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Biomolecules are crucial building blocks for all living organisms on this 

planet. The purification of biomoleculs such as tRNAs is important for an 

investigation of their chemical properties and structural diversities. Consequently, it is 

necessary to develop an efficient purification technique as well as to look for novel 

bioconjugation systems in order to facilitate biomolecule manipulation. The study of 

aminoacyl-tRNAs is one of our main interests. The desired tRNA could be separated 

from a pool of tRNAs using a specific activity of an enzyme called aminoacyl-tRNA 

synthetase (AARS) in order to provide correctly charged aminoacyl-tRNA. The 

resulting system could be applied to immobilized-metal affinity chromatography.  

 

In this study, acid labile reagent for the purification of specific tRNA was 

synthesized. The synthesis consisted of two parts; 1) synthesis of a conjugate 

molecule with terminal alkyne, 2) synthesis of a compound with terminal azido group, 

and 3) the utilization of click chemistry. Another terminus of azido conjugate 

molecule was coupled with histidylhistidine in order to facilitate the immobilized-

metal affinity chromatography. The synthesis of terminal alkyne with active carbonate 

was proven to be problematic due to low stability of resulting carbonate functional 

group. The conjugate molecule with azido group was successfully synthesized with 

reasonable yield. The synthetic details as well as efforts toward the development of 

this acid labile reagent are presented herein. 
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SYNTHESIS OF ACID LABILE REAGENT 

FOR THE PURIFICATION OF SPECIFIC tRNAs 

 

INTRODUCTION 

 

Biomolecules are organic compounds produced by living organisms. These 

classes of compounds including small molecules such as vitamins, amino acids, and 

nucleotides as well as large polymers such as proteins and nucleic acids (DNA and 

RNA) are crucial for all living organisms. Among the biomolecules mentioned above, 

we focus on transfer-ribonucleic acid (tRNA). The tRNA is a biopolymer of 

nucleotides linked together through phosphodiester bonds. These nucleotides contain 

ribose, nitrogenous base (adenine, cytosine, guanine, and uracil), and phosphate 

groups. Transfer RNA also contains a three base region called anticodon (Crick, 

1968), which can pair with the corresponding codon on mRNA through hydrogen 

bonding. Each tRNA molecule can be aminoacylated by only one type of amino acid 

at the 3ʹ terminus (the acceptor stem) to form aminoacyl-tRNA. This covalent 

linkage formation is catalyzed by the aminoacyl-tRNA synthetase. However, the 

genetic code may contain multiple condons that correspond to the same amino acid. 

Therefore, tRNAs bearing different anticodons can carry the same amino acid.  

 

 

Figure 1  Nucleosides in RNA 
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The purification of tRNAs is crucial for an investigation of their chemical 

properties and structural diversities. Consequently, it is necessary to develop an 

efficient purification technique as well as to look for novel bioconjugation systems. 

The study of aminoacyl-tRNAs (aminoacyl-transfer RNA) is one of our main 

interests. For our plan (Figure 2), the desired tRNA could be separated from a pool of 

tRNAs using a specific activity of enzymes called aminoacyl-tRNA synthetases 

(AARSs) in order to provide correctly charged aminoacyl-tRNA (1). The resulting 

system could be treated with bioconjugate molecule (2) and applied to immobilized-

metal affinity chromatography, Ni-Nitrilotriacetic acid (Ni-NTA) (3). Treatment with 

mild acid condition will afford decomposition to give CO2 and aminoacyl-tRNA (4). 

Finally, deacylation of aminoacyl-tRNA will provide pure tRNA. 

 

 

Figure 2  Purification of tRNA 

 

Nitrilotriacetic acid (NTA) resin is a common reagent for the purification of 

histidine-tagged protein. It is also expected to be used for the purification of a 

molecule containing polyhistidine moiety. However, only two histidine units of 

histidine-tagged can bind to Ni-NTA resin (Figure 3). Consequently, the bioconjugate 

molecule was designed to consist of two histidine units. It could be conjugated with 

aminoacyl-tRNAs and also consists of carbamate group, which shows labile acid 

property (pH~4) and decomposes to CO2 and aminoacyl-tRNA. To this, aminoacy-

tRNA is obtained. 
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Figure 3  Interaction between histidine and Ni-NTA matrix 

 

 In this study, acid labile reagent for the purification of specific tRNA was 

designed to be constructed from two parts (scheme 1), a terminal alkyne and a 

compound with terminal azido group. They are linked by click chemistry. Another 

terminus of azido compound could be coupled with dihistidine in order to link with 

immobilized-metal affinity chromatography. A terminal alkyne containing carbonate 

group will be linked to aminoacyl-tRNA by formation of carbamate functional group. 

The acid labile functional group should readily decompose to liberate the desired 

aminoacyl-tRNA under acidic condition, liberating carbondioxide and aminoacyl-

tRNA. The desired tRNA could be obtained from the final step via deacylation. 

 

 

Scheme 1  Synthetic plan of the target bioconjugated molecule 1 
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OBJECTIVES 

 

 1. To design and synthesize acid labile reagents.  

 

 2. To optimize and develop conditions for bioconjugation of amino acids and 

newly synthesized acid labile reagents. 

 

 3. To develop the above conditions to the bioconjugation of aminoacylated-

tRNA and investigate the possibility of utilizing these conditions for tRNA 

purification. 
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LITERATURE REVIEW 

 

1.  Discovery of tRNAs and aminoacyl-tRNA synthetase 

 

 Transfer-ribonucleic acid (tRNA) was first discovered and researched when 

Mahlon Hagland in Paul Zamecnik’s group studied a cell free protein synthesis 

system from rat liver in 1956. They found an enzyme in the pH 5-insoluble fraction 

(pH 5 enzyme) that activated amino acids in the presence of ATP to provide 

aminoacyl-adenylates (Hoagland et al., 1956; Zamecnik, 2005). The aminoacyl-

adenylates were constituted using amino acid-dependent ATP-PPi exchange and by 

their reaction with neutral hydroxylamine to form amino acid hydroxamate. Then, the 

Zamecnik’s group studied further the formation of aminoacyl-adenylate and found 

that the same enzyme in a pH 5 fraction transferred radio labeled amino acid (
14

C-

leucine) to an RNA acceptor and the 
14

C-leucine attached to the RNA was 

subsequently transferred to protein in a protein synthesis system (Hoagland, et al., 

1957, 1958, 1996). This result indicated that RNA played as intermediate carrier of 

the amino acid in protein synthesis. At the same time, Ogata and Nohara (1957) 

obtained evidence for transfer of amino acid by the pH 5 enzyme to an RNA. 

Moreover, Holley (1957) exposed the pH 5 enzyme catalyzed alanine-dependent 

ATP-AMP exchange which was sensitive to ribonuclease. This result also supported 

the concept of amino acid transfer to RNA although the ribonuclease sensitive ATP-

AMP exchange was observed only in the presence of alanine and no other amino 

acids. The RNA in the pH 5 enzyme fraction was named soluble RNA (sRNA) by 

Zamecnik and his colleagues. Then, this RNA is known as tRNA. Furthermore, it was 

demonstrated that the amino acid-activating enzyme in the pH 5 fraction also 

catalyzed the transfer of activated amino acid to tRNA (Berg and Ofengand, 1985; 

Lipmann et al, 1959). Presently, this enzyme is known as aminoacyl-tRNA synthetase 

(AARS). 

 

 After tRNA and aminoacyl-tRNA synthetase were discovered. It was quickly 

found that each aminoacyl-tRNA synthetase is specific for an amino acid and each 
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enzyme attaches a specific amino acid onto cognate tRNA. Many reports including 

work from Potter, Canellahis, Herbert and Zamecnik concluded that tRNA contained 

a common sequence, -CCA, at the 3ʹ-end which is necessary for transfer of amino 

acid to tRNA (Canellakis, 1957; Hecht et al., 1958a, 1958b; Heidelberger et al., 

1956). Then, Zachau’s work in Lipmann’s group established that amino acids were 

attached to the 3ʹ-terminal A residue of the tRNA via aminoacyl-ester linkages to 

2ʹ- or 3ʹ-hydroxyl groups of ribose (Zachau et al., 1958) In conclusion, protein 

synthesis starts from activation of amino acid by aminoacyl-tRNA synthetases to from 

aminoacyl-adenylates. Then, the activated amino acids are transferred to tRNA 

acceptors and aminoacyl-tRNAs are formed. Finally, aminoacyl-tRNAs are 

transferred to the ribosome where translation begins. Consequently, tRNAs played an 

important role in translating the nucleotide sequence in mRNAs into amino acid 

sequences in protein. The first tRNA sequenced was alanine tRNA from yeast, which 

was discovered by Holley and coworkers in 1965 (Holley et al., 1965). They proposed 

three possible secondary structures for this tRNA, one of which is now known as 

cloverleaf structure. Sequences of several tRNAs were succeeded subsequently, serine 

tRNA by Zachua and coworkers (Zachau et al., 1966), tyrosine tRNA by Madison and 

coworkers (Madison et al., 1966) and phenylalanine tRNA by RajBhandary, Khorana 

and coworkers (RajBhandary et al., 1966, 1967). The revelation of several tRNAs 

sequences constituted the cloverleaf as the common secondary structure of tRNA. 

