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Antimicrobial Peptide Mimics 
 
 Antimicrobials, including anti-parasitic drugs, are in great need in the developing world 
to treat diseases including African trypanosomiasis (sleeping sickness) and Chagas disease 
(American trypanosomiasis). In the developed world, the need for new antimicrobial drugs is 
also great as bacteria are rapidly evolving resistance to many commonly used antibiotics, 
including some “last-resort” drugs. We aim to synthesize new potential drug leads for the 
discovery of new antimicrobials. 
 Our inspiration for the molecular design of our drug-like molecules comes from nature. 
Antimicrobial peptides (AMPs) are short peptides (usually 10-50 amino acids) isolated from 
natural sources that kill bacteria by disrupting their cell membranes. AMPs bear both positively 
charged and hydrophobic side chains, giving them an “amphiphilic” structure that is essential 
for antimicrobial function: one face of the molecule is positively charged and the other face of 
the molecule is hydrophobic (Figure 1).  
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 Peptides are frequently poor therapeutics, however, leaving a need for alternative small 
molecule antimicrobials that mimic the AMP design that is successful in nature. The production 
of peptides is costly and they can elicit immune or degradation responses in the body that 
attenuate their efficacy. Small molecule AMP mimics can recapitulate the amphiphilic structure 
of natural AMPs and exhibit antimicrobial activity, but are better drug candidates. Both highly 
structured and flexible AMP mimics have been reported to have potent antimicrobial activity. 
These results suggest that molecules designed to be amphiphilic molecules are excellent 
candidate antimicrobials. For more information on these, take a look at some of the papers I’ve 
posted on Camino. 
 To apply combinatorial library synthesis strategy to the generation of AMP mimics, we 
need to make molecules that meet the following requirements: 1) They can be engineered to 
be amphiphilic; 2) Molecules can be diversely functionalized at various parts of the structure; 3) 
They are easy to make using readily available, inexpensive materials and equipment. I have 
chosen a class of molecules called arylopeptoids for synthesis because I feel they will meet 
these criteria.  
 

Figure 1. Schematic examples of amphiphilicity. Red spheres indicate 
hydrophobic groups, blue circles indicate positively charged groups. (A) 
A regular (helical) structure can be amphiphilic. (B) A molecule without 

a well-defined structure can adopt an amphiphilic conformation. 
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Arylopeptoids 
  
 General Schematic. Arylopeptoids will be prepared according to Scheme 1, below. Resin 

that has been functionalized with a trityl chloride will be reacted with an -chloromethyl 
benzoic acid (reaction 1). After this reaction is complete, excess reagents will simply be rinsed 
away from the beads. Then, our first combinatorial reagent, a primary amine (R1-NH2), will be 
introduced to the beads to displace the chlorine in an SN2 reaction (reaction 2), generating a 

secondary amine. The amine will be acetylated with another -chloromethyl benzoic acid or -
chloromethyl benzoyl chloride (reaction 3). The chloride can then be displaced with another 
amine, R2-NH2 (reaction 4). Thus, diverse functionality is installed via the amines incorporated. 
Finally, the terminal secondary amine will be reacted with a different acylating reagent: either 
acetic anhydride or benzoyl chloride (reaction 5). The complete molecule will be cleaved from 
the resin. Any side chain protecting groups will be simultaneously removed. Then, the product 
will be isolated by filtration. The molecules made will then be further analyzed and purified. 
 

 
 
Scheme 1. Synthesis of arylopeptoids. 
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 Combinatorial Chemistry: You will be using special equipment called a “Bill-Board” 
reaction plate to enable you to run six reactions in parallel. The Bill-Board consists of six solid-
phase reaction vessels arrayed in a plate; this equipment will make synthesis of a small library 
of arylopeptoids straightforward. For the first library you’ll make, you will follow the schematic 
shown in Figure 2. You will use 3-5 different primary amines, depending on your experimental 
design, to synthesize six unique products.  

