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ABSTRACT 

We may know certain things about a reaction, for example, that it is acid-catalyzed. We may then do some 

additional experiments - perhaps spectroscopic - to determine what position on the molecule is protonated by the acid (alas, 

two of the common functional groups, OH and C=O, have similar basicities). Examining all the reagents that could affect 

the rate gives us the composition of the reacting "activated complex" at the transition state. Then we sit down with a piece 

of paper and a pencil and propose a theory for how the reaction occurs, showing the transformation of starting material into 

products as a series of discreet steps, each of which produces a distinct intermediate compound or ion, called an 

"intermediate". 
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INTRODUCTION 

This theory is called the mechanism. Like all theories, it is subject to modification or complete revamping when 

new experiments show that the currently accepted mechanism is incorrect or incomplete. 

The mechanism explicitly shows every intermediate compound (neutral or ionic) that we have evidence for; if we 

have no evidence for any such "intermediates", then we propose a transition state or activated complex structure. 

Basic Principles 

Chemists have a passion to understand why and how reactions occur because they want to be able to 

predict what reactions will occur when faced with new compounds. In organic chemistry, one of the first things that was 

noted was that certain groups of atoms nearly always react the same way - we now call them functional groups. 

The reactivity of functional groups can be readily understood by examining their polarity, which of course 

depends on the electronegativity of the atoms. For example, the carbonyl groups are somewhat negative at the 

electronegative oxygen and thus somewhat positive at the carbon. Polarity is indicated by a d+ or d- to tell people that the 

electrons are not shared equally, but the atoms in a carbonyl do not have a formal charge. 

 

Figure 1 

Once you understand the polarity of the organic molecule and the nature of any other reagents, you can make a 

good guess - a hypothesis - about how the molecule will react. The carbon end of this group is d+ and thus react with 

electron donors - bases or reducing agents. The oxygen end of the group is d- and thus will react with electron acceptors - 

acids or oxidizing agents. 
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To help us understand how and why these steps occur, we add one important detail to the outline of a mechanism 

above: we show how the electrons are used. For the bonds to break and form, electrons must change their affiliation: 

unshared become shared, shared with one atom become shared with another. 

We illustrate this dynamic process with a curved arrow for each electron pair which 

• Starts in the middle of the original location of the electron pair, 

• Ends at the middle of the final location of the electron pair, as shown below, and 

• Uses the electrons at a negative or d- site for binding to positive or d+ site. 

 

Figure 2 

Writing Mechanisms with Intermediates 

When you write a mechanism, you do not have to include the reaction (energy) diagram, just the steps showing all the 

intermediates. Here are the conventions for writing a particular mechanism: 

• Show all intermediates that you know about as separate sequential drawings (part E gives tips for figuring out 

what might come next). 

• Link all intermediates by straight arrows, double if you know the step is reversible and single if you know it is 

not. Each set of arrows followed by a new structure is a step. 

• Show one change in bonding for each step (e.g. for E1: ionization, removal of proton), unless you know that more 

than one bond is changed in a given step (e.g. E2). 

• If there are steps that you have little evidence about because they are after the rate determining step, use analogies 

to other known reactions to fill in the blanks (e.g. loss of a proton after an acid-catalyzed reaction) 

• If necessary, add an intermediate to the set you know about, again using analogies to other known reactions, to 

ensure that only one bond-making / bond-breaking occurs for each step. 

• If there are no known intermediates, sketch the transition state and label it as such (see F). 

Here is an annotated example using the dehydration of an alcohol: 

 

Figure 3 

Mechanisms without Intermediates 

If experiments indicate that no intermediates exist, that the reagents are converted to products in one step, the 

reaction is said to be "concerted". Such reactions are even called "no mechanism" reactions. Many of them are 

stereospecific (e.g. E2 and SN2), and we know from the rate law what ingredients go into the transition state, so we do 
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know a lot about how they happen. We do in fact know the mechanism - it is just short. To tell people what we know, we 

try to make a sketch of the transition state. There are two ways to do this: with curved arrows or with dotted lines (the 

dotted lines are a simplified version of a molecular orbital picture). The E2 reaction is shown below in both notations. Be 

sure your transition state is in parentheses to indicate its instability and labeled as such. The character traditionally used for 

transition state does not exist for html, so I have tried to generate it with the drawing program. 

