d=1.512 g/cm
3
) 

3.2.2 Synthesis of 1,2-O-(S)-Trichloroethylidene-α-D-galactofuranose (1) 

 

O

OH
OH

OH

OH

OH

CCl 3

O

O

O

OH

OH

OH
H

Chloral 

H2SO4

 

Anhydrous chloral (170 mL, d=1.512 g/cm
3
, 259g) was added on D-

galactose (50g, 0.28mol) on the magnetic stirrier. Then concentrated H2SO4  (180 

mL, d=1.84 g/cm
3 

) was added on the same mixture. The mixture was refluxed 

during 3 hours. After the excess chloral has been evaporated, black syrup was 

obtained. 350ml of methanol was added to the black syrup and it has been 

dissolved. Dissolved syrup was heating and added active carbon. Thus, the color 

removal process was made. The mixture was filtered and crystalized with 

methanol. (62 g, 72%), mp: 205-207
 o
C, [𝛼]𝐷

22: -30
o
 (c: 0.5 in MeOH). 
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3.2.3 Synthesis of 5,6-O-Isopropylidene-1,2-O-(S)-trichloroethylidene-α-

D-galactofuranose (2) 

O

O

O

OH

O

O CCl 3
H

CCl 3

O

O

O

OH

OH

OH
H

DMP \ PTSA

DMF

Product 1 (10 g, 0.032 mol), was solved with DMF  (50 mL). To this 

solution was added on DMP(10 mL, d=0.85 g/cm
3
, 8.5 g)  and anhydrous

PTSA(10 mg, 0.058 mmol). The mixture was stirred during 24 hours and was 

notralized with NaHCO3. DMF was evaporated. The product was crystalized with 

methanol. The resulting product was obtained as colorless crystal. (9.1 g,  81%), 

mp: 216-219
o
C, [𝛼]𝐷

22: +17.0
o
 (c: 5.0 in pyr).

3.2.4 Synthesis of 3-O-(2’,3’-Epoxypropan-1’-yl)-5,6-O-isopropylidene-

1,2-O-(S)-trichloroethylidene-α-D-galactofuranose (3)  

O

O

O

OH

O

O CCl3
H

O

O

O
O

O CCl3
H

O

O

+

O

Cl

 NaOH

TBAB

 Epichlorohydrine (7.5 mL, 96 mmol), tetrabutyl ammonium bromide and 

solution of NaOH (50%, 15mL) was allowed to stir at room temperature for 30 

minutes. To this mixture product 2 (3g, 8.6mmol) was slowly added at 5 °C. The 

reaction continued at the same temperature for 3 hours. The mixture was poured 

onto ice and extracted with EtOAC (4x15ml). The organic layer was washed with 

NH4Cl (10%, 2x2.5 mL), dried with anhydrous Na2SO4 and filtered. The solvent 

was evaporated and the syrup was purified by column chromatography using 

Hexane / EtOAC (2/1). The resulting product was colorless crystal (2.58 g, yield 

74 %), [α]
21

D -46 (c=1 in CH2Cl2).
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 3.2.5 Synthesis of 3-O-(2’-Hydroxy-3’-acryloyloxypropyl)-5,6-O-

isopropylidene-1,2-O-(S)-trichloroethylidene-α-D-galactofuranose (4) 

O

O

O
O

O CCl 3
H

O

O

O

O

O
O

O CCl3
H

O

OH

O

O

CH2

Acrylic acid \ TEA 

DMF

65 °C

Product 3 (2,50g, 5.8mmol) was dissolved with DMF (13 ml). 

