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ABSTRACT 

A Grignard reagent has a formula RMgX where X is a halogen, and R is an alkyl or aryl (based on a benzene ring) 

group. We have briefly discussed converting alkenes to alkanes; alkanes to alkyl halides; alkyl halides to alcohols; alcohols 

to ethers, aldehydes, or ketones; and aldehydes to carboxylic acids. We have also shown how carboxylic acids can be 

converted into esters and amides. 
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INTRODUCTION 

Grignard Reagents 

Grignard noted that alkyl halides react with magnesium metal in diethyl ether (Et2O) to form compounds that 

contain a metal-carbon bond. Methyl bromide, for example, forms methylmagnesium bromide. 

 

Because carbon is considerably more electronegative than magnesium, the metal-carbon bond in this compound 

has a significant amount of ionic character. Grignard reagents such as CH3MgBr are best thought of as hybrids of ionic 

and covalent Lewis  

Grignard reagents are our first source of carbanions (literally, "anions of carbon"). The Lewis structure of the 

CH3
- ion suggests that carbanions can be Lewis bases, or electron-pair donors. 

 

Grignard reagents such as methylmagnesium bromide are therefore sources of a nucleophile that can attack 

the + end of the C=O double bond in aldehydes and ketones. If we treat the product of this reaction with water, we get an 

tertiary alcohol.If we wanted to make a secondary alcohol, we could add the Grignard reagent to an aldehyde, instead of a 

ketone. 

 

By reacting a Grignard reagent with formaldehyde we can add a single carbon atom to form a primary alcohol. 
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This alcohol can then be oxidized to the corresponding aldehyde. 

 

The Grignard reagent therefore provides us with a way of performing the following overall transformation. 

 

A single carbon atom can also be added if the Grignard reagent is allowed to react with CO2 to form a carboxylic 

acid. 

 

Perhaps the most important aspect of the chemistry of Grignard reagents is the ease with which this reaction 

allows us to couple alkyl chains. Isopropylmagnesium bromide, for example, can be used to graft an isopropyl group onto 

the hydrocarbon chain of an appropriate ketone, as shown in the figure below. 

 

Carbonation of Grignard Reagents, RMgX, by CO2  

 

Reaction usually in Et2O or THF followed by H3O
+ work-up 

Reaction Type Nucleophilic Addition 

Summary 

• Grignard reagents react with dry ice (solid CO2)  followed by aqueous acid work-up to give carboxylic acids. 

• CO2 can be thought of as a being a dicarbonyl compound :  O=C=O 

• Note that the carboxylic acid contains one extra C atom compared to the original halide from which the Grignard 
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reagent was prepared. 

Table 1 

 

Reactions of RLi and RMgX with Esters 

 

Reaction usually in Et2O followed by H3O
+ work-up 

Reaction Type: Nucleophilic Acyl Substitution then Nucleophilic Addition  

Summary 

• Carboxylic esters, R'CO2R'' , react with 2 equivalents of organolithium or Grignard reagents to give tertiary 

alcohols. 

• The tertiary alcohol contains 2 identical alkyl groups (see R) 

• The reaction proceeds via a ketone intermediate which then reacts with the second equivalent of the 

organometallic reagent. 

• Since the ketone is more reactive than the ester, the reaction cannot be used as a preparation of ketones. 

 

 

 

 

 

 

 

 



60                                                                                                                                                                            Nagham Mahmood Aljamali 

 
editor@tjprc.org                                                                                                                                               www.tjprc.org 

Table 2 

 

Hydride Reductions of Aldehydes and Ketones (Review of Chapter 15) 

 

Reactions usually in Et2O or THF followed by H3O
+ work-ups 

Reaction Type: Nucleophilic Addition 

Summary 

• Aldehydes and ketones are most readily reduced with hydride reagents. 

• The reducing agents LiAlH4 and NaBH4 act as a source of 4 x H- (hydride ion). 

• Overall 2 H atoms are added across the C=O to give H-C-O-H. 

• Hydride reacts with the carbonyl group, C=O, in aldehydes or ketones to give alcohols. 

