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This document contains a brief intro to InChI suitable for undergraduate students and two exercises, with answer keys.  The first assignment asks about the information encoded in a sample InChI.  The last question in this assignment asks students to use the InChI Key as a search term – this will be a lot easier to do if this information is available digitally so that students can simply copy and paste the InChI key rather than typing it by hand into wikipedia.

The second exercise asks students to draw several simple organic compounds with an appropriate computer application and generate the InChI and InChI key.  Most commonly used structure drawing programs will readily generate the InChI and InChI key for a structure.  In addition there are a number of online services that have a structure drawing application that will generate an InChI or InChI key.  Grading this exercise will be much easier if done digitally.

Both exercises were written with the intention that students would complete them on line using a Learning Management System (LMS) such as Blackboard, Canvas, Moodle, etc., where the students would copy and paste an appropriate InChI or InChI KEY into a text box, which the LMS would compare with the correct answer which was submitted by the instructor.

Some programs may generate the non-standard InChI instead of the standard version. In many cases the only difference will be the “S” in the InChI that indicates the standard format.  If this becomes an issue, you should check the software being used to generate the InChI.  For example, ChemSketch allows the user to specify several options for InChI's generated by the program that are located in the tools menu under InChI Options.
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Introduction to the International Chemical Identifier (InChI )
The International Chemical Identifier (InChI) describes the structure of a chemical in a way that is useful for computer use.  InChI was designed by the International Union of Pure and Applied Sciences (IUPAC) as a plain text, non-proprietary way to uniquely describe a molecule. The InChI for a compound can be read by humans, but is designed for computer use.  With the tremendous growth in the use of the Internet for science, online databases, and Big Data, it is valuable to have a way to designate specific molecules exactly and uniquely.   It is not necessary to compose InChI by hand, but it is useful to understand how they communicate chemical structure.

The InChI for a compound can be quite long, so for ease of use in searches, the InChI Key can be used instead.  The InChI Key is generated by a computer algorithm that converts the Standard InChI to a string that is always 27 characters long.   The structure can be recovered as a picture from the InChI, but because of how it is generated, the InChI Key cannot converted back into the InChI or to a structure.

Example:  1-bromo butane


InChI=1S/C4H9Br/c1-2-3-4-5/h2-4H2,1H3


InChI Key  
MPPPKRYCTPRNTB-UHFFFAOYSA-N

Every InChI starts with “InChI=” followed by the version number, which in this case is version 1.  The “S” indicates that the InChI is “standard” and does not include any optional information.  The rest of the InChI is organized in sections called layers – each layer starts with a forward slash “/”. 

The first layer is always the molecular formula, every other layer the forward slash is followed by a lower case letter indicating what is described in that layer.  The connection layer starts with a “c” and describes how the non-hydrogen atoms are connected to one another.  This layer can include some hydrogens in special cases.  The next layer in this example is the hydrogen layer and it starts with an “h.” The hydrogen layer describes where the hydrogens in the molecule are located.  Depending on the molecule there may be additional layers for charge, stereochemistry or other structural features.  Many organic compounds will have just the formula, connection and hydrogen layers in their InChI.

Any compound without any hydrogens will only have the formula and connection layers:


InChI=1S/CO2/c2-1-3


InChI=1S/CO/c1-2 


InChI=1S/O3/c1-3-2

Any compound with only one non-hydrogen atom will lack the connection layer


InChI=1S/CH4/h1H4


InChI=1S/H3N/h1H3


InChI=1S/H2O/h1H2


InChI=1S/FH/h1H

Single atoms will have only the formula layer


InChI=1S/Ne

No matter how simple or complex the molecule, the InChI Key is always 27 characters long:  14 upper case letters, a hyphen, 10 upper case letters, another hyphen then a single upper case letter.  The 14-letter block encodes the connection information in the InChI and the first 8 characters in the 10-letter block encode the rest of the information in the InChI.  The last three letters are flags that indicate:  whether the Standard InChI used (S=standard), the version number (A=1, B=2, etc.), and Charge (N = neutral).  Unlike the InChI, the InChI Key does not include the words “InChI Key.”

In a non-standard InChI, the “S” following the version number would be absent and there will be other differences in both the InChI and the InChI Key.

Online you can use these services to generate the InChI for a compound:

NCI/CADD Chemical Identifier Resolver

https://cactus.nci.nih.gov/chemical/structure

Select desired output from the pull-down menu labeled “convert to:” 


click the button that says “Structure” to open the structure drawing app


draw the structure and click “Done”


the resolver will first determine the SMILES string, and then output the requested format.

http://www.cheminfo.org/ has an online service to generate InChI 

http://www.cheminfo.org/Chemistry/Cheminformatics/Generate_InChI/index.html

PubChem Sketcher

https://pubchem.ncbi.nlm.nih.gov/edit2/index.html
Using the menu at the top labeled SMILES, select either InChI or InChI key.  Draw the compound and the identifier you chose will be shown in the text box across the top.  To export as a file, select format to export from the menu then click “Export” to export the file.


