acyl halide substitution reactions

Acyl halide substitution reactions are fundamental transformations in organic chemistry, enabling
the synthesis of a wide array of functional groups from readily available acyl halides. These reactions
are characterized by the replacement of the halide atom with various nucleophiles, leading to the
formation of esters, amides, carboxylic acids, and other important derivatives. Understanding the
mechanisms, scope, and limitations of acyl halide substitution is crucial for synthetic chemists
aiming to construct complex molecules efficiently. This article delves into the intricacies of these
reactions, exploring their diverse applications and the underlying principles that govern their
reactivity. We will examine the key factors influencing the reaction rate and selectivity, as well as
common methodologies and modern advancements in the field of acyl halide chemistry. Prepare to
unlock the synthetic potential of these versatile reagents.
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Introduction to Acyl Halide Substitution Reactions

Acyl halide substitution reactions represent a cornerstone of organic synthesis, offering a highly
efficient pathway to diverse functionalized molecules. These reactions harness the inherent
reactivity of acyl halides, which are carboxylic acid derivatives featuring a halide atom attached to
the carbonyl carbon. The strong electron-withdrawing nature of the halide, coupled with the
electrophilic character of the carbonyl carbon, makes acyl halides exceptionally susceptible to
nucleophilic attack. This susceptibility is the driving force behind a wide range of transformations,
from the straightforward synthesis of esters and amides to more complex reactions like Friedel-
Crafts acylation. Understanding the nuances of acyl halide substitution is paramount for chemists
seeking to build molecular complexity and tailor chemical properties. This article will provide a
comprehensive overview of these vital reactions, exploring their fundamental mechanisms, common



applications, and the critical factors that govern their success in the laboratory and in industrial
settings.

The Mechanism of Acyl Halide Substitution

The fundamental process underlying acyl halide substitution reactions is nucleophilic acyl
substitution. This mechanism involves the attack of a nucleophile at the electrophilic carbonyl
carbon of the acyl halide, leading to the formation of a tetrahedral intermediate. The subsequent
expulsion of the halide ion, a good leaving group, regenerates the carbonyl double bond and forms
the new product. This sequential process is a common theme across many acyl halide
transformations, though subtle variations can occur depending on the specific nucleophile and
reaction conditions employed.

Nucleophilic Acyl Substitution Mechanism

The canonical mechanism for nucleophilic acyl substitution begins with the nucleophile, possessing a
lone pair of electrons, attacking the partial positive charge on the carbonyl carbon of the acyl halide.
This attack disrupts the pi bond of the carbonyl group, pushing electron density onto the oxygen
atom, which then carries a negative charge. This creates a transient tetrahedral intermediate, which
is stabilized by resonance. In the next step, the negative charge on the oxygen reforms the pi bond,
simultaneously expelling the halide ion as a leaving group. The halide ion departs because it is a
relatively stable anion, facilitated by its electronegativity and polarizability. The overall result is the
replacement of the halide atom with the nucleophile, forming a new functional group attached to the
acyl moiety.

The Role of the Leaving Group

The nature of the leaving group plays a critical role in the efficiency of acyl halide substitution
reactions. Halide ions (Cl-, Br-, I-) are excellent leaving groups due to their electronegativity and
their ability to stabilize the negative charge they acquire upon departure. Fluoride ion (F-) is
generally a poorer leaving group compared to other halides. This is because the C-F bond is
stronger, and fluoride is less polarizable and more electronegative, making it less stable as a free
anion. Consequently, acyl fluorides are often less reactive in nucleophilic acyl substitution compared
to acyl chlorides or bromides. The relative leaving group ability follows the order I- > Br- > Cl- >>
F-.

Factors Affecting Reaction Rate

Several factors influence the rate at which acyl halide substitution reactions proceed. The inherent
electrophilicity of the carbonyl carbon is a primary determinant; electron-withdrawing groups
attached to the acyl moiety increase the partial positive charge on the carbonyl carbon, enhancing
the rate of nucleophilic attack. The strength of the nucleophile is also crucial; stronger nucleophiles
with a higher electron density are more effective at attacking the carbonyl carbon. Steric hindrance
around the carbonyl group or on the nucleophile can impede the reaction, slowing it down.
Furthermore, the solvent can play a significant role, with polar protic solvents sometimes stabilizing
the developing charges in the transition state, while polar aprotic solvents can enhance the



reactivity of anionic nucleophiles by not solvating them as strongly. The presence of a Lewis acid
catalyst, such as aluminum chloride (AIC13) in Friedel-Crafts acylation, can also dramatically
increase the reaction rate by further polarizing the carbonyl group and making the carbonyl carbon
even more electrophilic.

