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Merrifield Resin 
 
Merrifield resin is the common name for chloromethylated polystyrene crosslinked with 1-2% 
divinylbenzene (DVB).  It is named for the Nobel prize-winning chemist Bruce Merrifield who 
popularized its use in solid phase peptide synthesis.  It remains one of the popular resins for Boc 
based peptide synthesis. Compounds are attached through nucleophilic displacement of the 
chlorine atom. Finished peptides are cleaved commonly cleaved with hydrofluoric acid (HF), but 
trifluoromethanesulfonic acid (TFMSA) or trimethylsilyl trifluoromethansulfonate (TMSOTf) can be 
used instead. Because it is somewhat acid labile, it is not recommended for synthesizing very 
large peptides.   
 
Merrifield resin also is the starting material for a diverse assortment of modified resins.  By 
attaching different linkers, a wide variety of resins with special applications have been produced. 
 
Attaching the First Amino Acid 
 
A.  Cesium Salt Method
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1. Dissolve the Boc-amino acid in methanol (5 mL/mmol) and add water (0.5 mL/mmol).  

Titrate the solution to pH 7.0 with a 20% aqueous solution of cesium carbonate.  
Evaporate the mixture to dryness.  Add DMF (2.5 mL/mmol) and evaporate to 
dryness (45°C).  Add a second portion of DMF (2.5 mL/mmol) and evaporate to 
dryness (45°C). 

 
2. Set up a flask with a heating mantle and thermometer on an orbital shaker. 
 
3. Swell the Merrifield resin in DMF (6-8 mL per gram of resin).  Add the dry Boc-amino 

acid cesium salt (1.0 equivalent based on the chlorine substitution of the Merrifield 
resin).  The Boc-amino acid cesium salt must be completely dry to obtain satisfactory 
results. 

 
4. Shake the mixture at 50°C for 24 hrs. 
 
5. Filter the resin.  Wash the resin thoroughly with DMF, then 50% (v/v) aqueous DMF, 

then 50% (v/v) aqueous methanol, and finally methanol.  Dry the resin in vacuo to a 
constant weight. 

 
B.  Potassium Fluoride Method
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1. Set up a flask with a heating mantle and thermometer on an orbital shaker. 

 
2. Dissolve the Boc-amino acid (1.5 equivalents based on the chlorine substitution of the 

Merrifield resin) in DMF (6 mL/g resin) and add it to the flask. 
 
3. Add the Merrifield resin (1 equivalent) and anhydrous potassium fluoride (3 

equivalents based on the chlorine substitution of the Merrifield resin). 
 
4. Shake the mixture at 50°C for 24 hrs. 
 
5. Filter the resin.  Wash the resin thoroughly with DMF, then 50% (v/v) aqueous DMF, 

then 50% (v/v) aqueous methanol, and finally methanol.  Dry the resin in vacuo to a 
constant weight. 

 
These procedures generally yield resins with satisfactory amino acid loading, though basic amino 
acids such as Boc-Arg(Tos)-OH and Boc-His(Tos)-OH may produce resins with lower substitution 
yields.  In these cases, the Boc-amino acid-Merrifield resins can be prepared by DIC/HOBt 
coupling of the Boc-amino acid to hydroxymethyl polystyrene (AAPPTec catalog # RHZ001).  
  
Cleavage of the Peptide from the Resin 
 
There are many protocols for cleaving peptides from Merrifield resin.  Five common protocols are 
standard HF, low-high HF, standard TFMSA, low-high TFMSA, and TMSOTf.  In the standard HF 
protocol the N-terminal Boc group is removed then the peptide-resin and scavengers are mixed 
with a high concentration of HF inside a special HF apparatus.   With the low-high HF procedure a 
low concentration of HF in dimethylsufide (DMS) is used to remove most of the sidechain 
protection groups followed by a standard HF cleavage.  TFMSA standard and low-high 
procedures are alternatives to the corresponding HF procedures.  The main advantage of these 
procedures is that they do not require special HF resistant apparatus.  TFMSA-cleaved peptides 
are susceptible to salt and scavenger association and should be neutralized and desalted before 
further purification.  TMSOTf is an alternative to HF and TFMSA.  It does not require HF resistant 
apparatus, produces fewer side reactions, and it produces products that are less hygroscopic than 
the TFMSA cleavage products. 
 
