
reduction of benzil with sodium
borohydride

reduction of benzil with sodium borohydride is a widely studied chemical
reaction in organic synthesis, notable for its selectivity and mild reaction
conditions. Benzil, a 1,2-diketone, undergoes reduction efficiently when
treated with sodium borohydride, a commonly used reducing agent. This process
typically results in the formation of hydrobenzoin, a valuable diol compound
with applications in pharmaceuticals and asymmetric synthesis. The reaction
mechanism involves the nucleophilic attack of the hydride ion from sodium
borohydride on the carbonyl carbons of benzil, followed by protonation steps.
Understanding the reduction of benzil with sodium borohydride is essential
for chemists aiming to synthesize complex molecules or study reaction
pathways involving diketones. This article provides a comprehensive overview
of the reaction, including detailed mechanisms, experimental conditions, and
applications in organic chemistry.
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Overview of Benzil and Sodium Borohydride

Benzil is an aromatic diketone characterized by two adjacent carbonyl groups
attached to phenyl rings. It is a yellow crystalline compound with
significant importance in organic synthesis due to its reactivity towards
nucleophiles. Sodium borohydride (NaBH4) is a widely used reducing agent
known for its selectivity in reducing aldehydes and ketones to their
corresponding alcohols under relatively mild conditions.

Chemical Properties of Benzil

Benzil (C14H10O2) contains two ketone functional groups located at the 1,2-
positions, which make it susceptible to nucleophilic attack. Its conjugated
system contributes to its stability but also influences its reactivity during
reduction. Benzil is sparingly soluble in water but dissolves readily in
organic solvents such as ethanol and methanol, which are commonly used as
reaction media.



Characteristics of Sodium Borohydride

Sodium borohydride is a stable, water-soluble hydride donor that selectively
reduces ketones and aldehydes without affecting esters, amides, or carboxylic
acids under standard conditions. It releases hydride ions (H-) capable of
attacking electrophilic carbonyl carbons, facilitating the transformation of
carbonyl groups into hydroxyl groups efficiently.

Mechanism of Reduction

The reduction of benzil with sodium borohydride proceeds via a nucleophilic
addition mechanism where hydride ions attack the electrophilic carbon atoms
of the carbonyl groups. This reaction typically results in the conversion of
the diketone to a diol, specifically hydrobenzoin, with high selectivity and
yield.

Stepwise Reaction Pathway

The mechanism involves several key steps:

Hydride Transfer: The hydride ion from sodium borohydride attacks one of1.
the carbonyl carbons of benzil, forming a tetrahedral alkoxide
intermediate.

Protonation: The alkoxide intermediate is protonated by solvent2.
molecules or added acids to form a secondary alcohol group.

Second Hydride Attack: The process repeats at the second carbonyl3.
carbon, producing a vicinal diol compound.

This two-step reduction typically leads to the formation of meso-hydrobenzoin
or racemic hydrobenzoin, depending on reaction conditions and stereochemical
control.

Stereochemical Considerations

The reduction can yield different stereochemical outcomes. The formation of
meso versus racemic hydrobenzoin depends on the approach of the hydride ion
and the reaction environment. Steric and electronic factors influence the
stereochemistry, which is important for further applications of the product
in asymmetric synthesis.

Experimental Procedure and Conditions

The reduction of benzil with sodium borohydride is typically conducted under
mild and controlled laboratory conditions to maximize yield and selectivity.
Proper solvent choice, temperature control, and reagent quantities are
critical for the success of the reaction.



Common Solvents Used

Alcoholic solvents such as methanol or ethanol are commonly employed due to
their ability to dissolve both benzil and sodium borohydride and to
facilitate protonation steps during the reaction. Sometimes, aqueous mixtures
are used to enhance solubility and reaction rates.

Typical Reaction Setup

The procedure generally includes the following steps:

Dissolving benzil in an appropriate solvent under stirring.

Slow addition of sodium borohydride to the solution while maintaining a
controlled temperature, often at room temperature or below.

Monitoring the reaction progress via thin-layer chromatography (TLC) or
spectroscopic methods.

Quenching the reaction after completion by adding water or dilute acid
to neutralize excess reducing agent.

Isolating the product through extraction, filtration, and purification
techniques such as recrystallization.

Products and Their Applications

The reduction of benzil with sodium borohydride primarily yields
hydrobenzoin, a valuable diol that has several important applications in
organic chemistry and industry.

Hydrobenzoin as a Chiral Building Block

Hydrobenzoin serves as a chiral ligand and intermediate in asymmetric
synthesis. Its diol functionality allows for further chemical modifications,
making it useful in the preparation of pharmaceuticals, agrochemicals, and
fine chemicals.