Common Acyl Halide Substitution Reactions

Acyl halides are incredibly versatile synthetic intermediates, participating in a broad spectrum of
reactions that lead to the formation of various important organic functional groups. Their high
reactivity allows for efficient conversion into esters, amides, and even directly into carboxylic acids
through hydrolysis. Beyond these direct substitutions, acyl halides are also key players in carbon-
carbon bond formation reactions, notably the Friedel-Crafts acylation, and they react readily with
organometallic reagents to produce ketones and tertiary alcohols.

Formation of Esters (Esterification)

One of the most common and synthetically useful reactions involving acyl halides is esterification,
the formation of esters. This transformation is achieved by reacting an acyl halide with an alcohol,
typically in the presence of a base to neutralize the hydrogen halide (HX) byproduct, which is
generated. Common bases used include pyridine, triethylamine, or even an excess of the alcohol if it
is sufficiently non-nucleophilic. The alcohol acts as the nucleophile, attacking the carbonyl carbon of
the acyl halide. For instance, the reaction of an acyl chloride with an alcohol yields an ester and a
molecule of hydrogen chloride (HCl). This method is generally preferred over direct Fischer
esterification when dealing with sensitive alcohols or when a faster reaction rate is desired, as acyl
halides are significantly more reactive than carboxylic acids. The general reaction can be
represented as R-CO-X + R'-OH - R-CO-OR' + HX, where X is a halide.

Formation of Amides (Amidation)

Acyl halides are also excellent precursors for the synthesis of amides. This is accomplished by
reacting the acyl halide with a primary or secondary amine. Similar to esterification, a base is
usually added to scavenge the hydrogen halide produced, preventing it from protonating the amine
reactant and thus diminishing its nucleophilicity. Tertiary amines like triethylamine or pyridine are
commonly employed. The amine nitrogen, with its lone pair, acts as the nucleophile, attacking the
carbonyl carbon. The resulting tetrahedral intermediate collapses, expelling the halide ion and
forming the amide. The reaction of an acyl chloride with a primary amine, for example, produces an
N-substituted amide and HCl. The general equation is R-CO-X + R'-NH2 - R-CO-NHR' + HX. If a
secondary amine is used, R-CO-X + R'R"NH - R-CO-NR'R" + HX. This reaction is highly efficient
and widely used for preparing a vast array of amides, which are prevalent in pharmaceuticals and
biological molecules.

Hydrolysis to Carboxylic Acids

Acyl halides readily react with water to form carboxylic acids. This process is known as hydrolysis.
The reaction proceeds via the nucleophilic acyl substitution mechanism, where water acts as the
nucleophile. The highly electrophilic carbonyl carbon is attacked by a water molecule, forming a



tetrahedral intermediate. This intermediate then collapses, expelling the halide ion and forming a
protonated carboxylic acid. A subsequent deprotonation step yields the carboxylic acid and a
hydrogen halide. Because acyl halides are very reactive, this hydrolysis can occur rapidly, even in
the presence of atmospheric moisture. Therefore, acyl halides must be handled with care and stored
under anhydrous conditions. The overall reaction is R-CO-X + H20 —» R-COOH + HX. This reaction
can be useful for converting an acyl halide back to its parent carboxylic acid if needed, or as a side
reaction to be avoided.

Friedel-Crafts Acylation

Friedel-Crafts acylation is a critical carbon-carbon bond-forming reaction that utilizes acyl halides
(or anhydrides) and an aromatic compound in the presence of a Lewis acid catalyst, most commonly
aluminum chloride (AICI3). The Lewis acid coordinates with the halogen atom of the acyl halide,
polarizing the C-X bond and increasing the electrophilicity of the carbonyl carbon. This results in the
formation of a highly reactive acylium ion (R-C=0+), which is a potent electrophile. The aromatic
ring then acts as a nucleophile, attacking the acylium ion in an electrophilic aromatic substitution
reaction. After a series of proton transfers and rearrangements, an aryl ketone is formed. This
reaction is fundamental for attaching acyl groups to aromatic rings, a common structural motif in
many organic molecules, including dyes, pharmaceuticals, and polymers. The general reaction is Ar-
H + R-CO-X + AICI3 - Ar-CO-R + HCI + AICI3.