In choosing a cleavage protocol, the sidechain protecting groups as well as the amino acid 
composition of the peptide must be considered.   The following chart will assist in selecting the 
appropriate protocol. 
 
If peptide 
contains: 

 

  
His(Dnp) The Dnp group must be removed before cleaving the peptide from the resin or 

removing the N-terminal Boc group of the finished peptide. 
Trp(CHO) In the standard HF and TFMSA cleavage protocols the peptide resin must be 

treated with piperidine in DMF following the removal of the N-terminal Boc group 
to remove the formyl group. The formyl group can also be removed thiolytically in 
a “low-high” HF procedure or “low-high” TFSMA procedure where p-cresol is 
replaced with p-thiocresol or thiophenol.  The TMSOTf procedure can remove the 
formyl group if ethanedithiol (EDT) is added to the cleavage mixture.  

Trp Anisole should be used in the cleavage mixture to prevent alkylation of Trp by 
benzyl or t-butyl cations.  Avoid using thioanisole in HF cleavages. 

Arg(Tos) TFMSA does not deprotect Arg(Tos).  Arg(Tos) is deprotected during standard 
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HF cleavage conditions, but may require longer reaction times.  The low-high HF 
cleavage is recommended. 

Arg(NO2) TFMSA and TMSOTf will not deprotect this group.  During “low-high” HF 
cleavage, it is cleaved under the “high” conditions. 

Asp(OBzl) 
Glu(OBzl) 

The cleavage should be performed at 5°C or lower to minimize side reactions of 
these amino acids. 

Asp(OcHx) Cleavage should be performed at 5°C or lower to minimize aspartimide 
formation.  TFMSA does not remove the OcHx group efficiently. 

Glu(OcHx) Cleavage should be performed at 5°C or lower to reduce anisylation of Glu. 
Cys(ACM) This group is not deprotected by TMSOTf. 
Cys(Bzl) This group is not deprotected by TMSOTf. 
Cys(MeBzl) TFMSA does not remove this group efficiently.  Cleavage at temperatures below 

5°C may be very slow. 
Met(O) This group is reduced to Met during low-high HF and low-high TFMSA cleavages.  

TSMOTf will not quantitatively reduce Met(O), so post-cleavage reduction is 
necessary. 

Cys and Met DMS, p-thiocresol, and anisole should be added to the cleavage mixture to 
prevent alkylation of these amino acids. 

 
 

 

 
 
Removal of the N-Terminal BOC Group 
 
1. Suspend the resin in 50% (v/v) TFA/DCM.  Agitate the mixture with a mechanical shaker 

for 5 minutes at room temperature. 
 
2. Filter the resin in a fine sintered glass funnel. 
 
3. Suspend the resin in fresh 50% (v/v) TFA/DCM. Agitate the mixture with a mechanical 

shaker for 20 to 25 minutes at room temperature. 
 
4. Filter the resin in a fine sintered glass funnel.  Wash the resin three times with DCM and 

twice with methanol. 
 
5.  Dry the peptide resin under high vacuum overnight with KOH or P2O5.  
 
 
Standard HF Procedure
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1. If the peptide contains His(Dnp), remove the Dnp group.  Remove the N-terminal BOC 

group.  If the peptide contains Trp(CHO), remove the formyl group. 
 