• The substituents on the carbonyl dictate the nature of the product alcohol. 

• Reduction of  methanal (formaldehyde) gives methanol. 

• Reduction of other aldehydes gives primary  alcohols. 

• Reduction of ketones gives secondary alcohols. 
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• The acidic work-up converts an intermediate metal alkoxide salt into the desired alcohol via a simple acid base 

reaction. 

Related Reactions 

• Reaction of RLi and RMgX with aldehydes and ketones 

Table 3 

 

Reduction of Esters (review of Chapter 15) 

 

Reactions usually in Et2O or THF followed by H3O
+work-ups 

Reaction Type:  Nucleophilic Acyl Substitution Then Nucleophilicaddition 

Summary 

• Carboxylic esters are reduced give 2 alcohols, one from the alcohol portion of the ester and a 1o alcohol from the 

reduction of the carboxylate portion. 

• Esters are less reactive towards Nu than aldehydes or ketones. 

• They can only be reduced by LiAlH4 but NOT by the less reactive NaBH4 

• The reaction requires that 2 hydrides (H-) be added to the carbonyl group of the ester 

• The mechanism is an example of the reactive system type. 

• The reaction proceeds via a aldehyde intermediate which then reacts with the second equivalent of the hydride 

reagent (review) 

• Since the aldehyde is more reactive than the ester, the reaction is not normally used as a preparation of aldehydes . 
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Table 4 

 

So how does it work? The key to the Grignard reagent is actually very simple. When you think about the relative 

electronegativities of carbon (2.5) and magnesium (1.1), the bond between carbon and magnesium is polarized toward 

carbon. That means that carbon is more electron rich than magnesium and is actually nucleophilic! Here’s a closer look. 

 

In the reaction of Grignards with aldehydes, the carbon attacks the carbonyl carbon and performs a 1,2-addition to 

give an alkoxide. In the second step, acid is added to give you the alcohol. 

A Grignard reagent has a formula RMgX where X is a halogen, and R is an alkyl or aryl (based on a benzene ring) 

group. For the purposes of this page, we shall take R to be an alkyl group. A typical Grignard reagent might 

be CH3CH2MgBr. Grignard reagents are made by adding the halogenoalkane to small bits of magnesium in a flask 

containing ethoxyethane (commonly called diethyl ether or just "ether"). The flask is fitted with a reflux condenser, and the 

mixture is warmed over a water bath for 20 - 30 minutes. 

 

Everything must be perfectly dry because Grignard reagents react with water (see below). Any reactions using 

the Grignard reagent are carried out with the mixture produced from this reaction. You can't separate it out in any way. 

Grignard Reagents and Water 

Grignard reagents react with water to produce alkanes. This is the reason that everything has to be very dry during 

the preparation above. For example: 

CH3CH2MgBr+H2O→CH3CH3+Mg(OH)Br 

The inorganic product, Mg(OH)Br, is referred to as a "basic bromide". You can think of it as a sort of half-way 
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stage between magnesium bromide and magnesium hydroxide.  

Grignard Reagents and Carbon Dioxide 

Grignard reagents react with carbon dioxide in two stages. In the first, you get an addition of the Grignard reagent 

to the carbon dioxide. Dry carbon dioxide is bubbled through a solution of the Grignard reagent in ethoxyethane, made as 

described above. For example: 

 

The product is then hydrolyzed (reacted with water) in the presence of a dilute acid. Typically, you would add 

dilute sulphuric acid or dilute hydrochloric acid to the solution formed by the reaction with the CO2. A carboxylic acid is 

produced with one more carbon than the originalGrignard reagent. The usually quoted equation is (without the red bits): 

 

Almost all sources quote the formation of a basic halide such as Mg(OH)Br as the other product of the reaction. 

That's actually misleading because these compounds react with dilute acids. What you end up with would be a mixture of 

ordinary hydrated magnesium ions, halide ions and sulfate or chloride ions - depending on which dilute acid you added. 