Reactions with Organometallic Reagents

Acyl halides react with various organometallic reagents, such as Grignard reagents (R-MgX) and
organolithium reagents (R-Li), to form new carbon-carbon bonds. The reaction with a Grignard
reagent or organolithium reagent typically proceeds in two stages. The first stage involves the
nucleophilic attack of the organometallic reagent on the carbonyl carbon of the acyl halide, forming
a ketone intermediate. However, ketones are often more reactive towards organometallic reagents
than acyl halides, so a second equivalent of the organometallic reagent can react with the ketone to
form a tertiary alkoxide, which upon aqueous workup yields a tertiary alcohol. To isolate the ketone,
careful control of stoichiometry and temperature, or the use of less reactive organometallic reagents
like organocuprates (Gilman reagents), is necessary. For example, R-CO-X + 2 R'-MgX - R-C(R'")2-
OMgX - R-C(R')2-OH (after hydrolysis). The reaction with a Gilman reagent, (R')2Culi, leads to the
formation of a ketone: R-CO-X + (R')2CulLi —» R-CO-R' + R'Cu + LiX.

Factors Influencing Acyl Halide Substitution

The success and outcome of acyl halide substitution reactions are influenced by a complex interplay
of factors related to the reactants, solvents, and any catalysts employed. Understanding these
variables allows chemists to optimize reaction conditions for desired product formation and
minimize unwanted side reactions. Key considerations include the intrinsic electronic and steric
properties of the nucleophile and the acyl halide, as well as the solvent environment and the
presence or absence of catalytic species.



Nature of the Nucleophile

The nucleophile is a central component in acyl halide substitution reactions, and its identity
significantly impacts the reaction rate and selectivity. Nucleophiles can range from weakly
nucleophilic species like alcohols and water to much stronger nucleophiles such as amines, thiols,
and carbanions. Stronger nucleophiles, characterized by higher electron density and lower
electronegativity, will generally react faster. For instance, primary amines are typically more
reactive than secondary amines, which are more reactive than tertiary amines (though tertiary
amines are often used as bases rather than nucleophiles in these reactions). The steric bulk of the
nucleophile also plays a role; a more sterically hindered nucleophile may react more slowly or
require more vigorous conditions. The basicity of the nucleophile is also related to its nucleophilicity,
but they are not identical; a strong base is not always a strong nucleophile, especially in protic
solvents where it can be heavily solvated.

Nature of the Acyl Halide

The structure of the acyl halide itself dictates its electrophilicity and susceptibility to nucleophilic
attack. As mentioned earlier, the leaving group ability is critical; acyl chlorides and bromides are
generally more reactive than acyl fluorides due to the better leaving group ability of Cl- and Br-
compared to F-. The electronic nature of the R group attached to the carbonyl also plays a
significant role. Electron-withdrawing groups on the R moiety, such as nitro groups or halogens,
increase the partial positive charge on the carbonyl carbon, making it more electrophilic and thus
accelerating the reaction. Conversely, electron-donating groups, like alkoxy or alkyl groups, tend to
decrease the electrophilicity of the carbonyl carbon and slow down the reaction. Steric hindrance
around the carbonyl carbon, due to bulky substituents on the R group, can also impede the approach
of the nucleophile, leading to slower reaction rates or lower yields.

Solvent Effects

The choice of solvent can profoundly influence the rate and efficiency of acyl halide substitution
reactions. Polar protic solvents, such as water or alcohols, can solvate both the nucleophile and the
carbonyl group. While they can stabilize the tetrahedral intermediate through hydrogen bonding,
they can also hydrogen-bond to anionic nucleophiles, reducing their effective nucleophilicity. Polar
aprotic solvents, like dimethylformamide (DMF), dimethyl sulfoxide (DMSO), acetonitrile (MeCN), or
tetrahydrofuran (THF), are often preferred for reactions involving anionic nucleophiles. These
solvents effectively solvate cations but solvate anions poorly, leaving the nucleophile "bare" and
highly reactive. For reactions where the nucleophile is neutral, such as amines or alcohols, aprotic
solvents still generally offer an advantage by not hindering the nucleophile through strong hydrogen
bonding. The polarity of the solvent can also influence the stability of the transition state and the
leaving group.

