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Abstract   

 

The thesis of this study describes a synthesis way to produce an alkyne equipped clickable 

precursor of 2-deoxy-2-fluoro-D-glucose (FDG) with a beta-configuration. This FDG-derivate is 

produced with a clickable link in purpose to be used in PET in vivo imaging. The product was 

synthesized by acetylation protection and further epoxidation on the glucose analog D-Glucal. 

Glycosylation occurred by electrophilic reaction of propargyl alcohol and configuration of the 

product was ensured during Lattrell-Dax inversion. 
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Abstract 

2-deoxy-2[18]fluoro-D-glucose (FDG), a glucose derivative labelled with the radioactive 

isotope, 
18

F, is the most commonly used tracer to image tumors in cancer diagnostics using 

positron emission tomography (PET). Due to the short half-life of 
18

F (~110 min), a suitable 

precursor is required that easily undergoes 
18

F-labelling.The aim of this project was to 

synthesize an alkyne equipped clickable precursor of FDG with β-configuration, that may be 

conjugated to, in principle, any azide functionalized ligand (e.g., heterocycles, peptides or 

proteins) using click chemistry. These FDG conjugates can then be studied in vivo using PET. 
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1. Introduction 

1.1 Aim 

The aim of this study was to synthesize an alkyne equipped clickable precursor of 2-deoxy-2-

fluoro-D-glucose (FDG) with a beta-configuration. This FDG-derivate is produced with a 

clickable link in purpose to be used in PET in vivo imaging. Since earlier experiments has 

shown that labeling on a beta-configuration results in higher yields and a clearer structure 

than labeling on corresponding alpha-configuration the configuration of the produced sugar 

molecule (beta) is probably of great importance according to the 18-F-labeling. 

 

 

1.2. Target molecule 

 

Figure 1. Target FDG-precursor of the synthesis experiment.   

The molecule that is set to be synthesized (figure 1) describes a FDG-derivate of glucose, 

which is equipped with an alkyne link in purpose to click to organic molecules with 

biochemical nature for uses in PET in vivo studies. Since the hydroxyl group on the carbon in 

position 2 has been change to a triflat, this carbon has been equipped with a very good leaving 

group. According to earlier experiments which have shown that labeling on a sugar with beta-

configuration shows more appealing results than labeling on the corresponding alpha-

configuration, the target molecule is triflated in axial position to ensure beta-configuration 

even after labeling with 
18

F.      
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1.3. Background and applications of FDG  

Glucose is one of the most abundant carbohydrate molecules found in nature. Glucose serves 

as an energy source in animals and plants and is produced in the photosynthesis of oxygen 

from water and carbon dioxide. 

1.4 Click reaction – Cu(I) catalyzed azide alkyne coupling 

The concept of click chemistry describes a synthesis way to generate larger compounds from 

smaller units, which can be seen in naturally productions of polysaccharides, nucleic acids 

and proteins
1,2

. Some conditions has shown to be characteristic for this type of reactions
3,4

:  

 Thermodynamically Favorable 

 Easy Performances 

 High Yielding’s 

 No byproducts 

 Chemoselective reactions 

The click chemistry phenomenon was coined by K. Barry Sharpless, in 1998, who invented 

the Cu(I) catalyzed variant of the Huisgen 1,3-dipolar cycloaddition of azides and alkynes to 

afford 1,2,3-triazoles
3
. This click reaction offers a convenient way of connecting two 

molecules. The Cu(I) catalyzed reaction was found be performed in presence of several 

functionally groups, exhibits an increased reaction rate (~10
7
 times uncatalyzed)

5
 and can be 

performed at lower temperatures which minimizes the risk of elimination and degradation. 

The formed 1,4-triazole product was found to be stable during several conditions, comes in 

high yielding’s and minimal work up and purifications was needed. These conditions were 

mentioned as characteristic for click chemistry reactions earlier in this section and here was 

their first documentation
3
.  

                                                                                                      

                                                                                                                                               

Scheme 1. Principal look of Cu
I
-catalyzed alkyne-azide coupling of forming a triazole. 

