
Open Access     Baghdad Science Journal                                P-ISSN: 2078-8665 

Published Online First: July 2022                 2023, 20(1): 134-143                                                   E-ISSN: 2411-7986 

 

134 

DOI: https://dx.doi.org/10.21123/bsj.2022.6914 

                    

Synthesis and Structural Determination of 6-O-prop-2-ynyl-1,2:3,4-di-O-

Isopropylidene-α-D-Galactose 
 

Halah Husam Abdulkadhim Al-Asadi1    Adnan Ibrahim Mohammed1*   

 Baker A. Joda1  

 
1Department of Chemistry, College of Science, University of Kerbala, Karbala, Iraq 

*Corresponding author: adnan.i@uokerbala.edu.iq, adnanimchem@yahoo.com 

E-mail addresses:  hala.h@uokerbala.edu.iq, baker.judah@uokerbala.edu.iq 

 

Received 10/1/2022, Revised 8/3/2022, Accepted 10/3/2022, Published Online First 20/7/2022, 

Published 1/2/2023 

 This work is licensed under a Creative Commons Attribution 4.0 International License. 

 

Abstract: 
In this work, an important sugar alkynyl ether has been synthesized in two subsequent steps starting 

from commercially available D-galactose (3). This kind of compounds is highly significant in the synthesis of 

biologically active molecules such as 1,2,3-triazole and isoxazoles. In the first step, galactose (3) was reacted 

with acetone in the presence of anhydrous copper (II) sulfate to produce 1,2:3,4-di-O-isopropylidene-α-D-

galactose (4) in good yield. The latter was reacted with excess of 3-bromoprop-1-yne in DMF in the presence 

of NaOH pellets to afford the target molecule 5 in a very good yield. The temperature of this step is crucial in 

determining the reaction yield. The exact structure of compound 5 is identified using NMR technique and 

DFT calculations.   
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Introduction: 
One of the significant categories of the 

organic compounds is alkynes.1‒3 Petroleum is the 

main source of naturally occurring alkynes as it 

contains acetylene which is the simplest member of 

the triple bond family.4 However, the availability of 

alkyne in nature is rare such as dehydromatricaria 

ester (1)5 which was extracted from plant source 

and tariric acid (2)6 (Fig. 1) that found in the tallow-

wood tree or Eucalyptus microcorys. 

 
Figure 1. Naturally occurring acetylenes isolated from plant source; dehydromatricaria ester (1) and 

tariric acid (2) 

 

Various alkynes possess remarkable 

biological activity and they have been utilised as 

drugs,7,8 for example, the birth control medicine 

norethynodrel.9 In addition, it was reported that 

some of the natural acetylenes i.e. falcarinol has 

been used as a pesticide.10 Furthermore, both 

terminal and internal alkynes have essential role in 

the synthesis of many organic compounds like; 

aldehydes,11 ketones,12 carboxylic acids,13 alkenes,14 

triazoles,15‒19 isoxazoles20,22 and polymer.23,24 Their 

conjugated polymers have great conductivity, and 

they have many applications in organic photonics.25 

The simplest way to prepare with variable alkyne 

chain is the alkylation of acetylene.26 Alternatively, 

they can be synthesized by the elimination of X2 or 

HX from alkenes27 or propargylation of phenols and 

alcohols.28 However, the latter requires harsher 

conditions due to their low acidity.29 Alkynyl 
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monosaccharides can be synthesized through the 

glycosylation reaction of propargyl alcohol with 

sugar peracetates.30 Herein, we prepare alkyne-

sugar ether by the reaction of propargyl bromide 

and galactose diacetonide using mild conditions and 

determine the 3D shape of the synthesized 

molecule. 