Catalysis in Acyl Halide Reactions

Catalysts are frequently employed to accelerate acyl halide substitution reactions or to enable them
under milder conditions. Lewis acids, such as aluminum chloride (AlC13), zinc chloride (ZnCl2), or
boron trifluoride (BF3), are particularly effective. These Lewis acids coordinate to the lone pair of
electrons on the halogen atom of the acyl halide, weakening the C-X bond and polarizing the



carbonyl group, thereby increasing the electrophilicity of the carbonyl carbon. This is the basis of
the Friedel-Crafts acylation. Bases, particularly tertiary amines like pyridine and triethylamine, often
act as catalysts or activators in reactions involving alcohols or amines. Pyridine, for instance, can
react with acyl halides to form more reactive N-acylpyridinium salts, which are then readily attacked
by alcohols or amines. In some cases, enzymes or organocatalysts can also be used to promote
highly selective acyl halide substitutions.

Applications of Acyl Halide Substitution Reactions

The synthetic utility of acyl halide substitution reactions is vast, underpinning the production of
numerous compounds essential to various industries. From the intricate synthesis of life-saving
pharmaceuticals to the creation of everyday materials, these reactions provide reliable routes to a
wide range of functionalized molecules. Their efficiency and versatility make them indispensable
tools in modern chemical manufacturing and research.

Synthesis of Pharmaceuticals

Acyl halide substitution reactions are fundamental in the synthesis of many pharmaceutical drugs.
The formation of amide bonds is a critical step in constructing peptides and many small-molecule
drugs that contain amide functionalities. For example, the synthesis of antibiotics like penicillins and
cephalosporins often involves the amidation of activated carboxylic acid derivatives, including acyl
halides, with amino groups present in precursor molecules. Similarly, the esterification of drugs with
alcohols can be used to create prodrugs, which are inactive forms of a drug that are metabolized in
the body to release the active compound, thereby improving bioavailability or reducing side effects.
The Friedel-Crafts acylation is also employed in the synthesis of various APIs (Active Pharmaceutical
Ingredients) where an acyl group needs to be attached to an aromatic ring, a common structural
feature in many drug molecules.

Preparation of Polymers and Materials

Acyl halide substitution reactions play a significant role in the polymer industry. For instance, the
synthesis of polyesters and polyamides often involves the reaction of diacyl halides with diols or
diamines, respectively. Polycarbonates can be synthesized by reacting diacyl halides (like phosgene,
which is technically an acyl halide) with bisphenols. The reactivity of acyl halides allows for rapid
polymerization at relatively mild temperatures, yielding high molecular weight polymers. For
example, the reaction of terephthaloyl chloride with hexamethylenediamine produces Nylon 6,6, a
widely used high-performance polyamide. Similarly, the reaction of isophthaloyl chloride with m-
phenylenediamine yields Nomex, a heat-resistant aramid fiber. These reactions are crucial for
producing materials with tailored mechanical, thermal, and chemical properties.

Flavor and Fragrance Industry

The flavor and fragrance industry extensively utilizes esterification reactions, many of which are
efficiently carried out using acyl halides. Esters are known for their pleasant fruity and floral
aromas, making them key components in perfumes, cosmetics, and food flavorings. For example, the
reaction of acetic anhydride or acetyl chloride with ethanol produces ethyl acetate, which has a



sweet, fruity odor and is used in nail polish removers and artificial fruit essences. Similarly, the
reaction of butanoyl chloride with ethanol yields butyl butanoate, possessing a pineapple-like aroma.
The ability to precisely control the structure of the ester by selecting the appropriate acyl halide and
alcohol allows chemists to create a vast palette of scents and flavors for consumer products.

Agrochemical Synthesis

In the agrochemical sector, acyl halide substitution reactions are employed in the synthesis of
various pesticides, herbicides, and insecticides. For example, amides are a common functional group
found in many agricultural chemicals, and their synthesis via the reaction of acyl halides with
amines is a standard methodology. Certain classes of herbicides, such as acetanilides, are
synthesized through the amidation of chloroacetyl chloride with substituted anilines. Insecticides
that mimic natural pyrethroids, a class of compounds known for their insecticidal activity, often
incorporate ester linkages that can be formed using acyl halide chemistry. The efficient and scalable
nature of these reactions makes them suitable for the large-volume production required in the
agrochemical industry.