Triethylamine (0.87 mL, 0.64 g, 6.33 mmol) and acrylic acid (4.34 mL, 4.56 g, 

63.24 mmol) was added drop by drop at room temperature.The mixture was 

stirred while heating to 65 oC. The reaction was continued at the same 

temperature for 24 hours. The product obtained was extracted with CH2Cl2 and 

the organic layer was washed with distilled cold water. The product was purified 

by Hexane/ EtOAC (2/1) column chromatography. Yellow transparent gel was 

obtained (1.94g, 70 % yield) 

 3.2.6 Synthesis of 3-O-(2’-Hydroxy-3’-methacryloyloxypropyl)-5,6-O-

isopropylidene-1,2-O-(S)- trichloroethylidene-α-D-galactofuranose (5) 

O

O

O
O

O CCl 3
H

O

O

O

O
O

O

O CCl 3
H

O

OH

O

O

CH2

CH3

Methacrylic acid / TEA

DMF / 65 °C

 Product 3 (1.94g, 4mmol) dissolved with DMF (6 ml). Triethylamine (0.68 

mL, 0.49g, 4.9 mmol) and methacrylic acid (3.37 mL, 3.54 g, 49.07 mmol) was 

added drop by drop at room temperature. The mixture was stirred while heating to 

65 
o
C.  The reaction was continued at the same temperature for 24 hours. The
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product obtained was extracted with CH2Cl2 and the organic layer was washed 

with distilled cold water. The product was purified by Hexane/ EtOAC (2/1) 

column chromatography. Yellow transparent gel was obtained (1.31 g, 67 % yield 

3.2.7 Synthesis of 1,2-O-(S)-Trichloroethylidene-α-D-mannofuranose (6) 

O

OH

OHOH
OH

OH

CCl 3

O O

OOH

OH

OH
H

Chloral

H2SO4

Anhydrous chloral (170 mL, d=1.512 g/cm
3
, 259 g) was added on D-

mannose (50 g, 0.28 mol)  on the magnetic stirrier. Then concentrated sulphuric 

acid (1 mL, d=1.84 g/cm
3
) was added on the same mixture. The mixture was

refluxed during 3 hours. After the excess chloral has been evaporated, black syrup 

was obtained. 350 ml of methanol was added to the black syrup and it has been 

dissolved. Dissolved syrup was heating and added active carbon. Thus, the color 

removal process was made. The mixture was filtered and crystalized with 

methanol. (21.1 g, 39%), mp: 205-207
o
C, [𝛼]𝐷

22: -15.0
o
 (c: 0.4 in MeOH).

3.2.8 Synthesis of  5,6-O-Isopropylidene-1,2-O-trichloroethylidene-β-D-

mannofuranose (7) 

O O

OOH

OH
OH H

CCl 3

DMP, PTSA

DMF

RT

O O

OOH

O
O

H
CCl 3

Product 6 (10 g, 0.032 mol), was solved with DMF (50 mL). To this 

solution was added on DMP (10 mL, d=0.85 g/cm
3
, 8.5 g)  and anhydrous PTSA

(10 mg, 0.058 mmol). The mixture was stirred during 24 hours and was 

neutralized with NaHCO3. DMF was evaporated. The product was crystalized with 

methanol. The resulting product was obtained as colorless crystal. (7.4 g, 72%), 

mp: 169-171
o
C, [𝛼]𝐷

22: - 34.0
o
 (c: 0.25 in CHCl3).
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3.2.9 Synthesis of  3-O-(2’,3’-Epoxypropan-1’-yl)-5,6-O-isopropylidene-

1,2-O-(S)-trichloroethylidene-α-D-mannofuranose (8)  

CCl 3

O O

OO

O

O
H

O

O O

OOH

O

O CCl 3H

O

Cl+
NaOH

TBAB

 

 Epichlorohydrine (8 mL, 100 mmol), tetrabutyl ammonium bromide and 

solution of NaOH (50%, 15mL) was stirred at room temperature for 30 minutes. 

To this mixture product 7 (3g, 9mmol) was slowly added at 5 °C. The reaction 

continued at the same temperature for 3 hours. The mixture was poured onto ice 

and extracted with EtOAC (4x15ml). The organic layer was washed with NH4Cl 

(10%, 2x2.5 mL), dried with anhydrous Na2SO4 and filtered. The solvent was 

evaporated and the syrup was purified by column chromatography using Hexane / 

EtOAC (2/1). The resulting product was colorless crystal (2.48 g, yield 68 %), 

[α]
21

D -46 (c=1 in CH2Cl2). 