Moreover, it led to the identification of anticodon sequences of tRNAs. This 

knowledge led Crick to propose a set of base-pairing rules for codon-anticodon 

interactions in “The Wobble Hypothesis” (Crick, 1966, 1968). This hypothesis was 

confirmed by experiments showing that purified yeast phenylalanine tRNA with 

anticodon sequence GmAA could read either of phenylalanine codons UUU and UUC 

in an in vitro protein synthesis system (Söll and RajBhadary, 1967).     

 

2.  Purification of tRNA  

  

 After the sequences of several tRNAs were obtained, scientists focusedr on the 

studies of structure-function of tRNAs. Method for the purification of tRNA was 

developed in order to obtain purified tRNA in large quantity from a variety of 
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sources. Fortunately, several groups described effective methods based upon 

differences in the chromatographic properties of various tRNAs, including the use of 

benzoylated-DEAE-cellulose (BD-cellulose) by Tener and coworkers (Gillam et al., 

1967), DEAE-Sephadex by Nishimura and coworkers (Nishimura et al., 1967), 

reversed-phase chromatography (RPC) by Kelmers, Novelli and coworkers (Pearson 

et al., 1971) and Sepharose 4B by Holmes, Reid, Hatfield and coworkers (Holmes et 

al., 1975) 

 

 The BD-cellulose column separates tRNA based on interaction of exposed 

hydrophobic bases to the matrix and affords an essentially one step purification of 

yeast phenylalanine tRNA starting from total yeast tRNA. This tRNA uniquely 

contains the hydrophobic base Y (Wybutine) which is located next to the anticodon 

sequence. Accordingly, the yeast phenylalanine tRNA binds tightly to the column 

even in 1 M NaCl and can be eluted off the column only in the presence of 10% 

ethanol. The easy purification of yeast phenylalanine tRNA and the fact that it 

contained a strongly fluorescent base led to its use in many of the early biophysical 

and functional studies on tRNAs by several laboratories including Zachau’s group. 

Because of the facilitated purification, the tRNA also became commercially available. 

Not long after that, three-dimensional structure of tRNA was established by two 

laboratories working independently (Kim et al., 1974; Robertus et al., 1974). 

However, this tRNA remained the only RNA of known three-dimensional structure 

for several years. DEAE-Sephadex and Sepharose 4B columns also proved quite 

useful for large scale purification of many tRNAs. The RPC columns, which could be 

run at different pHs, temperatures and at high pressure, were quite versatile. Because 

the columns are run at high pressure, chromatography is quite rapid allowing for 

fractionation of not only tRNAs but also aminoacyl-tRNAs. They also provided 

excellent resolution of tRNAs on either small scale or large scale (RajBhandary et al., 

2006). 

 

 In an alternative approach the desired amino acid is attached to its acceptor 

tRNA in the bulk tRNA mixture by aminoacyl-tRNA synthetase and then separated 

by the difference in chemical properties between aminoacylated and unesterified 
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tRNAs. The affinity chromatography of aminoacyl-tRNAs, which was based on the 

specificity of the aminoacylation combined with the selectivity elongation factor 

Tu·GTP for the binding of aminoacyl-tRNA, was reported by Klyde and Bernfield 

(Klyde and Bernfield, 1973). Gel permeation chromatography was used to separate 

the aminoacyl-tRNA·EF-Tu·GTP ternary complex from non-aminoacylated tRNA. 

This method required the separation of aminoacyl-tRNA from the protein following 

the gel filtration. Such a step can be omitted when EF-Tu·GTP is immobilized. Then, 

Derwenskus and coworkers reported the immobilization of thermostable EF-Tu·GTP 

from T. thermophilus on cyanogen bromide activated Sepharose for isolation of 

specific tRNA isoacceptors (Derwenskus et al., 1984). Later, a very similar procedure 

was developed by Louie and coworkers, using immobilization of E. coli EF-Tu·GTP 

on 6-aminohexanoic acid-activated Sepharose (Louie et al., 1984). The main 

disadvantage of these methods was the deactivation of EF-Tu during its 

immobilization on cyanogen bromide-activated Sepharose. Only 5% of the EF-Tu 

was active in the aminoacyl-tRNA binding in the matrix-bound state when this 

procedure for immobilization was used.  

 

In 1995, Ribeiro and coworkers reported a method for immobilization of T. 

thermophilus EF-Tu·GTP. The EF-Tu bearing a His-tag on its C-terminus was 

immobilized on Ni
2+

 -nitriloacetic acid (Ni-NTA) agarose column (Ribeiro et al., 

1995). The bound EF-Tu·GTP completely retained its activity to bind aminoacyl-

tRNA, allowing rapid isolation of substantial of specific tRNA isoacceptors in only 

one chromatographic step. However, these conditions for formation of aminoacyl-

tRNA·EF-Tu·GTP ternary complex were limited because the variables need to be 

adjusted to the optimum. Afterwards, Pütz and coworkers reported a method to 

separate low amounts of aminoacyl-tRNAs from pools of inactive variants. The sulfo-

N-hydroxysuccinimide biotin (sulfo-NHS-biotin) was used to capture aminoacyl-

tRNA on streptavidine-coated magnetic beads (Pütz et al, 1997). Variants bound to 

the solid phase can be amplified by RT-PCR and transcription, providing tRNAs for 

subsequent selection rounds. In our study, new reagent for the capture of aminoacyl-

tRNA was designed and synthesized. It will be investigated for tRNA purification by 

using affinity chromatography. 
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3.  Synthesis of functional linker for affinity chromatography 

 

Compound (1) is the first generation of target molecule (Figure 4). It contains 

carbonate group, triazole ring and histidylhistidine. 

 

 

 

Figure 4  The first generation of target molecule (compound 1) 

 

 The triazole ring of compound (1) could be formed via click chemistry 

between an azide and an alkyne. The synthesis of this azide could be started from 

diethylene glycol converted to a ditosylated compound. 

 

 

 

 This reaction is related to the synthesis of ditosylated polyethyleneglycol 

(Bonger et al., 2007). In this report, p-toluenesulfonyl chloride was used as reagent 

and the reaction was kept at 0 °C. The desired product was obtained greater than 95% 

yield.  

 

 

 

Another method was reported using solvent-free condition (Kazemi et al., 

2007). In this synthesis, potassium carbonate was used as a base and the mixture was 
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grinded in a mortar. The remaining tosylchloride was removed by addition of 

potassium hydroxide and accelerated by dropping of t-BuOH. This method provided 

the desired product greater than 97% yield.  

 

 

 

In order to obtain ditosylated product completely, the stoichiometry of 

tosylchloride was controlled to be over two fold compared to the mole of starting 

alcohol. There was a report using tosylchloride only 0.2 equivalent of 

tetra(ethyleneglycol) and this protocol gave monotosylated product in 75% yield (Xie 

et al., 2005). Moreover, selective monotosylation could be induced by silver (I) oxide 

(Bouzide and Sauvé, 2002). The reaction of symmetrical diols with tosylchloride (1:1 

eq) in the presence of silver (I) oxide and potassium iodide provides monotosylated 

product greater than 93% yield (varies with type of diol) 

. 

 

 

Ditosylated diethyleneglycol could be converted to amino azide compound via 

three steps 1) displacement of one tosyl group by phthalimide group 2) displacement 

of another tosyl group by azide group 3) conversion of phthalimide group to amino 

group. 
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This synthetic plan was related to the synthesis of 2-[2-[2-

hydroxyethoxy]ethoxy ethylamine reported by Xie and coworkers (Xie et al., 2005). 

They used tetra(ethyleneglycol) as starting material converted to tosylated 

tetra(ethyleneglycol). Then, potassium phthalimide was used to convert tosylated 

compound to phthalimide compound. Finally, phthalimide was transformed to amine 

using hydrazine monohydrate. 

 

 

 

 Furthermore, Numata and coworker reported another synthesis. 

Tetra(ethyleneglycol) was also used as stating material converted to ditosylated 

compound. Then, it was treated with potassium phthalimide to provide diphthalimide 

compound and also converted to diamino compound by using hydrazine monohydrate 

(Numata et al., 2005). 