Limitations and Modern Advancements

Despite their widespread utility, acyl halide substitution reactions are not without their limitations.
The inherent reactivity of acyl halides necessitates careful handling, and certain reaction conditions
can lead to undesired side products. However, ongoing research is continually developing new
methodologies and catalytic systems to overcome these challenges and enhance the sustainability
and efficiency of these transformations.

Selectivity Issues

While acyl halides are highly reactive, achieving high selectivity can sometimes be a challenge,
particularly when dealing with multifunctional molecules. If a molecule contains multiple
nucleophilic sites, the acyl halide may react non-selectively, leading to a mixture of products. For
instance, in the presence of both an alcohol and an amine, the amine, being a stronger nucleophile,
will typically react preferentially with the acyl halide. However, if the desired product requires the
alcohol to react, protection strategies for the amine may be necessary. Similarly, in Friedel-Crafts
acylation, polysubstitution can occur if the acyl group activates the aromatic ring towards further
electrophilic attack, although acylation generally deactivates the ring, making polysubstitution less
common than in alkylation. Steric factors can also influence selectivity; a less hindered nucleophile
or a less hindered site on a molecule may react preferentially.

Handling of Acyl Halides

A significant practical limitation of acyl halides is their sensitivity to moisture. They react readily
with water to form the corresponding carboxylic acid and hydrogen halide, which is corrosive. This
means that acyl halides must be synthesized, stored, and used under strictly anhydrous conditions.
Many acyl halides also have pungent odors and are irritating to the skin, eyes, and respiratory
system, requiring appropriate personal protective equipment and fume hood usage. Their reactivity
also means that they can decompose over time, especially if exposed to air or moisture. Therefore,



careful handling and proper storage protocols are essential for successful and safe utilization of acyl
halides in synthesis.

Greener Approaches to Acyl Halide Substitution

In line with the growing emphasis on green chemistry, researchers are developing more
environmentally benign approaches to acyl halide chemistry. This includes the development of
milder reagents, more efficient catalysts, and the use of safer solvents. For example, the
development of solid-supported catalysts or reusable organocatalysts can simplify product
purification and reduce waste. Furthermore, exploring alternative activating agents for carboxylic
acids that are less hazardous than acyl halides, such as carbodiimides or phosphonium coupling
reagents, is an active area of research. Efforts are also focused on minimizing the generation of
corrosive byproducts like HCI, perhaps by employing alternative leaving groups or utilizing reaction
conditions where the byproduct can be easily neutralized or captured.

Conclusion

Acyl halide substitution reactions remain indispensable tools in the arsenal of organic chemists,
facilitating the efficient synthesis of a vast array of functional groups and complex molecules. Their
high reactivity, stemming from the polarized carbonyl group and the excellent leaving group ability
of halides, makes them potent reagents for esterification, amidation, Friedel-Crafts acylation, and
reactions with organometallic species. While challenges such as moisture sensitivity and the need
for careful handling exist, understanding the mechanistic principles and the factors influencing
reactivity allows for optimization and successful application. The continued development of greener
methodologies and catalytic systems promises to further enhance the sustainability and scope of acyl
halide chemistry, ensuring their continued relevance in pharmaceutical, materials, flavor, and
agrochemical industries for years to come.

Frequently Asked Questions

What is the primary driving force behind acyl halide
substitution reactions?

The primary driving force is the excellent leaving group ability of the halide ion (Cl-, Br-, I-) and the
electrophilic nature of the carbonyl carbon, which is readily attacked by nucleophiles.

How does the reactivity of different acyl halides (e.g., acyl
chlorides, acyl bromides) compare in substitution reactions?

Acyl iodides are the most reactive, followed by acyl bromides, and then acyl chlorides. This order is
primarily due to the increasing strength of the carbon-halogen bond and the decreasing leaving
group ability down the halogen group.



What are some common nucleophiles used in acyl halide
substitution reactions, and what functional groups do they
form?

Common nucleophiles include alcohols (forming esters), amines (forming amides), water (forming
carboxylic acids), and carboxylate ions (forming anhydrides).