Warning:  clicking on “Done” closes the window.

Chemical databases (ChemSpider, PubChem, etc) can provide the InChI if the compound is already present in the database.

Some programs that are free for personal and academic use:

ChemSketch (Windows only) free for personal and academic use, available from https://www.acdlabs.com/

JchemPaint (java) free and open source, https://jchempaint.github.io/

Bkchem (python) free software written in Python, http://bkchem.zirael.org/index.html
on platformas other than Windows the Inchi software has to be installed separately

MarvinSketch (java) free for individual, academic and non-commercial use, https://chemaxon.com/products/marvin
InChI Homework #1 – Understanding the InChI and InChI Key
[image: image1.png]



Consider this compound

InChI=1S/               /c1-9(2)7-4-5-10(9,3)8(11)6-7/h7H,4-6H2,1-3H3

Key: DSSYKIVIOFKYAU-UHFFFAOYSA-N 

What version of the InChI software generated this InChI string?

Is this a Standard InChI or a non-Standard InChI?  How do you know?  How does the InChI Key tell you this?

What information is described in the second layer of this InChI?

What information is described in third layer of this InChI?

In the second layer of this InChI, what atoms are connected to atom number 5?

The first layer of this InChI is missing.  Use the image and fill-in the missing information.

Use the InChI Key to search wikipedia – what is the common name for this compound?

InChI Homework #1 – Understanding the InChI and InChI Key  

 ANSWERS
InChI=1S/               /c1-9(2)7-4-5-10(9,3)8(11)6-7/h7H,4-6H2,1-3H3

Key: DSSYKIVIOFKYAU-UHFFFAOYSA-N 

What version of the InChI software generated this InChI string?


Version 1  - the number right after “InChI=“  is the version number
Is this a Standard InChI or a non-Standard InChI?  How do you know?  How does the InChI Key tell you this?


This is a Standard InChI – the “S” following the version number indicates this.


The InChI Key has an “S” three letters from the end
What information is described in the second layer of this InChI?

The second layer starts with a “c” meaning this is the connection layer that describes how the non-hydrogen atoms are connected to one another
What information is described in third layer of this InChI?

The third layer starts with an “h” indicating that it describes the locations of the hydrogen atoms in the molecule
In the second layer, what atoms are connected to atom number 5?


atoms 4 and 10 are connected to atom 5
The first layer of this InChI is missing.  Use the image and fill-in the missing information.


The formula is  C10H16O
Use the InChI Key to search wikipedia – what is the common name for this compound?


The common name is CAMPHOR
InChI Homework #2 - Practice using InChI
The most common way for organic chemists to communicate about molecules and reactions is to draw the structure or reaction.  Computers don't understand such pictures of molecules very well.  When you draw the structure of a molecule with a molecular drawing program, the computer converts the picture into a text-based description.


Entering the name of the molecule to communicate with the computer is not always as simple as it should seem. You may not know the name of the compound, and even if you did most organic molecules can be named in many different ways.  All the following are names for methanol: methyl alcohol, hydroxy methane, methyl hydroxide, methyl hydrate, methylol, wood alcohol.  

Instead of using names or pictures for this exercise, you are going to use the InChI or InChI Key. 

Caution: if there is more than one molecule displayed , the InChI's will be generated for all structures. To make sure you use the correct values you might want to only have one structure displayed at a time and delete the previous structures.

Hexane

2-methyl-3-ethyloctane

1,1-dibromocyclopropane

3-pentanol or pentan-3-ol

1-butene or but-1-ene

InChI Homework #2 - Practice using InChI - ANSWERS
Hexane


InChI=1S/C6H14/c1-3-5-6-4-2/h3-6H2,1-2H3


VLKZOEOYAKHREP-UHFFFAOYSA-N
2-methyl-3-ethyloctane


InChI=1S/C11H24/c1-5-7-8-9-11(6-2)10(3)4/h10-11H,5-9H2,1-4H3


ITDXDXCBDQBZEB-UHFFFAOYSA-N
1,1-dibromocyclopropane


InChI=1S/C3H4Br2/c4-3(5)1-2-3/h1-2H2


RGDPYGJFXILIQP-UHFFFAOYSA-N
3-pentanol or pentan-3-ol


InChI=1S/C5H12O/c1-3-5(6)4-2/h5-6H,3-4H2,1-2H3


AQIXEPGDORPWBJ-UHFFFAOYSA-N
1-butene or but-1-ene


InChI=1S/C4H8/c1-3-4-2/h3H,1,4H2,2H3


VXNZUUAINFGPBY-UHFFFAOYSA-N