Cu
I
-catalyzed alkyne-azide coupling is one of the most well-studied types of click reactions 

(scheme 2). The formed heterocyclic triazoles is a bioisostere that mimics the functions of 

amides found in peptides and proteins but has also highlighting anti-active functions against 

disease conditions like HIV
6
, bacterial infections

7
 and against the allergy vehicle histamine

8
.                                                                               
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1.5 Positron emission tomography 

Figure 2. Using radio-labeled molecules for imaging biological evidences describes the industrial use 

of the theory behind positron emission tomography.  

(http://www.sepscience.com/Sectors/Pharma/Articles/429-/Radio-IC-for-Quality-Control-in-PET-

Diagnostics) 

Positron emission tomography (PET) is a medicinal imaging technique that makes use 

radiolabelled organic molecules, so called PET tracers, that decay by emitting positrons. The 

emitted positron soon encounters an electron whereupon the two annihilate giving rise to two 

gamma rays that set off at an 180 ° angle. These rays are in turn recorded in a PET camera 

that is connected to a computer that calculates the origin of the annihilation event. High 

resolution images of the tissue where the PET tracer is localized can thus be created. 

Commonly used radioisotopes include; F-18, C-11 etc. that is based on the use of 

radioisotopes that has been labeled to organic molecules and biomolecules to study biological 

events in three dimensional simulations
9
. According to the molecules biochemical nature, it 

can be up taken in vivo and acts naturally in the body and from here bind to very specific 

positions and regions that are of interest for the treatment. This phenomenon is highly 

requested in the development of nuclear medicines and localization of abnormal body 

functions and hearted tissues.                         

The most commonly used PET tracer is 2-deoxy-2-[18]fluoro-D-glucose (18F-FDG) which is 

primarily used to diagnostise cancer. Due to the high metabolism in tumor cells demand for 

energy is higher compared to healthy cells. As a consequence, the uptake of glucose, and 

therefore also FDG, is increased. The accumulation of 18F-FDG in tumors leads to a higher 

contrast and clearer sharpness of those body regions. Since up taking of FDG correlates with 

viability and growth of tumors the 18F-FDG PET in vivo imaging can thus be used to monitor 

the development of cancer and the response of anticancer therapy
10

. 
18

F-FDG-PET is also a 

useful tool to provide information about the condition for patients with inflammatory, 

neurological and cardiovascular diseases
10

. Even do the detection of inflammatory diseases 

http://www.sepscience.com/Sectors/Pharma/Articles/429-/Radio-IC-for-Quality-Control-in-PET-Diagnostics
http://www.sepscience.com/Sectors/Pharma/Articles/429-/Radio-IC-for-Quality-Control-in-PET-Diagnostics
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can be done with high sensitivity
11,12

 the use of FDG, in some cases, tends to give positive-

false results when the inflammation occur near organs or tissues close to the heart. The high 

tracer accumulation in the heart and brain makes it hard to detect inflammatory events at these 

regions, which has led to a development of new and more specific target tracers for 

inflammatory detection. These new tracers have not only increased our mapped understanding 

of the mechanisms behind the inflammation processes. They have also improved the 

diagnostic specificity and accuracy of establishing diagnosis
11

.  

Radiolabeled molecules like 
18

F-FDG has also shown to be useful in the development of 

treatment methods in Alzheimer’s disease. This worldwide chronical disease arise in principal 

from miss folding proteins, increase amount of cell signaling proteins and inflammatory 

effects on the nerve cells, which course evidence that leads to cell damage and cell death. The 

protein aggregate β-amyloid (Aβ) is set to play an important role for the disease classifying 

plaques in the brain and the accumulation of these Aβ-complexes is believed to be one of the 

most significant factors associated with Alzheimer’s. Development of high lipophilic 
18

F-

FDG molecules that binds specific to Aβ can give help to classify patients with excess of Aβ- 

plaques and will also improve the diagnosing of Alzheimer related states
13,14

.                                  
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2. Theory of 2D NMR-Experiments and the Karplus Equation 
Monosaccharides have a complex 1H-NMR spectrum due to the fact that many of the protons 

exist in a similar environment. So, in order to unambiguously assign the NMR spectra a set of 

complementary 2D NMR experiments, COSY and HSQC, were employed.    

