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Exercises     1 - 1 

The following descriptions explain the goal of each exercise.  
If you like to figure things out on your own, use the 
descriptions to conduct the exercises.  If you prefer step-by-
step instructions, go to the page listed below the description. 

• Conduct a reaction substructure search for synthesis of keto 
esters.  Examples of the desired transformations are shown 
below.  Do not draw each of the reactions shown.  Draw a 
single reaction that is representative of the desired 
transformation. 
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• View the details for one of the reactions retrieved. 

For a step-by-step solution, see page 1-4. 

• Conduct a search to retrieve methods for preparing azo 
compounds from aniline.  Examples of the desired 
transformations are shown below.  Do not draw each of the 
reactions shown.  Draw a single reaction that is 
representative of the desired transformation.  Use 
substitution count to specify the unsubstituted nitrogen on 
the reactant and prevent amine oxides in the product.  

Exercise descriptions 

Exercise 1 

Exercise 2 
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• Use one of the reactions retrieved to find similar reactions 
in IMRW. 

For a step-by-step solution, see page 1-7. 

• Search for the reduction of a halogenated aromatic nitro 
group to a primary amine.  An example of this type of 
reaction is shown below. 
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• Use one of the reactions retrieved to find similar reactions 
in MDL Patent Chemistry. 

 For a step-by-step solution, see page 1-11. 

• Retrieve synthetic methods for 1,4 benzodiazepine that use 
THF or ethanol as a solvent.  Conduct a substructure search 
with benzodiazepine as product not reactant.  Conduct a 
formula search for the solvent.   
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THF Ethanol
C4H8O C2H6O

 

Exercise 3 

Exercise 4 
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• Use one of the reactions retrieved to find similar reactions 
in CrossFire Beilstein. 

 For a step-by-step solution, see page 1-17. 

• Retrieve reactions that open epoxide rings with stereo 
inversion and halogenation.  Allow five- and six-
membered rings. 
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 For a step-by-step solution, see page 1-24. 

Exercise 5 
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Synthesis of esters 

Conduct a reaction substructure search to retrieve methods for 
the synthesis of keto esters. 
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1. From the DiscoveryGate home page, click Search 

Databases.   

2. Choose Synthetic Methodology Information from the 
Database list. 

3. Double-click the Reaction box to launch MDL Draw. 

4. Click the cyclobutane template.  Click the drawing area. 

 

5. Click the All-Purpose Drawing tool.  Drag the mouse to 
draw the two single bonds. 

 

6. Click the single bonds to change them to double. 

 

Exercise 1 

Launch the MDL Database 
Browser 

Choose the Synthetic 
Methodology Information 

database 

Draw the reactant 
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7. Shift-click to select the atoms that you want to change to 
oxygen.  Type o. 

 

8. Click the Arrow tool.  Then click the drawing area to the 
right of the reactant structure. 

 

9. Click the All-Purpose Drawing tool.  Drag to draw the 
carbon framework. 

 

10. Click the bonds to change them to double. 

 

11. Shift-click to select the atoms that you want to change to 
oxygen.  Type o. 

 

Draw the reaction arrow 
 

  

Draw the product 
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12. Click Done. 

13. Choose Reaction Substructure as the search type. 

14. Click start search.  The results are displayed. 

 

15. Click Details for one of the reactions.  Scroll to view the 
data. 

 

Conduct the search 

View the search results 
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Preparation of azo compounds from aniline 

Conduct a reaction substructure search using the following 
query: 

N(s*)

N(s*)

N(s*)

 

1. Click the queries tab. 

2. Click the Reset link located to the right of the reaction box. 

3. Double-click the Reaction box. 

4. Click the benzene template.  Click the drawing area to 
draw two separate rings. 

 

5. Click the All-Purpose Drawing tool.  Drag the mouse to 
draw the bonds shown.  Click the single bond to change it 
to double. 

 

6. Click the benzene template, and then click the end of the 
single bond to attach the ring. 

Exercise 2 

Draw the query 
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7. Click the Lasso Select tool.  Shift-click to select the atoms 
that you want to change to nitrogen.  Type n. 

 

8. Right-click one of the selected nitrogen atoms, and choose 
Number of nonhydrogen substituents. 

 

9. Click As Drawn. 

 

10. Click the Arrow tool.  Click the drawing area between the 
two structures. 

 

11. Click Done. 
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12. Choose Reaction Substructure as the search type.  

13. Click start search.  

14. For one of the reactions retrieved, click Find Similar 
Reactions.  For example: 

 

15. Choose Integrated Major Reference Works as the target 
application.  Click Start Search. 

 

16. If necessary, enter your Username and Password to login to 
the IMRW database. 

17. Click a link for Broad, Medium, or Narrow search results 
from one of the licensed IMRW publications.  In this 

Conduct the search 

From the results, find 
similar reactions in the 

Integrated Major 
Reference Works 
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example, you would click the Narrow:  3Hits link for 
COFGT. 

 

 

18. Click the reference link to view the article text.  For 
example: 
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19. Close the IMRW publication windows. 
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Reduce halogenated aromatic nitro to an amine 

Conduct a reaction substructure search to retrieve reactions of 
the following type: 

N

N
+

OO

Cl

N
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Cl

 

1. Click the queries tab. 

2. Click the Reset link located to the right of the reaction box. 

3. Double-click the Reaction box. 

4. Click the All-Purpose Drawing tool.  Draw the fragments 
shown below.  Use the Arrow tool to draw the arrow. 

 

5. To apply the charges, right-click the nitrogen atom in the 
nitro group.  Choose Charge, and then click +1. 

Exercise 3 

Return to the Query page 

Draw the query 

Apply charges 
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6. Use the same technique to add the -1 charge to the oxygen. 