 

Figure 4 

 

Figure 5 

 

Figure 6 

FACTORS THAT STABILIZE CARBOCATIONS 

If electrons were money, carbocations would be the beggars of organic chemistry. Packing a mere six valence 

electrons, these electron-deficient intermediates figure prominently in many reactions we meet in organic chemistry, such 

as 

• nucleophilic substitution (SN1) and elimination (E1) reactions 

• additions of electrophiles to double and triple bonds 

• ,electrophilic aromatic substitution 

• additions to carbonyl compounds and enolate chemistry (albeit in masked form) 

That’s a huge chunk of sophomore O-chem, right there. 

Being electron-deficient (and therefore unstable), formation of a carbocation is usually the rate-limiting step in these 

reactions. 

Knowing that, then think about this: what happens to the rate of the reaction when the carbocation intermediate is 

made more stable? Well, the energy of the transition state leading to the reaction will be lower. 

What’s that going to do to the rate of the reaction? It’s going to speed it up. 

So what are some of the factors that stabilize carbocations? 

If you look through all of your organic chemistry textbook, you’ll find 3 main structural factors that help to stabilize 

carbocations. 

Neighboring carbon atoms 

• Neighboring carbon-carbon multiple bonds 
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• Neighboring atoms with lone pairs. 

Why is this? It all goes back to the core governing force in chemistry: electrostatics. Since “opposite charges attract, 

like charges repel”, you would be right in thinking that carbocations are stabilized by nearby electron-donating groups. 

Let’s look at each of these in turn. 

Carbocations Are Stabilized by Neighboring Carbon Atoms 

The stability of carbocations increases as we go from primary to secondary to tertiary carbons. There’s two 

answers as to why this is. The age-old answer that is still passed around in many introductory textbooks points to carbons 

(alkyl groups in particular) as being “electron-releasing” groups through inductive effects. That is, a carbon 

(electronegativity 2.5) connected to hydrogen (electronegativity 2.2) will be electron rich, and can donate some of those 

electrons to the neighboring carbocation. In other words, the neighboring carbon pays the carbocation with electrons it 

steals from the hydrogens. The second, (and theoretically more satisfactory explanation) is hyperconjugation, which 

invokes stabilization through donation of the electrons in C-H sigma bonds to the empty p orbital of the carbocation. 

Whatever the explanation, this factor governs many key reactions you meet in Org 1 – fromMarkovnikoff’s rule, 

to carbocation rearrangements, through understanding the SN1 and E1 reactions 

 

Figure 7 

CARBOCATIONS ARE STABILIZED BY NEIGHBORING CARBON-C ARBON MULTIPLE BONDS 

Carbocations adjacent to another carbon-carbon double or triple bond have special stability because overlap 

between the empty p orbital of the carbocation with the p orbitals of the π bond allows for charge to be shared between 

multiple atoms. This effect, called “delocalization” is illustrated by drawing resonance structures where the charge 

“moves” from atom to atom. This is such a stabilizing influence that even primary carbocations – normally very unstable – 

are remarkably easy to form when adjacent to a double bond, so much so that they will actually participate in SN1 

reactions. 

 

Figure 8 

Mechanism of Dianions in Synthesis 

We have discussed the regioselective reactions of this active methylene carbon (C-2) in ethylacetoacetate. Can  

regiospecifically trap C-4 via the dianion.  
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Figure 9 

Carbonyl Addition and Carbonyl Substitution – Aldol  and Claisen Reactions 

Usually self-condensations, these reactions combine nucleophilic attack and �-substitution as the first step. 