2.1 Correlation Spectroscopy (COSY) 

The Nuclear Magnetic Resonance (NMR) method COSY (correlation spectroscopy) is one of 

the most commonly used two-dimensional experiment for studying small organic molecules 

with NMR. While a usual 
1
H-NMR spectrum tells about the nature and environment of the 

hydrogens in a structure, COSY offers a simple way to find neighboring protons for a given 

proton, without having to find the coupling constants in the spectrum which can be 

exceedingly difficult to do in complex spectra’s where signals are overlapping. As an 

example, the COSY spectrum of compound 5 is displayed in figure 3, which has the chemical 

shift of the corresponding 
1
H NMR spectrum on both axes. In the diagram, two sorts of peaks 

can be found. Diagonal peaks can be seen as a diagonal line across the diagram in a nearly 45
0
 

angle, where every peak shows the same chemical shift on both axes. The other type of peaks 

is called cross peaks which are located outside of the diagonal, thus giving different chemical 

shifts on the respective axes. The presence of cross peaks indicates that the proton signal 

studied has a neighbor.  
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Figure 3. Obtained COSY-spectrum for compound 5.  

 

To assign the signals, one starts by drawing a vertical line downwards from a known signal, in 

this case the H-1 signal, and continues until a crosspeak is found. From here, move 

horizontally to the diagonal line then vertical line upwards. Where the line meets the 

horizontal 
1
H-NMR spectrum is the location of the neighboring signal, H-2. Repeating this 

process allowed for the entire proton signals to be assigned.             

 

 

 

 

 

 

H1 H2 
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2.2 Heteronuclear single quantum coherence spectroscopy (HSQC)  

HSQC is another well used two-dimensional NMR-experiment. It is similar to the COSY 

experiment but while a COSY experiment displays the coupling between neighboring 

hydrogens in the structure, HSQC reveals the carbon atom on which the hydrogen is located, 

or vice versa.  

 

 

Figure 4. Obtained HSQC-spectrum for compound 4.  Each peak is characterized by one 
1
H-NMR-

spectrum (horizontal axis) and one 
13

C-NMR-spectrum (vertical axis).  

The horizontal axis in figure 4 represents the 
1
H-NMR spectrum and the vertical axis 

represents the 
13

C-NMR spectrum. To interpret the spectrum, one starts by looking at a known 

signal, for instance the H-1 signal in the 
1
H-NMR-spectrum. Then draw a vertical line 

downwards until a cross peak is found. From the cross peak, head horizontally towards the C-

13 spectrum to find the signal of the neighboring carbon, that is C-1. Since the proton signals 

are readily assigned with COSY, the assignment of every carbon in the 
13

C-NMR-spectrum 

could easily be accomplished.   

 

 

H1 

C1 
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2.3 The Karplus Equation 

 

Figure 5. Mathematic imaging of the Karplus equation, where the coupling constant J (y-axis) will 

change according to dihedral angle (x-axis).  

(https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/Spectrpy/nmr/nmr2.htm) 

To obtain the search FDG precursor (8) the beta-configured glycoside compound 5 was 

inverted to the beta-configured mannoside compound 7 (scheme 3). To ensure the right 

configuration, using of the Karplus equation (figure 5) was done. This mathematic theory 

describes the relation between the JHH coupling constant and the dihedral torsion angles in 

NMR-spectroscopy. In the studded molecule is the dihedral angle characterized by the angle 

between the hydrogens H1 and H2. 