 

 

 

Foe the installation of azide group, there is a protocol reported by Bonger and 

coworker. Ditosylated ethyleneglycol was transformed to diazido compound using 

sodium azide as reagent in the presence of tetrabutylammonium iodide (TBAI) 

(Bonger et al., 2007). This method gave the product over 95% yield. 
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For an alkyne moiety, the synthesis could be started from the formation of 

acetone cyanohydrin. Cox and Stormont reported the related reaction in 1943. 

Acetone cyanohydrin was generated from acetone and sodium cyanide in the presence 

of acid (Cox and Stormont, 1943)   

 

 

 

Then, acetone cyanohydrin will be protected with chloromethyl methyl ether 

which could be generated in situ from dimethoxymethane and acetyl chloride in the 

presence of 0.01% anhydrous zinc bromide (Berliner and Belecki, 2005, 2007). Then, 

chloromethyl methyl ether will be used in protection step of alcohol without further 

manipulation.    

 

 

 

  

 

 

 

In order to overcome the problematic synthetic route, compound (2) was 

designed to be the second generation of target molecule (Figure 5).  
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Figure 5  The second generation of target molecule (compound 2) 

 

For the azide moiety, ditosylated diethyleneglycol will be converted to diazido 

diethyleneglycol and this diazide compound will be partially reduced to an amino 

azide compound. 

 

This reaction is related to amino azide formation reported by Schwabacher 

(Schwabacher et al., 1998). In this synthesis, tetraethylene glycol was converted to 

dimesylate compound which was converted to diazide subsequently. To this step 

diazido compound was obtained in 67% yield. Then, the diazide was converted to the 

amino azide using Staudinger reaction and provided the product in 82% yield.   

 

 

 

 

 

Another procedure for diazide formation was reported by Spangenberg and 

coworkers. Mesylated compound was reacted with sodium azide under dry condition 

and provided diazido product greater than 90% yield (Spangenberg et al., 2009). 
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Moreover, Tekeuchi and coworkwes reported a protocol of Staudinger 

reduction using triphenylphosphine in the presence of 1 molar hydrochloric acid 

(Tekeuchi et al., 2009). 

 

 

 

Finally, coupling of amino azide by polyhistidine will be the last step for the 

synthesis of this part of the molecule. Histidylhistidine was chosen to be our first 

candidate for polyhistidine moiety. It will be synthesized by coupling of Boc-His-OH 

and L-histidine. A general protocol was reported by Nashed and Mitra. They coupled 

acyclovir (ACV) (9-[(2-hydroxyethoxy)methyl]guanine) to Boc-Gly-OH using 

dicyclohexylcarbodiimide (DCC) and 4-(N,N-dimethylamino) pyridine (DMAP) as 

reagent (Nashed and Mitra, 2003). Dahiya and coworker also reported protocol for 

peptide formation of L-amino acid methyl ester hydrochlorides and Boc-amino acids. 

Boc-amino acids were activated using DCC to formed active ester and coupled with 

L-amino acid methyl ester hydrochlorides, respectively (Dahiya et al., 2008a, 2008b, 

2008c, 2008d).  

 

Alternatively, there is an interesting method to form peptide bond using 4-

(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride (DMTMM) 

(Morieux et al., 2008). This reagent could be generated from the reaction of 2-chloro-

4,6-dimethoxy-1,3,5-triazine (CDMT) and N-methylmorpholine (NMM) in 

tetrahydrofuran (Kunishima et al., 1999). 
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Another alkyne moiety of compound (2) could be synthesized from hexynoic 

acid. This alkyne-carboxylic acid will be converted to methyl hexynoate. This 

reaction is related to the synthesis of methyl hexynoate (Prasad et al., 2006). 

Hexynoic acid was treated with methanol in the presence of sulfuric acid to form the 

resulting ester. 

 

 

 

Moreover, Harkat reported an alternative method in 2009. In this synthesis, 

dicyclohexylcarbodiimide (DCC) was used to activate an acid before it reacted with 

butanol (Harkat et al., 2009). Dichloromethane was used as solvent and the reaction 

was run at room temperature. This method provided the product in 70% yield.  

 

 

  

In addition, Suk and coworker reported a similar method for the synthesis of 

methyl 6-heptynoate using diethylether as solvent. The product was obtained in 69% 

yield. (Suk et al., 2008) 
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The acquired methyl hexanoate could be converted to gem-dimethyl alcohol 

by Grignard reagent. This reaction is related to Grignard reaction of ethyl pentynoate 

(Aponick et al., 2009). In this report, methylmegnesium bromide was used to convert 

an ester to gem-dimethyl alcohol. This reaction was kept at -78 °C. 

 

 

 

 Because of an expensive starting hexynoic acid, a similar acid with terminal 

alkyne could be synthesized from reaction of propagyl alcohol and chloroacetic acid. 

Many reports could be adapted to suit our reaction. Wissner and coworkers reported a 

synthesis of 1-(hexadecy1oxy)acetic using chloroacetic acid and 1-hexadecanol. 

Sodium hydride was used as base and toluene was used as solvent. The reaction was 

refluxed under argon and it provided the product in 68% yield (Wissner et al., 1985). 

 

 

 

 Cossy and coworkers also reported a synthesis of α-alkoxy acetic acids from 

chloroacetic acid and unsaturated alcohol using sodium hydride as base. 

Tetrahydrofuran was used as solvent and this reaction was stirred at room temperature 

under nitrogen. This protocol provided the product greater than 50% yield (Cossy et 

al., 2002). 

 

 

 

 Similarly, Li and coworkers reported a coupling of chloroacetic acid and β-

methallyl alcohol using tert-butoxide as base. The reaction was stirred at room 

temperature for 16 hr. An acid-base workup to be utilized and enabled the effective 

removal of excess methallyl alcohol. However, the major impurity, 2-tert-
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butyloxyacetic acid, was observed significantly. It resulted from the reaction between 

chloroacetic acid and potassium tert-butoxide. This impurity was minimized by the 

use of an excess of methallyl alcohol (Li et al., 2006). 

 

 

 

 In addition, Denmark and Chung reported a protocol to prepared α-protected 

lycolic acids from chloroacetic acid with various alcohols in refluxing THF. This 

method afforded the desired greater than 60% yield (Denmark and Chung, 2008).  

 

 

 

Then, this alcohol could be converted to a carbonate compound. This reaction 

is related to carbonate formation of ribonucleoside using p-nitrophenyl chloroformate 

in pyridine. The reaction was run at room temperature (Letsingear and Ogilvie, 1967). 

This method provided the desired product in 89% yield. In addition, Martin and 

Brittain reported carbonate formation of bisphenol. They used two equivalents of 

triethylamine and 6% stoichiometric equivalent of dimethylaminopyridine (DMAP). 

DMAP was used in addition to triethylamine to catalyze the condensation reaction 

(Martin and Brittain, 2002). 

 

 

  

Then, Bertrand and Gesson reported a reaction which used starting material 

closely related to our alcohol (Bertrand and Gesson, 2007). The carbonated formation 

of 2-methylbut-3-yn-2-ol was carried on using pyridine as base in dichloromethane. 
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 When terminal alkyne and azide are obtained, the Click chemistry will be used 

for the construction of triazole ring. A similar reaction was reported using a 1,3-

dipolar cycloaddition catalyzed by cupper (I) (Bertrand and Gesson, 2007). 

 

 

 

A useful Cu(I) catalysed azide-alkyne 1,3-dipolar cycloaddition under neutral 

condition was reported by Dirks and coworkers. In this reaction, copper(II)sulphate 

pentahydrate (CuSO4·5H2O) and sodium ascorbate were used to induce the formation 

of triazole ring. The reaction was run at room temperature for 14 hr and strong 

fluorescence product was obtained in 47% yield (Dirks et al., 2009). 

 

 Affinity chromatography is a crucial step in the isolation of desired tRNA. 