 
 

 Figure 2. Schematic of combinatorial synthesis of extended peptoids using the  
 Bill-Board reaction apparatus. 
 
 
 Library design: Your first task will be to design a small library of up to 12 unique 
arylopeptoids by strategic combination of the available components, shown below. Each of you 
will get a Bill Board; each individual will make six arylopeptoids if all of the reactions work.  

Work in groups of four to design your library. Within your group of four, you will make 
as many as 12 unique compounds. You and one other will duplicate experiments to ensure that 
results are reproducible. In other words, two of you will make six identical arylopeptoids. Use 
the comparison between two pairs’ work to test one experimental variable. For example, you 
may choose to see if the acid chloride or the acid provides better yield, explore the influences 
of the meta- or the para-substitution of the aromatic ring on the reaction outcomes, or you 
may want to explore which amines might work best in these reactions.  
 On the next two pages are the available building blocks for your experiments. 
Instructions follow giving more detail on what to do to get ready for next week’s lab. 



 4 

  Acids and acid chlorides: 
 

 
 
 

Choose meta-or para- for all six reactions. You can use the acid chloride or the 
acid in step 3 of the synthesis, as shown in Scheme 1. 

 
 
 
  Amines (to install R1 and R2): 
 

 
 
  Choose at least three different amines. R1-1-NH2, R1-2-NH2, and R1-3-NH2 must be  
  different from each other. R2A-NH2 and R2B-NH2 must be different from each  
  other, but can be the same as one of your R1-NH2 choices. 
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  Acylating reagents (to install R3): 
 

 
 

    Choose only one for all six reactions 
 
 
 
  



 6 

Synthesis planning: 
 
In groups of four (two pairs), you will design two compound libraries of six molecules using the 
guidelines above. Next week, each of you will begin the synthesis of your six arylopeptoids 
independently. Because the procedures are lengthy, be sure you’re familiar with what to do 
before you come to lab. Also note that there is a fair amount of waiting time during the next 
couple of labs. During some of this time, we’ll discuss mechanisms and related papers from the 
chemical literature. You may also bring some reading or something to do while you wait. 
 

1. Using the procedures that follow, calculate how much of each reagent you will need. 
You may need to look up compound molecular weights, densities, etc. I will check these 
calculations for your group to ensure that they’re correct. 

 
2. Make a chemdraw file that includes the structures of each of your library compounds. 

This file should include the compounds’ molecular weights. I will post a template on 
Camino that you can use as a starting point. The chemdraw structures can be printed 
and pasted into your notebook to illustrate the structures you’re making. One member 
of the group must send me an email with the attached chemdraw file for approval 
before you start your synthesis next week. 
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Experimental Procedures 
 
 Synthesis of Arylopeptoid Libraries 
 
 General use of Bill-Boards 
 A. General Washing Procedure. Washes should always be done in the order listed in the 
experimental procedures. 3 mL wash volumes (about 80% of the volume of the reaction vessel) 
are approximate and are delivered with the squirt bottles containing the appropriate wash 
solvent.  After the solvent is added, allow to drain by gravity for at least 30 s.  Then, drain 
completely using the air push apparatus.  Place a beaker under the spigot of the drain tray (with 
the side of the beaker touching the spigot to avoid splashing) and dispose of waste solvent in 
the appropriate waste container. Use the Bill-Board charts attached to the end of this 
procedure handout to help you avoid mistakes. Include these in your notebook.   
 B. Using the Air “Push” Apparatus. Allow the solvent to drain by gravity for 
approximately 30 s.  Then, place the septum on the mouth of the vial.  Depress the bulb of the 
disposable (transfer) pipette. To avoid sucking solvent back up lift the septum off of the mouth 
of the vial before refilling the bulb with air.  Repeat until all of the solvent has been pushed 
through the frit.   
 C. General Capping/Uncapping Procedure. Caps consist of two parts: a green threaded 
cap, and a Teflon seal that is white on one side and red on the other. The red side of the seal 
should always be facing the reaction mixture, and the white should be visible on the outside 
of the reaction vessel. Before capping, wipe any residual solvent from the threads of the 
reaction vessel with a Kimwipe. When uncapping, turn the Bill-Board upside-down so that the 
bottom is facing up. Remove the bottom caps. Then turn the Bill-Board right-side up and place 
the Bill-Board on the drain tray. Give the Bill-Board a few shakes to release any residual resin 
from inside of the top caps. Then uncap the top of each reaction vessel. Caps will be washed by 
rinsing with DMF between steps and reused.  When re-capping reaction vessels, do NOT over-
tighten the caps—this will compromise the seal and can cause leakage from the reaction 
vessels. 
 