 

Materials and Methods: 
General  

Chemicals, reagents, and solvents were 

purchased from commercial providers; Ajax, Alfa 

Aesar and Sigma-Aldrich Chemical. Flash column 

chromatography was performed with silica gel (40-

60 mesh). Aluminium-supported coated with silica 

(0.2 mm, 60 F254) TLC plates were used. The 

progression of reactions was observed by TLC 

using freshly prepared alkaline KMnO4 stain to 

develop spots on TLC plates. Melting points were 

determined on an Electrothermal Stuart SMP 30 

capillary melting point apparatus. Specific rotation 

was detected using Automatic digital polarimeter 

KRUSS P3001 RS. Infrared spectra were recorded 

using prestige 21, SHIMADZU 2001, FT-IR.  

Proton, carbon and 2D NMR spectra were collected 

on Avance III 300, FT-NMR spectrometer, Bruker 

2010 spectrometer at 300 MHz and 75 MHz 

respectively with TMS as an internal standard. The 

NMR spectra were recorded at the University of 

New South Wales, Australia. 

Synthesis 

Synthesis of 1,2:3,4-diacetonide-α-D-galactose 

(4)31 

Zinc chloride (10.0 g, 0.029 mol) was 

portions-wise added to acetone (50 mL) and 

concentrated sulfuric acid (0.1 mL) was added at r.t. 

to give a clear solution. Galactose (3.5 g, 0.018 

mol) was then added, and the resulting white 

suspension stirred for 5 h at r.t. Afterward, a 

suspension of Na2CO3 (6.5 g, 0.063 mol) in H2O (10 

mL) was added to the yellow reaction mixture at 0 

°C. The suspension was allowed to stir for 30 min 

then filtered and the solid discarded. The volatile 

solvent was removed in vacuo below 30 °C to give 

a residue. The resulting yellow oil and aqueous 

layer were separated, and aqueous layer further 

extracted with Et2O (3 × 10 mL). The combined 

organic layers were dried over MgSO4, and the 

solvent removed under reduced pressure to yield 

1,2:3,4-diacetonide-α-D-galactose (4) as a pale-

yellow oil (3.9 g, 81%) Rf = 0.45 (1:1 EtOAc / 

Hexane). FTIR (KBr) cm‒1: 3483, 2987, 2935, 

1382, 1255, 1212, 1167, 1069, 1001, 899. 1H NMR 

(300 MHz, CDCl3) δ ppm: 5.56 (d, J = 5.0 HZ,1H, 

H1), 4.60 (dd, J = 8.0, 2.4 HZ, 1H, H3), 4.32 (dd, J 

= 5.0, 2.4 HZ, 1H, H2), 4.26 (dd, J = 7.9, 1.6 HZ, 

1H, H4), 3.86 (ddd, J = 7.3, 4.7, 2.0 Hz, H5), 3.83 

(dd, J = 10.7, 4.7 Hz, 1H, H6a), 3.74 (dd, J = 10.7, 

7.3 Hz, 1H, H6b), 2.37 (br s, 1H, OH), 1.52 (s, 3H, 

CH3), 1.44 (s, 3H, CH3), 1.32 (s, 6H, C(CH3)2). 13C 

{1H} NMR (75 MHz, CDCl3) δ ppm: 109.4 and 

108.6 (2 × C(CH3)2), 96.3 (C1), 71.5 (C4), 70.7 

(C3), 70.5 (C2), 68.6 (C5), 62.3 (C6), 24.3 (CH3), 

24.9 (CH3), 25.9 (CH3), 26.0 (CH3). 

Synthesis of 6-O-prop-2-ynyl-1,2:3,4-diacetonide-

α-D-galactose (5)32,33 

Protected sugar 4 (0.52 g, 2 mmol) was 

dissolved in DMF (10 mL) in a dry flask and 

sodium hydroxide pellets (0.32 g, 8 mmol) were 

added. The flask was cooled in an NaBr 60 g-ice 

100 g bath at ‒20 °C and the contents stirred for 10 

min before 3-bromoprop-1-yne (2.2 mmol) was 

added dropwise. The reaction mixture was then 

allowed to stir for 24 h, gradually warming to r.t. 