The agarose beads bearing amine groups were fuctionalized to azide (Punna et al., 

2005). The agarose-azide beads were treated with the complementary (alkyne 

containing amino acid), which is the derivative of the C-terminal sequence of HIV 

Protease. This method indicates that the Click chemistry could be successfully carried 

out on beaded agarose. In addition, Biotin-PEG-alkyne synthesized from Biotin-PEG-
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amine was also treated with agarose-azide beads. Finally, the oligopeptide was 

cleaved from the resin retaining its N-terminal with protecting group. This study 

demonstrated that the immobilization affinity chromatography by clickable agarose is 

useful and is of interest to our further studies.    
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MATERAILS AND METHODS 

 

1.  Chemicals and instruments 

  

All chemicals were purchased from Acros, Fluka, or Sigma-Aldrich. Solvents 

were laboratory grade and dried using Solvent Purification System: PURE SOLV 

MD-4. Basic apparatuses and glassware in chemistry laboratory were used. 
1
H-NMR 

(400 MHz) and 
13

C-NMR (100 MHz) were recorded by a VARIAN
UNITY

 INOVA 400 

MHZ NMR spectrometer. Chemical shifts (δ) are given in parts per million (ppm) 

relative to a singlet peak of residue CDCl3 (δ = 7.26) for 
1
H NMR, and the central line 

of CDCl3 (δ = 77.0) for 
13

C NMR spectra. Mass spectra were recorded on a Variance, 

Agilent 1100 series by direct inlet ESI mode.  

 

2.  Synthetic procedure 

 

2.1  Synthesis of Acetone cyanohydrin (3)  

 

 

 

To the solution of powdered 95% NaCN (11.76 g, 0.24 mol,) in mixed solvent 

of water (27 mL) and acetone (21 mL), the flask was surrounded by an ice bath, and 

the solution was stirred vigorously. When the temperature downed to 15 °C, 40% 

H2SO4 (50 mL) was added over a period of three hours, the temperature being kept 

between 10 and 20 ˚C. The reaction was monitored by thin layer chromatography 

(20% EtOAc in hexane). After 4 hr, it was done. A layer of acetone cyanohydrin 

formed and was separated from aqueous layer. Then, the aqueous layer was filtrated 

and washed with three portions of acetone. The combined filtrate and acetone 

washings were added to the aqueous solution, which was then extracted three times 

with ether. The extracts were combined with the acetone cyanohydrin previously 

separated and dried with anhydrous sodium sulfate. After the removal of solvent, a 
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product was obtained as colorless oil in 72% yield. 
1
H NMR (400 MHz, CDCl3) δ: 

1.64 (s, 6H), 3.68 (br s, OH); 
13

C NMR (100 MHz, CDCl3) δ: 29.0, 64.9, 122.6; 

LRMS (ESI, positive), MS m/z 100.2 [M-CN] 

 

2.2  Synthesis of chloromethyl methyl ether and protection of acetone 

cyanohydrins   

 

 

 

 

  

To a solution of anhydrous zinc bromide (0.001 g, 0.01% mol) and 

dimethoxymethane (4.4 mL, 0.05 mol) in dry CH2Cl2 (14 mL) was added acetyl 

chloride (3.6 mL, 0.05 mol) dropwise. The reaction was stirred under nitrogen and 

monitored by thin layer chromatography (3% MeOH in CH2Cl2). After 3 hr, the 

reaction was done. Then, chloromethyl methyl ether will be used in protection step 

without further manipulation. 

 

Acetone cyanohydrins (1 mL, 0.01 mol, assumed the previous step was 

completed) and triethylamine (4.5 mL) were stirred at room temperature for 15 min 

and placed in the addition funnel. The reaction flask containing a dichloromethane 

solution of MOMCl prepared previously was immersed in an ice bath and cooled to 5-

10 °C. Then, the solution of acetone cyanohydrin and triethylamine was added 

dropwise to the reaction and the temperature was kept below 25 °C during addition. 

After addition, the reaction was allowed to come to room temperature and then stirred 

for 12 hr (monitored by thin layer chromatography using 5% MeOH in CH2Cl2). After 

the reaction was complete, CH2Cl2 was added in order to dilute the reaction mixture 

and NH4Cl solution was add and stirred for a minimum of 5 min to ensure all residual 

of MOMCl is decomposed. Then, the biphasic mixture was washed once with water, 
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once with brine. The organic layer was separated, dried with MgSO4 and concentrated 

by rotary evaporation. Finally, the product was purified by distillation. 

 

2.3  Synthesis of ditosylated diethyleneglycol (8a) (Solvent free condition) 

 

 

 

  A mortar was charged with dry K2CO3 (2.5 g), diethyleneglycol (0.5 mL, 5 

mmol), TsCl (1.43 g, 7.5 mmol) and grinded for 5 min. After the completion of 

tosylation, remaining TsCl was removed by addition of powdered KOH (2.5 g, 25 

mmol) and grinded for 2 min. Crude was added a few drop of t-BuOH to accelerate 

the removal of TsCl. Then, the product was extracted by addition of ether (25 mL), 

filtered and removed the organic solvent. Further purification can be carried out on 

the crude solid tosylate by recrystallization in n-Hexane. The product was obtained in 

11% yield as colorless crystal. 

 

 2.4  Synthesis of ditosylated di- and triethyleneglycol (8a and 8b) 

 

 

 

 To a solution of di- or triethyleneglycol (3.5 mmol) in CH2Cl2 (5 mL) was 

added p-toluenesulfonyl chloride (TsCl) (1.4 g, 7.2 mmol) and cooled to 0 °C. 

Powdered KOH (1.6 g, 28 mmol) was carefully added in small portion and the 

reaction mixture was stirred at 0°C for 4 hr. After the reaction was done, 

dichloromethane and ice-water were added. The organic layer was separated, dried 

over Na2SO4 and evaporated to give white solid. Product can be recrystallized by 

petroleum ether. 
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2,2'-oxybis(ethane-2,1-diyl) bis(4-methylbenzene-sulfonate) (8a) (2.6 g, 87%); 
1
H 

NMR (400 MHz, CDCl3) δ: 2.38 (s, 6H), 3.54 (t, J = 4.8 Hz, 4H), 4.02 (t, J = 4.7 Hz, 

4H), 7.28 (d, J = 8.0 Hz, 2H), 7.71 (d, J = 8.4 Hz, 2H); 
13

C NMR (100 MHz, CDCl3) 

δ: 21.6, 68.8, 68.9, 127.9, 129.9; LRMS (ESI, positive), MS m/z 414.6 [M+H]
+
 

 

2,2'-(ethane-1,2-diylbis(oxy))bis(ethane-2,1-diyl)bis-(4-methylbenzenesulfonate) (8b) 

(2.67 g, 81%); 
1
H NMR (400 MHz, CDCl3) δ: 2.44 (s, 6H), 3.52 (s, 4H), 3.65 (t, J = 

4.8 Hz, 4H), 4.13 (t, J = 4.7 Hz, 4H), 7.33 (d, J = 8.0 Hz, 4H), 7.78 (d, J = 8.3 Hz, 

4H); 
13

C NMR (100 MHz, CDCl3) δ: 21.3, 68.7, 69.2, 70.6, 127.9, 129.8, 132.9, 

144.8; LRMS (ESI, positive), MS m/z 458.9 [M+H]
+
 

 

2.5  Synthesis of monophthalimide diethyleneglycol (9) 

 

 

 

 Ditosylate diethyleneglycol (0.05 g, 0.12 mmol) and potassium phthalimide 

(0.01 g, 0.05 mmol,) were added in dry DMF (2.5 mL) and the reaction mixture was 

stirred at 80 °C for 12 hr. After the reaction was done (monitored by thin layer 

chromatography using 10% MeOH in CH2Cl2), DMF was removed under reduced 

pressure. Finally, the crude product was separated by column chromatography using 

5-25% MeOH in CH2Cl2. 

 

2.6  Synthesis of diazido di- and triethyleneglycol (13a and 13b) 
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 Method A. Ditosylated compound (7.3 mmol) was dissolved in THF and 

NaN3 (0.94 g, 14 mmol) was then added. Sat. NaHCO3 was gradually dropped until 

NaN3 was completely dissolved. The reaction mixture was refluxed for 48 hr. After 

the reaction was done, the product was extracted by diethyl ether (20 mL, 3 times). 

Column chromatography was used to purify the crude product which was obtained in 

40% yield.      

 

 Method B. In dry round bottomed-flask under N2 was introduced the 

ditosylated compound (7.3 mmol), DMF (25 mL) and NaN3 (1.35 g, 21 mmol). The 

reaction mixture was stirred at 70 °C for 48 hr. After the reaction was done, the 

mixture was diluted with water and extracted with diethyl ether (3 times). The organic 

layer was dried and evaporated. The residue was purified by column chromatography 

(5% EtOAc in hexane) to give colorless liquid. 

