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Abstract – A new convenient method for the preparative-scale synthesis of the 

dinucleotide pdCpA was developed. This method takes advantage of the complete 

deprotection of cyanoethyl, TBDMS, and benzoyl groups in one step under 

high-pressure conditions in the final stage of the synthetic sequence. 

The incorporation of unnatural amino acids into proteins at predetermined sites has been extensively used 

to investigate protein structures and functions,1 for the design of glycoprotein substrates that can participate 

in several important biological processes,2 and for the discovery of new drug candidates.3 In general, such 

cell-free protein syntheses commence with the chemical aminoacylation of pdCpA (1)4 and the subsequent 

condensation with an abbreviated suppressor tRNA under catalysis with T4 RNA ligase (Scheme 1).1d  

Despite this enormous utility in molecular engineering science, there is still a strong demand for improved 

product yields and greater purity.5 Some of the major problems that remain to be overcome in this regard 

include the difficulty of obtaining sufficient amounts of the starting pdCpA (1) and the need for special 

techniques for its purification as well as sample regulation. 

In our extensive efforts to develop a new synthetic method for a variety of nucleotides,6 it became necessary 

to prepare large quantities of the dinucleotide pdCpA (1). Here we describe a new and convenient method 

for the synthesis of this key compound using a high-pressure-promoted deprotection strategy. 
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Scheme 1 

 

Our synthetic procedure is shown in Scheme 2. Condensation of bis-TBDMS- and N-Bz-protected 

adenosine (2, 1.8 g)7 with 1.2 eq of N-Bz-protected 2’-deoxycytidinephosphoramidite (3) in the presence of 

1.5 eq of benzimidazolium triflate8 and MS 4A in dichloromethane followed by oxidation with 0.53 eq of 

2-butanone peroxide9 at 25 °C for 0.5 h gave, after careful acidification by exposure to trichloroacetic acid 

at ambient temperature, phosphotriester 4 (2.4 g) in 75% overall yield. Next, 4 was converted to the 
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corresponding 5’-phosphorylated compound 5 in 90% yield by conventional phosphorylation (1.9 g): i.e., 

treatment with 1.5 eq of bis(2-cyanoethyl)-N,N-diisopropylphosphoramidite in the presence of 2.0 eq of 

benzimidazolium triflate8 followed by oxidation with 0.53 eq of 2-butanone peroxide9 at 25 °C for 0.5 h. 

Finally, deprotection of all of the cyanoethyl, TBDMS, and benzoyl groups was first attempted under 

normal conditions using ammonium hydroxide.5c In this case, however, the TBDMS group remained 

undeprotected and subsequent desilylation was required to complete this synthetic sequence. 

To shorten this stepwise methodology, we anticipated that the application of high pressure would be useful, 

since it is known that deprotection / hydrolysis of this type can be effectively accelerated under 

high-pressure conditions.10 Accordingly, when a mixture of 5 and excess aq ammonium hydroxide in a 

mixed solvent system composed of H2O-MeOH-dioxane (9 : 7 : 1) was reacted at 0.8 GPa and 25 °C for 14 

h, the desired ammonium salt of pdCpA (1, R = H) was obtained in 60% yield (Method A).11, 12 To our 

delight, simultaneous desilylation of double TBDMS groups could be achieved even under such 

fluoride-free conditions.13 Furthermore, the superiority of this technique was exemplified by the use of 

tetra-n-butylammonium hydroxide as a base,14 and the corresponding tetra-n-butylammonium salt of 

pdCpA (6, R = n-Bu) was obtained in almost quantitative yield (Method B).11, 12 This substance was 

sufficiently pure and could be used directly in further experiments to introduce unnatural amino acids to a 

ribose core. Notably, the latter improved strategy does not require a tedious counter cation exchange 

process,15 and may be very useful for further elaboration in nucleotide chemistry. 

In summary, we have developed a new convenient method for synthesis of the dinucleotide pdCpA (1) on a 

preparative scale. This method takes advantage of the simultaneous complete deprotection of cyanoethyl, 

TBDMS, and benzoyl groups under high-pressure conditions in the final stage. Further studies on protein 

engineering using the dinucleotide pdCpA (1) are now in progress in our laboratory. 
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