Grignard Reagents and Carbonyl Compounds 

Carbonyl compounds contain the C=O double bond. The simplest ones have the form: 

 

R and R' can be the same or different, and can be an alkyl group or hydrogen. If one (or both) of the R groups 

are hydrogens, the compounds are called aldehydes. For example: 

 

If both of the R groups are alkyl groups, the compounds are called ketones. Examples include: 

 

 



64                                                                                                                                                                            Nagham Mahmood Aljamali 

 
editor@tjprc.org                                                                                                                                               www.tjprc.org 

The General Reaction between Grignard Reagents and Carbonyl Compounds 

The reactions between the various sorts of carbonyl compounds and Grignard reagents can look quite 

complicated, but in fact they all react in the same way - all that changes are the groups attached to the carbon-oxygen 

double bond. It is much easier to understand what is going on by looking closely at the general case (using "R" groups 

rather than specific groups) - and then slotting in the various real groups as and when you need to. 

The reactions are essentially identical to the reaction with carbon dioxide all that differs is the nature of the 

organic product. In the first stage, the Grignard reagent adds across the carbon-oxygen double bond: 

 

Dilute acid is then added to this to hydrolyse it. (I am using the normally accepted equation ignoring the fact that 

the Mg(OH)Br will react further with the acid.) 

 

An alcohol is formed. One of the key uses of Grignard reagents is the ability to make complicated alcohols 

easily. What sort of alcohol you get depends on the carbonyl compound you started with - in other words, what R and R' 

are. 

The Reaction between Grignard Reagents and Methanal 

In methanal, both R groups are hydrogen. Methanal is the simplest possible aldehyde. 

 

Assuming that you are starting with CH3CH2MgBr and using the general equation above you get always has the 

form: 

 

Since both R groups are hydrogen atoms, the final product will be: 

 

A primary alcohol is formed. A primary alcohol has only one alkyl group attached to the carbon atom with the -

OH group on it. You could obviously get a different primary alcohol if you started from a different Grignard reagent. 
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The Reaction between Grignard Reagents and Other Aldehydes 

The next biggest aldehyde is ethanal. One of the R groups is hydrogen and the other CH3. 

 

Again, think about how that relates to the general case. The alcohol formed is: 

 

So this time the final product has one CH3 group and one hydrogen attached: 

 

A secondary alcohol has two alkyl groups (the same or different) attached to the carbon with the -OH group on 

it. You could change the nature of the final secondary alcohol by either: 

• Changing the nature of the Grignard reagent - which would change the CH3CH2 group into some other alkyl 

group; 

• Changing the nature of the aldehyde - which would change the CH3 group into some other alkyl group. 

The Reaction between Grignard Reagents and Ketones 

Ketones have two alkyl groups attached to the carbon-oxygen double bond. The simplest one is propanone.  

 

This time when you replace the R groups in the general formula for the alcohol produced you get a tertiary 

alcohol. 

 

A tertiary alcohol has three alkyl groups attached to the carbon with the -OH attached. The alkyl groups can be 

any combination of same or different. You could ring the changes on the product by 

• Changing the nature of the Grignard reagent - which would change the CH3CH2 group into some other alkyl 

group; 
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• Changing the nature of the ketone - which would change the CH3 groups into whatever other alkyl groups you 

choose to have in the original ketone. 

Why Do Grignard Reagents React with Carbonyl Compounds? 

The bond between the carbon atom and the magnesium is polar. Carbon is more electronegative than magnesium, 

and so the bonding pair of electrons is pulled towards the carbon. That leaves the carbon atom with a slight negative 

charge. 

 

The carbon-oxygen double bond is also highly polar with a significant amount of positive charge on the carbon 

atom. The nature of this bond is described in detail elsewhere on this site. The Grignard reagent can therefore serve as 

a nucleophile because of the attraction between the slight negativeness of the carbon atom in the Grignard reagent and the 

positiveness of the carbon in the carbonyl compound. Anucleophile is a species that attacks positive (or slightly 

positive) centers in other molecules or ions. 