Are acyl halide substitution reactions considered addition-
elimination or elimination-addition mechanisms?

Acyl halide substitution reactions proceed via an addition-elimination mechanism. The nucleophile
first adds to the carbonyl carbon, forming a tetrahedral intermediate, followed by the elimination of
the halide leaving group to regenerate the carbonyl group.

How are acyl halide substitution reactions typically catalyzed,
and what is the role of the catalyst?

These reactions are often catalyzed by Lewis acids like AIC13 or ZnCl2, or by bases like pyridine.
Lewis acids activate the carbonyl group by coordinating with the oxygen, increasing the
electrophilicity of the carbonyl carbon. Bases can act as nucleophilic catalysts by forming a more
reactive acylpyridinium intermediate.

Additional Resources

Here are 9 book titles related to acyl halide substitution reactions, with short descriptions:

1. Organic Chemistry by Paula Yurkanis Bruice

This comprehensive textbook provides a thorough foundation in organic chemistry principles. It
dedicates significant sections to reaction mechanisms, including detailed explanations of acyl halide
reactions like acylation and nucleophilic acyl substitution. The book uses clear diagrams and
relatable examples to illustrate how these reactions proceed and their importance in organic
synthesis.

2. Organic Chemistry by Clayden, Greeves, Warren

Renowned for its mechanistic depth, this text delves into the intricacies of acyl halide reactivity. It
explores the factors influencing the rate and selectivity of acyl halide substitutions, such as the
nature of the nucleophile and the leaving group. The book emphasizes the practical applications of
these reactions in constructing complex organic molecules.

3. March's Advanced Organic Chemistry: Reactions, Mechanisms, and Structure by Michael B. Smith
This classic reference offers an exhaustive treatment of organic reactions, with a substantial focus
on acyl halides. It meticulously details the various types of acyl halide substitution reactions,
including their kinetics, thermodynamics, and common catalysts. The book is an indispensable
resource for researchers and advanced students seeking in-depth knowledge.

4. The Organic Chem Lab Survival Manual: A Student's Guide to Techniques by James M. Zubrick
While focused on laboratory practice, this book indirectly covers acyl halide substitution reactions by



detailing the techniques required for carrying them out. It provides practical advice on handling
reagents, setting up reactions, and purifying products, which are crucial for successfully executing
acyl halide transformations. This guide is invaluable for students performing these reactions in a lab
setting.

5. Modern Organic Synthesis by George S. Zweifel and Michael H. Nantz

This text presents modern synthetic methodologies, where acyl halide substitutions play a vital role.
It highlights the versatility of acyl halides as electrophilic building blocks in constructing esters,
amides, and other functional groups. The book showcases how these reactions are integrated into
multi-step synthetic strategies for natural products and pharmaceuticals.

6. Corey's Functional Group Manipulations for Organic Synthesis by E. ]J. Corey

This book, stemming from the Nobel laureate's work, provides insights into efficient functional
group transformations. Acyl halide chemistry is presented as a cornerstone for introducing carbonyl
functionality and for subsequent modifications. It emphasizes the strategic use of acyl halides in
achieving specific synthetic goals with high yields and selectivity.

7. Stereochemistry and Mechanism in Organic Chemistry by Peter Sykes

This foundational text explores the interplay between stereochemistry and reaction mechanisms. It
analyzes how acyl halide substitution reactions can proceed with specific stereochemical outcomes,
particularly in the context of reactions involving chiral centers. The book offers a clear
understanding of the molecular events driving these important transformations.

8. Name Reactions: A Collection of the Most Important Name Reactions in Organic Chemistry by
Achim Kiesslich

This book focuses on named reactions, many of which involve acyl halide substitutions. It explains
reactions like the Friedel-Crafts acylation, which utilizes acyl halides to introduce acyl groups onto
aromatic rings. The book provides historical context and mechanistic insights into these key
transformations that bear the names of their discoverers.

9. Comprehensive Organic Transformations: A Guide to Functional Group Preparations by Richard C.
Larock

This encyclopedic reference catalog includes methods for a vast array of organic transformations,
with numerous entries dedicated to acyl halide chemistry. It details the preparation of various acyl
halides and their subsequent reactions to form a wide range of organic compounds. This book is an
excellent resource for finding specific synthetic routes involving acyl halide substitutions.
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