2. Place a Teflon-coated stirring bar and the peptide-resin into the reaction vessel of the HF 

apparatus.  Add the appropriate mixture of scavengers.  For most peptides, add 1 mL of 
anisole and 1 mL of dimethylsulfide for every 0.2 mmol of peptide resin.  If the peptide 
resin contains Cys add 1 mL anisole, 1 mL dimethylsulfide, and 0.2 mL of p-thiocresol for 
every 0.2 mmol of peptide resin. 

 
3. Secure the cap onto the reaction vessel and cool it in a dry ice/methanol bath for at least 

5 minutes.  For every 0.2 mmol of peptide-resin, distill 10 mL of HF into the reaction 
vessel. Maintain the temperature between -5°C and 0°C while collecting the HF.   
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4. Maintain the temperature between 0°C and 5°C for 30 to 60 minutes as the cleavage 
mixture is stirred.  If the peptide contains Arg(Tos), the cleavage may take up to 2 hours.  
After the end of the reaction time, evaporate the HF under a stream of nitrogen. 

 
5. Filter the resin, wash it 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 peptide.  Filter the peptide using a fine sintered glass funnel.  Wash the 
crude peptide with cold ether to remove cleavage scavengers. 

 
Low-High HF Procedure
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1. If the peptide contains His(Dnp), remove the Dnp group.  Remove the N-terminal BOC 

group. 
 
2. Place a Teflon-coated stirring bar and the peptide-resin into the reaction vessel of the HF 

apparatus.  Add the appropriate mixture of scavengers.  For most peptides, add 1 mL of 
p-cresol and 6.5 mL dimethylsulfide for every 0.2 mmol of peptide resin.  If the peptide 
resin contains Cys add 1 mL p-cresol, 6.5 mL dimethylsulfide, and 0.2 mL of p-thiocresol 
for every 0.2 mmol of peptide resin. 

 
3. Fasten the cap onto the reaction vessel and cool it in a dry ice/methanol bath for at least 5 

minutes.  For every 0.2 mmol of peptide-resin, distill 2.5 mL of HF into the reaction vessel. 
Maintain the temperature between -5°C and 0°C while collecting the HF.   

 
4. Maintain the temperature at 0°C for 2 hours as the cleavage mixture is stirred. After the 

end of the reaction time, evaporate the HF and DMS in vacuo at 0 ºC. 
 
5. Filter the resin, wash it with DCM or EtOAc to remove scavenger by products and suction 

dry.   
 
6.  Return the resin to the reaction vessel and add 1 mL of p-cresol for every 0.2 mmol of 

peptide-resin.  If the peptide contains Trp(CHO), substitute thiocresol or thiophenol for p-
cresol. 

 
7.  Fasten the cap onto the reaction vessel and cool it in a dry ice/methanol bath for at least 5 

minutes.  For every 0.2 mmol of peptide-resin, distill 10 mL of HF into the reaction vessel 
Maintain the temperature between -5°C and 0°C while collecting the HF.   

 
8. Maintain the temperature between 0°C and 5°C for 30 to 60 minutes as the cleavage 

mixture is stirred.  If the peptide contains Arg(Tos), the cleavage may take up to 2 hours.  
After the end of the reaction time, evaporate the HF under a stream of nitrogen. 

 
9. Filter the resin with a fine sintered glass funnel.  Wash the resin with a small amount or 

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 peptide.  Filter the peptide using a fine 
sintered glass funnel.  Wash the crude peptide with cold ether to remove cleavage 
scavengers. 

 
Standard Trifluoromethanesulfonic Acid Procedure
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1. If the peptide contains His(Dnp), remove the Dnp group (Technical Bulletin 1150).  If the 
peptide contains Trp(CHO), remove the N-terminal BOC group then remove the formyl 
group (Technical Bulletin 1151). 

 
2. Check that the peptide-resin has been washed and thoroughly dried. 
 
3. Transfer the resin into a round bottom flask equipped with a stirring bar.  For every 100 

mg of peptide-resin add 200 μL of thioanisole and 100 μL of ethandithiol.   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. 

