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Synthesis of (S)-2-(1,4,7-tritosyl-1,4,7-triazonan-2-yl) ethanol, a chiral 

triazacyclononane.                

Emmanuel Nwachukwu. 

  

 

Abstract 

 

Research work has proven some novel and flexible routes in the synthesis of chiral 

annulet of triazacyclononane and their derivatives possessing one or more stereo 

centers on the macro cyclic structure. 

In this project work, using the standard Richman-Atkins cyclisation, (S)-2-(1,4,7-

tritosyl-1,4,7-triazonan-2-yl) ethanol, is synthesized despite low yield, by coupling 

“racemic” 1,2-ditosamide (6) to tritosyl diethanol amine. 

Triazacyclononanes are well known to posses rich chelation chemistry and form 

structurally rigid metal ligand in synthesis. They are also known to be able to stabilize 

both high and low oxidation state of different metal ions. With base placed in silico 

modeling, a proposed complex structure (figure 2), that can be formed by this 

cyclononane with a chiral lithium amide base can be used to test catalytically for 

asymmetric enolate alkylation and aldol reactions. 
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List of abbreviations 

 

 

 

Aq.                                                                   Aqueous                                            

COSY                                                              Corelation spectroscopy                        

DMF                                                                 Dimethylformamide                             

DMAP                                                              4-(Dimethylamino)pyridine         

LiHMDS                                                           Lithium bis(trimethylsilyl)azanide                      
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M                                                                      Mesomeric                                                     

NMR                                                                 Nuclear magnetic resonance.                                 

r.t.                                                                     Room temperature.                                   

Refl.                                                                  Reflux                                                       

SN2                                                                   Substitution nucleophilic bimolecular                                                                          

TLC                                                                  Thin layer chromatography.                                                                                            

Ts                                                                     p-Toluenesulfonyl.                                                         

THF                                                                  Tetrahydrofuran.                                                                                      

TBDPSCl                                                          Tert-butyldiphenylsilyl chloride.                                                                                                                                                         

TBAF                                                                Tetra-n-butylammonium fluoride.                                               
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Introduction: 

 

Asymmetric products can be obtained by; 1 the use of natural stereo chemically 

enriched starting materials to induce chirality to achiral molecules, resolution of 

racemic mixture or by designing and using asymmetric route to the desired product.                                                                                                                                                                                    

The last method usually requires the use of a chiral reagent e.g. (-)-sparteine (Z), a 

chiral auxiliary (can be reuse after reaction since need not to be consume in the 

reaction process e.g. Enders SAMP2 (Y)) or a chiral base (X), to get to the desired 

stereochemistry. 

                        

 

However, it is advantageous using a chiral ligand instead of auxiliary in chiral 

induction in that; despite the fact that the auxiliary can be reuse after reaction, they 

cannot be use directly as the case of chiral ligands since they often require 

modification before reuse due to the effect they get during the cleavage stage. Also, 

the fact that chiral ligands can be used in catalytic amount, offers environmentally 

friendly atmosphere and are less costly compared to chiral auxiliaries that needs to 

be used in stoichiometric amount.1    

Recently, chiral bases e.g. chiral lithium amide bases have successively been use 

catalytically for some enantioselective deprotonation reactions.1, 6 The fact that 

catalytic deprotonation depends on the structure of the chiral lithium amide and also 

the kind of ligands formed with metals, taken the substituted prochiral cyclic ketone 

below as an example, it is noted that as bases for deprotonation, bidentate lithium 

amides are superior to both tridentate and tetra dentate lithium amides. This results 

due to drop down in Lewis acidity of the lithium metal as a result of extra 

intramolecular coordination.3 In this scenario, proposals were achieved successively 

by using catalytic amount of chiral bidentate amine with stoicheometric amount of 

achiral tridentate (or tetra dentate) lithium amide to form chiral bidentate lithium 

amide as a result of lithium-hydrogen interchange.3, 4 This chiral lithium amide base 

formed are able to deprotonate catalytically, 4-substituted cyclohexanones.5   

   

 

 

X y z 
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The catalytic cycle6 below by Koga illustrates these results. 

