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ABSTRACT 

Several methods exist for the synthesis of alkanes including Corey’s synthesis, Wurtz reaction, 

reduction of alcohols and aldehydes, Kolbe’s electrolysis, hydrogenation of alkenes, and Grignard 

reaction. Among the available methods, the age-long Corey’s synthesis presents robust advantages of 

yielding symmetrical, unsymmetrical, straight chain and branched chain alkanes. Moreover, it allows of 

generating high yields of alkanes by utilizing primary alkyl halide and an array of lithium dialkyl copper 

ranging from primary, secondary to tertiary. Corey’s synthesis has also been implicated in the synthesis 

of various organic compounds such as (+)-taylorione, terminal alkynes, caribenol A, ketones, and 

aldehydes. In this work, an explanation of the general concept in the Corey’s synthesis is provided. 

Furthermore, specific examples of Corey’s reactions and modifications are discussed. Finally, an 

outlook into the benefits of the Corey’s synthesis in present-day organic synthesis is provided, which is 
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expected to enhance the understanding of organic reaction mechanisms for the development of various 

organic compounds as drugs for treating diseases.   

 

Keywords: Corey’s synthesis, alkanes, organic compounds, organic reaction mechanism, alkynes, 

aldehydes, ketones 

 

 

 

1.  INTRODUCTION  

 

Elias James Corey, an American organic chemist born in 1928 won the Nobel Prize in 

Chemistry in 1990 for his development of "the theory and methodology of organic synthesis", 

specifically retrosynthetic analysis [1]. He also developed various synthetic reagents, 

methodologies and total syntheses and has advanced the science of organic synthesis 

considerably. A very significant synthesis by Corey is the Corey–House synthesis (also called 

the Corey–Posner, Whitesides–House reaction and other permutations), which is an organic 

reaction that involves the reaction of a lithium dialkyl cuprate with an alkyl halide to form a 

new alkane, an organocopper compound and a lithium halide: 

 

R2CuLi + R'-X → R-R' + RCu + LiX 

 

This reaction occurs in two steps. The alkyl halide is treated with lithium metal, and 

solvated in dry ether, which converts the alkyl halide into an alkyl lithium compound, R-Li. 

The starting R-X can be primary, secondary or tertiary alkyl halide: 

 

R-X + 2Li → R-Li + Li-X 

 

The second step requires the alkyl lithium compound to be treated with cuprous iodide 

(CuI). This creates a lithium dialkyl cuprate compound. These compounds were first 

synthesized by Henry Gilman of Iowa State University, and are usually called Gilman reagents 

in honor of his contributions: 

 

2RLi + CuI → R2CuLi + LiI 

 

The lithium dialkyl cuprate is then treated with the second alkyl halide, which couples to 

the compound: 

 

R2CuLi + R'-X → R-R' + RCu + LiX 

 

If second alkyl halide is not the same as the first, then cross-products are formed. It is 

important to note that for this reaction to work successfully, the second alkyl halide must be a 

methyl halide, benzyl halide, primary alkyl halide or a secondary cyclo alkyl halide. The 

relative simplicity of this reaction makes it a useful technique for synthesizing organic 

compounds. 

A multistep synthesis of carbogenic complexes has also been put forward by Corey. 

Carbogens, members of the family of carbon-containing compounds, can exist in an infinite 

variety of compositions, forms and sizes. The naturally occurring carbogens, or organic 
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substances as they are known more traditionally, constitute the matter of all life on earth, and 

their science at the molecular level defines a fundamental language of that life. The chemical 

synthesis of these naturally occurring carbogens and many millions of unnatural carbogenic 

substances has been one of the major enterprises of science in this century. That fact is affirmed 

by the award of the Nobel Prize in Chemistry for 1990 for the “development of the theory and 

methodology of organic synthesis”. Chemical synthesis is uniquely positioned at the heart of 

chemistry, the central science, and its impact on our lives and society is all pervasive [2, 3]. For 

instance, many of today’s medicines are synthetic and many of tomorrow’s will be conceived 

and produced by synthetic chemists [4-6]. In the field of synthetic chemistry lies an array of 

responsibilities which are crucial for the future of mankind, not only with regard to the health, 

material and economic needs of our society, but also for the attainment of an understanding of 

matter, chemical change and life at the highest level of which the human mind is capable [1].  

Retrosynthetic pathway was utilized by Corey in the synthesis of various complexes. 

Retrosynthetic (or antithetic) analysis is a problem-solving technique for transforming the 

structure of a synthetic target (TGT) molecule to a sequence of progressively simpler structures 

along a pathway which ultimately leads to simple or commercially available starting materials 

for a chemical synthesis. The transformation of a molecule to a synthetic precursor is 

accomplished by the application of a transform, the exact reverse of a synthetic reaction, to a 

target structure.  