The reaction mixture was partitioned between 

EtOAc (50 mL) and water (100 mL), the layers 

separated, and the aqueous layer extracted with 

more EtOAc (3 × 50 mL). The combined extracts 

were dried over Na2SO4 and evaporated to dryness 

under reduced pressure. The residue was flash 

chromatographed (silica gel, Et2O / n-hexane 1:9) to 

give 6-O-prop-2-ynyl-1,2:3,4-diacetonide-α-D-

galactose (5) as a white needles precipitate (1.10 g, 

88%), m.p.= 51‒52 °C (lit. 50‒51 °C)34, Rf  = 0.41 

(1:1 hexane/ Et2O). FTIR (KBr) cm‒1: 3253, 2922, 

2853, 2109, 1459, 1377, 1258, 1213, 1101, 1066, 

1004, 890. 1H NMR (300 MHz, CDCl3) δ ppm: 5.54 

(d, J = 5.0 Hz, 1H, H1'), 4.60 (dd, J 7.9, 2.4 Hz, 1H, 

H3'), 4.31 (dd, J = 5.0, 2.4 Hz, 1H, H2'), 4.26 (dd, J 

= 7.9, 2.0 Hz, 1H, H4'), 4.24 (dd, J = 15.9, 2.4 Hz, 

1H, H3a), 4.19 (dd, J = 15.9, 2.4 Hz, 1H, H3b), 3.99 

(ddd, J  = 7.1, 6.2, 2.0 Hz, 1H, H5'), 3.77 (dd, J = 

10.1, 6.2 Hz, 1H, H6'a), 3.66 (dd, J = 10.1, 7.1 Hz , 

H, H6'b), 2.42 (t, J = 2.4 Hz, 1H, H1), 1.32 (s, 3H, 

CH3), 1.34 (s, 3H, CH3), 1.45 (s, 3H, CH3), 1.54 (s, 

3H, CH3). 13C {1H} NMR (75 MHz, CDCl3) δ ppm: 

109.3 and 108.6 (2 × C(CH3)2), 96.3(C1'), 79.6 

(C2), 74.6 (C1), 71.2 (C4'), 70.6 (C3'), 70.4 (C2'), 

68.7 (C6'), 66.7 (C5'), 58.4 (C3), 24.4 (CH3), 24.9 

(CH3), 25.9 (CH3), 26.0 (CH3).   

Computational method 
The in-silico study was performed 

employing the ORCA 4.2.1 software35,36. The initial 

structures of 6-O-prop-2-ynyl-1,2:3,4-di-O-

isopropylidene-α-D-galactose (5) were drawn 

through Avogadro program and were energy 

minimized at the B3LYP/def2-TZVP level of 

theory. The optimized geometries were verified by 

performing frequency calculation at B3LYP/def2-

TZVP level (zero imaginary frequencies). 

Subsequently, single point energy calculations at 

the MO6-2X/def2-TZVP level were perfumed with 
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solvation method using the conductor-like 

polarizable continuum model (CPCM) in 

chloroform (CHCl3). 

 

 

Results and Discussion: 
The target compound 5 has been synthesized from 

D-galactose in two subsequent steps (Scheme 1): 

 
Scheme 1. Synthesis of alkyne 5 from D-galactose (3) 

 

Acetone is widely utilized in carbohydrate 

chemistry as a protecting group particularly for the 

syn vicinal diols.37 The reaction of the hexose 3 

with excess of acetone in the assistance of zinc 

chloride and sulfuric acid at room temperature for 

five hours afforded 1,2:3,4-di-O-isopropylidene-α-

D-galactose (4) in a very good yield 81%. FTIR 

spectrum (Fig. 2) of compound 4 shows; a broad 

band at 3483 cm‒1 belongs to the (O‒H) stretching, 

medium bands at 2987 and 2935 cm‒1 attributed to 

the (C‒H) stretching, a sharp band at 1382 cm‒1 

corresponding to the (C‒H) bending, and the sharp 

bands between 1225 cm‒1 and 1069 cm‒1 due to the 

(C‒O) and (C‒O‒C) stretching. 