Other Derivatives and Uses

Further functionalization of hydrobenzoin can yield various derivatives
employed in polymer chemistry, coordination chemistry, and material science.
Additionally, the reduction process exemplifies selective ketone reductions,
providing educational value in organic synthesis labs.

Factors Affecting the Reduction

Several parameters influence the efficiency and outcome of the reduction of
benzil with sodium borohydride. Understanding these factors enables better



control over the reaction and optimization of product yield and purity.

Temperature

Reaction temperature affects the rate of hydride transfer and the
stereochemical outcome. Lower temperatures often favor selective reduction
and minimize side reactions, while higher temperatures can increase reaction
speed but potentially reduce selectivity.

Solvent Effects

The choice of solvent impacts solubility of reactants and stabilization of
intermediates. Protic solvents facilitate protonation steps, whereas aprotic
solvents may slow the reaction but improve selectivity in some cases.

Stoichiometry and Concentration

Using the correct molar ratios of sodium borohydride to benzil is crucial.
Excess reducing agent ensures complete conversion but may lead to side
reactions or difficulties in purification. Concentration of reactants also
influences reaction kinetics and product formation.

Safety and Handling Considerations

Both benzil and sodium borohydride require careful handling due to their
chemical properties. Proper laboratory safety protocols must be followed to
prevent accidents and ensure safe disposal of chemical waste.

Handling Sodium Borohydride

Sodium borohydride is a reactive hydride donor that can release hydrogen gas
upon contact with water or acids, posing fire and explosion hazards. It
should be stored in a dry environment, handled with appropriate personal
protective equipment (PPE), and added slowly to reaction mixtures.

Handling Benzil

Benzil is relatively stable but can cause irritation upon contact. It should
be handled in a well-ventilated area with gloves and eye protection. Avoid
inhalation of dust or vapors during weighing or transfer.

Waste Disposal

Reaction waste containing residual sodium borohydride or benzil must be
neutralized and disposed of according to institutional and environmental
regulations to prevent harm to personnel and the environment.



Frequently Asked Questions

What is the product of the reduction of benzil with
sodium borohydride?

The reduction of benzil with sodium borohydride typically yields benzoin, a
hydroxy ketone, as the major product.

Why is sodium borohydride used for the reduction of
benzil?

Sodium borohydride is a mild and selective reducing agent that efficiently
reduces diketones like benzil to hydroxy ketones without affecting other
functional groups.

What is the mechanism of benzil reduction by sodium
borohydride?

The mechanism involves nucleophilic attack by hydride ions from sodium
borohydride on one of the carbonyl carbons of benzil, forming an alkoxide
intermediate that is then protonated to yield benzoin.

Can sodium borohydride reduce both carbonyl groups of
benzil to diols?

Under standard conditions, sodium borohydride primarily reduces one carbonyl
group of benzil to form benzoin. Further reduction to diols typically
requires stronger reducing agents or harsher conditions.

What solvents are commonly used for the reduction of
benzil with sodium borohydride?

Common solvents include methanol, ethanol, or other protic solvents which
help stabilize intermediates and facilitate the reduction process.

How can the progress of benzil reduction by sodium
borohydride be monitored?

The reaction progress can be monitored by techniques such as TLC (thin layer
chromatography), IR spectroscopy (disappearance of carbonyl peaks), or NMR
spectroscopy to observe the formation of benzoin.

Additional Resources
1. Organic Synthesis: The Disconnection Approach
This book provides comprehensive strategies for organic synthesis, including
the reduction of ketones such as benzil using reagents like sodium
borohydride. It emphasizes retrosynthetic analysis and practical methods for
achieving selective reductions. Readers will find detailed mechanisms and
examples relevant to hydride reductions in aromatic diketones.



2. Modern Reduction Methods
Focusing on various reducing agents, this text covers sodium borohydride-
mediated reductions extensively. It includes practical guidance on reducing
benzil to hydrobenzoin and discusses factors affecting selectivity and yield.
The book serves as a valuable resource for chemists working on selective
reductions of carbonyl compounds.

3. Comprehensive Organic Chemistry Experiments for the Laboratory Classroom
Designed for students and educators, this book features experimental
protocols including the reduction of benzil with sodium borohydride. It
provides step-by-step procedures, safety considerations, and analysis of
reaction products. This hands-on approach aids in understanding the practical
aspects of hydride reductions in lab settings.

4. Advanced Organic Chemistry: Reactions, Mechanisms, and Structure
This advanced textbook delves into mechanisms of organic reactions, including
hydride reductions of diketones like benzil. It explains how sodium
borohydride selectively reduces carbonyl groups and discusses stereochemical
outcomes. The content is ideal for graduate students and researchers
interested in detailed reaction pathways.

5. Principles of Organic Synthesis
Covering a broad spectrum of synthesis techniques, this book includes
chapters on reduction methods using sodium borohydride. It discusses the
conversion of benzil to diols and provides insights on reagent choice and
reaction conditions. The text balances theoretical concepts with practical
applications in organic synthesis.