 3.2.10 Synthesis of  3-O-(2’-Hydroxy-3’-acryloyloxypropyl)-5,6-O-

isopropylidene-1,2-O-(S)-trichloroethylidene-α-D-mannofuranose (9) 

 

CCl 3

O O

OO

O

O
H

O

O O

OH

O

HH

O

H

O

O
CCl 3H

OH

O

O

CH2

Acrylic acid / TEA / DMF

65 °C

 

 Product 8 (2g, 5mmol) dissolved with DMF (10 ml). Triethylamine (0.6 

mL, 0.44 g, 4.36 mmol) and acrylic acid (2.99 mL, 3.15 g, 43.61 mmol) was 

added drop by drop at room temperature. The mixture was stirred while heating to 

65 
o
C. The reaction was continued at the same temperature for 24 hours. The 
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product obtained was extracted with CH2Cl2 and the organic layer was washed 

with distilled cold water. The product was purified by Hexane/ EtOAC (2/1) 

column chromatography. Yellow transparent gel was obtained (1.46 g, 67 % 

yield) 

 3.2.11 Synthesis of 3-O-(2’-Hydroxy-3’-methacryloyloxypropyl)-5,6-O-

isopropylidene-1,2-O-(S)-trichloroethylidene-α-D-mannofuranose (10) 

 

CCl 3

O O

OO

O

O
H

O

O O

OH

O

HH

O

H

O

O
CCl 3H

OH

O

O

CH2

CH3

 Methacrylic acid / TEA/DMF

65 °C

 

 Product 8 (2g, 5mmol) dissolved with DMF (10 ml). Triethylamine (0.87 

mL, 0.64 g, 6.32 mmol) and methacrylic acid (4.21 mL, 4.43 g, 58.83 mmol) was 

added drop by drop at room temperature. The mixture was stirred while heating to 

65 
o
C. The reaction was continued at the sama temperature for 24 hours. The 

product obtained was extracted with CH2Cl2 and the organic layer was washed 

with distilled cold water. The product was purified by Hexane/ EtOAC (2/1) 

column chromatography. Yellow transparent gel was obtained (1.56 g, 65 % 

yield) 
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3.2.13 Synthesis of 5,6-O-Isopropylidene-1,2-O-(S)-trichloroethylidene-

α-D-glucofuranose (13) 

Cl3C

O

O

O

OH

OH

OH

H
Cl3C

O

O

O

OH

O

O

H

DMP / PTSA

DMF

     (11)
 

Commercially available α-D-glucose (10 g, 0.032 mol), was solved with 

DMF  (50 mL). To this solution was added on DMP (10 mL, d=0.85 g/cm
3
, 8.5 g)  

and anhydrous PTSA(10 mg, 0.058 mmol). The mixture was stirred during 24 

hours and was neutralized with NaHCO3. DMF was evaporated. The product was 

crystalized with methanol. The resulting product was obtained as colorless crystal. 

(8.2 g, 75%), mp: 169-171
o
C, [𝛼]𝐷

22: - 34.0
o
 (c: 0.25 in CHCl3). 

 

3.2.14 Synthesis of 3-O-(2’,3’-epoxypropan-1’-yl)-5,6-O-isopropylidene-

1,2-O-(S)-trichloroethylidene-α-D-glucofuranose (14) 

 

Cl3C

O

O

O

OH

O

O

H

O

O

O

O

O

CCl3

H

O

O

O

Cl+
NaOH

TBAB

 

 Epichlorohydrine (7 mL, 88 mmol), tetrabutyl ammonium bromide and 

solution of NaOH (50%, 15mL) was stirred at room temperature for 30 minutes. 

To this mixture product 13 (3g, 8mmol) was slowly added at 5 °C. The reaction 

continued at the same temperature for 3 hours. The mixture was poured onto ice 

and extracted with EtOAC (4x15ml). The organic layer was washed with NH4Cl 

(10%, 2x2.5 mL), dried with anhydrous Na2SO4 and filtered. The solvent was 

evaporated and the syrup was purified by column chromatography using Hexane / 
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EtOAC (2/1). The resulting product was colorless cyrstal (1.27 g, yield 70 %), 

[α]
21

D -46 (c=1 in CH2Cl2). 

