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 This part of the project builds on your experience in PartA and investigates 

how retrosynthesis might be used to design the synthesis of two very topical 

molecules that might soon be in high demand. Chloroquine and 

hydroxychloroquine are currently approved for the treatment of malaria and 

conditions such as lupus. They are also the subjects of  clinical trials to test for 

their efficacy in the treatment of patients infected with Covid-19. 
 
Part B :  
 
 

1. Login to your account at https://rxn.res.ibm.com/ by clicking  START YOU NEXT 

PROJECT 

2. Click START NEW PROJECT  , name it as “your last name”PartB and add 

healy@stedwards.edu as a collaborator 

3. Draw the molecule hydoxychloroquine – currently in clinical trials for the treatment of 

Covid-19, https://pubchem.ncbi.nlm.nih.gov/compound/Hydroxychloroquine ) in space 

If you do a retrosynthesis project in stages it's important to note 

that when you logon a second time it's necessary to click the 

"project name", click COLLECTIONS on the upper right and 

select RETROSYNTHESIS. This will return to to all the retro 

steps that you have saved already and you can continue your work 

by selecting NEW REACTION on the upper right. If you have 

forgotten to save a step, or if you want to look another analysis 

that was not saved, click the "project name", select ATTEMPTS 

on the upper panel and click RETROSYNTHESIS. 

https://rxn.res.ibm.com/
mailto:healy@stedwards.edu
https://pubchem.ncbi.nlm.nih.gov/compound/Hydroxychloroquine


provided: [Benzene ring selected from bottom panel; bond type can be selected on upper 

part of left panel; atom type can be changed using panel on the right]  

4. Select RUN RETROSYNTHESIS 

5. Use default options and select RUN RETROSYNTHESIS ( this will take a couple of 

minutes) 

6. When it finishes click SEQUENCE 4 (right panel) and ADD SEQUENCE TO 

COLLECTION  

7. Also click SEQUENCE 0 (right panel) and ADD SEQUENCE TO COLLECTION for 

use in question 3 below. 

8. Click “project name” in the upper left panel to return to RETROSYNTHESIS 

COLLECTION 

9. Click NEW REACTION and draw the structure shown to the right in 

space provided.  

10. Select RUN RETROSYNTHESIS 

11. Use default options and select RUN RETROSYNTHESIS ( this will take a couple of 

minutes) 

12. When it finishes click SEQUENCE 1 (right panel) and click ADD SEQUENCE TO 

COLLECTION . 

13. Click “project name” in the upper left panel to return to RETROSYNTHESIS 

COLLECTION 

14. Click SEQUENCE_4xxx choose ACTIONS VIEW and identify two steps of the 

synthesis. 

15. Click “project name” in the upper left panel to return to RETROSYNTHESIS 

COLLECTION 

16. Click the SEQUENCE_1xxx choose ACTIONS VIEW and identify another two steps of 

the synthesis. 

17. Click “project name” in the upper left panel to return to RETROSYNTHESIS 

COLLECTION 

18. Click SEQUENCE_4xxx choose ACTIONS VIEW and identify last step of the synthesis. 

19. Click “project name” in the upper left panel to return to RETROSYNTHESIS 

COLLECTION 



20. Take a screen shot (Fn plus END keys in windows / Shift Command plus 3 on a Mac) of 

your RETROSYNTHESIS COLLECTION, see above: 

 

Retrosynthesis  is working backwards from a "target" to a set of smaller molecules that can be 
easily purchased (you don’t have to worry about that here). This is what this software does using 
artifical intelligence to produce the pathway SEQUENCE_4xxx, in this case working back to an 
“intermediate molecules". SEQUENCE_1xxx and SEQUENCE_0xxx  then predict how you 
work back from these "intermediate molecules" to molecules that might be cheaper or more 
available as starting materials. A "synthetic scheme” is the step-by-step sequence obtained by 
putting these reactions together. Reactants are separated by a + ( for example + HBr) and the 
solvent (for example diethyl ether) is placed over the arrow () leading to the product. Please 
use the chemical drawing software:  "Marvin Sketch", available free from 
https://chemaxon.com/products/marvin and provide mechanism for as many steps as you can. 
For mechanisms that we have not covered use the work the interactive examples in the 
“Mechanism” column at http://healy.create.stedwards.edu/Chemistry/CHEM30/text30.html  
[VIDEO]. 
 
 
QUESTIONS: 
 
1. Calculate, showing your method, the yield for this synthesis [VIDEO] 
 
2. Lactams, like molecule B to the right, 

are relatively cheap starting materials 
for use in organic synthesis. Modify 
the  synthesis of hydroxychloquine to 
start from molecule B , remembering 
to show  the mechanisms involved. 

 
3.  For the original retrosynthesis of hydroxychloroquine the 
default retrosynthesis, involves a one-step synthesis using the 
molecule shown above. For the structure on the right identify a 
“manual” retrosyntheses by identifying which bond to break, and 
which specific two molecules to use to begin the synthesis. [VIDEO]  
 
4. To see if the synthesis from 3 will work, select NEW REACTION from the upper right 
panel, draw the  two molecules (no + sign needed) and choose RUN PREDICTION from the 
upper right of the screen, and after completion select GENERATE MORE STRUCTURES. The 
program will generate all the predicted products.  Based on prediction you might have to modify 
the synthesis of this molecule. [VIDEO] 
 
5. Devise a complete synthesis for the related molecule chloroquine:  
https://pubchem.ncbi.nlm.nih.gov/compound/2719 .  From the Mass Spectra available from the 
PubChem websites identify the fragments from each molecule that would allow you to use MS to 
identify which molecule you were dealing with 
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6. Finally, based on this recent Nature article on the Mechanisms of action of 
hydroxychloroquine and chloroquine write an approximate one page (times font, 12 point single 
spaced) review of these drugs focusing on their potential for benefit or harm in the treatment of 
Covid-19. Also identify any information in this article that would point to other chemical 
structures which might prove beneficial in the treatment of Covid-19. 
 
Submit a single file on Canvas as a pdf or .doc file (filename: “your last name”PartB )with the 
screen shots for the retrosynthesis of hydroxychloroquine and chloroquine, the screen shots from 
questions 2 and 4,  and the complete synthesis, with mechanism, of hydroxychloroquine and the 
answers to all questions. 
 
 

http://healy.create.stedwards.edu/Chemistry/CHEM30/Nature.pdf
http://healy.create.stedwards.edu/Chemistry/CHEM30/Nature.pdf