 

Scheme 1: Catalytic cycle showing catalytic asymmetric deprotonation, depicted by 

Koga.6 

The concept of using chiral bases in asymmetric synthesis appeared with the 

emergence of the chemistry of chiral lithium amide. For the past few years, there 

have been great focuses and steady increase in the use of chiral lithium bases by 

different research groups with focus based on structure elucidation of these bases, to 

induce chirality to achiral molecules.6 Based on asymmetric desymmetrization, 

extensive use of chiral lithium amide bases on reactions involving; enantioselective 

deprotonation of conformationally locked prochiral cyclic ketones, enantioselective 

rearrangement of epoxide to allylic alcohols.6, 7
  and also reactions involving 

enantioselective aromatic functionalisation of (arene)-tricarbonylchromium(0)- 

complexes,6, 7   have been noted.        

     

O

R

Me3SiCl

OSiMe3

R

chiral base

                

O HO

 

a) Deprotonation of ketones b) Epoxide rearrangement to allylic alcohol 
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Scheme 2: Examples of three main reactions involving asymmetric transformation by 

chiral lithium amide bases. 1, 6, 13 

However, studies have shown that, the enantioselectivity of reactions under 

asymmetric functionalisation is also depended greatly on the structure of the Lithium 

amide bases (since in some cases, in order to achieve an enantiometrically pure 

product, the base needs to be able to distinguish between a pair of protons in the 

molecule possessing a symmetric plane6)  and reaction conditions.8 As such, in order 

to achieve good ee of the desired product, there is the need for an efficient selection 

of the base whose substituent, would for example offer the least or no steric 

hindrance to the proton that needs to be removed selectively. Scheme 3 below 

illustrates this effect as it may occur in example b) above

N
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LiH
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Li
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N
N

Li

O

H

S

S

H

S

S

 

HO                                        
OH

 

 

Scheme 3: selective deprotonation as a result of steric hinderance.14 

In the present of +M substituents, the cabanionic center of a lithium–carbanion pair 

prefers a pyramidal shape and thus potentially chiral configuration. This gives it the 

posibility to be able to transfer chiral information under favorable conditions and thus 

leadiing to the provision of new methods for enantioselective synthesis.8                                                                                            

However, not withstanding with the literature above, It is worthy to note that, the 

tridentate 1,4,7-triacyclononane with it N-alkylated derivatives and analogues have 

c) Functionalisation of aryl-chromium complex 

disfavored

dd 

Favored 
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good ability to stabilize both high and low oxidation state of metal ions.9, 10 The 

example below is an illustration of a rigid complex formed with LiHMDS in which 

lithium metal is tetra-coordinated with three N-atoms from the ring and one from 

LiHMDS. 

                                         

N
N

N

Li

Me
Me

N

Me3Si SiMe3

Me  

Figure1: Complex formed by triazacyclononane with LiHMDS.11 

 

Taken into consideration, structural similarity and in silico modeling, and also the 

complex type shown in fig. 1, the generic structure shown in figure 2 below derived 

from the target compound (9) may posses the character of a chiral base and thus can 

be applied succesively in some asymmetric deprotonation reactions. The fact that 

complexes formed by these triazacyclononane can work as catalyst in some 

reactions as mentioned above, the generic structure may also successively act as a 

chiral base catalytically to induce chirality to achiral molecules as a result of 

asymmetric enolate alkylation reaction and why not be applied also to reactions that 

involve asymmetric deprotonation. 

                                          

N
N

N

Li

N

R
2

X

R
1

n

 

                                                        X=O or CH2 

Figure 2: General structure of proposed complex formed by the target compound 9 

with lithium amide. 

Induction of chirality by this complex can originate from the chiral centre attached to 

the ring or that attached to the chain. The complex above may also work well 

because the stereogenic centre attached to the ring is closer to the metal chilation 

centre (N) given rise to easy transfer of stereogenic and electronic information to the 

chelated metal.12 
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Beside the features of 1,4,7-triazacyclononane given above, coupled with their 

biological properties, their complexes formed with transition metal (e.g. manganese) 

have also been studied as catalase,15, 16  photo system II, 15, 17 homocyanine18 and 

also as biomimetics16 of manganese for those formed with manganese. Some of 

these complexes formed with manganese have also proved to be suitable catalyst for 

selective epoxidation reactions using H2O2 as oxidant.19  

 

 

 

Aim of this Project; 

The objective of this work was to develop a feasible pathway to the synthesis of chiral 

triazacyclononane (9) and investigate its properties. 