 3.2.15 Synthesis of 3-O-(2’-Hydroxy-3’-acryloyloxypropyl)-5,6-O-

isopropylidene-1,2-O-(S)-trichloroethylidene-α-D-glucofuranose (15) 

 

O

O

O

O

O

CCl 3

H

O

O

Acrylic acid / TEA / DMF

65 °C

O

O

O

O

O

CCl 3

H

O

OH

O
O

CH2  

 Product 14 (1.27g, 3mmol), dissolved with DMF (10 ml). Triethylamine 

(0.36 mL, 0.26 g, 2.6 mmol) and acrylic acid (1.79 mL, 1.89 g, 2.17 mmol) was 

added drop by drop at room temperature. The mixture was stirred while heating to 

65 
o
C. The reaction was continued at the same temperature for 24 hours. The 

product obtained was extracted with CH2Cl2 and the organic layer was washed 

with distilled cold water. The product was purified by Hexane/ EtOAC (2/1) 

column chromatography. Transparent gel was obtained. (1 g, 72 % yield) 

 

3.2.16 Synthesis of 3-O-(2’-Hydroxy-3’-methacryloyloxypropyl)-5,6-O-

isopropylidene-1,2-O-(S)-trichloroethylidene-α-D-glucofuranose (16) 

O

O

O

O

O

CCl3

H

O

O

Methacrylic acid / TEA / DMF

65 °C

O

O

O

O

O

CCl3

H

O

OH

O

O

CH2

CH3
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 Product 14 (1.27g, 3mmol) , dissolved with DMF (10 ml). Triethylamine 

(0.52 mL, 0.31 g, 3.03 mmol) and methacrylic acid (2.53 mL, 2.63 g, 35.30 

mmol) was added drop by drop at room temperature. The mixture was stirred 

while heating to 65 
o
C. The reaction was continued at the same temperature for 24 

hours. The product obtained was extracted with CH2Cl2 and the organic layer was 

washed with distilled cold water. The product was purified by Hexane/ EtOAC 

(2/1) column chromatography. Yellow transparent gel was obtained (1.65 g, 67 % 

yield)  

3.2.18 Synthesis of 5,6-O-Isopropylidene-1,2-O-(S)-trichloroethylidene-

β-D-glucofuranose (17) 

 

H

O

O

O

OH

O

O

CCl 3

H

O

O

O

OH

OH

OH

CCl 3

DMP \ PTSA

DMF

        (12)
 

Commercially available β-D-glucose (10 g, 0.032 mol), was solved with 

DMF (50 mL). To this solution was added on DMP (10 mL, d=0.85 g/cm
3
, 8.5 g)  

and anhydrous PTSA (10 mg, 0.058 mmol). The mixture was stirred during 24 

hours and was neutralized with NaHCO3. DMF was evaporated. The product was 

crystalized with methanol. The resulting product was obtained as colorless crystal. 

(8.2 g, 72%), mp: 169-171
o
C, [𝛼]𝐷

22: - 34.0
o
 (c: 0.25 in CHCl3). 

3.2.19 Synthesis of 3-O-(2’,3’-Epoxypropan-1’-yl)-5,6-O-isopropylidene-

1,2-O-(S)-trichloroethylidene-β-D-glucofuranose (18) 

H

O

O

O

OH

O

O

CCl3

O

O

O

O

O

H

CCl3

O

O

NaOH

TBAB

O

Cl+
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Epichlorohydrine (7 mL, 88 mmol), tetrabutyl ammonium bromide and 

solution of NaOH (50%, 15mL) was stirred at room temperature for 30 minutes. 

To this mixture product 17 (3g,8mmol) was slowly added at 5 °C. The reaction 

continued at the same temperature for 3 hours. The mixture was poured onto ice 

and extracted with EtOAC (4x15ml). The organic layer was washed with NH4Cl 

(10%, 2x2.5 mL), dried with anhydrous Na2SO4 and filtered. The solvent was 

evaporated and the syrup was purified by column chromatography using Hexane / 

EtOAC (2/1). The resulting product was colorless crystal (2.20 g, yield 68 %), 

[α]
21

D -46 (c=1 in CH2Cl2). 