 Swell the resin  
 Write down the times you started each step in your notebooks to make sure you know 
how long you let each step go.  

1. Place the Bill-Board reaction plate over the drain tray. Each synthesis vessel will be 
loaded with 0.025 mmol of 2-chlorotrityl chloride resin.   

2. Fill vessels about half way with CH2Cl2 from your squirt bottle. Rinse any resin stuck 
to the sides of the vessel down with the solvent. After about 30 seconds, use the air 
push apparatus to push all solvent through. Repeat for a total of 3 washes with 
CH2Cl2. 

3. Carefully cap each reaction vessel on the bottom being sure not to dump out the 
resin in the vessels. Do not over-tighten the caps. 
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4. Fill each vessel about halfway with CH2Cl2 from your squirt bottle and put a cap on 
the top of each reaction vessel.  

5. Let the resin sit undisturbed in CH2Cl2 for at least 10 minutes. This swells the resin, 
opening up its porous center so its reactive functional groups are exposed and 
available to the reagents we’ll add. While you’re waiting, you can prepare the 
reagents for the first reaction (see below). 

6. After at least 10 min., carefully remove the caps from the BOTTOM of the reaction 
vessels first, then remove the top caps. Allow the resin to drain, and rinse any resin 
stuck to the sides with CH2Cl2 from your squirt bottle. Use the air push to get all of 
the CH2Cl2 out of the reaction vessels. 

7. Blot dry the caps and liners with with a paper towel. 

8. Re-cap the bottom of the reaction vessels. 

 
 Prepare solution for reaction 1 

 0.14 M solution (or suspension) of the chloromethyl)benzoic acid (meta- or 
para-) for use in reaction 1. You will need to add 1.2 equiv. to each of the 
reaction vessels. You may make up to 1 mL extra of solution. 

 Calculate the amount DIPEA you’ll need. You’ll need 6 equiv. to each of the 
reaction vessels, plus any extra for the extra solution you may have prepared in 
the step above. Do not add the DIPEA to the acid solution until just before you 
are ready to add it to the resin. 
 

 Although you should verify your calculations with the other person who is duplicating 
your Bill-Board array, each individual should make his/her own set of solutions for synthesis.  
 
 Synthesis of Arylopeptoids 
 Note that reaction times stated here are minimum times. Be sure to make careful notes 
of how long you actually let reactions go.  

 Picking up from step 8, above, carry on with reaction 1 of the synthesis: 

 

 

9. Add the appropriate amount of DIPEA to your (chloromethyl)benzoic acid 
solution/suspension. 
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10. Add the appropriate amount of the DIPEA/(chloromethyl)benzoic acid mixture to 
each of the reaction vessels. Measure volumes distributed with a syringe. 

11. Re-cap the tops of the vessels, gently shake the Bill-Board, and let it sit for at least 
60 minutes in the hood. While this reaction is going, you can prepare your amine 
solutions for the next two labs (see below) 

12. Carefully remove the caps from the BOTTOM of the reaction vessels first, then 
remove the top caps. Allow the resin to drain, and rinse any resin stuck to the sides 
with CH2Cl2 from your squirt bottle. Use the air push to get all of the reagent 
solution out of the reaction vessels. 