 
Figure 2. FTIR spectrum of compound 4 

 

The formation of compounds 4 has also 

been evidenced by 1H NMR (300 MHz, CDCl3) 

spectrum (Fig. 3) that displays a doublet at 5.56 

ppm with the coupling constant (J = 5.0 Hz) 

attributed to the anomeric proton; a doublet of 

doublet centred at 4.60 ppm (J = 8.0, 2.4 Hz) due to 

H-3 of the pyran ring, another doublet of doublet 

centred at 4.32 (J = 5.0, 2.4 Hz) belongs to the H-2, 

a doublet of doublet of H-4 centred at 4.26 (J = 7.9, 

1.6 Hz), a doublet of doublet of doublet centred at 

3.86 (J = 7.3, 4.7 Hz) attributed to H-5, and two 

doublets of doublets at 3.83 ppm (J = 10.7, 4.7 Hz) 

and 3.74 ppm (J = 10.7, 7.3 Hz) due to methylene 

protons H-6 in addition to the singlets at 2.37 ppm, 

1.52 ppm, 1.44 ppm, and 1.32 ppm that attributed to 

the hydroxyl proton and the isopropylidene protons 

respectively.  
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Figure 3. 1H NMR (300 MHz, CDCl3) spectrum of compound 4 

 

Moreover, the structure of alcohol 4 is 

assigned by 13C {1H} NMR (75 MHz, CDCl3) 

spectrum (Fig. 4) that exhibits two signals at 109.4 

ppm and 108.6 ppm attributed to the quaternary 

carbons of the isopropylidene protecting groups. 

The carbon signals at 96.3 ppm, 71.5 ppm, 70.7 

ppm, 70.5 ppm, 68.6 ppm, and 62.3 ppm are 

confirmed to C1, C4, C3, C2, C5, and C6 

respectively. Finally, the signals belong to methyl 

group appear at 24.3, 24.9, 25.9, and 26.0 ppm.  

 

 
Figure 4. 1H {1H} NMR (75 MHz, CDCl3) spectrum of compound 4 

 

Treatment of galactose diacetonide 4 with 

3-bromoprop-1-yne in the presence of sodium 

hydroxide in DMF at ‒20 °C to room temperature 

for 24 h gave 6-O-prop-2-ynyl-1,2:3,4-di-O-

isopropylidene-α-D-galactose (5) in 88% yield. 

First, the addition of 3-bromoprop-1-yne to the 

reaction mixture is crucial in the determination of 

the yield of reaction. The effect of temperature, at 

the addition of the propargyl bromide, on the 

reaction outcome is illustrated in Table 1. 
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Table 1. The effect of the initial reaction 

temperature on the alkyne yield 
Entry  Temperature °C Yield 

1 r.t. 57% 

2 0 62% 

3 ‒5 70% 

4 ‒10 82% 

5 ‒20 88% 

 

The lower the temperature at the addition of 

propargyl bromide to an alcohol, the higher the 

reaction yield. This could be attributed to the 

formation of allenes during the reaction.38It is 

suggested that the formation of compound 5 follows 

the SN2 mechanism in its initial step. Then, proton 

is subtracted due the base effect (Scheme 2). 

 
Scheme 2. Suggested mechanism of the formation of compound 5 

 

The disappearance of the (O‒H) stretching 

band at 3483 cm‒1 and the appearance of the bands 

at 3253 cm‒1 and 2109 cm‒1 due to the stretching of 

(≡C‒H) and (C≡C) respectively in the FTIR 

spectrum (Fig. 5) are excellent evidence of the 

formation of alkyne 5. 

 

 
Figure 5. FTIR spectrum of compound 5 

 

Further proof of the formation of compound 

5 is introduced by 1H NMR spectrum (Fig. 6) that 

displays two doublets of doublets centred at 4.23 

ppm and 4.20 ppm corresponding to the methylene 

H-3 having coupling constants 15.9 Hz and 2.4 Hz. 