3.2.20 Synthesis of 3-O-(2’-hydroxy-3’-acryloyloxypropyl)-5,6-O-

isopropylidene-1,2-O-(S)-trichloroethylidene-β-D-glucofuranose (19) 

 

 

 

Product 18 (2.20g, 5mmol) dissolved with DMF (15 ml). Triethylamine 

(0.87 mL, 0.64 g, 6.32 mmol) and acrylic acid (4.21 mL, 4.43 g, 58.83 mmol) was 

added drop by drop at room temperature.The mixture was stirred while heating to 

65 
o
C. The reaction was continued at the same temperature for 24 hours. The 

product obtained was extracted with CH2Cl2 and the organic layer was washed 

with distilled cold water. The product was purified by Hexane/ EtOAC (2/1) 

column chromatography. Transparent gel was obtained (1.62 g, 70 % yield) 
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3.2.21 Synthesis of 3-O-(2’-hydroxy-3’-methacryloyloxypropyl)-5,6-O-

isopropylidene-1,2-O-(S)-trichloroethylidene-β-D-glucofuranose (20) 

 

O

O

O

O

O

H

CCl3

O

O

O

O

O

O

O

H

CCl 3

O

OH

O

O

CH2

CH3

Methacrylic acid \ TEA \ DMF

65 °C

 

 

 Product 18 (2.20g, 5mmol) , dissolved with DMF (10 ml). Triethylamine 

(0.87 mL, 0.64 g, 6.32 mmol) and methacrylic acid (4.21 mL, 4.43 g, 58.83 

mmol) was added drop by drop at room temperature.The mixture was stirred 

while heating to 65 
o
C. The reaction was continued at the same temperature for 24 

hours. The product obtained was extracted with CH2Cl2 and the organic layer was 

washed with distilled cold water. The product was purified by Hexane/ EtOAC 

(2/1) column chromatography. Transparent gel was obtained (1.63 g, 68 % yield) 
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4. RESULTS AND DISCUSSIONS 

 

With the current development in glucose science, the design and synthesis of 

sugar based materials, especially glycopolymers, has become a important topic. 

Glycopolymers are a good example of biodegradable polymers. They are also of great 

importance as they have many biological, biochemical and biomedical applications. 

The synthesis of our sugar-based monomers synthesized in the presented project 

consists of three stages; 

 Synthesis of protected sugar structures to release the hydroxyl groups 

number three (2,7,13,17) 

 Etheric bonding of epichlorohydrin to free hydroxyl of sugar (3,8,14,18) 

 

O

O

O

OH

O

O CCl 3
H

O

O

O
O

O CCl 3
H

O

O

+

O

Cl

 NaOH
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Figure 4.1 Etheric Bonding 
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 Opening of epoxy ring with methacrylic acid and acrylic acid (4, 5, 9, 10, 15, 16, 

19, 20) 

 

O

O

O
O

O CCl 3
H

O

O

CH3

OH

O
TEA 

DMF
+

O

O
O

O

O CCl 3
H

O

OH

O

O

CH2  

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2 Epoxy ring opening 

 

4.1. Synthesis of Acrylic and Methacrylic Monomers  

The steps of for D-galactose synthesis of acrylic and methacrylic monomer are 

shown in the diagram. The other steps were repeated in the same manner for D-glucose 

and D-mannose. 

O

O

O
O

O CCl 3
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O

O
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3
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Figure 4.3 The steps of for D-galactose synthesis of acrylic and methacrylic monomer    

 Compounds 1, 2, 3, 6, 7, 8, 13, 14, 17 and 18 were synthesized 

according to the methods in the literature (Anıl and Yüceer, 1983; Salman et al 

2004; Kök et al 2010; Kök and Salman, 2012; Kök et al 2014, Koruyucu et al, 

2016). Experimental datas were including identical to literature for compounds. 

Starting sugar D-galactose, D-glucose and D-mannose are commercially available 

and purified. 

The 1-OH and 2-OH groups protected with chloral using the Chloral / 

H2SO4. The 5-OH and 6-OH groups protected with isopropylidene group using 

the conventional DMP/PTSA/DMF procedure (Salman et al, 2004).  
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Figure 4.4 Protective groups 
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4.2 Structural Characterization of the Compounds 

 Various spectroscopic methods for acrylic and methacrylic sugar-based 

monomers were applied. 