13. Rinse caps and liners with CH2Cl2 into a beaker and blot dry with a paper towel. 

14. Rinse the resin in each vessel three times with CH2Cl2, then again twice with DMSO. 
Use the air push to get rid of all of the solvent between each rinse. 

15. Replace the caps on the bottoms of the vessels, fill each about halfway with DMSO, 
and cap the tops of the vessels. We’ll store them this way until the next lab. 

Prepare your amine solutions (for reactions 2 and 4) 

 2 M solutions of each primary amine you’ve planned to use in your 
synthesis in DMSO solvent. For each reaction you use that amine, you’ll 
need 20 equiv per reaction vessel. You may make up to 1 mL extra of the 
solution. Label each solution with its contents and your name, store them 
in the refrigerator until the next lab meeting.  

Although you should verify your calculations with the other person who is duplicating your Bill-
Board array, each individual should make his/her own set of solutions for synthesis.  
 

 

16. Remove the caps and drain the reaction vessels. Use the air push to remove residual 
solvent. Re-cap the bottoms of the reaction vessels. 

 

17. Add 0.25 mL of the appropriate R1-NH2 solution to each vessel and re-cap the tops.  

18. Gently shake, and let the Bill-Board sit in the hood for at least 2 hours. While this 
reaction is going, you can begin to prepare the reagents for reaction 3 (see below). 

19. Carefully remove the caps from the BOTTOM of the reaction vessels first, then 
remove the top caps. Allow the resin to drain, and rinse any resin stuck to the sides 
with DMSO. Use the air push to get all of the reagent solution out of the reaction 
vessels. 
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20. Rinse caps and liners with DMSO into a beaker and blot dry with a paper towel. 

21. Rinse the resin in each vessel twice with DMSO, then with CH2Cl2 three times. Use 
the air push to get rid of all of the solvent between each rinse. 

22. Replace the caps on the bottoms of the vessels. 

Prepare reagents for reaction 3 

 Option A: (chloromethyl)benzoic acid + COMU: Make a 1 M solution or 
suspension of (chloromethyl)benzoic acid in CH2Cl2. You will need 5 equiv 
for each reaction vessel. To this solution/suspension, add COMU (6 equiv 
per reaction vessel). You may make up to 1 mL extra of solution. 

o Calculate the amount of DIPEA you’ll need to add to this solution, 
but DO NOT add it until just before you add your reagents to the 
resin. You’ll need 12 equiv DIPEA for each reaction vessel. 

 Option B: (chloromethyl)benzoyl chloride: Make a 0.5 M solution of 
(chloromethyl)benzoyl chloride in CH2Cl2. You will need 3 equiv for each 
reaction vessel. You may make up to 1 mL extra of solution.  

o Calculate the amount of DIPEA you’ll need to add to this solution, 
but DO NOT add it until just before you add your reagents to the 
resin. You need 6 equiv DIPEA for each reaction vessel. 

 

  

 

23. Add DIEA to your acid/COMU or your acid chloride solution, then add the 
appropriate amount of this mixture to each reaction vessel. 

24. Cap the tops of the reaction vessels. Give the Bill Board a gentle shake, and let the 
reaction proceed for at least 20 minutes in the hood.  

25. Carefully remove the caps from the BOTTOM of the reaction vessels first, then 
remove the top caps. Allow the resin to drain, and rinse any resin stuck to the sides 
with CH2Cl2 from your squirt bottle. Use the air push to get all of the reagent 
solution out of the reaction vessels. 

26. Rinse caps and liners with CH2Cl2 into a beaker and blot dry with a paper towel. 
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27. Rinse the resin in each vessel three times with CH2Cl2, then again twice with DMSO. 
Use the air push to get rid of all of the solvent between each rinse. 

28. Replace the caps on the bottoms of the vessels, fill each about halfway with DMSO, 
and cap the tops of the vessels. We’ll store them this way until the next lab. 