 

7. Right-click the uncharged nitrogen and choose Number of 
nonhydrogen substituents.  Click As Drawn. 

  

8. Shift-click to select the carbon-carbon bonds in the reactant 
and product fragments.  Right-click one of the selected 
bonds, and choose Query bond type > Aromatic. 

Specify substitution count 

Apply Aromatic query bond 
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9. Click Done.  

10. Choose Reaction Substructure as the search type.  

11. Click start search.  

12. For one of the reactions retrieved, click Find Similar 
Reactions.  For example: 

 

13. Choose Patent – MDL Database Browser as the target 
application.  Click Start Search. 

Conduct the search 

Find similar reactions in 
CrossFire Beilstein 
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14. Click the link for the Narrow Class Code search results. 

 

15. For one of the similar reactions, click Details.  For 
example: 

 

The reaction details are displayed. 



 1 - 16     Reaction Searching using DiscoveryGate  
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Synthesis of benzodiazepine 

Conduct a substructure search to retrieve synthetic methods for 
1,4 benzodiazepines that use THF or ethanol as a solvent. 
 

N

N
O

THF Ethanol
C4H8O C2H6O

 

1. Click queries. 

2. Choose Synthetic Methodology Information from the 
Database list. 

3. Click clear form on the top menu bar.  Click OK at the 
confirmation prompt. 

 

4. In the Field Index, open the Molecules > Product folder.  
Double-click Product Structure. 

 

Exercise 4 

Construct the query 

Build a custom form 
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5. In the Field Index, open the Molecules > Reactant folder.  
Double-click Reactant Structure. 

 

6. In the Field Index, open the Molecules > Solvent folder.  
Double-click Solvent Formula. 

 

The query form looks like this: 
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7. Double-click the Product Structure box.  Draw the 
structure for 1,4 benzodiazepine. 

 

8. Click Done. 

9. Right-click the structure in the Product Structure box.  
Choose Copy. 

10. Right-click the Reactant Structure box.  Choose Paste. 

11. Choose Substructure as the search type for both the 
Product and Reactant.  Then change the logical operator for 
the Reactant Structure to NOT. 

Draw the product structure 

Copy and paste the 
product structure 

Set the search type and 
logic 
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12. For the Solvent field, enter the formula query that will 
retrieve both THF (C4H8O) and Ethanol (C2H6O). 

 

13. Click show brackets.  Then apply parentheses around the 
two structure queries. 

 

14. Click start search. 

Enter the Solvent query 

Use parentheses to clarify 
search logic 

Execute the search 
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15. For one of the reactions retrieved, click Details.  For 
example: 

 

16. Click the Toxicity link for “Also found in.”  In this 
example, toxicity data for one of the reactants is retrieved. 

View details for a reaction 

View Toxicity data for a 
reaction 
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17. Click Return to Synthetic Methodology Information. 

18. Click Return to Search Results. 

19. For one of the reactions, click Find Similar Reactions.  
Enter Beilstein – MDL Browser as the target application.  
Click Start Search. 

Find similar reactions in 
CrossFire Beilstein 
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20. Click the narrow results link.  

 

21. View the similar reactions retrieved. 
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Open epoxides with stereo inversion 

Conduct a reaction substructure search to retrieve reactions of 
the following type: 

.ret.

.inv.
O

.ret.

.inv.

O

Cl

  

1. Click queries. 

2. Choose Synthetic Methodology Information from the 
Database list.  

3. Double-click the Reaction box. 

4. Click the cyclopentane template.  Click the drawing area 
twice to draw two separate rings. 

   

5. Click the Up Wedge tool.  Drag the mouse to draw the 
wedged bond.  For the reactant, join the ends of the two 
wedge bonds. 

 

6. Click the Down Wedge tool.  Drag the mouse to draw the 
bond on the product. 

 

Exercise 5 

Return to Synthetic 
Methodology Information 

Draw the query 

 

Draw stereo bonds 
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7. Click the Lasso Select tool.  Shift-click to select the two 
atoms that you want to change to oxygen.  Type o. 

 

8. Select the atom that you want to change to chlorine.  Type 
cl. 

 

9. Click the Arrow tool.  Click the drawing area between the 
two structures. 

 

10. Click the Lasso Select tool.  Shift-click to select the 
stereocenters that will invert during the reaction.  Right-
click one of the selected atoms and choose 
Stereoconfiguration at atom > Inverted in reaction. 

 

11. Shift-click to select the stereocenters that will be retained 
during the reaction.  Right-click one of the selected atoms 
and choose Stereoconfiguration at atom > Retained in 
reaction. 

Add atom symbols 
 

 

Draw the reaction arrow  
 

 

Add stereoconfiguration 
labels  
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12. Shift-click to select the two atoms that can repeat to expand 
the rings from five-membered to six-membered rings.  
Right-click one of the selected atoms and choose Repeat 
atom 1 to N.  Click 2.  

 

13. Click Done. 

14. Choose Reaction Substructure as the search type. 

 

15. Click start search. 

16. View the details for some of the reactions retrieved.  Scroll 
to view the data.  For example: 

Add repeat atoms to allow 
ring expansion 

Conduct the search 
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