 

1-azido-2-(2-azidoethoxy)ethane (13a) (0.93 g, 82%); 
1
H NMR (400 MHz, CDCl3) δ: 

3.39 (t, J = 5.0 Hz, 4H), 3.66 (t, J = 5.2 Hz, 4H); 
13

C NMR (100 MHz, CDCl3) δ: 

50.7, 70.0; LRMS (ESI, positive), MS m/z 100.6 [M-2N2]
+
 

 

1,2-bis(2-azidoethoxy)ethane (13b) (1.25 g, 86%); 
1
H NMR (400 MHz, CDCl3) δ: 

3.34 (t, J = 5.2 Hz, 4H), 3.64 (t, J = 5.0 Hz, 8H); 
13

C NMR (100 MHz, CDCl3) δ: 

50.6, 70.0, 70.6; LRMS (ESI, positive), MS m/z 173.1[M-N2]
+
 

 

2.7  Synthesis of amino azide of diethyleneglycol (11a) and triethyleneglycol 

(11b) 

 

 

 

To a solution of diazide compound (4.5 mmol) in EtOAc (35 mL) and 1 M 

HCl aqueous solution (7.2 mL) was added PPh3 (1.2 g, 4.6 mmol) at room 

temperature. After the reaction was stirred for 4 hr, additional 1 M HCl (3 mL) was 
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added and the organic layer was extracted with water. The combined aqueous layer 

was washed with EtOAc and concentrated under reduced pressure. The residue was 

separated by reverse phase column chromatography.  

 

2-(2-azidoethoxy)ethanamine (11a) (0.26 g, 45%); 
1
H NMR (400 MHz, CDCl3) δ: 

2.94 (dd, J = 11.2, 5.6 Hz, 2H), 3.45 (t, J = 5.1 Hz, 2H), 3.62 (t, J = 4.6 Hz, 2H), 3.66 

(t, J = 5.4 Hz, 2H), 8.10 (br s, 2H); 
13

C NMR (100 MHz, CDCl3) δ: 49.8, 66.3, 66.8; 

LRMS (ESI, positive), MS m/z 131.0 [M+H]
+
 

 

2-(2-(2-azidoethoxy)ethoxy)ethanamine (11b) (0.3 g, 39%); 
1
H NMR (400 MHz, 

CDCl3) δ: 3.25 (dd, J = 10.5, 5.4 Hz, 1H), 3.42 (t, J = 4.8 Hz, 2H), 3.6-3.8 (m, 6H), 

3.79 (t, J = 5.0 Hz, 2H),  4.98 (s, 2H), 8.04 (br s, 2H); 
13

C NMR (100 MHz, CDCl3) 

δ: 39.6, 50.5, 66.6, 69.6, 70.0, 70.2; LRMS (ESI, positive), MS m/z 175.1 [M+H]
+
 

 

2.8  Synthesis of histidylhistidine (14).  

 

 

 

 Method A. A solution of Boc-His-OH (0.5 g, 2 mmol) and L-histidine 

(0.45 g, 3 mmol) in MeOH was stirred at room temperature for 10 min. 4-(4,6-

dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride (DMTMM) (0.65 g, 

2.3 mmol) was added to the reaction mixture and stirred for 14 hr. Insoluble solid was 

filtered off and solvent was evaporated. The residue was purified by column 

chromatography (25-50% EtOAc in hexane 

 

 To generate DMTMM, N-methylmorpholine (NMM) (2.02 g, 20 mmol), 

was added to a solution of 2-chloro-4,6-dimethoxy-1,3,5-triazine (CDMT) (3.86 g, 22 
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mmol) in THF (60 mL) at room temperature. A white solid appeared within several 

minutes. After stirring for 30 min at room temperature, the solid was collected by 

suction and washed with THF and dried to give DMTMM (5.52 g, 100%). Although 

the purity of DMTMM is good enough for condensation at this point, it can be 

recrystallized from methanol and ether. The product was obtained as a white solid.

  

 Method B. Boc-His-OH (0.5 g, 2 mmol) and L-histidine (0.6 g, 4 mmol) 

were dissolved in DMF and stirred at room temperature for 10 min. DCC (0.6 g, 3 

mmol), Et3N (0.5 mL, 5 mmol) and DMAP (0.002 g, 0.02 mmol) were added to the 

reaction mixture and stirred for 24 hr. Insoluble solid was filtered off and solvent was 

evaporated. The residue was purified by column chromatography (25-50% EtOAc in 

hexane).  

 

 Method C. Boc-His-OH (0.5 g, 2 mmol) was dissolved in DMF. DCC (0.5 

g, 2.4 mmol), PNP (0.3 g, 2.2 mmol), Et3N (0.5 mL, 5 mmol) and DMAP (0.002 g, 

0.02 mmol) were added to the reaction mixture and stirred for 4 hr. L-histidine (0.6 g, 

4 mmol) was added to the reaction mixture and stirred for 20 hr. Insoluble solid was 

filtered off and solvent was evaporated. The residue was purified by column 

chromatography (25-50% EtOAc in hexane). 

 

 Method D. Boc-His-OH (0.5 g, 2 mmol) was dissolved in DMF. DCC (0.5 

g, 2.4 mmol), HOBt (0.3 g, 2.2 mmol), Et3N (0.5 mL, 5 mmol) and DMAP (0.002 g, 

0.02 mmol) were added to the reaction mixture and stirred for 4 hr. L-histidine (0.6 g, 

4 mmol) was added to the reaction mixture and stirred for 20 hr. Insoluble solid was 

filtered off and solvent was evaporated. The residue was purified by column 

chromatography (25-50% EtOAc in hexane). 

 

 Method E. Boc-His-OH (0.5 g, 2 mmol) was dissolved in DMF. N-

hydroxysuccinimide was added and stirred at room temperature. Solution of DCC (0.5 

g, 2.4 mmol) in DMF was added to the reaction. Et3N (0.5 mL, 5 mmol) and DMAP 

(0.002 g, 0.02 mmol) were added and the reaction mixture was stirred for 6 hr. L-

histidine (0.6 g, 4 mmol) was added to the reaction mixture and stirred for 20 hr. 
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Insoluble solid was filtered off and solvent was evaporated. The residue was purified 

by column chromatography (25-50% EtOAc in hexane).  

 

 The product was obtained as white solid (0.48 g, 61%); 
1
H NMR (400 

MHz, CDCl3) δ: 1.28 (s, 9H), 2.78 (s, 2H), 2.86 (s, 2H), 4.52 (d, J = 6.1 Hz, 1H), 5.90 

(d, J = 4.9 Hz, 1H), 6.71 (s, 2H), 7.42 (s, 2H), 7.90 (s, 2H); 
13

C NMR (100 MHz, 

CDCl3) δ: 28.2, 38.6, 52.1, 53.4, 68.1, 79.8, 116.2, 128.7, 130.8, 132.3, 133.6, 135.2, 

155.6, 167.7, 172.6; LRMS (ESI, positive), MS m/z 391.2 [M+H]
+
  

 

2.9  Coupling reaction of histidylhistidine and amino azide 

 

 

  

 Method A. Histidylhistidine (0.2 g, 0.5 mmol) and amino azide (0.08 g, 

0.6 mmol) were dissolved in DMF (5 mL) and stirred at room temperature for 10 min. 

DCC (0.12 g, 0.6 mmol), Et3N (0.2 mL, 2 mmol) and DMAP (0.002 g, 0.02 mmol) 

were added to the reaction mixture and stirred for 24 hr. Insoluble solid was filtered 

off and solvent was evaporated. The residue was purified by column chromatography 

(EtOAc in hexane). 

  

 Method B. Histidylhistidine (0.1 g, 0.27 mmol) was dissolved in EtOAc 

(2 mL) and N-hydroxysuccinamide (0.04 g, 0.3 mmol) was added and stirred at room 

temperature. DCC (0.06 g, 0.3 mmol) in 1 mL of EtOAc was added to the reaction. 

Then, white precipitate was seen in the reaction. After the reaction was done, 

insoluble solid was filtered and the mixture was extracted with 5% NaHCO3 until all 

excess NHS was washed to aqueous layer, H2O and sat. NaCl. Organic layer was 
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dried over Na2SO4 and evaporated. Crude product was separated by column 

chromatography. 

 

 Method C. A solution of histidylhistidine (0.2 g, 0.5 mmol) and amino 

azide (0.08 g, 0.6 mmol) in MeOH was stirred at room temperature for 10 min. 

DMTMM (0.17 g, 0.6 mmol) was added to the reaction mixture and stirred for 14 hr. 

Insoluble solid was filtered off and solvent was evaporated. The residue was purified 

by column chromatography. 