Mechanism of the Aldol Condensation of Aldehydes and Ketones 

 

Figure 10 

Note the Aldol condensation can also be performed with acid catalysis in which dehydration usually follows . NB 

dehydration drives the reaction when the equilibrium is unfavourable. 

 

Figure 10 

 

Figure 11 

Mechanism of Claisen Condensation of Esters 

 

Figure 12 

Note: the only difference between the Aldol and Claisen reaction is the fate of the tetrahedral intermediate – 

Claisen expels alkoxide, Aldolalkoxide is protonated. 

Mixed Aldol and Mixed Claisen Condensations 

These are not very useful generally as there are four potential products. However, they can be useful if one 

component has no �-H. 
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Mixed Aldol 

 

Figure 13 

Mixed Claisen Condensations 

Only successful when one of the ester components has no �-H e.g. PhCO2Et OR HCOOEt. 

 

Figure 14 

C-C Bond Formation to Make Rings 

Mechanism of Intramolecular Aldol Reactions and Claisen Condensations 

When certain dicarbonyl compounds are treated with base intramolecularAldol reactions can occur. Similarly 

diesters can undergo intramolecularClaisen Condensations (this reactions is known as the Dieckmann cyclisation). 

Aldol 

 

Figure 15 

The intramolecular Aldol condensation forms the basis of a very useful method for making rings – The Robinson 

Annulation Reaction: 

 

Figure 16 

Mechanism of IntramolecularClaisen Condensations – The Dieckmann Cyclisation 

Reaction works best with 1,6 or 1,7 diesters to give 5 or 6 membered rings 

 

Figure 17 

Regioselective Formation of Enolate  
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Figure 18 

 

Figure 19 

Alkylation is regiospecific. 

Mechanism of the Wittig Reaction 

 

Figure 20 

Very useful method for alkene synthesis as the position of the double bond is known. The first step is formation of 

a Phosphorus Ylide (a neutral compound with C- and P+). 

 

Figure 21 

Mechanism of Dithiane Anions 

Acyl anion equivalents which exhibit Umpolung (reversed polarity p 907). Two S atoms attached to the same 

carbon atom of a 1,3-dithiane cause the H atoms to be more acidic (pKa about 32) than normal alkyl C-H. 

1,3-dithianes are easily prepared from aldehydes, they are thioacetals. 

 

Figure 22 

Radical Dimerisation Reactions Leading To 1, 2-diO Pattern 

Pinacol Formation 

 

Figure 23 
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Mechanism of Acyloin Condensation: 

Similar to ester dimerisation, used traditionally to make large rings. 

 

Figure 24 

Now improved by Addition of Me3SiCl which Traps the Intermediate Dianion 

 

Figure 25 

PREPARATION OF BETA-DICARBONYL COMPOUNDS : 

A. Claisen Condensation 

An ester which must have at least two acidic alpha-hydrogens can condense with another molecule of the same 

ester to yield a beta-ketoester. Requires a stoichiometric amount of an alkoxide and its corresponding alcohol.  

B. Retro-Claisen 

Occurs if the carbon between two beta-dicarbonyl carbons in a ketoester has one or no acidic alpha-hydrogens on 

it. An alkoxide and corresponding alcohol are the reagents.  

C. Mixed Claisen 

Condensation with two different esters: One of the esters should have no alpha hydrogens so that only one product 

is produced.  

D. Dieckmann Condensation 

An intramolecular Claisen Condensation which works best with 1, 6 and 1, 7 diesters to form 5-membered and 6-

membered rings, respectively.  

 

E. Double Claisen 

Condensation: With diesters and dicarbonyls [as CH3O(C=O)(C=O)OCH3] to give cyclic compounds. It starts 

with an intermolecular Claisen Condensation followed by a intramolecular Claisen Condensation. (May not have been 

covered in lecture and is not it text.) . 