Grignard and Organolithium Reagents 

The alkali metals (Li, Na, K etc.) and the alkaline earth metals (Mg and Ca, together with Zn) are good reducing 

agents, the former being stronger than the latter. These same metals reduce the carbon-halogen bonds of alkyl halides. The 

halogen is converted to a halide anion, and the carbon bonds to the metal which has characteristics similar to 

a carbanion (R:-). 

Formation of Organometallic Reagents 

Many organometallic reagents are commercially available, however, it is often necessary to make then. The 

following equations illustrate these reactions for the commonly used metals lithium and magnesium (R may be hydrogen 

or alkyl groups in any combination). 

• An Alkyl Lithium Reagent  

R3C−X+2Li→R3C−Li+LiX 

• A Grignard Regent 

R3C−X+Mg→R3C−MgX 

Halide reactivity in these reactions increases in the order: Cl < Br < I and Fluorides are usually not used. The alkyl 

magnesium halides described in the second reaction are called Grignard Reagents after the French chemist, Victor 

Grignard, who discovered them and received the Nobel prize in 1912 for this work. The other metals mentioned above 

react in a similar manner, but Grignard and Alky Lithium Reagents most widely used. Although the formulas drawn here 

for the alkyl lithium and Grignard reagents reflect the stoichiometry of the reactions and are widely used in the chemical 
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literature, they do not accurately depict the structural nature of these remarkable substances. Mixtures of polymeric and 

other associated and complexed species are in equilibrium under the conditions normally used for their preparation.  

A suitable solvent must be used. For alkyl lithium formation pentane or hexane are usually used. Diethyl ether can also be 

used but the subsequent alkyl lithium reagent must be used immediately after preparation due to an interaction with the 

solvent. Ethyl ether or THF are essential for Grignard reagent formation. Lone pair electrons from two ether molecules 

form a complex with the magnesium in the Grignard reagent (As pictured below). This complex helps stabilize the 

organometallic and increases its ability to react.  

 

These reactions are obviously substitution reactions, but they cannot be classified as nucleophilic substitutions, as 

were the earlier reactions of alkyl halides. Because the functional carbon atom has been reduced, the polarity of the 

resulting functional group is inverted (an originally electrophilic carbon becomes nucleophilic). This change, shown below, 

makes alkyl lithium and Grignard reagents excellent nucleophiles and useful reactants in synthesis. 

 

 

Common Organometallic Reagents 
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Reaction of Organometallic Reagents with Various Carbonyls 

Because organometallic reagents react as their corresponding carbanion, they are excellent nucleophiles. The 
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basic reaction involves the nucleophilic attack of the carbanionic carbon in the organometallic reagent with the 

electrophilic carbon in the carbonyl to form alcohols.  

 

Both Grignard and Organolithium Reagents will perform these reactions 

Addition to formaldehyde gives 1o alcohols 

 

Addition to aldehydes gives 2o alcohols  

 

Addition to ketones gives 3o alcohols 

 

Addition to carbon dioxide (CO2) forms a carboxylic acid 

 

 

 

 

 

 

 

 

 



70                                                                                                                             

                                                                                                                             www.tjprc.org 

Examples 

Going from Reactants to Products Simplified

Mechanism for the Addition to Carbonyls

The mechanism for a Grignard agent is shown.

• Nucleophilic attack 

• Protonation 

Organometallic Reagents as Bases

These reagents are very strong bases (pKa's of saturated hydrocarbons range from 42 to 50). Although not usually 

done with Grignard reagents, organolithium reagents can be used as strong bases. Both Grignard reagents and 

                                                                                                                                                                           

                                                                                                                             

Going from Reactants to Products Simplified 

 

Carbonyls 

The mechanism for a Grignard agent is shown.  The mechanism for an organometallic reagent is the same.

 

 

Organometallic Reagents as Bases 

These reagents are very strong bases (pKa's of saturated hydrocarbons range from 42 to 50). Although not usually 

done with Grignard reagents, organolithium reagents can be used as strong bases. Both Grignard reagents and 
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The mechanism for an organometallic reagent is the same.  

