MECHANISM TUTORIAL
The objective of this tutorial is to help you learn how to do mechanism problems.  We begin with some general guidelines and then we will do a worked out practice problem together.
General Guidelines
1. Determine the differences and similarities between the original structure and the product’s structure.
2. Think about what steps could be used to accomplish the change.
a. Shifts

b. Resonance

c. Ring formations (intra- or inter-molecular) 

Some Specific Tips & Pointers
1. Envision the structure mentally before any action.
2. Look for unique repeated portions of structures.
3. Take into account the possibilities or limitations of how certain attacking atoms bond to the molecule being reacted. 

4. Take the molecule out of line notation and write out its full structure with all carbons and hydrogens. 

5. Write every step out and do not skip any steps.
6. If numbering the carbons helps you, do this.  There are two ways to do this:

a. Number everything in original and final molecule.
b. Number significant portions of the structure, i.e. if a 6-carbon ring is formed from a straight chain, number the six carbons that will form the ring. 

7. DON’T PANIC!

A Practice Mechanism Problem
The pages that follow below are a step by step worked out tutorial designed to teach you how figure out the following mechanism problem.  Follow these steps to learn how to approach and how to attack this problem, but also to learn in general how to approach future mechanism problems you will encounter in this course.
Imagine that you have been assigned the problem depicted below: 
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What is the first thing you should always do when facing any mechanism problem?

The first step of any mechanism problem is always to find and label all potential nucleophiles (possible “attackers”):
A nucleophile is a Lewis base which attacks a positive charge. A nucleophile forms a chemical bond to its “reaction partner” (the electrophile) by donating two bonding electrons.  So to look for nucleophiles, look for atoms or functional groups that have a pair of electrons available to attack other things (electrophiles). 
Fill in the structure below with lone pairs and arrow(s) to indicate or label any potential nucleophiles:
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One possible nucleophile is the oxygen atom.  Another is the double bond. 
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After you have found and labeled all the nucleophiles, you should find and label the electrophiles (possible “attackees”).    An electrophile is a species that is positive or electron deficient (somehow missing electrons). 
The only electrophile present in this problem is the H+.

Since we have found two different nucleophiles and one electrophile, we need to choose which nucleophile to use to attack the electrophile H+.  Please think about this for several minutes before looking below for the answer.  This is a crucial step and it is important to brainstorm before checking to see if you’re correct.  

But, before you move to the next page, we to need to clarify something.  Why it is important to have a nucleophile attack an electrophile?  What if you were thinking to use the oxygen atom to attack one of the carbon atoms of the double bond to form a ring?  Why is this not a good option?

Because if the oxygen atom would attack a carbon atom, that would result in 5 bonds to carbon (being that all the carbon atoms in the molecule already have 4 bonds and carbon can only have 4 bonds).   
Remember, therefore that a nucleophile MUST attack an electrophile.  You should NEVER have a nucleophile attack a nucleophile. 

Now let us return to the question of which nucleophile should attack the H+ electrophile.

There are two possible nucleophiles as we said earlier.  So either,

1. the oxygen atom attacks the proton
2. the double bond attacks the proton

We will go through both possibilities and see if either of them works.
What will happen if we have the oxygen attack the H+?   If you use one of the 2 lone pairs of electrons on the oxygen atom to attack the proton, what would result? 
 Oxygen, after attacking a proton with one of its two lone pairs, would become positively charged.
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Now what?  What should be done next?
It is not obvious what to do next to get closer to the final product.  
So, let’s try the other option, having the double bond attack the H+ and see if this works better for us.
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What would the resulting structure look like if the double bond attacked the H+?  Draw your answer below and then scroll down to see the answer.
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Does your answer match this drawing?  Did you remember to try to form the more stable (more substituted) carbocation?  See the end of this tutorial for more discussion about this.
Look at the drawing again.  Does it give you the final product required in the question? 
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No.  But what if we identify the new nucleophiles and electrophiles that are now present in this intermediate?  Do this now and then check your answer on the next page.  
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What do you think the next step could be?  If you are not sure, take a look at the final product in order to get some hints as to what to do next.
Hopefully you can see that it is possible to join the O to the C+ via a nucleophilic attack and that this will form the ring structure we require.
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Now, please draw an arrow depicting the attack of the oxygen nucleophile upon the carbocation electrophile.
Here is what your arrow should look like.  The arrow should be pointing away from the oxygen nucleophile and towards the carbocation electrophile.
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Now draw what the resulting product would look like after the oxygen attacks the carbon.
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Our product is a ring just like we need, a 5 membered ring with 4 carbon atoms and one oxygen atom all within the ring.  It is important to be able to see that a ring has been formed here. 

Go over your work and make sure that all the methyl groups coming off of the ring are in their proper positions.  Number the carbon atoms if necessary.

We are almost done. Our product closely resembles the final product, but there is one extra hydrogen on the oxygen atom giving it a positive charge. How could we get rid of this H and the positive charge? 

To get rid of the H+, the solvent simply acts as a nucleophile (or base) and picks up the H+.  At the same time, the electrons in the bond between hydrogen and oxygen get donated back the oxygen, giving oxygen back its second lone pair, making oxygen neutral and giving us our desired final product.
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Note the electrons of the O-H bond moving and becoming a lone pair on the oxygen atom.
To summarize everything we have done so far, below we have provided the entire reaction mechanism drawn out for you.  
But how did we know which carbon should get the H+ in the very first step of the mechanism?  Why not have the other carbon of the double bond attack the H+?
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Well, this would give a less stable cation (which can happen sometimes in a mechanism problem), but in this case it would not lead us to the desired product!
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Note, that if the mechanism problem had asked for product with a 6 membered ring containing an oxygen, then it would be correct and desirable to draw the less stable carbocation.

It is said that professors often ask for minor products in “show the mechanism” type questions (i.e. products that come from unstable intermediates such as primary carbocations). When you are asked to show a mechanism for a given product you must find a way to show the given product. 
There is one more issue we need to address.  Why not have the double bond attack the carbon that bears the OH group?  Isn’t that carbon an electrophile too since it has a leaving group on it?
If we let the double bond act as a nucleophile and attack a carbon electrophile, we will not get the desired 5-membered ring with 4 carbons and one oxygen: 
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 We wanted the oxygen to be in the ring. 
It should now be visible to you that a 5-membered ring of 5 carbons is not what we want and therefore, having the double bond attack first and definitely having it attack alone would be incorrect. Also, attacking the above carbon with the double bond will yield 5 bonds to carbon which can never happen. 
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