                                                
N
Ts

NTs

TsN

HO

 

                                                                   9 

Figure 3: Structure of (S)-2-(1,4,7-tritosyl-1,4,7-triazonan-2-yl) ethanol, a chiral 

triazacyclononane.                
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Results and Discusion: 

 

 Several methods have been published for the synthesis of analogues of this 

compound, main target being the cyclisation step. Some of these analogues are 

chiral with the stereochemistry directly associated to the macro cyclic ring, in which 

case some posses more than one stereogenic centers linked to the ring.20, 21, 22, 23 

Majority of the successes achieved in the synthesis of these triazacyclononanes have 

been under the use of the Richman-Atkins cyclisation at the cyclisation step. Despite 

the efforts made in these syntheses, the yields of the cyclic products have always 

been low with very few yields achieved of percentages greater than 50%.  

In this project work, the successful synthesis of (S)-2-(1,4,7-tritosyl-1,4,7-triazoan-2-

yl) ethanol, haven just one chiral center attached to the ring, began from the amino 

acid l-methionine as the starting material, from which the chiral 1, 2-ditsosylamide (6) 

was formed and then armed with tritosyl diethanolamine (7), in the cyclisation step 

through classic Richman-Atkins cyclisation. The chirality on the ring arose from the 

amino acid, L-methionine. 
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Below is an illustration of the synthetic scheme. 

S

OH

O

H2N
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HO
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TsO

N

OTs
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Scheme 4: schematic view of the synthetic pathways. 

(a) Bromoacetic acid, H2O/CH3CH(OH)CH3/AcOH (5:5:2 v/v), CH3CHOHCH3 /HBr 

(30% in Acetic acid) reflux,  (b) TsCl, Et3N, CH2Cl2 , r.t. (c) MeOH/NH3 (6-8 M), 

a 
b 

c 

d 

e 

f 
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mw 100oC  (d) Imidazole, TBDPSCl, DMF, r.t.  (e) Trimethylborane (2 M), r.t. 30 

mins, reflux overnight, NH3 aq., (f) TsCl, Et3N, CH2Cl2 , (g) pyridine, TsCl, 0oC-r.t. 

TsN

N
Ts

NTs

TBDPSO

TBDPSO

NHTsTsHN

TsN

N
Ts

NTs

HO

 

 

Scheme 518: (h) anhydrous DMF, LiH, N-tosyldiethanolamine ditosylate in DMF, 

reflux, 6 days, (I) THF, TBAF, refl. 15 hrs.  

 

However the reason for low yields could be explain in terms of inhibition, as a result 

of steric and electronic effects from the bis anion of the ditosylamide that must have 

resulted from first substitution step for the reaction with tritosyl diethanolamine.24 

Among the cycloalkanes, triazacyclononanes are known to have the largest ring 

strain25 and beside steric and electronic effect, this also poses an effect on the 

sluggishness of ring formation. The size and length of the chain attached to the ring, 

leading to the protective group could also be a detriment to this cyclisation process 

by inhibiting the reactivity of the adjacent tosylamide. Better yields have been 

obtained with shorter chain length and smaller substituent attached to the chain. In 

order to maximize the interaction space, excess of solvent (DMF) was used and 

reaction allowed running for six days due to the sluggishness of ring formation.                                                                                                                  

Route W bellow illustrates the intermediate formed after the first SN2 attack to the 

cyclic (S)-2-(2-(tert-butyldiphenylsilyloxy) ethyl)-1,4,7-tritosyl-1,4,7-triazonane (8).  

h 

i 

8 

9 

6 
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However, another alternative route26 (p), would have been to react 1-tosylaziridine 

with the 1, 2-ditosylamide, 6, to form 1, 4, 7-tritosamide, 10, and then couple it with 

ethylene glycol ditosylate (11) using the classic Richman-Atkins cyclisation procedure 

to get to the cyclic compound (8), through the intermediate gotten from step p. 