 

2.10  Synthesis of methyl hexylnoate (15) 

 

 

 

  To a solution of DCC (1.24 g, 6 mmol) and DMAP (0.06 g, 0.5 mmol,) in 

diethyl ether (10 mL) were added 5-hexylnoic acid (0.5 mL, 5 mmol) dropwise and 

the reaction was stirred for 5 min under nitrogen. Methanol (0.6 mL, 15 mmol) was 

then added dropwise to the reaction and stirred at room temperature under N2. After 3 

hr, the reaction was done (monitored by thin layer chromatography using 10% EtOAc 

in hexane). The reaction mixture was filtered and evaporated to give liquid crude 

product which was separated by column chromatography using 3-10% EtOAc in 

hexane. The product was obtained as colorless oil. (0.1 g, 16%); 
1
H NMR (400 MHz, 

CDCl3) δ: 1.84 (q, J = 7.0 Hz, 2H), 1.95 (t, J = 2.7 Hz, 1H), 2.25 (dt, J = 7.0, 2.7 Hz, 

2H), 2.44 (t, J = 7.4 Hz, 2H), 3.67 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ: 18.1, 23.9, 

32.9, 51.8, 69.4, 83.5, 173.8; LRMS (ESI, positive), MS m/z 149.1 [M+Na]
+ 
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2.11  Synthesis of benzyl hexynoate (18) 

 

 

 

To a solution of DCC (1.24 g, 6 mmol) and DMAP (0.06 g, 0.5 mmol,) in 

diethyl ether (10 mL) were added 5-hexylnoic acid (0.5 mL, 5 mmol) dropwise and 

the reaction was stirred for 5 min under nitrogen. benzyl alcohol (1.6 mL, 15 mmol) 

was then added dropwise to the reaction and stirred at room temperature under N2. 

Insoluble solid was filtered off and solvent was evaporated. The product was purified 

by column chromatography (3-10% EtOAc in hexane) to give colorless liquid (0.93 g, 

92%); 
1
H NMR (400 MHz, CDCl3) δ: 1.88 (m, 2H), 1.96 (t, J = 2.7 Hz, 1H), 2.27 (dt, 

J = 6.9, 2.6 Hz, 2H), 2.51 (t, J = 7.4 Hz, 2H), 5.13 (s, 2H), 7.36 (m, 4H); 
13

C NMR 

(100 MHz, CDCl3) δ: 17.8, 23.6, 32.9, 66.2, 69.1, 83.2, 128.2, 128.2, 128.5, 172.8; 

LRMS (ESI, positive), MS m/z 225.2 [M+Na]
+
 

 

 2.12  Synthesis of 2-methylhept-6-yn-2-ol (16) 

 

 

 

 To a solution of methylmagnesium bromide (MeMgBr) was added a solution 

of benzyl hexynoate (7 g, 34 mmol) in THF dropwise at -78 °C. The mixture was kept 

at this temperature for 1 hr, then warm to room temperature slowly over 30 min. After 

the reaction was done, it was quenched with sat.NH4Cl and then water. The aqueous 

layer was extracted with diethyl ether, dried and evaporated. The mixture was 

selective oxidized by stirring with excess MnO2 (15 g) in CH2Cl2 for 12 hr. Crude 

product was separated by column chromatography (2-10% EtOAc in hexane) to give 

colorless liquid (3.3 g, 77%); 
1
H NMR (400 MHz, CDCl3) δ: 1.21 (s, 6H), 1.57-1.60 

(m, 4H), 1.95 (t, J = 2.6 Hz, 1H), 2.21 (dt, J = 6.7, 2.8 Hz, 2H); 
13

C NMR (100 MHz, 
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CDCl3) δ: 19.1, 23.7, 29.5, 43.1, 68.8, 71.1, 84.7; LRMS (ESI, positive), MS m/z 

109.2 [M-H2O]  

 

 To generate MnO2, a solution of MnCl2 (200 g in H2O 2 L) was stirred at 70 

°C and a solution of KMnO4 (160 g in H2O 2 L) was stirred at 60 °C. The solution of 

MnCl2 was added to the solution of KMnO4 during 10 min. The suspension was 

stirred for 2 hr in hood to ensure with evolution of chloride. The reaction mixture was 

stirred at room temperature overnight. The precipitate was filtered off, washed, and 

dried at 120-130 °C for 18 hr. 

 

 2.13  Synthesis of 2-(prop-2-ynyloxy)acetic acid (19) 

 

 

 

Method A. Propagyl alcohol (0.6 mL, 0.01 mol), Chloroacetic acid (1 g, 0.01 

mol) and K2CO3 (3 g, 0.02 mol) were dissolved in THF (26 mL) and the reaction 

mixture was refluxed. After the reaction was stirred overnight, Insoluble solid was 

filtered off and solvent was evaporated. The reaction was monitored by thin layer 

chromatography using MeOH.  

 

 Method B. NaH (1.5 g, 0.06 mol) and propagyl alcohol (1.6 mL, 0.03 mol) 

were added dried THF (30 mL) and the reaction mixture was stirred at room 

temperature under N2 for 15 min. Chloroacetic acid (1 g, 0.01 mol) was added to the 

reaction and the reaction was heated to 60 °C. After the reaction was stirred for 24 hr, 

it was cooled to room temperature. The reaction mixture was hydrolyzed with water 

(20 mL) and THF was removed by evaporation under reduced pressure. The aqueous 

layer was washed with diethyl ether (30 mL, 2 times), and acidified until pH 3–4 with 

concentrated HCl. The aqueous layer was extracted with diethyl ether and the 

combined organic extracts were washed with water, dried over MgSO4, filtered, and 

concentrated under reduced pressure.  
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2.14  Synthesis of benzyl 2-chloroacetate (21) 

 

 

 

To a solution of chloroacetic acid (0.5 g, 5 mmol) and benzyl alcohol (1.6 mL, 

15 mmol) in diethyl ether (25 mL) was added DCC (1.3 g, 6 mmol) and DMAP (0.06 

g, 0.5 mmol). The reaction mixture was stirred at room temperature under N2. 

Insoluble solid was filtered off and solvent was evaporated. The product was purified 

by column chromatography (3-10% EtOAc in hexane) to give colorless liquid (0.71 g, 

76%); 
1
H NMR (400 MHz, CDCl3) δ: 4.13 (s, 2H), 5.19 (s, 2H), 7.32-7.51 (m, 5H); 

13
C NMR (100 MHz, CDCl3) δ: 40.8, 67.8, 128.4, 128.6, 134.8, 167.1; LRMS (ESI, 

positive), MS m/z 183 [M-H] 

 

2.15  Synthesis of 2-methylhept-6-yn-2-yl 4-nitrophenyl carbonate (17) 

 

 

  

Method A. Alcohol (16) (5 mmol) was added to a solution of bis(p-

nitrophenyl) carbonate (5 mmol) in CH2Cl2 (or THF) (25 mL), the mixture was stirred 

for 12 hr, and then the solvent was evaporated. The reaction was monitored by TLC 

(10% EtOAc in hexane). 

 

 Method B. To a solution of alcohol (16) (0.6 g, 5 mmol) in CH2Cl2 (or THF) 

(20 mL) was added 4-nitro-phenyl chloroformate (1.1 g, 51 mol) and pyridine (4.12 

mL, 0.051 mol). After 24 hr stirring at ambient temperature, the reacting mixture was 

washed with saturated NaCl (2x100 mL), the organic layer dried with MgSO4 and 

solvent removed under reduce pressure The reaction was monitored by TLC (10% 

EtOAc in hexane). 
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RESULTS AND DISCUSSIONS 

 

 In this study, acid labile reagent for the purification of specific tRNA was 

designed to consist of three main components; 1) triazole ring from click reaction of a 

terminal alkyne and a compound with terminal azido group, 2) histidylhistidine for 

binding with immobilized-metal affinity chromatography, 3) carbonate group for 

formation of carbamate functional group with aminoacyl-tRNA. 