 

 

 

 

 

 

 

 

 

 

https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/Spectrpy/nmr/nmr2.htm
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3. Key reactions 

3.1 Lattrell-Dax inversion 
 

 
Scheme 3. Theoretical look of a continued Lattrell-Dax inversion and 

18
F-labeling of 3,4,6-Tri-OAc-

1,2-anhydro-β-D-glucopyranose.                                          
 

A key step in the synthesis of the FDG precursor was inversion of the 2-OH of the gluco 

compound (5) resulting in the formation of the corresponding manno-sugar (7). One of the 

best ways to realize this transformation is to use the so called nitrite-mediated Lattrell-Dax 

inversion. The inversion method was first documented by Rudolf Lattrell and Gerhard Lohaus 

in 1974
15

 . The first step involves installing a good leaving group by triflation of the 2-OH, 

the triflate can then be displaced by a nucleophilic nitrite ion through an SN2 reaction 

resulting in inversion of configuration. The acting creates a free space in right configuration 

for a adding of a nucleophilic reagent like 
18

F
16

. Looking at the theoretical Lattrell-Dax 

inversion of the individual produced precursor 7 (scheme 3), which shows a good example of 

how the Lattrell-Dax reaction occurs and a useful application of the synthesized molecule. 

The inversion step was done during this study but lack of time prevented the labeling with 
18

F.  

As can be seen in scheme 2, there only exists one hydroxyl group in β-D-glucopyranose that 

can be inverted since the other groups have been protective change to acetyl functions. The 

inversion then occurs in two steps, first the hydroxyl group is triflated and then its binding 

direction is change from an equatorial to an axial direction (seen step 1 and 2 in scheme 3). 

The stereo inversion then led to a displacement of the triflated hydroxyl by a nucleophilic 

reagent to give back the stable hydroxyl group
17

. Nitrite ion is a very common nucleophilic 

reagent for displacement of triflated reagents and was first reported by K. Dax who reported a 

produced carbohydrate with inversed hydroxyl configuration from this method in 1983
18

. 

When the inversion has occurred the hydroxyl group can then be triflated once again (step 3 

in scheme 3) and make the free space at the equatorial position highly desirable for a 

nucleophilic attack from a radiolabeling marker (
18

F) to add to the glucose-ring (step 4 in 

scheme 3) and fulfill the transformation to a FDG labeled precursor.                                                                                                                                                    
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3.2. Shi-epoxidation  

An early step in the synthesis of the FDG precursor involves an epoxidation of the acetylated 

D-glucal (1). This is easiest done by a called shi-epoxidation (Figure 2), which comprises 

presence of oxone and acetone that acting on a double bound. In the first step, the product is 

dissolved in a solution of organic and liquid properties and a catalyzer that accelerate the rate 

of a normally slow reaction considerably
19

. In the second step, addition of oxone will cause a 

donation of oxygen to the electrophilic carbon in the acetone-molecule. This generates the 

reactive Criegee intermediate, which will be broke up during basic conditions. Removing 

hydrogen from the hydroxyl group forms an oxygen anion, which will cause the sulfate group 

to leave and remain a dioxirane. The transition state level between the two oxygen’s in the 

dioxirane will finally lead to a transferring of an oxygen to the alkene function and create the 

epoxide.  

 

Figure 6. Schematically picture of a shi-epoxidation of a general alkene from oxone and acetone.  

(http://www.organic-chemistry.org/namedreactions/shi-epoxidation.shtm) 

 

 

 

 

 

 

 

 

http://www.organic-chemistry.org/namedreactions/shi-epoxidation.shtm
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4. Results and discussion 

 

Scheme 4. Overall synthesis reaction steps for the target molecule, where reactions (       ) was made 

during the experiment and reactions ( ) was not made due to lack of time.  
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4.1 Carbohydrate synthesis  

The first reaction step was acetylation of D-glucal (1), using acetic anhydride and pyridine
 2

. 

Consequently, all three hydroxyl functional groups, in D-glucal, will become protected by 

acetate esters (OAc). The acetylated sugar (2) was formed in 66,6 % yield.  

                                    
Figure 7. Gluco-configuration (3) and Manno-configuration of 1,2-anhydrosugar (4). 