 

 

N
Ts

NTs

TsN

TBDPSO

TBDPSO

TsHN NHTs

TBDPSO

TsHN
NTs

TsHN

TsO

N
Ts

OTs

OTs

OTs

TBDPSO

TsN
NTs

N
Ts

TsO

H

 

 

 

Scheme 6:  Schematic view of alternative route (p) and through intermediate 

formation to the cyclic product 8.26 

From the series of alternative routes for the synthesis of analogues of these 

triazacyclononane, the route below was attempted in this project work, but was not 

successful. Results from TLC on step “j” showed variety of spots that were 

inseparable. This case was not improved even when the base, K2CO3, was replaced 

by Cs2CO3. In all the three synthetic trials made for this reaction, at step “j”, the 

starting materials were mostly retained. The reason for this failure is unclear even 

though some related articles showed success in cyclisation with high percentage 

yield.27 scheme 7 below illustrates the attempted route. 

p 
w 

10 

8 

11 

6 
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TBDPSO

NHTsTsHN

TBDPSO

TsNNTs

ROOR

TsN

N
Ts

NTs

TBDPSO

a c

 

  

 

Scheme 7:27 Reagents and conditions: (j) ethylene carbonate, K2CO3, DMF, refl.    

(k) TsCl, Et3N, DMAP (cat), CH2Cl2,   (l) TsNH2, K2CO3, CH3CN. 

                                                

                                      Reaction Mechanisms 

Below are mechanisms for some vital products formation.  

Scheme 8 is a mechanistic view of lactone (1) formation.                                                                                                
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Scheme 8: Mechanism for lactone formation. 

          61)     R=H,  

            62)   R=Ts 
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Scheme 9: Mechanistic view of the formation of (S)-2-(2-(tert-butyldiphenylsilyloxy) 

ethyl)-1,4,7-tritosyl-1,4,7-triazonane (8),  showing process of cyclisation. 

 

 

 

 

8 
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Experimental Part 

All chemicals were bought from sigma-Aldrich ® and were used without further 

purification. TLC was performed on silica gel 60 F254 (Merk). NMR spectra were 

obtained at 298K on bruker ® DRX-360 and some also on bruker ® DRX-400 

spectrometer and chemical shift values were obtained with respect to the calibrated 

peaks of the used solvents; δH  ppm CDCl3 (7.27), D2O (4.60), MeOD (4.78) 

 

 

Synthetic procedures. 

 

 

 

                                                        

OO

BrH .H2N  

L-Homoserine Lactone Hydrobromide (1) 

To a 250 ml boiling flask, fitted with a ground glass stopper, 3000 mg, (20.11 mmol) 

of L-methionine and bromoacetic acid (3270 mg, 23.5 mmol) were dissolved in 29 ml 

of a mixture of H2O/2-Propanol/AcOH (5:5:2 v/v). The mixture was stirred to 65oC for 

30 mins until all the solid dissolved, given a homogeneous colorless solution. A 

condenser was attached and solution refluxed over night. The solution was allowed 

to cool to room temperature and then solvent removed by evaporation at temperature 

of about 90oC under vacuum. The light brownish partly dried thick mixture was partly 

dissolved by 25 ml of a 4:1 mixture (v/v) of 2-propanol/HBr (30% in acetic acid). This 

was followed by filtration of the orange colored solution, under vacuum, leaving on 

the filter paper, 2310 mg of pink powder (Compound 1). The filtrate was again re-

evaporated and content in flask re-dissolved by 10 mls of 4:1 mixture of 2-

Propanol/HBr (30% in acetic acid) given additional 90 mg of compound 1, making a 

total mass of 2402 mg of compound 1 with 66% yield.  1H NMR (360MHz, D2O) δ 

ppm 4.61-4.31 (t, J=9.40Hz, 1H), 4.44 (q, 2H), 2.83-2.62 (m, 1H), 2.50-2.23 (p, 1H). 

 

 



                   Synthesis of (S)-2-(1, 4, 7-tritosyl-1, 4, 7-triazonan-2-yl) ethanol, a chiral triazacyclononane.                                   
                                                                                Master’s level degree project in Chemistry, August 2011.         
                                                                                                            Emmanuel Nwachuwku.  
 