 

1.  Synthesis of the first generation of target molecule (compound 1)  

 

 Compound (1) is the first generation of target molecule. The retrosynthetic 

analysis of compound (1) is shown in scheme 2. The triazole ring in compound (1) 

could be constituted from click reaction of terminal alkyne and terminal azido 

compound. The terminal alkyne (7) consisted of carbonate group could be established 

from reaction of alcohol (6) and bis-(4-nitrophenyl) carbonate. Alcohol (6) could be 

installed a terminal alkyne group from reaction of 5-hexynoic acid (5) and gem-

dimethyl alcohol (4). An amino group of alcohol (4) was converted from nitrile group 

of acetone cyanohydrin (3) which will be protected at hydroxyl group before 

reduction step. The starting material of this synthesis could be acetone and it could be 

transformed to acetone cyanohydrin by reaction with sodium cyanide. For the azide 

moiety, an azido compound consisted of histidylhistidine (12) could be derived from 

amino azide compound (11). An amino group of compound (11) could be transformed 

from phthalimide group of azido compound (10). An azido group of compound (10) 

could be formed from substitution reaction of compound (9). Reaction of ditosylated 

diethyleneglycol (8) and potassium phthalimide could be provided compound (9). The 

first step of synthesis of terminal azide could be started from tosylation of diethylene 

glycol.    
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Scheme 2  Retrosynthetic analysis of compound 1 
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1.1)  Synthesis of an acid labile conjugate molecule with terminal alkyne 

 

The synthesis was started from formation of acetone cyanohydrin (3) (scheme 

3). Reaction of acetone and sodium cyanide in the presence of acid provided the 

desired product (3) in good yield. Then, acetone cyanohydrin was protected with 

chloromethyl methyl ether (MOMCl). Although this protecting reagent cannot be 

ordered and imported in Thailand, it can be generated in situ from reaction of 

dimethoxymethane and acetyl chloride in the presence of 0.01% anhydrous zinc 

bromide. In step of MOMCl preparation, TLC (3% MeOH in CH2Cl2) showed that 

new spot occurred. This new spot was believed to be MOMCl. Thus, the solution of 

acetone cyanohydrins and triethylamine in CH2Cl2 were then added to be protected 

with MOMCl. Unfortunately, although the reaction was stirred at room temperature 

over night or refluxed, the new product of this step monitored by TLC could not be 

observed. Change of leaving group to the better was chosen to solve this problem. 

Therefore, NaI was added to the solution of MOMCl for changing leaving group from 

Cl
-
 to I

-
. However, the product was not observed. From this result, it can be concluded 

that the new spot on TLC appeared in MOMCl generating step may not be MOMCl. 

Moreover, the condition to generate MOMCl in high temperature was attempted and 

the product was purified by distillation. Nevertheless, the distillate product was 

obtained in small amount and it cannot protect acetone cyanohydrin.    

 

 

 

Scheme 3  Synthesis of acetone cyanohydrin and its protection 
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1.2)  Synthesis of bifunctional linker, amino-azido compounds 

 

Because of our problematic synthetic route to terminal alkyne compound, the 

synthesis efforts were shifted to the bifunctional linkers, amino-azido compounds. 

Diethyleneglycol was used as a starting material. It was converted to ditosylated 

diethyleneglycol (8) (scheme 4). Two protocols were attempted in this step and gave 

ditosylated product in very different yield. For condition a, dichloromethane was used 

as solvent and potassium hydroxide played as a basic catalyst. This protocol provided 

the desired product in 87% yield. On the other hand, condition b was a solvent free-

system, and potassium carbonate was used as base and the mixture was grinded in a 

mortar. The remaining tosylchloride was removed by addition of potassium hydroxide 

and accelerated by dropping of t-BuOH. Finally, the product was extracted by addtion 

of diethyl ether. This method provided the desired product in only 11% yield. 

Probable, the product was extracted by diethyl ether in small amoumt. Extraction in 

many times might improve quantity of product. However, condition a was more 

interested than condition b, so it was used for synthesis of other ditosylated 

compounds. Then, ditosylated diethyleneglycol (8a) was converted to compound (9) 

by displacement of tosyl group with phthalimide. The reaction was stirred over 24 hr 

and heated to 80 
o
C in DMF. Unfortunately, compound (9a) was only observed 

whereas the desired product (9) was not obtained. Removal of tosyl group to provide 

undesired compound (9a) was still not reasoned. 

 

 

 

Scheme 4  Synthesis of tosylated compound 
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2.  Synthesis of the second generation of target molecule (compound 2)  

 

Due to the complication and many problems in synthesis of compound (1), the 

acid labile reagent was adjusted to solve problematic synthetic route. Compound (2) is 

the second generation of target molecule. It was developed in order to solve 

problematic synthetic route for compound (1). The retrosynthetic analysis of 

compound (2) is shown in scheme 5. 

 

 

 

Scheme 5  Retrosynthetic analysis of compound 2 
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 To synthesize the azide moiety, histidylhistidine linker, compound (12), could 

be derived from amino azide compound (11). However, the synthesis of compound 

(11) was changed to consider partial reduction of diazido compound (13) by 

Staudinger reduction. Diazido compound (13) could be converted from ditosylated di- 

or triethyleneglycol which was transformed from di- or trietyleneglycol. Compound 

(16) was a new terminal alkyne improved from compound (7). It could be constructed 

from gem-dimethyl alcohol (15) reacted with and bis-(4-nitrophenyl) carbonate or 4-

nitrophenyl chloroformate. Geminal-dimethyl alcohol (15) could be converted from 

Grignard reaction of methyl hexynoate (14). Ester (14) could be established from 

esterification of 5-hexynoic acid (5).  

 

 2.1)  Synthesis of an acid labile conjugate molecule with amino azide 

 

 The di- and triethyleneglycol were used as starting materials (Scheme 6). 

Separately, these compounds were converted to the ditosylated alcohol 8a and 8b by 

the same protocol as mentioned above, followed by the SN2 replacement with 

nucleophilic azide to give compound 13a and 13b. Two protocols of substitution 

reaction were attempted. In condition a, sodium azide was incompletely dissolved in 

THF. Therefore, saturated sodium hydrogen carbonate was dropped until sodium 

azide was completely dissolved. This condition provided the desired products in 30-

40% yield. In the second, the reaction was run in DMF at 80 °C under N2. The diazido 

products from this protocol were obtained over 80% yield. Thus, condition b was 

chosen to increase amount of product. Finally, the partial reduction of diazide 

compounds was accomplished under Staudinger reaction condition providing amino 

azide compound 11a and 11b. The residues were purified by reverse-phase column 

chromatography (MeOH-H2O) and the product was obtained in moderated yield. 

From this step, amino azide compound was obtained and the last step of this part was 

installation of histidylhistidine into amino azide.   

 

 

 

 



38 

 

  

 

 

Scheme 6  Synthesis of  bifunctional linker, amino-azido compounds. 

 

 2.2)  Synthesis of histidylhistidine 

 

 The peptide synthesis reported herein utilizes the traditional solution synthesis 

without the use of solid supports. The histidylhistidine was chosen to be our first 

candidate for polyhistidine moiety of our conjugate molecule due to the fact that the 

binding to the commercially available, Ni-NTA (Nickel-Nitriloacetic acid) resin only 

requires two histidine units. Therefore, the solution peptide synthesis for histidine 

coupling was investigated. 

 

 A general protocol with dicyclohexylcarbodiimide (DCC) and N,N-

dimethylaminopyridine (DMAP) for the amide bond formation was used. The 

histidylhistidine product was obtained with an unpleasant yield (Table 1, entry 1 and 

2). Therefore, we sought to employ a more effective activating reagent for our amino 

acid coupling reaction. 

 

 Formation of active ester by several reagents including p-nitrophenol (PNP), 

hydroxybenzotriazole (HOBt) and N-hydroxysuccinimide (HOSu), also provided the 

desired with an unpleasant yield. The use of 4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-

methylmorpholinium chloride (DMTMM) as an activating agent in methanol 
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provided the best result for histidine coupling (Table 1, entry 7). Gratefully, methanol 

could be used as solvent without ester bond formation. Although DMTMM was very 

expensive, fresh DMTMM could be generated from reaction of N-methylmorpholine 

(NMM) and 2-chloro-4,6-dimethoxy-1,3,5-triazine (CDMT), which are more 

economical (Scheme 7). However, histidylhistine was obtained in low to moderate 

yield. A main factor causing unpleasant yield was the nucleophilicity of N-imidazole 

which competed α-NH2 to attack an electrophile.      

 

Table 1  Optimization of dihistidine coupling condition 

  

 

 

 

Entry Reagent Solvent % yield 

1 DCC, DMAP, NEt3 DCM Trace 

2 DCC, DMAP, NEt3 DMF 35 

3 PNP, DCC, NEt3 DMF 32 

4 HOBt, DCC, NEt3 DMF Trace 

5 HOSu, DCC, NEt3 EtOAc No reaction 

6 DMTMM DMF 27 

7 DMTMM THF No reaction 

8 DMTMM MeOH 61 
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Scheme 7  Generation of DMTMM 

 

2.3)  Coupling reaction of histidylhistidine and amino azide 

 

Several methods were attempted including general protocol by DCC/DMAP, 

N-hydroxysuccinimide (HOSu) and DMTMM (Scheme 8). Unfortunately, the desired 

product was not observed. As well as the synthesis of histidylhistidine, a main factor 

causing unpleasant yield might be the competition of nucleophiles, α-NH2 and N-

imidazole. Moreover, steric factor of histidylhistidine was probably involved in 

unsuccessful synthesis.   