 
4. For every 100 mg of resin slowly add 200 μL of TMSFA dropwise. Stir vigorously during 

addition of the TFMSA to dissipate the heat generated. 
 
5. Let the mixture stir at room temperature for 30 to 60 minutes. 
 
6.    Filter the resin with a fine sintered funnel.  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 peptide.  Filter the peptide using a fine sintered 
glass funnel.  Wash the crude peptide with cold ether to remove cleavage scavengers. 

 
7. Desalt the peptide by ion exchange or Sephadex columns. 
 
Low-High TFMSA Cleavage
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1. If the peptide contains His(Dnp), remove the Dnp group (Technical Bulletin 1150). 
 
2. Transfer the resin to round bottom flask equipped with a stirring bar.  For every 100 mg of 

resin add 100 μL of m-cresol and 300 μL dimethyl-sulfide. Cool the mixture to 0 ºC in an 
ice bath and 0.5 mL of TFA for every 100 mg of resin.  If the peptide contains Trp(CHO), 
add 20 μL of EDT for each 100 mg of peptide resin. 

 
3. Maintain the mixture at 0°C in an ice bath.  For every 100 mg of peptide-resin slowly add 

100 μL of TFMSA. Stir vigorously during addition of the TFMSA to dissipate the heat 
generated.  Stir the mixture for 3 hours while maintaining the temperature between 0°C 
and 5°C. 

 
4. Filter the resin in a medium sintered glass funnel.  Wash the resin with several volumes of 

ether.  Dry the resin under high vacuum over KOH or P2O5 for at least 4 hours. 
 
5. Place the dried resin in a round bottom flask equipped with a stirring bar.  For every 100 

mg of resin add 100 μL of thioanisole and 30 μL of EDT.  Cool the flask to between 0°C 
and 5°C using an ice bath.  For every 100 mg of resin add 1.0 mL of TFA and mix for 5 to 
10 minutes.  For every 100 mg of resin slowly add 100 μL of TFMSA while stirring 
vigorously to dissipate the heat generated.   

 
6. Warm the flask to room temperature and continue stirring for 90 to 120  minutes. 

  
7. Filter the resin with a fine sintered funnel.  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 peptide.  Filter the peptide using a fine sintered 
glass funnel.  Wash the crude peptide with cold ether to remove cleavage scavengers. 

 
8. Desalt the peptide by ion exchange or Sephadex columns. 
 



TMSOTf Cleavage
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1. If the peptide contains His(Dnp), remove the Dnp group (Technical Bulletin 1150).  

Remove the N-terminal BOC group. 
 
2. Prepare the cleavage mixture.  For each gram of resin mix 1.8 mL of TMSOTf, 7.0 mL of 

TFA, and 1.2 mL of thiocresol. If the peptide contains Trp(CHO) add 1.2 mL of EDT per 
gram of resin.  Cool the cleavage mixture in an ice bath. 

 
3. Place the peptide-resin in a round bottom flask equipped with a stirring bar.  Cool the 

flask to 0°C in an ice bath, then add the chilled cleavage mixture. 
 
4. Stir the mixture at 0°C for 1 to 2 hours. 
 
5. Filter the resin with a fine sintered glass funnel.  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 peptide.  Filter the peptide using a fine 
sintered glass funnel.  Wash the crude peptide with cold ether to remove cleavage 
scavengers. 

 
Post-Cleavage Reduction of Met(O)
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 If the peptide contains Met(O) after cleavage, this is a procedure which can be used to 

reduce Met(O) to Met. 
 

1. Dissolve the peptide in water (approximately 100 L/ mg of peptide).  Adjust the pH of the 
peptide solution to 8.0 with triethylamine.  

 

2. Cool the mixture in an ice bath.  Add mercaptoethanol (4 L/ mg of peptide) and 1 M 

ammonium fluoride (4 L/ mg of peptide). 
 
3. Stir the mixture in an ice bath for 30 minutes. 
 
4. Lyopholyze the solution to obtain the crude product. 
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