 

 

 

29. Repeat steps 16-22 to complete reaction 4 using the appropriate solutions of 
primary amines. 

  

 

30. Use the prepared solution of Ac2O or BzCl. Add 1 mL of this mixture to each reaction 
vessel and re-cap the tops of the vessels. 

31.  Gently shake, and let the Bill-Board sit in the hood for at least 20 minutes. 

32. Carefully remove the caps from the BOTTOM of the reaction vessels first, then 
remove the top caps. Allow the resin to drain, and rinse any resin stuck to the sides 
with CH2Cl2 from your squirt bottle. Use the air push to get all of the reagent 
solution out of the reaction vessels. 

33. Rinse caps and liners with CH2Cl2 into a beaker and blot dry with a paper towel or 
kimwipe. 

34. Rinse the resin in each vessel three times with CH2Cl2. Use the air push to get rid of 
all of the solvent between each rinse. 

35. Replace the caps on the vessels and store the Bill Boards until the next lab meeting. 
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 Cleavage of Arylopeptoids from solid support (and deprotection, if needed) 

 

 

 

 Depending on your choice of amines, you will use either HFIP/CH2Cl2 or TFA to carry out 
this reaction. Trifluoroacetic acid (TFA) is a volatile and extremely hazardous chemical. It can 
cause severe burns if it comes into contact with your skin. Exercise EXTREME CAUTION when 
handling this reagent, and thoroughly wash any spills off your skin IMMEDIATELY, then tell me.  

1. Remove the caps on the tops of the reaction vessels; leave the bottom caps on. 

2. Use the prepared “cleavage cocktail” of HFIP/CH2Cl2 (4:1) OR 95% TFA, 2.5% H2O and 
2.5% triisopropylsilane. 

3. Using a GLASS pipette, carefully add about 0.5 mL of the cleavage cocktail to each 
reaction vessel.  Replace the caps on the tops of the vessels, gently shake the Bill-
Board, and let it sit in the hood for about 1.5 hour. This step will cleave the bonds 
between the arylopeptoids you have made and the resin beads. Your product will be 
dissolved in the HFIP or the TFA after this reaction, so we’ll want to collect the 
filtrate. 

4. While you’re waiting, tare and label six glass vials with your name and reaction 
vessel position (e.g., A1). Label with a sharpie, not tape. Place these tared vials into 
the vial collection rack that will attach to the Bill-Board reaction plate in place of the 
drain tray. 

5.  After the 1.5 h reaction time, carefully turn the Bill-Board reaction vessels upside-
down and unscrew the bottom caps. Place the used caps into a clean beaker filled 
with methanol. 

6. Invert the labeled vials over the appropriate reaction vessel. Be careful to match the 
vials to the right reaction vessel—the labels on the bottom side of the Bill-Board will 
help you. Then place the vial rack over the vials and invert the entire apparatus 
carefully. 

7. Remove the top caps, placing them in the beaker of methanol. Use the air push to 
push all of the filtrate into vials.  

8. Rinse each vessel with approximately 1 mL methanol, then 1 mL CH2Cl2 using the air 
push to be sure all solvent is drained from the resin.  
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9. Carefully lift the reaction plate off of the top of the vials. Be sure that none of the 
vials sticks to the bottom of the reaction plate. Cap each of the vials with your 
collected product and gently swirl to make sure the filtrate is homogeneous. 

  
 
 Analysis of purity and identity of extended peptoid products 

  
 Preparation of LC/MS sample 

 All of the samples synthesized will be subjected to analysis by liquid chromatography-
mass spectrometry (LC/MS). This analysis will give us an estimate of the purity of the compound 
and will enable us to identify it in a mixture of potential other reaction products.   
 To prepare a sample for LC/MS analysis, add 2 drops of each of your crude reaction 
product (in vials) to an LC/MS sample vial, and fill the vial with methanol. Cap the vial and shake 
gently. Label each LC/MS sample vial with your name and compound number.  
 
  

 

 

  

 

   

 