 

 

 

Scheme 8  Coupling reaction of histidylhistidine and amino azide 

 

 In order to solve the unsuccessful route, sequence of the synthesis will be 

rearranged (Scheme 9). First, Boc-histidine will be coupled with aminoazide (11). 

Then, coupled product (11.1) will be treated with acid to remove Boc group and give 
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compound (11.2). Finally, amine (11.2) will be coupled with Boc-histidine again to 

provide the product (12). 

    

 

 

Scheme 9  New plan for synthesis of a compound with terminal azido group  

 

2.4)  Synthesis of an acid labile conjugate molecule with terminal alkyne 

 

 Esterification of 5-hexynoic acid (5) with methanol was the first step in order 

to obtain hexynoate ester. It was accomplished by using the traditional DCC/DMAP 

condition in diethyl ether to provide methyl hexanoate (15) (scheme 10). 

Unfortunately, methyl hexynoate was very volatile when it was evaporated to remove 

solvent. Thus, the product was obtained in low yield. Benzyl hexynoate was chosen 

instead of methyl hexynoate to improve the yield. Reaction of hexynoic acid with 

benzyl alcohol by the same protocol gave the desired product (18) over 80% yield. 

Therefore, benzyl hexynoate was more suitable for this step. The alcohol (16) was 

easily obtained by nucleophilic addition from methyl Grignard reagent to benzyl 

hexanoate. However, the desired geminal-dimethyl alcohol product appeared as an 

inseparable mixture with the by-product benzyl alcohol after the completion of this 

reaction. We decided to oxidize the by-product benzyl alcohol to benzaldehyde using 

MnO2 in order to facilitate the chromatographic separation. Gratefully, the desired 
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alcohol could be separated from the oxidized by-product by simple column 

chromatography. 

   

 

 

Scheme 10  Synthesis of an acid labile conjugate molecule with terminal alkyne 

 

 Before the oxidation of by-product was utilized in order to solve the separation 

problem, we tried to synthesize a new ester for this step. Benzyl 2-(prop-2-

ynyloxy)acetate (20) was chosen to be our target. First, the terminal alkyne was 

installed from the reaction between propagyl alcohol and chloroacetic acid (scheme 

11). Unfortunately, the desired product was not observed despite many attempts with 

various conditions including: 1) NaH, THF, refluxed, 2) NaH in toluene, reflux, 3) 

NaH, KI in THF, reflux and 4) K2CO3 in THF. Possibly, the problem was extraction 

because the product was very polar molecule. However, the product was not observed 

in organic phase although the reaction mixture was acidified until pH 3. Then, 

sequence of this synthesis was designed to rearrange. It was moved to construct 

benzyl ester moiety first. Chloroacetic acid was activated by DCC and formed the 

product (21) in good yield (scheme 12). Nevertheless, installation of terminal alkyne 

was still unsuccessful. 
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Scheme 11  Synthesis of new benzyl ester (route 1)   

 

 

 

Scheme 12  Synthesis of new benzyl ester (route 2) 

  

2.5)  Synthesis of carbonate compound 

 

 The ultimate goal for synthesis of an acid labile conjugate molecule with 

terminal alkyne is to install the active carbonate moiety to our previously synthesized 

geminal-dimethyl alkynol (16). The reagent, bis-p-nitrophenyl carbonate was utilized 

(Table 2, Entry 1-4). Unfortunately, the carbonate formation appeared to be 

unsuccessful. Possibly, steric factor of this tertiary alcohol effected to decrease 

nucleophilicity, so bis-p-nitrophenyl carbonate cannot react with the alcohol. 

Consequently, the more reactive reagent, p-nitrophenyl chloroformate was attempted. 

Nonetheless, p-nitrophenyl chloroformate received from supplier appeared to be 
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liquid while it was reported in MSDS (Material safety data sheet) to be solid at room 

temperature. Unluckily, NMR data or m/z was not enough to confirm reagent. 

However, this reagent was tried and it also cannot form the carbonate product (Table 

2, Entry 5-8). In order to confirm that the reagent was impractical, the protocol 

reported by Bertrand and coworker which was used as reference will be repeated 

(Scheme 13) (Bertrand and Gesson, 2007). Moreover, the use of pyridine as solvent, 

which is stronger condition, is interesting to attempt.         

 

Table 2  Protocol for synthesis of carbonate compound 

 

 

 

 

Entry Reagent Temp. Solvent % yield 

1 bis-p-nitrophenyl carbonate, Pyridine rt DCM no reaction 

2 bis-p-nitrophenyl carbonate, Pyridine reflux DCM no reaction 

3 bis-p-nitrophenyl carbonate, Pyridine rt THF no reaction 

4 bis-p-nitrophenyl carbonate, Pyridine reflux THF no reaction 

5 p-nitrophenyl chloroformate, Pyridine rt DCM no reaction 

6 p-nitrophenyl chloroformate, Pyridine reflux DCM no reaction 

7 p-nitrophenyl chloroformate, Pyridine rt THF no reaction 

8 p-nitrophenyl chloroformate, Pyridine reflux THF no reaction 
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Scheme 13  The carbonated formation of 2-methylbut-3-yn-2-ol  by Bertrand and    

                    coworker       
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CONCLUSION 

 

The new system for tRNA purification has been developed utilizing the azide-

alkyne 1,3-dipolar cycloaddition reaction as the key method to connect the modified 

aminoacyl-tRNA with the Ni-NTA solid support. The conjugated molecules including 

amino azide compound and geminal-dimethyl alkynol were successfully synthesized. 

These molecules are key intermediates for the construction of our acid-labile 

bioconjugate system. The alternative activating groups for the construction of 

activated carbonate moiety of the terminal alkyne bioconjugate molecule are needed, 

and the selections as well as the utilization of new activating groups are being 

explored. Once completed, the system will be tested with aminoacyl-tRNAs for 

specific tRNA purification. 
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Appendix Figure 1  
1
H NMR of acetone cyanohydrin (3) 
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Appendix Figure 2  
13

C NMR of acetone cyanohydrin (3) 
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Appendix Figure 3  
1
H NMR of 2,2'-oxybis(ethane-2,1-diyl) bis(4-methylbenzene-  

                                  sulfonate) (8a) 
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Appendix Figure 4  
13

C NMR of 2,2'-oxybis(ethane-2,1-diyl) bis(4-methylbenzene-     

                                  sulfonate) (8a) 
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Appendix Figure 5  
1
H NMR of 2,2'-(ethane-1,2-diylbis(oxy))bis(ethane-2,1-  

                                  diyl)bis-(4-methylbenzenesulfonate) (8b) 
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Appendix Figure 6  
13

C NMR of 2,2'-(ethane-1,2-diylbis(oxy))bis(ethane-2,1- 

                                  diyl)bis-(4-methylbenzenesulfonate) (8b)  
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Appendix Figure 7  
1
H NMR of 1-azido-2-(2-azidoethoxy)ethane (13a) 
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Appendix Figure 8  
13

C NMR of 1-azido-2-(2-azidoethoxy)ethane (13a) 
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Appendix Figure 9  
1
H NMR of 1,2-bis(2-azidoethoxy)ethane (13b) 
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Appendix Figure 10  
13

C NMR of 1,2-bis(2-azidoethoxy)ethane (13b) 
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Appendix Figure 11  
1
H NMR of 2-(2-azidoethoxy)ethanamine (11a) 
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Appendix Figure 12  
13

C NMR of 2-(2-azidoethoxy)ethanamine (11a) 
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Appendix Figure 13 
1
H NMR of 2-(2-(2-azidoethoxy)ethoxy)ethanamine (11b) 
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Appendix Figure 14  
13

C NMR of 2-(2-(2-azidoethoxy)ethoxy)ethanamine (11b) 
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Appendix Figure 15  
1
H NMR of histidylhistidine (14)  

 

 



71 

 

  

 

 

Appendix Figure 16  
13

C NMR of histidylhistidine (14) 

 

 



72 

 

  

 

 

Appendix Figure 17  
1
H NMR of methyl hexynoate (15)  
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Appendix Figure 18  
13

C NMR of methyl hexynoate (15) 



74 

 

  

 

 

Appendix Figure 19  
1
H NMR of benzyl hexynoate (18) 
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Appendix Figure 20  
13

C NMR of benzyl hexynoate (18) 
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Appendix Figure 21  
1
H NMR of 2-methylhept-6-yn-2-ol (16) 
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Appendix Figure 22  
13

C NMR of 2-methylhept-6-yn-2-ol (16) 
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Appendix Figure 23  
1
H NMR of benzyl 2-chloroacetate (21) 
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Appendix Figure 24  
13

C NMR of benzyl 2-chloroacetate (21)  
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