F. Mixed Claisen 

Condensation between Ketones and Esters: Can get beta-diketones (also get beta-ketoesters with carbonates and 

ketones, and get beta-ketoaldehydes with formates and ketones). O HCOR O Carbonates, ROCOR ; formates, 1. Learn: 
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Alpha-hydrogens on ketones are more acidic (pKa ≈ 20) than alphahydrogens on esters (pKa ≈ 25), so mixed products can 

be avoided. (Also learn: alphahydrogens between carbonyl groups in β-diketones, (pKa ≈ 9), alpha-hydrogens between 

carbonyl groups in β-ketoester, (pKa ≈ 11), and alpha-hydrogens between carbonyl groups in β-diester, (pKa ≈ 13).  

BETA-DIKETONE SYNTHESIS WITH KETONES AND ESTERS. CH 2 CH3COOET 

 

Figure 26 

 

Figure 27 

 

Figure 28 

 

Figure 29 

 

Figure 30 
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Figure 31 

 

Figure 32 

Hoffman Rearrangement  

 

Figure 33 

Reactions of Carbonyl and Di Carbonyl compounds : 

 

Figure 34 

 

Figure 35 
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Figure 36 

 

Figure 37 

Mechanism of Nucleophile Reactions 

 

Figure 38 

Carbanion Attack at a Carbonyl Group 

A subtle, but important, point must be made before we can extend our understanding of acid-base chemistry to the 

reaction between a Grignard or alkyllithium reagent and a carbonyl group. The data in the table of Bronsted acids and their 

conjugate bases reflect the strengths of common acids and bases when they act asBronsted acids or bases. These data 

predict that methyllithium should react with acetylene to form methane and an acetylide ion, for example. 

 

Figure 39 

This reaction should occur because it converts the strongest of a pair of Bronsted acids and the stronger of a pair 

of Bronsted bases into a weaker acid and a weaker base. 

 

Figure 40 
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Figure 41 

Despite the enormous utility of the Grignard reagent in organic chemistry, the exact mechanism of the reaction 

between these reagents and a carbonyl is not known. There is reason to believe that two molecules of the Grignard reagent 

are involved in this reaction. The magnesium atom of one molecule of this reagent acts as a Lewis acid that interacts with 

the oxygen atom of the carbonyl group. The alkyl group of the other reagent then acts as a Lewis base, attacking the 

positive end of the carbonyl. 

In essence, this reaction involves the attack by a negatively charged CH3
- ion at the positively charged end of the 

carbonyl group. When this happens, the pair of nonbonding electrons on the CH3
- ion are used to from a C C bond. 

This, in turn, displaces the pair of electrons in the bond onto the other end of the carbonyl group. 

The second molecule of the Grignard reagent, which binds at the oxygen end of the carbonyl, isn't consumed in the 

reaction. Its function is simple. When it acts as a Lewis acid, binding to the oxygen atom in the C=O double, it increases 

the polarity of this bond. By making the bond more polar, it increases the rate at which the CH3
- ion attacks the positive 

end of the C=O bond. 

Rearrangements Via Neighbouring Group Migration 

NOTE 

Important charges and non-bonding electrons are shown throughout the animation except during the transition phase 

 

Figure 42 

The hydrolysis of the chlorosulfide proceeds to give the expected product. 

However, the reaction is 10,000 times faster than the reaction of the corresponding 

Ether, CICH2CH2OCH2CH3. This rate enhancement has been 

Credited to the ready formation of a cyclic sulfonium ion due to intramolecular 

Displacement of chloride by sulfur, followed by rapid nudeophilic reaction 

Of water with the intermediate sulfonium ion 

 

Figure 43 
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Figure 44 

 

Figure 45 

In this rearrangement OH replaces Cl but with a change in the molecular structure. The substitution goes with 

complete rearrangement – the amine ends up attached to a different carbon. The reaction starts off looking like a 

neighbouring group participation. The intermediate is an aziridinium ion (nitrogen analogue of an epoxide). The hydroxide 

ion chooses to attack the less hindered terminal carbon 1, and a rearrangement results – the amine has migrated from 

carbon 1 to carbon 2. 