                                                                                                                                                                              16 

 

                                          

OO

TsHN    

(S)-4-methyl-N-(2-oxo-tetrahydrofuran-3-yl)benzenesulfonamide     (2) 

2500 mg (13.73 mmols), of compound 1 was suspended in 15 mls of CH2Cl2. Into it, 

TsCl (3020 mg, 16.044 mmols) was added while stirring the mixture under Argon 

atmosphere.  Triethylamine (10.53 ml, 75.52 mmol) dissolved in 10.5 ml CH2Cl2 was 

added next with aid of syringe while stirring. The brownish mixture was allowed to stir 

over night. The solvent were then removed by evaporation under reduce pressure 

and the content in the flask were re-dissolved by EtOAc and then washed twice with 

0.5 M HCl, followed by brine. Drying done over Na2SO4 and then evaporation again 

in a vacuo gave orange colored oil. Small amount of warm EtOH/H2O 2:1 was added 

and then place in the refrigerator overnight for recristalisation to give 2370 mg of the 

required product (2). The filtrate was re-evaporated and recristalised again to give an 

additional 20 mg of compound 2. Overall, 2390 mg of “2” was obtained with 68% 

yield.  1H NMR (360MHz, CDCl3) δ ppm  7.9-7.7 (d, J=8.39Hz, 2H), 7.5-7.3 (d, 

j=8.12Hz, 2H), 5.3-5.0 (s, 1H), 4.50 (t, 1H), 4.33-4.10 (m, 1H), 4.0-3.8 (m, 1H), 2.9-

2.63 (m, 1H), 2.50 (s, 3H), 2.4-2.2 (m, 1H). 

 

                               

HO

NH2

O

NHTs  

 (S)-4-hydroxy-2-(toluene-4-sulfonylamino)butyramide.    (3)    

Into a one neck conical flask, compound 2 (2300 mg, 9.019 mmols) was dissolved by 

14 mls of MeOH/NH3 (6-8 M) and then allowed to reflux for 50-60 mins. The solvents 

in the flask were then evaporated in a vacuo given compound “3” in 2350 mg with a 

percentage yield of 96%. The compound obtained was directly used in the next 

reaction, without any further purification. 1H NMR (360MHz, MeOD), δ ppm 7.83-7.69 

(d, J=8.35Hz, 2H), 7.49-7.27(d, J=8.23Hz, 2H), 3.92-3.75 (t, J=6.56Hz, 1H), 3.61-

3.45 (p, 2H), 2.51-2.34 (s, 3H), 1.96-1.79 (m, 1H), 1.79-1.66 (m, 1H). 
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TBDPSO

NH2

O

NHTs  

4-(tert-Butyl-diphenyl-silanyloxy)-2-(toluene-4-sulfonylamino)-butyramide. (4) 

To a solution of compound 3 (2350 mg, 8.639 mmols) in 15 mls of DMF at 0oC were 

added imidazole (1320 mg, 19.35 mmols) and TBDPSCl, 3500 mg (3.3 mls, 12.73 

mmol). The solution was stirred at room temperature over night. TLC tested after 

over night showed no different compared to that done 5 hrs after the reaction. The 

contents were partitioned between 80 ml EtOAc and 15 ml water. The organic phase, 

washed with 100 ml of 5% acetic acid and then saturated with NaHCO3, then with 

brine and dried over Na2SO4, followed by evaporation in a vacuo, given a white 

product of mass, 5140 mg. Purification then followed by flash chromatography in 

CH2Cl2/MeOH 40:1, resulting to 3230 mg (6.367 mmols) white solid of pure “4” with 

74% yield.  1H NMR (360MHz, CDCl3)  δ ppm  7.82-7.69 (d, 2H), 7.68-7.56 (m, 4H), 

7.54-7.35 (m, 6H), 7.36-7.36 (d, 2H), 6.91-6.74 (s, 1H), 6.72-6.58 (d, 1H), 5.59-5.41 

(s, 1H), 4.04-3.88 (q, 1H), 3.88-3.65 (ddd, 1H), 3.68-3.50 (qq, 1H), 2.59-2.41 (s, 3H), 

2.0 (m, 1H), 1.75-1.61 (m, 1H), 1.19-1.0 (s, 9H).  