Each structure derived antithetically from a TGT then itself becomes a TGT for further 

analysis. Repetition of this process eventually produces a tree of intermediates having chemical 

structures as nodes and pathways from bottom to top corresponding to possible synthetic routes 

to the TGT. Such trees, called EXTGT trees since they grow out from the TGT, can be quite 

complex since a high degree of branching is possible at each node and since the vertical 

pathways can include many steps. This central fact implies the need for strategies which control 

or guide the generation of EXTGT trees so as to avoid explosive branching and the proliferation 

of useless pathways. 

Each retrosynthetic step requires the presence of a target structure of a keying structural 

subunit or retron which allows the application of a particular transform. For example, the retron 

for the aldol transform consists of the subunit HO-C-C-C=O, and it is the presence of this 

subunit which permits transform function, e.g. as shown in Scheme 1. 

 

 
 

Scheme 1. Illustrating retrosynthetic pathway in organic synthesis. 

 

 

Transforms vary in terms of their power to simplify a target structure. The most powerful 

of simplifying transforms, which reduce molecular complexity in the retrosynthetic direction, 

occupy a special position in the hierarchy of all transforms. Their application, even when the 

appropriate retron is absent, may justify the use of a number of non-simplifying transforms to 
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generate that retron [7, 8]. In general, simplifying transforms function to modify structural 

elements which contribute to molecular complexity: molecular size, cyclic connectivity 

(topology), stereocenter content, element and functional group content, chemical reactivity, 

structural instability, and density of complicating elements. Other examples of the Corey 

synthesis are discussed below. 

 

 

2.  SPECIFIC USES OF COREY’S SYNTHESIS 

2. 1. Synthesis of Carbonyls 

E.J. Corey has developed several new synthetic reagents. For instance, pyridinium 

chlorochromate (PCC), also referred to as the Corey-Suggs reagent, is widely used for the 

oxidation of alcohols to corresponding ketones and aldehydes [9]. PCC has several advantages 

over other commercial oxidants. One of these advantages is that the compound is available as 

an air-stable yellow solid that is not very hygroscopic. Unlike other oxidizing agents, PCC can 

accomplish single oxidations with only about 1.5 equivalents. The alcohol performs 

nucleophilic attack to the electropositive chromium (VI) metal displacing chlorine. The 

chloride anion then acts as a base to afford the aldehyde product and chromium (IV).  

The slightly acidic character of PCC makes it useful for cyclization reactions with 

alcohols and alkenes (Scheme 2) [10]. 

 

 
 

Scheme 2. Oxidation of a primary alcohol by PCC to obtain a ketone [10]. 

 

 

2. 2. Synthesis of Caribenol A 

The total synthesis of the caribenol A, a novel natural product with a fascinating 

tetracyclic framework, was achieved by a strategy that was originally developed by Corey. 

Natural products represent an important class of organic compounds which have led to the 

deveolpment of numerous drugs for treating human and animal diseases [11-13]. The synthesis of 

caribenol A featured an intramolecular Diels−Alder (IMDA) reaction for the facile construction 

of the tricyclic [5−7−6] skeleton of caribenol A and a biomimetic oxidation reaction for the 

formation of the 2- hydroxyfuran-2(5H)-one motif of caribenol A as key steps (Scheme 3) [14]. 

In a related report, Corey’s synthesis was also modified to obtain caribenol A via IMDA 

reaction [15]. Generally, the asymmetric total synthesis of caribenol A was completed in about 

17 steps using an IMDA reaction to construct the 5−7−6 tricyclic core of caribenol A and a 

biomimetic oxidation to incorporate the hydroxyl group into its unique butenoide moiety as the 

key steps. Interestingly, the developed chemistry could be applicable for the syntheses of the 

caribenol-type of natural product-like compounds, which could be utilized for exploring their 
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structure−activity relationship against Mycobacterium tuberculosis (H37Rv). It is important to 

note that tuberculosis is one of the current global health challenges [16, 17]. 

 
 

Scheme 3. General illustration of the synthesis of caribenol A [14]. 

 

 

Several reactions developed in Corey's lab have become commonplace in modern 

synthetic organic chemistry. At least 302 methods have been developed in the Corey group 

since 1950. Several reactions have been named after him: 

 

2. 3. Synthesis of alkynes and (+)-taylorione 

Alkynes have many beneficial synthetic applications. A recent study outlined the various 

applications of alkynes such as in the synthesis of polyynes, ynoates, ynones, enamines, enynes, 

imines, ketones, vinyl compounds, acrylic derivatives, carbocycles and heterocycles (Scheme 

4) [18]. 

 

 
 

Scheme 4. Synthetic applications of alkynes [18]. 