 Characteristic 
1
H-NMR chemical shifts of sugar-based methacrylic 

monomers are shown in the Table 4.4, Table 4.8, Table 4.12, Table 4.16. 

 Acetal proton single peaks at 5.60, 5.64, 5.30 and 5.66 ppm are 

consistent with literature data (Anıl and Yüceer, 1983; Salman et al 2004; Kök et 

al 2010; Kök and Salman, 2012; Kök et al 2014, Koruyucu et al, 2016).  

Furthermore, H-1 protons and J 1.2 coupling constants (4 Hz) at 6.21, 5.92, 6.10 

and 6.19 ppm of the corresponding monomers are also consistent with the 

literature data (Anıl and Yüceer, 1983; Salman  et al, 2004; Kök et al,  2010; Kök 

and Salman, 2012; Kök et al, 2014, Koruyucu et al, 2016). 

 Similarly characteristic 
1
H-NMR chemical shifts of sugar-based acrylic 

monomers are shown in the Table 4.2, Table 4.6, Table 4.10, Table 4.14. 

 In addition, the specific adsorbance values of FTIR spectra of 

carbohydrate based monomers synthesized are shown in Table 4.1, Table 4.3, 

Table 4.5, Table 4.7, Table 4.9, Table 4.11, Table 4.13, Table 4.15. 

 Accordingly, the wide OH peaks of hydroxyl groups formed by epoxy 

ring opening of monomers are about 3450 cm
-1

, C-H peaks around 2930 cm
-1

, the 

peak of the C = O bond in the (meth) acrylic section is about 1710 cm
-1

 and the 

C=C peak of the carbon-carbon double bond in the (meth) acrylic portion was also 

observed at 1610 cm -1. In addition, peaks of the etheric C-O-C bond are around 

1175 cm
-1

 and peaks of the C-Cl bonds in the trichloroethylidene group are 

around 720 cm
-1

. 

 All these results show that the synthesis of acrylic and methacrylic sugar 

based monomers has been accomplished successfully.  

 

4.3. 3-O-(2’-Hydroxy-3’-acryloyloxypropyl)-5,6-O-isopropylidene-1,2-O-(S)-

trichloroethylidene-α-D-galactofuranose (4) 

Table 4.1 FTIR data (cm
-1

) of the compound 4  

Functional Groups  (cm
-1

) 

O-H 3479 

C-H 2986 

C=O 1728 

C=C 1635 
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Table 4.2 
1
H-NMR spectral data of the compound 4 

Proton type 
1
H-NMR chemical shifts 

H-1 6.20 (d), J = 4 Hz 

>CHCCl3 5.65 (s) 

H-C=CH2 6.43, 6.14, 5.89 

H-2 4.93 (d) 

>C(CH3)2 1.39 (s), 1.47 (s) 

 

4.4. 3-O-(2’-Hydroxy-3’-methacryloyloxypropyl)-5,6-O-isopropylidene-1,2-O-(S)- 

trichloroethylidene-α-D-galactofuranose (5) 

Table 4.3 FTIR data (cm
-1

) of the compound 5 

Functional Groups  (cm
-1

) 

O-H 3480 

C-H 2985 

C=O 1716 

C=C 1637 

Table 4.4 
1
H-NMR spectral data of the compound 5 

Proton type 
1
H-NMR chemical shifts 

H-1 6.19 (d), J = 4 Hz 

>CHCCl3 5.64 (s) 

H2C=C< 6.13, 5.60 

H-2 4.93 (d) 

=C-CH3 1.95 (s) 

>C(CH3)2 1.37 (s), 1.46 (s) 

4.5. 3-O-(2’-Hydroxy-3’-acryloyloxypropyl)-5,6-O-isopropylidene-1,2-O-(S)-

trichloroethylidene-α-D-mannofuranose (10) 

Table 4.5 FTIR data (cm
-1

) of the compound 10 

Functional Groups  (cm
-1

) 