 

Figure 46 

Cyclic ketones have two alpha-carbon atoms, each of which might shift to the nascent 1º-carbocation. If R = H in 

the case shown here, these two groups are identical and on shifting give the same product. If R = CH3, the 2º-alkyl group 

shifts preferentially, the chief product being 3-methylcyclohexanone; the 2-methyl isomer is a minor product. The second 

reaction is informative because it demonstrates that the chiral 2º-butyl group moves with retention of configuration. 

 

Figure 47 

Anchimeric assistance not only manifests itself in enhancement of ionization, but also influences the 

stereochemical outcome of reactions.  
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Figure 48 

The acetolysis of diastereomeric 3-phenyl-2-butanol derivatives provides an example. This alcohol has two chiral 

centers, and therefore has four stereoisomers in the form of two pairs of enantiomers. The diastereomeric configurations 

are called erythro  and threo, according to their correlation with the tetroses erythrose and threose. As a rule, erythro 

isomers may assume an eclipsed conformation in which identical or similar substituents on the two stereogenic sites 

eclipse each other. Threo isomers cannot assume such a conformation. In the following diagram, a tosylate derivative of 

one enantiomer of each diastereomer is drawn as a Fischer projection. These isomers were solvolyzed in hot acetic acid 

solution, buffered with sodium acetate, and the configurations of the resulting acetate esters were determined. As expected 

from a SN1 process, some E1 elimination product was also obtained. Remarkably, each diastereomer is converted to its 

equivalent diastereomeric acetate (retention of configuration). Furthermore,the erythro compound retains its enantiomeric 

purity; whereas the threo tosylate gives racemic acetate and is itself racemized during reaction. If an open carbocation 

intermediate were formed in these reactions, mixtures of erythro and threo acetates would be expected from both tosylates, 

but only trace amounts of the opposite diastereomer were found among the products. 

 

Figure 49 

 

Rearrangements of Cationic Oxygen 

Protonation of the divalent oxygen atom of alcohols and ethers by strong acids produces a tricoordinate oxonium 

cation. Because the oxygen of an oxonium ion has a valence shell octet, it does not constitute an electron deficient site and 

cannot serve as a rearrangement terminus. To induce rearrangement in the same manner as a tricoordinate carbocation, 

oxygen must be converted to a unicoordinate oxacation, as noted in the following diagram. A 1,2-alkyl or aryl shift then 

transforms a relatively unstable oxacation into a more stable carbocation. 

 

Figure 50 

The simplest precursor of an oxa cation is a peroxide or equivalent derivative (e.g. R-O-OH or R-O-X). Removal 

of hydroxide anion from a hydroperoxide is energetically unfavorable, unless it is initially converted to a better leaving 
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group in a manner similar to that used to facilitate substitution reactions of alcohols. By protonating the hydroxyl group, 

the leaving group becomes water, thus generating an oxacation. A useful industrial procedure for preparing phenol (and 

acetone) is based on this strategy. 

 

Figure 51: Rearrangement with Nitrogen Atom , Oxygen Atom 

 

Figure 52 

 

Figure 53 

Rearrangements of Acyl Carbenes 

The rearrangement of acyl nitrenes to isocyanates that is the crux of the Hofmann, Curtius and Lossen 

rearrangements, is paralleled by the rearrangement of acyl carbenes to ketenes, a transformation called the Wolff 

rearrangement. This rearrangement is a critical step in the Arndt-Eistert  procedure for elongating a carboxylic acid by a 

single methylene unit, as described in the diagram below. The starting acid, written on the left, is converted first to an acyl 

chloride derivative, and then to a diazomethyl ketone. Diazomethane has a nucleophilic methylene group, as indicated by 

the resonance formulas drawn in the shaded box. Acylation of the methylene carbon produces an equilibrium mixture of a 

diazonium species and the diazomethyl ketone plus hydrogen chloride (written in brackets). If the HCl is not neutralized by 

a base, this mixture reacts further to give a chloromethyl ketone with loss of nitrogen. However, if the HCl is neutralized as 

it is formed, the relatively stable diazo ketone is obtained and may be used in subsequent reactions.  