The next step was epoxidation of the glucal by using a mild and simple protocol (referens) 

where in situ generated dimethyldioxirane (DMDO), a common epoxidation reagent, is 

formed from acetone and oxone. The epoxidation preferentially occurs on the alfa-face of the 

glucal, yielding the 1,2-anhydrosugar (3), also known as  Brigl`s anhydride
20 

, having an 

gluco-configuration. However, epoxidation also occurs, to a lesser degree, on the beta-face, 

giving the 1,2-anhydrosugar  with a manno-configuration (4), as can be seen in figure 7. The 

formed 1,2-anhydrosugars were isolated with work-up and found in a yield of >100%, which 

indicates on rest products and possibly impurities. Without further purification, the 1,2-

anhydrosugar was directly subjected to the next step which is glycosylation. 1,2-

anhydrosugars belong to the class of glycosylic donors, that is, electrophilic sugars that can 

readily be connected to alcohols on the C-1 carbon.  

                  

 

Figure 8. β-Gluco-configuration and α-Manno-configuration of Propargyl 3,4,6-Tri-O-acetyl-D-

pyraose.  

Glycosylation occurred by connecting propargyl alcohol (C3H3OH) on the electrophilic C-1 

carbon. As can be seen in figure 8, the glycosylation can occurred in two directions where 

gluco-configuration (5) was found in excess as expected. The glycosylated mixture of the two 

products was formed in a yield of 29,3 %  and the isolation of 5 from the mixture resulted in a 

yield of 43 %.  

The glycosylation was first carried out in THF and liquid ZnCl2 but according to 

recommendations from other performances and my executor these abstracts was instead 
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change to DCM and solid ZnCl2. When the synthesis took place in THF the yield of the 

mixture of compound 5 and 6 was around 10 % in every test (table 2 in Appendix) but when 

the solvent was change to DCM the yield increased to ~ 30 %. The results may had been 

effected by the fact that the synthesis in DCM was done in a larger compound scale but might 

also say that changing to a less concentrated Lewis acid (solid ZnCl2) and a halogen based 

solvent (DCM) gives a more customize environment for the studied reaction or brings better 

pre-conditions for the added alcohol to bind to the glucose analog.   

When glucose modified molecules consist as gluco and manno one of the forms is naturally 

dominant (usually gluco) and the relation is often seen as 7:1. If that’s the case, it means that 

~0,97 g of the total mixture mass (1,111 g) is represented by 5. Since the crystallized and 

isolated 5 reached a yield of 0,478 g (~ 50 %), it means that almost half of the possible 

desired product was still uncrystallized. According to the loss of clear precipitation of crystals 

after the third reap in the experiment, it is difficult to find an improvement of a continued 

process. Since the method was only used in one repeating procedure it can probably be 

optimized to get a higher crystallization yield.                    

When 6 was tried to be separated from 5 on versa flash C18 colon the result showed on in 

principal no separation between the isomers. These results can be according to the fact that 

the remaining product that was applying might have been too small to get any measurable and 

illustrative amounts of 6. The problem might also depend on an insufficient clean colon and 

that the eluate maybe hade preferred another mobile phase (ACN/H2O, 50:50).      

 Figure 9. β-Gluco –configuration (5) and β-Manno-configuration (7) of Propargyl 3,4,6-Tri-O-acetyl-

D-pyraose.  

To prepare the synthezised molecule 5 to its advantageous form for 
18

F-labeling (7) a Latrell-

Dax inversion was made with high chemo selectivity for the isolated product (scheme 3). The 

inverted β-pyranose (7) was studied in a total yield of 85 %.   

The aim of the study was to see how well the different reaction steps in the synthesis could be 

optimized to obtain a good yield and high cleanliness of the target FDG precursor (7) as 

possible. Even do the first target didn’t reach a percentage exchange as desired and lack of 

time prevented the labeling with 
18

F (9), the isolation from possible byproducts and 

structurally agreement with the theoretical look of the molecule was found in very promising 

results. The LC-MS results showed a big presence of the search products in every single 

reaction steps and, above all, the results showed high agreement with first the crystallized 

compound 5 and then also with the isolated product 7. NMR-spectra’s was also carried out 
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with positive results, were the combined signals showed very good agreement with the 

chemical structures. The NMR-results also showed on good crystallized separation between 5 

and 6 and, in the next step, a very clean isolation of the target molecule 7.  