Moreover, the appearance of triplet at 2.42 ppm (J = 

2.4 Hz) belongs to the acetylenic proton H-1 is 

another evidence of formation of the alkyne 5.
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Figure 6. 1H NMR (300 MHz, CDCl3) spectrum of compound 5 

 

A cross peak is shown in the COSY 

spectrum (Fig. 7) between the two doublets of 

doublets centred at 4.23 ppm and 4.20 ppm and the 

triplet at 2.42 ppm which means the presence of the 

long-range coupling.39 

 

 
Figure 7. Zoomed in 1H‒1H COSY (300 MHz, CDCl3) spectrum of compound 5 
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The 13C NMR spectrum of compound 5 (Fig. 8) 

shows three new signals at 79.8, 74.7 ppm and 58.7 

ppm belonging to C2, C1 and C3 respectively. 

  

 
Figure 8. 1H {1H} NMR (75 MHz, CDCl3) spectrum of compound 5 

 

It is known that the preferred 3D shape of 

the pyranose six-membered ring in the saccharides 

is chair conformations 4C1 and 4C1 (Fig. 9).40,41  

 
Figure 9. Chair conformations of pyranoses 

 

The computational study of compound 5 

demonstrated that the lowest energy 

galactopyranose ring adopted chair 3CO 

conformation (Fig. 10). According to Karplus 

equation, the magnitude of coupling constant 

decreases as the dihedral angle between the vicinal 

hydrogen atoms raises from 0° to 90° and then starts 

to increase with the raise of the angle.42 In the 

suggested 3D shape of the six-membered ring, the 

dihedral angle between H2' and H3' is 

approximately 90° and this is confirmed by 1H 

NMR as the coupling constant 3J H,H between H2' 

and H3' is 2.4 Hz.  

 
Figure 10. The suggested conformation of 

compound 5 based on computational study and 

NMR spectra 

 

Conclusion: 
Alkynyl sugar ether was produced by 

reacting protected sugar with propargyl bromide in 

the presence of a base. It is found that the reaction 

temperature is crucial in the determination of the 

final yield of the propargyl derivative. The 1D and 

2D NMR spectra were consistent with the 

computational study, which revealed that the sugar 

pyran ring adopted chair conformation. However, 

the oxygen atom occupied the bottom edge of the 

chair not C-1 as expected. 
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 جالاكتوز -ألفا-د -أيزوبروبليدين -O -ثنائي-4،3: 2،1 -نايل-2-بروب-O-6تحضير و تحديد التركيب للمركب 

 
 باقر عبد الزهرة جودة   عدنان إبراهيم محمد   هالة حسام عبد الكاظم الأسدي

 
 .العراق، كربلاء، المدينة الجامعية )فريحة( ،قسم الكيمياء، كلية العلوم، جامعة كربلاء

 

 الخلاصة:
إن هذا النوع من . المتاح تجارياً جالاكتوز-سكر دفي هذا العمل، تم تحضير إثير ألكينيل سكر مهم في خطوتين متتاليتين بدءًا من 

في الخطوة الأولى، تم تفاعل . المركبات يعد ذات أهمية في تحضير مركبات ذات فعالية حيوية مثل الترايازولات و الآيسوكسازولات

( 4)جالاكتوز  -ألفا-د -أيزوبروبليدين -O -ثنائي-4،3: 2،1لإنتاج ( II)مع الأسيتون في وجود كبريتات النحاس اللامائي ( 3)الجالاكتوز 

بوجود حبيبات هيدروكسيد الصوديوم  مذيب ثنائي مثيل فورمأمايدبمنتوج جيد. ثم تفاعل المركب الأخير مع زيادة من بروميد البروبارجيل في 

تم تحديد الوضعية . إن درجة حرارة هذه الخطوة تعد حاسمة في تحديد منتوج التفاعل. في بمنتوج جيد جداً 5هدف لتعطي الجزيء المست

 . DFTبإستخدام تقنية الرنين المغناطيسي النووي وحسابات   نظرية الكثافة الوظيفية 5الفراغية للمركب 

 

 .الألكينات الطرفية, الجالاكتوز، إثيرات البروبارجيل، نظرية الكثافة الوظيفية: حسابات الكلمات المفتاحية

 
 


