
Building a Chemical Database 
In this tutorial we will build a database of COX-2 Inhibitors, perform chemical 
searching and clustering. 
 
Background COX-2 selective inhibitor is a form of non-steroidal anti-
inflammatory drug (NSAID) that directly targets COX-2, an enzyme 
responsible for inflammation and pain. Targeting selectivity for COX-2 
reduces the risk of peptic ulceration, and is the main feature of celecoxib, 
rofecoxib and other members of this drug class.  
 
Controversy After several COX-2 inhibiting drugs were approved for 
marketing, data from clinical trials revealed that COX-2 inhibitors caused a 
significant increase in heart attacks and strokes, with some drugs in the class 
having worse risks than others. Rofecoxib (commonly known as Vioxx) was 
taken off the market in 2004 because of these concerns and celecoxib 
(Celebrex) and traditional NSAIDS received boxed warnings on their labels. 
 
 



1. Click on the Molecular 
Editor button  

Sketch the COX-2 inhibitor Celebrex 

2. Use the bond 
and atom 

buttons to sketch 

3. Monitor Properties   



Add the name of the drug and export 
to chemical spreadsheet. 

1. Add Name 
“Celebrex” 

2. Export to 
Chemical 

Spreadsheet 

3. Enter as shown 



Observe new chemical spreadsheet. 



Add a new row to the chemical 
spreadsheet and add Vioxx. 

1. Right click 
“Insert New 

Row” 

2. Double click and sketh 
Vioxx shown (right)  

3. Close editor and the 
chemical will be added to 

the spreadsheet  



Now you should have two chemicals in 
your spreadsheet. 



Add the COX-2 inhibitor Bextra to the 
spreadsheet using SMILES string. 

1. Click on the Ligand Editor 
button  

2. Edit/Add 
Smiles 

3. Paste SMILES 
string 

4. Export chemical to 
spreadsheet  



Use the chemical dictionary to read in 
the drug Relafen (Nabumetone). 

1. Click and start 
typing 

“Nabumetone” 
2. Export to Chemical 

Spreadsheet  



Extract a COX-2 inhibitor from a PDB 
file. 

1. Search “4COX” 

2. Right click on 
“indomethacin” and choose 
the option “Extract Ligand”  

3. Enter as shown 



Insert additional chemical properties 
to the spreadsheet. 

1. Chemistry/Calculate 
Properties  



Search ChEMBL for COX2 inhibitors. 

1. Search by 
Target “cox2” 



Open up ChEMBL record ID 230. 



Open up the records containing IC50 data 



Download the data in XLS format and 
then open in Excel and save in comma 
separated value form (.csv) 



Read in the .csv file into ICM (File/Open) 
1. File/Open 

2. Check this 
option 

3. Click OK 



Convert the SMILES string into 2D sketch. 

1. Chemistry/Convert/ Smiles 
to 2D 

2. Enter as shown 



Chemical Searching 



Let us compare our small spreadsheet of 
COX-2 drugs with the larger set of 
inhibitors from ChEMBL. 

1. Chemistry/Compare two 
sets 

2. Enter as shown 



Let us make a new spreadsheet from the 
comparison hits. Selected compounds will 
be highlighted in blue. 

1. Right click and choose 
Copy rows to ICM Table  

2. Enter a new 
table name for 

the similar 
compounds 



Save the spreadsheets in SDF format and 
delete Cox2_Inhibitors and similar_0_5 

1. Right click “Save As” .sdf.  



Chemical Searching 

1. Click here to 
open Chemical 
Search window 



We will start by sketching a sulfonamide 
group and setting ring membership as R1 
and an Attachment Point on the Carbon 
atom. 

1. Right click on 
atom 

2. Select 
Attachment 

point 

3. Select ring 
membership R1 



Your query should look like this. 

4. Results will 
return to a new 

table called 
“result” 

5. Click Search 

3. Select 
substructure 

search 

2. Table to be 
searched 

1. Our query is 
the sketch 



Results are shown with the query 
highlighted in green. We are finding 
chemicals with sulfonamide linked between 
two substituents e.g Phenyl-Sulfonaminde-
Thiazole shown - let us filter these out (next 
step). 



By changing the connectivity of the Nitrogen 
we can find only terminal sulfonamide groups 
similar to the drug Celebrex. 

1. Right click on 
the Nitrogen 

atom and 
choose 

Connectivity 
“As Drawn” 



By changing the connectivity of the Nitrogen 
we can find only terminal sulfonamide groups 
similar to the drug Celebrex. 



Now let us expand the search a bit by 
including sulfonyl groups as well as 
sulfonamides – this will identify Vioxx like 
molecules as well. 

1. Right click on the Nitrogen atom and choose 
Element/Custom and add “N,C”  



Sulfonyl 

Sulfonamide 

Vioxx 



Chemical Clustering 



Cluster the ChEMBL_Cox2 table by chemical 
substructure. 

1. Click here to 
cluster 

2. Choose 
options as shown 



The cluster is colored by branch and is fully 
interactive. Selections can be made in the 
tree or table. The cluster distance can be 
changed by dragging the bar as shown. 

1. Drag to change 
distance 



Use the right click selection tools to find 
clusters containing known COX-2 drugs. 

1. Right click 
here for more 

clustering 
options 