                                                                                                                                                              

4.2 Results of Karplus Equation 

 

 

Figure 10. Newman projection of compound 5 and compound 7, seen from carbon C-1.  

A Newman projection of the two isomers (figure 10) shows that while the angle between the 

two hydrogens H1 and H2 is 180
0
 in 5, the angle between the same hydrogens in compound 

7only reach 60
0
. According to the Karplus equation, the difference in dihedral angle can also 

be seen in the coupling constant, were the general term is that the coupling constant will 

decrease from 0
0
 to 90

0 
and increase from 90

0
 and forward (figure 5). The coupling constant 

that was found between H1 and H2 reach a size of 1,17 Hz, which corresponds to a smaller 

number in coupling constants and are thereby classifying for an smaller angle like ~60
0
, 

which is exactly what can be seen in 7.  

The same justification was also used to ensure the configuration of the crystallization between 

5 and 6 (figure 8). The dihedral angle between H1 and H2 in 5 has mentioned to be ~180
0
 and 

6 shows the same angel between H1 and H2 as compound 7 (~60
0
). Since the coupling 

constant between H1 and H2 for the crystallized product was find out to be 7,6 Hz it represents 

an dihedral angle of ~180
0
 C, which is corresponding to 5. If the crystallized product had 

been 6 then the coupling constant would have been closer to the interval 1-5 Hz. 
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5. Experimental section                                                                                                                                        

5.1 General Methods 

Organic extracts were dried over anhydrous magnesium sulfate (MgSO4) or anhydrous 

sodium sulfite (Na2SO3) and concentrated in vacuo at 40
°
C or at room temperature (rt). TLC 

was performed on Merck precoated 60 F254 plates with TLC spots were visualized by charring 

with PAA-dip (p-anisaldehyde (12,5 ml), AcOH (5ml), EtOH (465 ml), conc. H2SO4 (17,5 

ml)) followed by heatin. Flash column chromatography (FC) was performed with silica gel 60 

(0.040-0.063 mm, Merck) with heptane/acetone (2:1, 200 ml/100 ml) as mobile phase. NMR-

spectra’s was obtained on a Varian instrument (300 MHz) Chemical shifts were referenced 

with deuterated chloroform (CDCl3) as reference peak (7,26 ppm). LC-MS analyses were 

obtained on a Gilson system (Column: Phenomenex C-18 150 x 4.6 mm for analytical runs) 

Pump: Gilson gradient pump 322; UV/VIS-detector: Gilson 155, MS detector: Thermo 

Finnigan Surveyor MSQ; Gilson Fraction Collection FC204) using a gradient elution of 

ACN/H2O (20:80 100:0) as mobile phase.  

5.2 3,4,6-Tri-O-acetyl-D-Glucal (2)  

Ac2O (4 ml, 41 mmol) was added to an ice-cooled solution of D-Glucal (1,001 g, 6,8 mmol) 

in pyridine (10 ml). After ten minutes, the mixture was removed from the ice-bath and 

allowed to reach rt. After 4.5 h, TLC indicated completion of the reaction (Rf: 0,31).The 

mixture was then diluted with ethyl acetate (150 ml) and washed with 1 M HCl (2*50 ml), 

satd. NaHCO3 (50 ml) and brine (50 ml). The organic extract was dried, filtered and 

evaporated. The crude product was purified with FC affording the desired product 2 as a 

white crystalline compound in a yield of 66.6% (1,242 g, 4,56 mmol). 
1
H-NMR for compound 

2 δ (300 Hz): 2,04 (s, 3 H), 2,08 (s, 3 H), 2,09 (s, 3 H), 4,23 (m, 2 H,) 4,40 (dd 1 H, J = 5,1 

Hz), 4,85 (q, 1 H, J = 3,6 Hz), 5,22 (t, 1 H, J = 6 Hz), 5,34 (t, 1 H, J = 5,1 Hz), 6.46 (d, 1 H, J 

= 6 Hz). 