 

 

Various methods have been reported for the synthesis of alkynes. For instance, alkynes 

have been synthesized by α,β-elimination reactions [19, 20]. This involves a process where 

geminal or vicinal leaving groups undergo elimination reaction by involving an adjacent atom 

or group to afford the desired alkynes (Scheme 5a).  
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Scheme 5. Synthesis of alkynes by (a) α,β-elimination reactions, (b) carbene rearrangement, 

(c) fragmentation, and (d) cyclic elimination [19-24]. 
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Alkynes have also been synthesized by carbene rearrangement [21-24]. Specifically, the 

alkynes are synthesized through a carbene intermediate, followed by intramolecular 

rearrangement (Scheme 5b). Additionally, alkynes can be successfully synthesized by various 

miscellaneous reactions such as fragmentation (Scheme 5c) and cyclic elimination (Scheme 

5d). However, fragmentation or cyclic elimination reactions may takes place during pyrolysis 

in some cases. 

Corey-Fuchs alkyne synthesis was successfully used to generate terminal alkynes through 

a one-carbon homologation of aldehydes using triphenylphosphine and carbon tetrabromide [25]. 

The mechanism is similar to that of the Wittig reaction by the formation of a phosphorus 

ylide with triphenylphosphine and carbon tetrabromide. Reacting the phosphorus ylide with the 

aldehyde substrate yields a dibromoolefin. Upon treatment with two molar equivalents of n-

buLi, lithium halogen exchange and deprotonation yields a lithium acetylide species that 

undergoes hydrolysis to yield the terminal alkyne product (Scheme 6). 

 

 
 

Scheme 6. Corey-Fuchs synthesis of a terminal alkyne [18]. 

 

 

More recently, a one-pot synthesis using a modified procedure has been developed. This 

synthetic transformation has been proven successful in the total synthesis of (+)-taylorione by 

Johnstone et al. [26] as shown in Scheme 7. 

The Corey–Kim oxidation is a well-designed transformation for the conversion of 

alcohols into corresponding aldehydes and ketones, precedded by base treatment [27]. This 

process offers a less toxic alternative to chromium based oxidations with the use of N-

chlorosuccinimidosulfonium chloride (NCS), dimethylsulfide (DMS), and triethylamine 

(TEA). The Corey-Kim reagent is formed in situ when NCS and DMS are reacted to form 

dimethylsuccinimidosulfonium chloride species.  

The alkoxy sulfonium salt is deprotonated at the alpha position with triethylamine to 

afford the oxidized product. The reaction accommodates a wide array of functional groups, but 

allylic and benzylic alcohols are typically transformed into allylic and benzylic chlorides. Its 

application in synthesis is based on the mild protocol conditions and functional and protecting 

group compatibility. 
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Scheme 7. Synthesis of (+)-taylorione from (+)-2-carene [26]. 

 

 

Corey-Nicolaou macrolactonization provides the first method for preparing medium to 

large sized lactones such as macrolactone [28]. Previously, intermolecular outcompeted 

intramolecular lactonization even at low concentrations. One big advantage of this reaction is 

that it is performed under neutral conditions allowing the presence of acid and base-labile 

functional groups. To date, rings of 7 to 48 members have been successfully synthesized using 

this method. The reaction occurs in the presence of 2,2'-dipyridyl disulfide and 

triphenylphosphine. The reaction is generally refluxed in a nonpolar solvent such as benzene. 

The mechanism begins with formation of the 2-pyridinethiol ester. Proton-transfer 

provides a dipolar intermediate in which the alkoxide nucleophile attacks the electrophilic 

carbonyl center, providing a tetrahedral intermediate that yields the macrolactone product.  

 

 

3.  CONCLUSIONS 

 

There are numerous strategies that are available for the synthesis of alkanes. These 

include Corey’s synthesis, Wurtz reaction, reduction of alcohols and aldehydes, Kolbe’s 

electrolysis, hydrogenation of alkenes, and Grignard reaction. Corey’s synthesis has several 

benefits in the synthesis of alkanes, such as yielding symmetrical, unsymmetrical, straight chain 

and branched chain alkanes. Additionally, high yields of alkanes can be obtained via Corey’s 

synthesis, especially when primary alkyl halide and primary, secondary or tertiary lithium 

dialkyl copper are used. Not just alkanes, Corey’s synthesis has also been found useful for the 
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synthesis of various organic compounds such as (+)-taylorione, terminal alkynes, caribenol A, 

ketones, and aldehydes. The general concept in the Corey’s synthesis was explained in details 

in this works. Specific examples of Corey’s reactions were provided to through more light on 

the beneficial modifications of the Corey’s synthesis. There are so much to leverage from the 

concept and mechanism of the Corey’s synthesis. More research is suggested in further 

developing this synthetic route to pave the way for generating various organic compounds 

which could serve as drugs for treating many diseases.   
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