These reagents are very strong bases (pKa's of saturated hydrocarbons range from 42 to 50). Although not usually 

done with Grignard reagents, organolithium reagents can be used as strong bases. Both Grignard reagents and 
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organolithium reagents react with water to form the corresponding hydrocarbon. This is why so much care is needed to 

insure dry glassware and solvents when working with organometallic reagents. 

 

In fact, the reactivity of Grignard reagents and organolithium reagents can be exploited to create a new method for 

the conversion of halogens to the corresponding hydrocarbon (illustrated below). The halogen is converted to an 

organometallic reagent and then subsequently reacted with water to from an alkane.  

 

Limitation of Organometallic Reagents 

As discussed above, Grignard and organolithium reagents are powerful bases. Because of this they cannot be used 

as nucleophiles on compounds which contain acidic hydrogens.  If they are used they will act as a base and deprotonate the 

acidic hydrogen rather than act as a nucleophile and attack the carbonyl.  A partial list of functional groups which cannot 

be used are: alcohols, amides, 1o amines, 2o amines, carboxylic acids, and terminal alkynes.  

 

REACTIONS OF GRIGNARD REAGENTS 

With Carbonyl Compounds 

Grignard reagents react with a variety of carbonyl derivatives.[17] 

 

The most common application of Grignard reagents is the alkylation of aldehydes and ketones, i.e. the Grignard 

reaction:[23] 
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Note that the acetal function (a protected carbonyl) does not react. 

Such reactions usually involve an aqueous acidic workup, though this step is rarely shown in reaction schemes. In 

cases where the Grignard reagent is adding to an aldehyde or a prochiral ketone, the Felkin-Anh model or Cram's Rule can 

usually predict which stereoisomer will be formed. With easily deprotonated 1,3-diketones and related acidic substrates, 

the Grignard reagent RMgX functions merely as a base, giving the enolate anion and liberating the alkane RH. 

Grignard reagents are nucleophiles in nucleophilic aliphatic substitutions for instance with alkyl halides in a key 

step in industrial Naproxen production: 

 

Reactions as a Base 

Grignard reagents serve as a base for protic substrates (this scheme does not show workup conditions, which 

typically includes water). Grignard reagents are basic and react with alcohols, phenols, etc. to give alkoxides (ROMgBr). 

The phenoxide derivative is susceptible to formylation paraformaldehyde to give salicylaldehyde.[24] 

Formation of Bonds to B, Si, P, Sn 

Like organolithium compounds, Grignard reagents are useful for forming carbon–heteroatom bonds. 

 

Reaction with Transition Metal Halides 

Grignard reagents react with many metal-based electrophiles. For example, they 

undergo transmetallation with cadmium chloride (CdCl2) to give dialkylcadmium:[25] 

2 RMgX + CdCl2 → R2Cd + 2 Mg(X)Cl 

Dialkylcadmium reagents are used for preparation of ketones from acyl halides: 

2 R'C(O)Cl + R2Cd → 2 R'C(O)R + CdCl2 
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Figure 1 

Aryl (aromatic) halides may also be converted into Grignard reagents; bromobenzene generates phenylmagnesium 

bromide, which reacts just like butylmagnesium bromide. The only restriction is that chlorobenzene is too unreactive and 

can only be converted to the corresponding Grignard reagent at higher temperatures, e.g. using THF as a solvent. Alkyl 

Grignards are most easily prepared from primary halides, followed by secondary; tertiarys are difficult; the negative carbon 

is responsible for these differences (compare the order of stability of positive carbon in carbocations). Halide reactivity 

toward magnesium is in the order I>Br>Cl.  

REACTION CONDITIONS 

In reactions involving Grignard reagents, it is important to exclude water and air, which rapidly destroy the 

reagent by protonolysis or oxidation.[14] Since most Grignard reactions are conducted in anhydrous diethyl 

ether or tetrahydrofuran, side-reactions with air are limited by the protective blanket provided by solvent vapors. Small-

scale or quantitative preparations should be conducted under nitrogen or argon atmospheres, using air-free techniques. 

Although the reagents still need to be dry, ultrasound can allow Grignard reagents to form in wet solvents by activating the 

magnesium 
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