 

 

 

                                       

TBDPSO

NH2

NHTs  

N-[1-Aminomethyl-3-(tert-butyl-diphenyl-silanyloxy)-propyl]-4-methyl-

benzenesulfonamide (5) 

Into a clear solution of compound 4 (1490 mg, 2.92 mmol) dissolved in 70 ml of dry 

THF, 7 ml of 2 M methyl borane was added and reaction stirred at room temperature 

for 30 mins and then followed by refluxing overnight. The reaction was then 

quenched with 20 ml of ammonia by slow drop wise addition while stirring and then 

reflux again for 20 mins. The mixture was then allowed to cool to room temperature, 

and the solvent evaporated to about 1/3 of the total amount. Extraction was done 
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using Et2O and then saturated with NaCl. Flash chromatography with CH2Cl2/MeOH 

15:1  gave 872 mg of colorless oil of pure “5” with a percentage yield of 60%                                  

1H NMR (360MHz, CDCl3), δ ppm 7.82-7.68 (d, 2H), 7.60 (d, 4H), 7.54-7.33 (m, 6H), 

7.27-7.15 (d, 2H), 3.75-3.59 (m, 1H), 3.58-3.48 (m, 1H), 3.45-3.22 (m, 1H), 2.80-2.60 

(m, 2H), 2.95-2.25 (s, 3H), 1.80-1.47(m, 3H), 1.19-1.0 (s, 9H).  

 

 

                                            

TBDPSO

NHTsTsHN  

                                                          

N-[1-toluene-4-sulfonylaminomethyl-3-(t-butyl-diphenyl-silanyloxy)-propyl]-4-

methyl-benzenesulfonamide (6) 

Compound 5 (872 mg, 1.758 mmols) was dissolved in 5 ml of CH2Cl2. Into this, TsCl 

(400 mg, 2.109 mmols) was added while stirring, followed by 4.6 ml of a mixture of 

Et3N (1.6 ml, 10.55 mmols) and CH2Cl2 (3 ml). TLC checked after 7 hrs was not 

different from that tested after overnight reaction. The solvents in the flask were 

removed under reduce pressure by evaporation in a vacuo. The contents in the flask 

then re-dissolved by EtOAc. The orange colored solution washed twice with 0.5M 

HCL and repeated with brine. The solution was dried over Na2SO4 and evaporated in 

a vacuo given an orange colored oil of mass 980 mg. 752 mg of this product was 

passed through silica using CH2Cl2/MeOH 40:1 as eluent, resulting after evaporation, 

white foam (6) of mass 743 mg with 65% yield. 1H NMR (360MHz, CDCl3), δ ppm  

7.82-7.63 (t, J=8.85Hz, 4H), 7.62-7.53 (m, 4H), 7.52-7.37 (m, 6H), 7.35-7.28 (d, 

J=8.10Hz, 2H), 7.27-7.17(d, J=8.31Hz, 2H), 5.90-5.62 (d, J=5.86Hz, 1H), 5.20-4.90 

(t, J=6.38Hz, 1H), 3.75-3.55 (m, 1H), 3.55-3.42 (m, 1H), 3.42-3.20 (m, 1H), 3.19-2.72 

(m, 2H), 2.40 (s, 3H), 2.41(s, 3H), 1.80-1.39 (m, 2H), 1.00 (s, 9H).  
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TsO

N

OTs

Ts  

N-Tosyldiethanolamine Ditosylate (7)                                                                     

Into a two-necked round bottom flask, diethanolamine (700 mg, 6.65 mmol) was 

dissolved and stirred at 0oC into 13 mls of pyridine. While stirring, a pyridine solution 

(13 ml) of TsCl (5.722 mg, 30 mmol) was added drop wise. At this same temperature, 

mixture was stirred for 2 hrs and then allowed to stir for overnight at room 

temperature. This mixture was poured into ice water and then neutralize by 1M HCl. 

It was then extracted by chloroform and dried over Na2SO4. Evaporation to dryness 

under reduce pressure gave 3600 mg of a thick brown liquid (7) with little impurities. 

It was flash chromatograph with Heptane/EtOAc 2:1 to give 3100 mg of a white solid 

of pure compound 7, with percentage yield of 82%. 1H NMR (400MHz, CDCl3) δ ppm  

7.89-7.71 (d, 4H), 7.69-7.59 (d, 2H), 7.44-7.36 (d, 4H), 7.35-7.29 (d, 2H), 4.25-4.02 

(t, J=5.99Hz, 4H), 3.51-3.30 (t, J=6.01Hz, 4H), 2.61-2.48 (s, 6H,  s, 3H). 