5.3 3,4,6-Tri-O-acetyl-1,2-anhydro-𝜷-D-glucopyranose (3) and 3,4,6-Tri-O-

acetyl-1,2-anhydro-𝜶-D-mannopyranose (4)                                                                                                                                                           

An aqueous solution of oxone (13,55 g, 22,04 mmol in H2O, 53,3 ml) was added drop wise 

for a period of 15 min to an ice cooled and stirred biphasic solution of compound 2 (3,00 g, 

11,02 mmol), acetone (5.0 ml, 68,1 mmol), TBAHSO4 (1,25 g, 3,7 mmol) in DCM (50 ml) , 

satd. NaHCO3 (83 ml). The solution was maintained for 30 min at 0
°
 C and at rt for an 

additional 2 h. The mixture was then diluted with DCM (20 ml), the phases separated in a 

separator funnel and the aqueous phase was extracted with DCM (310 ml). The combined 
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organic phase was washed with brine (25 ml) and dried with Na2SO3 and then concentrated at 

rt.   

5.4 Propargyl 3,4,6-Tri-O-acetyl-𝜷-D-glucopyranose (5)  and Propargyl 

3,4,6-Tri-O-acetyl-𝜶-D-mannopyranose (6)                                                                                                                                                               
All product of compound 3 (calculated as 100 % yield (3,17 g, 11,02 mmol)) was stirred in a 

cooled solution of propargyl alcohole (6,4 ml, 110,2 mmol), CH2Cl2 (58 ml) and ZnCl2 (5,26 

g, 38,6 mmol) in 1 h and then maintained at rt overnight. The solution was then diluted with 

CH2Cl2 (100 ml) and washed with H2O (40 ml), NaHCO3 (40 ml) and NaCl (Brine, 40 ml). 

The combined organic phase was then dried and concentrated in vacuo (rt). After purifying 

the product on FC the desired product was obtained as a yellow oil, in a yield of 29,3 % 

(1,111 g, 3,23 mmol).  

Since 3,4,6-Tri-OAc-1,2-anhydro-D-pyranose exist in two forms (figure 5) a separation of 

isomeric molecules was setting up according to their difference in crystallization. The yield of 

the mixture was solved in 3-4 pipets of Et2O and some drops of methanol. Adding of heptane 

to the mixture was continued until a white cloud became visible. The solution was then cooled 

for 30 min and stored in rt in 2 h in repeating system. The produced crystals were suction 

filtrated to give a total yield of 43 % (0,478 g, 1,4 mmol). 
1
H-NMR for compound 5 δ (300 

Hz): 2,04 (s, 3 H), 2,08 (s, 6 H), 2,49 (d, 1 H, 2,3 Hz, OH), 2,94 (t, 1 H, J = 3,5 Hz, CC-H), 

3,56 (ddd, 1 H, J = 3,5 Hz, J = 7,6 Hz, J = 9,4, H-2), 3,67 (ddd, 1 H, J = 9,8, J = 4,7, J = 2,4 

Hz, H-5),  4,06 (dd, 1 H, J = 2,3 Hz, J = 12,3 Hz, H-6), 4,24 (m, 1 H, J = 2,2, H-6`), 4,37 (dd, 

2 H, J = 2,4 Hz, J = 5,3 Hz, CH2-CC), 4,57 (d, 1 H, J = 7,6 Hz, H-1), 4,98 (t, 1 H, J = 9,3 Hz, 

H-4), 5,09 (t, 1 H, J = 9,3, H-3). 
13

C-NMR spectra presents as δ (75 Hz): 20,73 (CH3), 56,23 

(CH2), 61,87 (C-6), 68,20 (C-4), 71,95 (C-3), 74,30 (C-2), 75,86 (C-5), 100,29 (C-1), 171,32 

(C=O),        

5.5 Propargyl 3,4,6-Tri-O-acetyl-𝜷-D-mannopyranose (7)  

To a cooled solution of compound 5 (0,05 g, 0,145 mmol), pyridine (0,154 ml) and DCM (5 