Since diazomethane itself may function as a base, the course of a given reaction is established by the manner in which the 

reactants are combined. When an ether solution of diazomethane is slowly added to a warm solution of the acid chloride, 

nitrogen evolution is observed and the chloromethyl ketone is the chief product. One equivalent of diazomethane is 

required for this reaction. If the addition is reversed, so that a cold solution of the acid chloride is added slowly to an 
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excess of diazomethane in cold ether solution, nitrogen evolution is again observed; but two equivalents of diazomethane 

are consumed. The products are the diazo ketone and methyl chloride (a gas) from the reaction of diazomethane with HCl.. 

 

Figure 54 

To carry out the Arndt-Eistert reaction the diazo ketone is decomposed in the presence of a silver catalyst (usually 

AgO2 or AgNO3 ) together with heat or light energy. The resulting Wolff rearrangement generates a ketene, which quickly 

reacts with any hydroxylic or amine reactants that may be present in solution. The general equations on the left below 

illustrate that the end product from the Arndt-Eistert reaction may be a carboxylic acid, an ester or an amide. 

 

Figure 55 

Rearrangement by Diazo Ketone Reactions 

The Arndt-Eistert reaction is a special case of a more general class of diazo ketone reactions. If we assume that 

diazo ketones normally decompose to acyl carbenes, then numerous subsequent reactions can be imagined, and many have 

been realized. The following diagram outlines some of these transformations, originating from the diazo ketone formula in 

the center of the diagram. Molecular nitrogen is lost in each case, and the Wolff rearrangement path is on the left. Most of 

the other reactions reflect the ability of carbenes to insert into sigma bonds or add to double bonds. Metal catalysts are 

sometimes used to facilitate certain reactions, and may associate with carbenes to generate carbenoid intermediates.. 

 

Figure 56 

Ring expansion Reactions 

Ring expansions are valuable because they allow access to larger systems that are difficult to synthesize through a 
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single cyclization due to the slow rate of formation (seven member and larger rings).[1] Classifying ring expansions by the 

mechanism of expansion and the atom(s) added allows one to see the similarities between different expansions methods 

and different incorporated atoms. The broadest classification comes by the mechanism of expansion. The rings can be 

expanded by attack of the ring onto an outside group already appended to the ring (a migration/insertion), opening of a 

bicycle to a single larger ring, or coupling a ring closing with an expansion.[2]These expansions can be further broken down 

by what type of atom they incorporate (a carbon or a heteroatom) into the expanded ring. 

 

Figure 57 

Ring Expansion Means Rearrangement 

 

Figure 58 

Carbon Insertion Reactions 

Carbon insertions are tremendously useful reactions which introduce an additional carbon atom into the ring. 

These reactions are used in the synthesis of many drugs and natural products.[2] These can proceed through any of the 

mechanisms listed above. 

 

 

Figure 59 

 

Figure 60 

Carbon Insertion through Migration to an Exocyclic Group 

These reactions have the general features of having an exocyclic leaving group on a carbon adjacent to the ring and an 
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electron donating group on the ring capable of initiating a migration of an endocyclic bond. 

A common migration introduction of carbon is a pinacol rearrangement.[2] While this reaction refers specifically 

to a vicinal dihydroxide rearrangement, there are other pinacol type rearrangements that proceed through the same general 

mechanism such as the Tiffeneau-Demjanov rearrangement. These "semipinacol rearrangements occur under milder 

conditions and are thus preferable in complex syntheses.[3] These reactions are useful beyond simply expanding a ring 

because the exocyclic group attacked may also have other functionality appended to it besides the leaving group. The 

group to which the endocyclic bond migrates can also be selectively added to the ring based on the functionality already 

present, for example 1,2 addition into a cyclic ketone. 

