Secrets of Synthetic Planning
A guide from Diana P. of the Learning Center
When writing a synthesis for any molecule, it’s important to realize that while you are expected to memorize reagents, the most important part is the retrosynthetic thinking process:  “Which organic reagents could have possibly led to this product? Which organic reagents could have led to the abovementioned reagents?” and so on….  
Remember that while there may be multiple ways to synthesize a product, your objective is to make your life easier. This document has been created for this sole purpose. Once you do the hard part and figure out the likely preceding organic reagent(s), you can do the easy part and look up the inorganic reagents required for each step. You will notice that as you practice more and more in this way, you will have learned many reagents and will have become adjusted to thinking retrosynthetically.
NOTE: Many times you need to take what I call a STEP BACK before and/or after you go on to the following steps (see below). This means that if you are looking at something that is hard to recognize, look for obvious patterns of a reaction that could have happened to get to the  product and then step back to what it had just been made from that might be much easier to build to using common reagents. 
1.  Ask yourself, am I changing the number of carbon atoms in this synthesis?
a. No ( then I just need to change some functional groups – easily done!
b. Yes ( how many am I starting with vs. how many do I end up with? 
Disconnect:   Break the chain into groups matching the number of carbons that you are allowed to start with – try to do this symmetrically if possible or in such a way that will make your life easier (for example: try to keep a symmetrical number of carbons and oxygens on every component if that’s possible).

c.  Proceed to the next step:

i. If the new bond you need to form is a C—O, then it is easier to have the C side come from an electrophile and the O side come from a nucleophile (because the O is more electron rich).
ii. If the new bond you need to form is C—C then I need to inspect the side that the C’s are coming from: 

1. Is there an obvious ex-nucleophillic side? At the point where the carbons were newly connected, look for a c=c (c to c triple bond) – this makes for a great nucleophilllic substitution product that started out as some electrophile + a terminal alkyne.  If there is no c=c, look for another type of pattern.
2.  Is there an obvious ex-electrophillic side? Choose the side that has oxygens anywhere on or near the C that was just attacked – that will be the side that was the electrophile (because any carbon that was originally attached to a oxygen was partially positive to begin with and therefore a good center of attack).
3.  There won’t always be an oxygen or a functional group derived from oxygen in the product.  
c. Once I decide which part of my molecule came from an electrophile and which came from the nucleophile, I draw an arrow going to my product from the nucleophile and electrophile. The nucleophile might have a negative charge on the atom attacking.  You need to figure out what the electrophile must have looked like.
d. There are 3 really common general electrophillic functional groups in first semester Organic:  Carbonyl, Epoxide, or Alkyl-LG (e.g. Alkyl-X or Alkyl-Ots).

i. If the final product here has any form of O on the same carbon that was attacked by our nucleophillic carbon, the electrophile was some sort of a carbonyl.
ii.  If the final product here has any form of O on the adjacent carbon to the one that was just attacked, the electrophile was some form of an epoxide.
iii. If the final product here has no oxygens, not on the same carbon as the nucleophile and not on an adjacent carbon, the electrophile simply had a good leaving group on the carbon that was just attacked by the carbon of our nucleophile. This means that the other carbon that formed the new c-c bond, had  to have been negative prior to attack – a carbon must have carried a negative charge! We learn how to achieve this in chapter 8 (HC=CH ( strong base ( HC=C- ) and chapter 15 (Grignard, Gillman, Organolithium).
e. Finally, you can easily build up to the electrophile and nucleohpile using the starting material and your common reagent vocabulary.
2- Side notes:

a. Protecting groups:  Don’t forget that sometimes you may need to use these.
b. Side products:  If you have a choice between using a reagent that creates unwanted products or a reagent that does not create side products, choose the one that gives you the purest product. But don’t spend time analyzing at every reagent during the exam. Just do your best and remember – there’s no better way to relieve exam stress than to prepare overly well beforehand.
c. Also when faced with a choice, don’t core ideas that you have learned about certain intermediates and products that are favored over others (e.g. markovnikov, zaitsev, etc.)

Good Luck!
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