O-H 3456 

C-H 2925 

C=O 1727 

C=C 1634 

Table 4.6 
1
H-NMR spectral data of the compound 10 

Proton type 
1
H-NMR chemical shifts 

H-1 5.94 (two dublet), J = 4 Hz 

>CHCCl3 5.66 (two singlet) 

H-C=CH2 6..44, 6.12, 5.86 

H-2 4.93 (d) 

>C(CH3)2 1.39 (s), 1.45 (s) 
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4.6. 3-O-(2’-Hydroxy-3’-methacryloyloxypropyl)-5,6-O-isopropylidene-1,2-O-(S)-

trichloroethylidene-α-D-mannofuranose (11) 

Table 4.7 FTIR data (cm
-1

) of the compound 11 

Functional Groups  (cm
-1

) 

O-H 3442 

C-H 2987 

C=O 1716 

C=C 1638 

Table 4.8 
1
H-NMR spectral data of the compound 11 

Proton type 
1
H-NMR chemical shifts 

H-1 5.92, two set of dublet J = 4 Hz 

>CHCCl3 5.62 and 5.65 two set of singlet 

H2C=C< 6.13, 5.57 

H-2 5.07 two set of dublet 

=C-CH3 1.93 (s) 

>C(CH3)2 1.37 (s), 1.40 (s) 

 

4.7. 3-O-(2’-Hydroxy-3’-acryloyloxypropyl)-5,6-O-isopropylidene-1,2-O-(S)-

trichloroethylidene-α-D-glucofuranose (15) 

Table 4.9 FTIR data (cm
-1

) of the compound 15 

Functional Groups  (cm
-1

) 

O-H 3455 

C-H 2987 

C=O 1726 

C=C 1636 

Table 4.10 
1
H-NMR spectral data of the compound 15 

Proton type 
1
H-NMR chemical shifts 

H-1 6.07 

>CHCCl3 5.29 (two singlet) 

H-C=CH2 6..41, 6.12, 5.86 

H-2 4.71 

>C(CH3)2 1.34 (s), 1.40 (s) 

 

4.8. 3-O-(2’-Hydroxy-3’-methacryloyloxypropyl)-5,6-O-isopropylidene-1,2-O-(S)-

trichloroethylidene-α-D-glucofuranose (16) 

Table 4.11 FTIR data (cm
-1

) of the compound 16 

Functional Groups  (cm
-1

) 

O-H 3460 

C-H 2987 

C=O 1717 

C=C 1638 
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Table 4.12 
1
H-NMR spectral data of the compound 16 

Proton type 
1
H-NMR chemical shifts 

H-1 6.08 (d), J = 4 Hz 

>CHCCl3 5.29 (s) 

H2C=C< 6.12, 5.58 

H-2 4.71 (d) 

=C-CH3 1.94 (s) 

>C(CH3)2 1.34 (s), 1.40 (s) 

 

4.9. 3-O-(2’-hydroxy-3’-acryloyloxypropyl)-5,6-O-isopropylidene-1,2-O-(S)-

trichloroethylidene-β-D-glucofuranose (19) 

Table 4.13 FTIR data (cm
-1

) of the compound 19 

Functional Groups  (cm
-1

) 

O-H 3454 

C-H 2989 

C=O 1725 

C=C 1635 

Table 4.14 
1
H-NMR spectral data of the compound 19 

Proton type 
1
H-NMR chemical shifts 

H-1 5.94 (two dublet) 
>CHCCl3 5.66 (two singlet) 

H-C=CH2 6..40, 6.15, 5.85 

H-2 4.90 J = 3.6 Hz 

>C(CH3)2 1.35 (s), 1.43 (s) 

 

4.10. 3-O-(2’-hydroxy-3’-methacryloyloxypropyl)-5,6-O-isopropylidene-1,2-O-(S)-

trichloroethylidene-β-D-glucofuranose (20) 

Table 4.15 FTIR data (cm
-1

) of the compound 20 

Functional Groups  (cm
-1

) 

O-H 3455 

C-H 2956 

C=O 1719 

C=C 1638 

Table 4.16 
1
H-NMR spectral data of the compound 20 

Proton type 
1
H-NMR chemical shifts 

H-1 6.21 (d), J = 4 Hz 

>CHCCl3 5.60 (s) 

