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Introduction 
Solid phase peptide synthesis (SPPS) is used in the production of 
more than 80% of commercially manufactured peptides, and to an 
even greater extent at smaller scales.  With the passing of the REACH 
Act, use of DMF in chemical synthesis has been restricted heavily, 
stimulating evaluation of alternative solvent systems and 
chemistries that enable production of peptides with similar levels of 
efficiency.  Herein, we present data highlighting the impact of 
washing during SPPS using an automated peptide synthesizer that 
reduces overall DMF consumption and with the goal to deliver highly 
pure crude peptides. 

Methods 
Peptides were synthesized with a Biotage® Initiator+ Alstra™ 
microwave assisted automated peptide synthesizer on Rink-amide 
polystyrene resin using default methods, DIC, and Oxyma as 
coupling reagents, and Fmoc-protected amino acids unless 
otherwise stated in the text. 

Peptide cleavage occurred in a cocktail of 95% TFA, 2.5% TIS and 
2.5% H2O for 3 hours at room temperature.  The cleavage cocktail 
was collected in a vessel containing cold diethyl ether, precipitated, 
centrifuged and resuspended in 50% Acn(aq) solution for final 
evaporation with the Biotage® V10 Touch evaporation system.  
Crude peptides were analyzed with an Agilent 1260 Infinity series 
HPLC equipped with a Restek® Raptor Arc-C18 (2.1 x 50 mm) 
connected inline to an Advion expression® CMS-L mass 
spectrometer. 

Results 
In automated synthesis, washing occurs in two aspects – the fluidics 
and hardware involved in liquid transfer as well as the resin 
between different chemical steps.  The ACP65-74 10mer was used as a 
reference molecule and was synthesized using standard conditions 
to establish a baseline expected crude purity, Figure 1. 

 
Figure 1. Crude chromatogram for ACP65-74 using default washing conditions for 
both resin and hardware. 

 
1 Kumar, A. et al. Green Chem., 2022, 24, 4887-4896.  

The ACP reference peptide is readily synthesized using default 
washing with very high (often >90%) crude purity, making it an ideal 
candidate for method validation experiments. 

Synthesis Impacts from Resin Washing 

Washing the resin between chemistry steps is the hallmark benefit 
of solid phase peptide synthesis.  But as reagent quality and 
reaction efficiency have improved, the degree of washing required 
has come into question.  As a first step, the washing step was 
removed after the coupling reaction and the number of washes after 
the deprotection reaction was reduced from 4 down to a single 
wash, Figure 2.   

 
Figure 2. Crude chromatogram for ACP65-74 synthesized with no washes after the 
coupling step and a single wash after the deprotection step and no changes to 
hardware washes. 

Despite significantly less washing of the resin, the crude purity was 
maintained.   

To further evaluate the need for washing after the resin, an 
alternative deprotection strategy using 2% DBU and 5% piperazine 
was also tested.  This deprotection cocktail improves the atom 
economy, while maintaining rapid Fmoc removal kinetics.  
Unfortunately though, this solution is significantly more viscous 
than the standard piperidine solution, Figure 3. 

 
Figure 3. Crude chromatogram for ACP65-74 synthesized with no washes after the 
coupling step and a single wash after the deprotection step and no changes to 
hardware washes. 

 

Reducing resin washes with a viscous deprotection solution 
compromised the synthesis quality.  Declines in synthesis quality 
this severely negate the impact of solvent saving during synthesis. 

However, recent efforts by the Albericio Lab suggest that low 
washing amounts can be maintained by including 1% Oxyma in the 
washing solvent which neutralizes residual base after the 
deprotection reaction is completed.1  This approach was applied to 
the more viscous 2% DBU with 5% piperazine deprotection solution, 
Figure 4.

 
Figure 4. Crude chromatogram for ACP65-74 synthesized with no washes after the 
coupling step and a single wash after the deprotection step and no changes to 
hardware washes. 
Adding Oxyma to the wash solvent did improve synthesis quality, 
however not to the same level as previously observed.  Minimal 
washes with the Oxyma additive and 2% DBU with 5% piperazine 
deprotection solution is still a more sustainable synthetic approach 
that the standard washing protocol. 

Synthesis Impacts from Hardware Washing 

Automated synthesizers that use robotic liquid handlers require 
washing of the fluid pathway to prevent cross-contamination 
between individual amino acids and reagents. The required minimal 
washing defined for the fluidics pathway was evaluated, Figure 5. 

 
Figure 5. Crude chromatogram for ACP65-74 synthesized with no washes after the 
coupling step and a single wash after the deprotection step and no changes to 
hardware washes. 

One key advantage of robotic liquid handling is the ability to 
transfer highly viscous solutions with precision and accuracy.  
However, these reagents can then be difficult to wash out.  While the 
crude purity did decline with reduced needle washing, the decrease 
was not nearly as significant as one would anticipate.   

The crude purity for all peptides presented here are reported in 
Table 1. 

 Base Post-
deprotection 
washes 

Needle 
washes 

Percent 
solvent 
reduction 

Percent 
purity 

1 A 4 4 --- 93.2 

2 A 1 4 45.3 91.4 

5 A 1 2 51.1 76.6 

3 B 1 2 51.1 9.5 

4 B 1* 2 51.1 62.3 

Table 1. ACP crude purity for synthesis using alternative washing strategies and 
either 20% piperidine in DMF (A) or 2% DBU with 5% piperazine in DMF (B) for 
deprotection reactions. Asterisk denotes washing with 1% Oxyma additive. 

Conclusions 
As calls for sustainable peptide synthesis strategies continue to 
grow, alternative synthesis conditions are currently being evaluated.  
One such consideration is the required level of washing that 
minimizes solvent consumption yet maintains an acceptable level of 
crude purity. If crude purity decreases too significantly, gains in 
sustainable synthesis will be lost during peptide purification.  
Herein we highlight washing should be considered for both the resin 
between different chemistry steps, but also for the fluidics pathways 
utilized by reagents on the automation platform.  These data 
indicate that washing after the deprotection step is the most critical 
consideration when evaluating alternative strategies like these, and 
if changes to the deprotection solution are made the washing 
strategy must also be considered separately.  Overall, this work 
demonstrates the total system solvent usage is reduced by over 50% 
and is accompanied by only modest loss in crude purity.     


