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PNA Synthesis
PNA synthesis can be performed using either tBoc/Z chemistry or Fmoc/Bhoc chemistry.  tBoc/Z 
chemistry was developed first but requires harsher conditions for the deprotection and cleavage of 
the final product.  The Fmoc/Bhoc chemistry has been developed as a milder alternative. 
Although either could be automated, the latter is most easily adapted onto automated multiple 
peptide synthesizers such as the Apex 396.

Fmoc/Bhoc Chemistry

Synthesis is performed on resins containing an acid labile linker, such as Sieber amide or PAL 
resin. The purine and pyrimidine base residues adenine, guanine, and cytidine are protected with 
the acid labile Bhoc group.  The pyrimidine base thymidine does not require protection.  

The typical Fmoc PNA synthesis cycle consists of three steps: deprotection, activation and 
coupling, and capping.  In the deprotection step, the Fmoc group is removed from the terminal 
amine group by treatment with piperidine.  During the activation and coupling step, the carboxylate 
group of the next monomer is first activated using HBTU or HATU.  This activated monomer is 
then coupled to the deprotected amine group on the resin with formation of an amide bond. 
Typically, excess monomer and activating reagents are used in high concentration to drive the 
coupling reaction as close to completion as possible.  Any chains that remain unreacted (failed 
coupling sequence) are capped with an acetylating agent in the third step to prevent further 
elongation.  These steps are repeated until the desired PNA sequence is completed.  The PNA is 
then cleaved from the resin and deprotected at the same time using a mixture of TFA and m-
cresol.

Deprotection

1. Slurry the resin in DMF containing 20% v/v piperidine.  

2. Mix the resin at room temperature for 30 minutes.

3. Filter the resin and wash it with DMF.

Activation and Coupling

1. Dissolve the monomer (2 to 3 equivalents based on the resin loading) in a minimum 
amount of NMP.

2. Add 1.3 equivalents (based on the monomer) of HBTU or HATU, 1 equivalent (based on 
the monomer) of DIPEA and 1 equivalent (based on the monomer) of lutidine.  Mix for 1 
minute.



3. Add the activated monomer solution to the resin.  Mix for 10 minutes.

4. Filter the resin and wash with NMP.

Capping

1. Slurry the resin in a mixture of 1:25:25 acetic anhydride:NMP:pyridine.

2.  Mix for 10 minutes at room temperature.

3. Filter the resin and wash with 10% v/v piperidine in NMP.

4. Wash the resin with NMP.

Cleavage and Deprotection

1. Remove the N-terminal Fmoc protecting group using piperidine.

2. Wash the resin twice with DMF, and twice with DCM.

3. Suspend the resin in a mixture of TFA and 5% v/v m-cresol.  Mix at room temperature for 
1 hour.

4. Filter the resin and wash with a little TFA.  Combine the filtrates and add an equal volume 
of ether to precipitate the PNA.

tBoc/Fmoc Chemistry

PNAs can also be synthesized by tBoc/Fmoc chemistry on resins such as MBHA. The purine 
bases adenine, guanine, and the pyrimidine base cytidine are protected with the Z group.  The 
pyrimidine base thymidine does not require protection.  

As in Fmoc/Bhoc chemistry, PNA synthesis by tBoc/Fmoc chemistry consists of a three step 
cycle.  In the deprotection step, the tBoc group is removed by treatment with TFA in DCM. 
Activation of the monomer with HBTU or HATU and coupling to the growing chain comprise the 
second step.  The third step is capping with acetic anhydride to prevent elongation of failed 
coupling sequences.  These steps are repeated sequentially until the PNA is completed.  Before 
the PNA is cleaved from the resin, the Fmoc groups are removed with piperidine.  Then the PNA 
can be cleaved with TMSFA.

Deprotection

1. Suspend the resin in 95% v/v TFA/m-cresol.  Mix at room temperature for 6 minutes, then 
filter the resin.

2. Wash the resin with DCM.

3.  Wash the resin with NMP. 

Activation and Coupling

1. Dissolve the monomer (2 to 3 equivalents based on the initial resin loading) in a minimum 
amount of NMP.  



2. Add 1.3 equivalents (based on the monomer) of HBTU or HATU, 1 equivalent (based on 
the monomer) of DIPEA, and 1 equivalent (based on the monomer) of lutidine.  Mix for 1 
minute.

3. Add the activated monomer solution to the resin.  Mix for 10 minutes.

4. Filter the resin and wash with NMP.

Capping

1. Slurry the resin in a mixture of 1:25:25 acetic anhydride:NMP:pyridine.

2.  Mix for 10 minutes at room temperature.

3. Filter the resin and wash with 10% v/v piperidine in NMP.

4. Wash the resin with NMP.

Cleavage and Deprotection

1. Slurry the resin in DMF containing 20% v/v piperidine.  

2. Mix the resin at room temperature for 30 minutes.

3. Filter the resin and wash it three times with DMF, then three times with DCM.

4. Transfer the resin into a round bottom flask equipped with a stirring bar.  For every 100 
mg of PNA-resin, add 200 mL of thioanisole and 100 mL of EDT.   Cool the flask in an ice 
bath and add 2 mL of TFA for every 100 mg of resin.  Stir for 5 to 10 minutes.

5. For every 100 mg of resin, slowly add 200 mL of TMSFA dropwise with vigorous stirring to 
dissipate the heat generated.

6. Let the mixture stir at room temperature for 30 to 60 minutes.

7.   Pass the resin through a fine filter.  Wash the resin with a small amount of TFA. Combine 
the filtrates and add 8-10 times the volume of cold ether.  If necessary, keep the mixture 
at 4°C overnight to precipitate the PNA.  Filter the PNA, again using a fine frit.  Wash the 
crude PNA with cold ether to remove cleavage scavengers.
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