H2C=C< 6.13, 5.59 

H-2 4.92 (d) 

=C-CH3 1.95 (s) 

>C(CH3)2 1.36 (s), 1.44 (s) 
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Appendix 1 
1
 H-NMR spectrum of the 3-O-(2-hydroxy-3-acrylopropyl)-5,6-O-isopropylidene-1,2-O-(S)- trichloroethylidene-α-D-

galactofuranose (compound 4)

 



Appendix 2 FTIR spectrum of  3-O-(2-hydroxy-3-acrylopropyl)-5,6-O-isopropylidene-1,2-O-(S)- trichloroethylidene-α-D-galactofuranose  

(compound 4) 



 

 

Appendix 3  
1
 H-NMR spectrum of  3-O-(2-hydroxy-3-methacrylopropyl)-5,6-O-isopropylidene-1,2-O-(S)- trichloroethylidene-α-D-

galactofuranose (compound 5) 

 



 

 

Appendix 4  FTIR spectrum of 3-O-(2-hydroxy-3-methacrylopropyl)-5,6-O-isopropylidene-1,2-O-(S)- trichloroethylidene-α-D-

galactofuranose (compound 5) 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix 5  
1 

H-NMR spectrum of 3-O-(2-hydroxy-3-acrylopropyl)-5,6-O-isopropylidene-1,2-O-(S)-trichloroethylidene-α-D-

mannofuranose (compound 10) 

  



 

 

Appendix 6 
 
FTIR spectrum  of 3-O-(2-hydroxy-3-acrylopropyl)-5,6-O-isopropylidene-1,2-O-(S)-trichloroethylidene-α-D-mannofuranose 

(compound 10) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix 7 
1 

H-NMR spectrum of 3-O-(2-hydroxy-3-methacrylopropyl)-5,6-O-isopropylidene-1,2-O-(S)-trichloroethylidene-α-D-

mannofuranose (compound  11) 

 



 

 

Appendix 8 FTIR spectrum of  3-O-(2-hydroxy-3-methacrylopropyl)-5,6-O-isopropylidene-1,2-O-(S)-trichloroethylidene-α-D-

mannofuranose (compound 11) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix 9 
1
H-NMR spectrum of  3-O-(2-hydroxy-3-acrylopropyl)-5,6-O-isopropylidene-1,2-O-(S)-trichloroethylidene-α-D-

glucofuranose (compound 15)  

 



 

 

Appendix 10 FTIR spectrum of 3-O-(2-hydroxy-3-acrylopropyl)-5,6-O-isopropylidene-1,2-O-(S)-trichloroethylidene-α-D-glucofuranose 

(compound 15) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix 11 
1
 H-NMR spectrum of  3-O-(2-hydroxy-3-methacrylopropyl)-5,6-O-isopropylidene-1,2-O-(S)- trichloroethylidene-α-D-

glucofuranose (compound 16)  

 



 

 

Appendix 12 
 
FTIR spectrum 3-O-(2-hydroxy-3-methacrylopropyl)-5,6-O-isopropylidene-1,2-O-(S)- trichloroethylidene-α-D-

glucofuranose (compound 16) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix 13 
1
H-NMR spectrum of 3-O-(2-hydroxy-3-acrylopropyl)-5,6-O-isopropylidene-1,2-O-(S)-trichloroethylidene-β-D-

glucofuranose (compound 19) 

 



 

 

Appendix  14 
  
FTIR spectrum of 3-O-(2-hydroxy-3-acrylopropyl)-5,6-O-isopropylidene-1,2-O-(S)-trichloroethylidene-β-D-glucofuranose 

(compound 19) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix  15 
1 

H-NMR spectrum of 3-O-(2-hydroxy-3-acryloyloxypropyl)-5,6-O-isopropylidene -1,2-O-(S)-trichloroethylidene-β-D-

glucofuranose ( compound 20) 

 



Appenix 16 
 
FTIR spectrum of the  3-O-(2-hydroxy-3-acryloyloxypropyl)-5,6-O-isopropylidene -1,2-O-(S)-trichloroethylidene-β-D-

glucofuranose (compound 20) 
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