 

Figure 61 

 

Figure 62 

Carbon Insertion through Opening of a Bicycle 

Carbon introduction through the opening of a bicyclic system is way to introduce either a single carbon or several 

at a time to the ring. The single carbon introduction often goes through a cyclopropane containg bicyclic intermediate, 

which is then opened to give the expanded ring. The expansion can occur either through an electrocylic ring opening or an 

induced cleavage of the shared bond. These reactions are differentiated in terms of how the carbon is added to form the 

cyclopropane ring. A Simmons-Smith like reaction with an alkene containing ring can be used to introduce a single 

carbon.[4] Other methods exist to cyclopropantate other functionalities, such as the Buchner ring expansion for arenes. 

 

Figure 63 

The formation of the cyclopropane ring in a single carbon expansion allows the introduction of additional 

functionality along with the ring expansion, provided the additional functionality is appended to the carbon being inserted. 

The target of cyclopropanation also varies depending on the conditions used. The Simmons-Smith reaction adds to alkenes 

while the Buchner ring expansion allows addition to typically unreactive arenes. The Buchner ring expansion is useful 

because it gives cycloheptatrienes as the ring opened products, which are found in the core of some natural products, such 

as azulenes.[5] 

An important consideration in these ring expansions is the ring opening to an expanded ring and not an exocyclic 
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group on the original ring or an unopenable product. The Buchner ring expansion is encouraged to open to the desired 

product by placing electron withdrawing groups on the carbon added. In order to perform the ring opening on saturated 

bicyclic molecules the cyclopropane must be introduced such that a neighboring group can facilitate the expansion[6] or the 

ring must be opened by attack from an outside group.[4] 

Ring opening as a means of ring expansion can also be applied to larger systems to give access to even larger ring 

systems that cannot be accessed through a single cyclization. The Grob fragmentation can be applied as an example of such 

an expansion.[7] Like the pinacol type migration the Grob fragmentation relies on an electron donating group to promote 

the bond migration and encourage the leaving group to be expelled. In this case the electron donating group can be a 

pseudo electron donating group which is capable of eliminating and donating an electron pair into the carbon with the 

breaking bond. Working with two smaller rings can allow for elaboration of two parts of the molecule separately before 

working with the expanded ring. 

The Dowd-Beckwith ring expansion is also capable of adding several carbons to a ring at a time, and is a useful 

tool for making large rings.[8] While it proceeds through an intermediate bicycle the final cyclization and ring opening take 

place within the same radical reaction.[9] This expansion is useful because it allows the expansion of a beta-ketoester to a 

large cyclic ketone which can easily be elaborated using either the cyclic ketone or the exocyclic ester. 

Heteroatom Insertion Reactions 

Heteroatom additions to rings can occur through ring expansions if not they are not done through de novo ring 

synthesis. Heterocycles are important because they are found in many natural products and drug targets.[10] Being able to 

selectively introduce a heteroatom allows one to control the siteand at what point in a synthesis a delicate, and possibly 

reactive functionality is introduced. These introductions are primarily ring expansions because they often take place 

through migration/insertion pathways similar to those mentioned above for carbon. Examples include high impact 

applications of the Beckmann rearrangement (for introduction of nitrogen into codeine)[11]and the Baeyer-Villiger 

oxidation (introduction of oxygen to cage-annulated ethers)[12] in synthesis. Both occur with the expulsion of a leaving 

group as the alkyl group migrates onto the exocyclic heteroatom, which is strikingly similar to the pinacol type 

rearrangement. 

 

Figure 64 

Ring Contraction Reactions 

 

Figure 65 
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Figure 66 

Ring contractions are useful for making smaller, more strained rings from larger rings. The impetus for making 

these rings comes from the difficulty associated with making a fully elaborated small ring when such a ring could more 

easily be made from an elaborated larger ring, from which an atom can be excised, or that the original larger scaffold is 

more accessible.[13] 

Ring contractions are easily characterized simply by the reactive intermediate which performs the contraction. 

The standard intermediates are anionic, cationic, and carbenoid.[14-23] 

 

Figure 67 
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