ml) a mixture of Tf2O (0,082 g, 0,29 mmol) in DCM (2 ml) was added drop wise. The 

mixture was stirred at -20
0
 C and successively increased to 10

0
 C until the TLC results 

showed only one product (1,5 h). The solution was then diluted with DCM (30 ml) and 

extracted with HCl (1 M, 15 ml), NaHCO3 (15 ml), H2O (15 ml) and brine (15 ml). The 

organic phase was then dried and concentrated in vacuo (rt). The product was then mixed with 

a solution of dry ACN/dry toluene (1:1, 4 ml) and TBANO2 (0,23 g, 0,726 mmol) and stirred 
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for 1 h (rt) and 1,5 h (50
0
 C). The solution was then concentrated in vacuo and resolved in 

DCM for extraction with brine (15 ml). The organic phase was then dried and concentrated in 

vacuo. After purification on FC and concentration (rt) a withe crystal product was isolated in 

a yield of 85 % (0,0425 g, 0,12 mmol). 
1
H-NMR for compound 7 δ (300 Hz): 2,04 (s, 3 H), 

2,11 (m, 6 H), 2,3 (d, 1 H, J = 2,34 Hz, OH), 2,5 (m, 1 H, CC-H), 3,67 (m, 1 H, H-5), 4,14 (d, 

1 H, J = 2,9 Hz, H-6), 4,17 (m, 1 H, J = 2,6 Hz, H-2), 4,31 (dd, 1 H, J = 5,3 Hz, J = 12,3 Hz, 

H-6`), 4,43 (d, 2 H, J = 2,34 Hz, CC-CH2), 4,86 (d, 1 H, J = 1,17 Hz, H-1), 5,02 (dd, 1 H, J = 

3,22 Hz, J = 9,67 Hz, H-3), 5,39 (t, 1 H, J = 9,7 Hz, H-4). 
13

C-NMR spectra’s can be 

presented as δ (75 Hz): 20,73 (CH3), 39,91 (C=C), 55,48 (CH2), 62,06 (C-6), 65,61 (C-4), 

72,55 (C-5), 72,77 (C-3), 96,93 (C-1), 172,34 (C=O) 

5.6 Environmental conditions 

Another common way to perform this type of glycosylation is by using the Koenigs-Knorr 

reaction, which not include addition of the alcohol to an epoxide on the glucose ring. This 

synthesis is instead done by replacing a glycoside halide (iodine, chlorine and bromine are 

most common) by the selected alcohol on the carbon that is set to be glycosylated, in present 

of silver carbonate. Since this method indicates use of and residues that include silver, it is a 

less environmental advantageous method then the used, where the glycosylation target is 

prepared by use of relatively harmless compounds like acetone and the water soluble salt 

oxone.     

Since the process was to produce a molecule no consideration has been necessary for the 

environment aspect and according to how the preparation was performed no optimization of 

the energy was necessary to be done.        
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6. Conclusion 
The preformed thesis was successful in producing a alkyne equipped clickable precursor of 

FDG with a beta-configuration, which was the target molecule in this experiment. Due to lack 

of time the triflation at position 2-OH of the molecule could not be made.   
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9. Appendix   
Table 1. Resulting yields in comparison from the series of test experiments that were done to optimize 

the conditions in the synthesis experiment.  

* The epoxidated molecule was very hard to get entirely clean by rotary evaporation and will probably 

contain some other biproducts. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Type of Reaction Resulting Yield/ 

Starting Mass 

Column 

Chromatographic Yield 

(g) 

Yield of Product 

Acetylation 0,1 0,172 92,3 % 

Acetylation 1,0 1,242 66,6 % 

Epoxidation 0,2 0,114 53,8 % 

Epoxidation 0,2 0,164 77,5 % 

Glycosylation 0,164 0,023 11,7 % 

Epoxidation 0,789 1,001 <100 %* 

Glycosylation 1,001 0,093 9,3 % 
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