 

                                  

TsN

N
Ts

NTs

TBDPSO

 

(S)-2-(2-(tert-butyldiphenylsilyloxy) ethyl)-1,4,7-tritosyl-1,4,7-triazonane (8) 

To a stirred suspension of lithium Hydride (3 mg, 0.38 mmols) in 7mls of anhydrous 

DMF, was added compound 6 (100 mg, 0.15 mmols) and reaction stirred under 

argon atmosphere. The contents in the flask were refluxed for 135 mins, after which 

allowed to cool to 50oC. Into this stirring mixture, was slowly added drop wise, a 

solution of N-tosyldiethanolamine ditosylate (110 mg, 0.195 mmols) in 3 ml DMF for 

over 2 hrs. This reaction was allowed to reflux at 50oC for six days and then allowed 

to cool to room temperature. This reaction was then quenched by 0.4 ml of water and 

the solvents evaporated in a vacuo. Despite being difficult to get rid of DMF, the 

resulting residue was dissolved in 40 ml of CHCl3 and then washed with 20 ml of 

water, followed by 15 ml brine and then dried over Na2SO4, followed by evaporation 

in a vacuo after filtration. The colorless oil that resulted was suspended on 6.8mls of 
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ethanol and allowed to reflux for 2 hrs 20 mins under argon atmosphere. Extraction 

with EtOAc and then evaporation gave 70 mg of colorless oil. Flash chromatography 

with CH2Cl2/MeOH 20:1 didn’t give pure compound H despite the fact that separation 

on TLC showed good. Attempt to re-crystallize compound 8 with warm EtOH/H2O 

(2:1) was not also successful.  With the aid of Heptane/EtOAc/CH2Cl2  5:1:5 as 

eluent, the mixture was successfully separated through flash chromatography given 

white foam of pure 8 (42 mg, 0.048 mmols) in 31% yield.1H NMR (400MHz, CDCl3)  δ 

ppm  7.79-7.52 (m, 10H), 7.53-7.38 (m, 6H), 7.37-7.28 (d, 2H), 7.28-7.19 (d, 2H), 

7.15-7.0 (d, 2H), 4.50 (br, s, 1H), 3.310-2.59 (m, 12H), 2.43 (s, 3H), 2.40 (s, 3H), 2.35 

(s, 3H), 1.61-1.51 (m, 2H), 1.06-1.05 (s, 9H). 

 

 

                                                    

TsN

N
Ts

NTs

HO

 

(S)-2-(1, 4, 7-tritosyl-1, 4, 7-triazonan-2-yl) ethanol (9)    

Compound 8 (32 mg, 0.036 mmols) was dissolved in 2 ml of THF, and TBAF (33 mg, 

0.104 mmols) dissolved in 5 ml of THF was added. The reaction was stirred for 15 

hrs and then vessel contents dissolve with EtOAc and washed trice with brine and 

then dried over Na2SO4. This was followed by evaporation at low pressure to give a 

colorless oil that was purified through flash column chromatography (Heptane/EtOAc, 

1:2) to give a white solid (19.9 mg, 92%) of pure 9. 1H NMR (400MHz, CDCl3), δ ppm 

7.81-7.69 (d, J=7.78Hz, 2H), 7.65-7.58 (d, J=7.74Hz, 2H), 7.57-7.48 (d, J=7.72Hz, 

2H), 7.43-7.33 (t, 6H), 4.50 (br. s, 1H), 3.80-3.62 (m, 2H), 3.62-2.82 (m, 11H), 2.38 

(s, 6H), 2.36 (s, 3H), 1.35-1.20 (m, 2H). 
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Spectra analyses. 

 

                                   

TsN

N
Ts

NTs

TBDPSO

 

     (S)-2-(2-(tert-butyldiphenylsilyloxy) ethyl)-1,4,7-tritosyl-1,4,7-triazonane (8) 

 

 

 

Figure 4: 1H NMR spectrum for (S)-2-(2-(tert-butyldiphenylsilyloxy) ethyl)-1,4,7-

tritosyl-1,4,7-triazonane (8) 
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TsN

N
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NTs

HO

 

(S)-2-(1,4,7-tritosyl-1,4,7-triazonan-2-yl) ethanol (9)    

 

 

Figure 5: 1H NMR spectrum for (S)-2-(1,4,7-tritosyl-1,4,7-triazonan-2-yl) ethanol (9)    
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Figure 6: Cosy spectrum for (S)-2-(1,4,7-tritosyl-1,4,7-triazonan-2-yl) ethanol (9)    
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