6. Reduction: Selectivity, Strategy & Efficiency in Modern Organic Synthesis
This specialized volume focuses on the strategic use of reducing agents like
sodium borohydride in organic synthesis. It explores the selective reduction
of benzil and related diketones, highlighting reaction optimization and
stereochemical control. The book is a useful guide for chemists aiming to
improve reduction protocols.

7. Laboratory Techniques in Organic Chemistry
A practical manual, this book offers detailed experimental methods including
the reduction of benzil by sodium borohydride. It covers setup, procedure,
purification, and characterization of products such as hydrobenzoin. The
focus on laboratory best practices makes it ideal for students and practicing
chemists.

8. Reagents for Organic Synthesis: Reduction
This authoritative reference details various reducing agents, with a section
dedicated to sodium borohydride. It explains its application in reducing α-
diketones like benzil, including reaction scope and limitations. The book is
essential for chemists selecting appropriate reagents for targeted
reductions.

9. Organic Chemistry Experiments: Reduction Reactions
This experimental guide provides protocols for conducting reduction reactions
using sodium borohydride, specifically targeting benzil and similar
compounds. It includes reaction mechanisms, expected outcomes, and
troubleshooting tips. The book is valuable for both teaching laboratories and
research settings focused on organic reductions.
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Introduction: Unveiling the Chemistry of Benzil Reduction

Benzil, a diketone with the captivating yellow crystalline structure, is a fascinating molecule that
readily lends itself to various chemical transformations. Among these, its reduction to benzoin holds
a significant place in organic chemistry education and research. This reaction, typically achieved
using sodium borohydride (NaBH₄), provides a valuable hands-on experience in understanding the
principles of nucleophilic addition and hydride reduction. The reduction of benzil is not merely a
laboratory exercise; it showcases the power of selective reduction, highlighting the reactivity of
carbonyl groups and the mild nature of sodium borohydride as a reducing agent. Understanding this
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reaction provides a cornerstone for comprehending more complex reductions encountered in
advanced organic chemistry.

Chapter 1: Deciphering the Mechanism: A Step-by-Step
Analysis

The reduction of benzil to benzoin using sodium borohydride proceeds via a nucleophilic addition
mechanism. The process involves a stepwise transfer of hydride ions (H⁻) from the sodium
borohydride to the carbonyl groups of benzil.

1. Hydride Attack: The hydride ion, a potent nucleophile, attacks the electrophilic carbonyl carbon of
benzil. This attack leads to the formation of a tetrahedral intermediate. The carbonyl group is
converted into an alkoxide ion. It's crucial to note that only one carbonyl group is reduced in this
step. The reaction is typically regioselective, attacking one carbonyl group at a time.

2. Protonation: The alkoxide intermediate is then protonated by a proton source (often methanol or
water, which are often present in the reaction mixture or added after completion). This protonation
step neutralizes the negative charge, yielding a hydroxyl group. The product at this stage is an α-
hydroxy ketone, commonly known as benzoin.

3. Stereochemistry: The reaction proceeds with a preference for the formation of one stereoisomer
of benzoin over the other. This stereoselectivity is influenced by factors including solvent and
temperature. Understanding the stereochemical outcome requires a deeper investigation of the
transition states involved in the hydride transfer.

(Include diagrams here illustrating the mechanism. Diagrams should show the structure of benzil,
the tetrahedral intermediate, and the final product benzoin, clearly indicating the hydride transfer
and protonation steps.)

Chapter 2: Mastering the Technique: A Detailed Experimental
Procedure

The reduction of benzil to benzoin using sodium borohydride is relatively straightforward but
requires careful attention to detail to ensure a high yield and purity of the product.

Materials:

Benzil (precisely weighed amount)
Sodium borohydride (slightly excess to ensure complete reduction)
Methanol (solvent)
Ice bath
Filter paper



Buchner funnel
Vacuum pump

Procedure:

1. Dissolution: Dissolve benzil in a suitable amount of cold methanol.

2. Reduction: Slowly add the sodium borohydride to the benzil solution, ensuring that the reaction
mixture remains cold (use an ice bath to control the exothermic reaction). Stir the mixture gently.

3. Quenching: After the addition of sodium borohydride, allow the reaction to proceed for a specified
time (usually 30-60 minutes). Then, carefully quench the excess sodium borohydride by adding a
small amount of dilute acid (such as dilute HCl). This neutralization step prevents further reduction
and helps in the precipitation of benzoin.

4. Isolation: Collect the precipitated benzoin by vacuum filtration using a Buchner funnel. Wash the
solid with cold water to remove any residual impurities.

5. Recrystallization: Recrystallize the crude benzoin from a suitable solvent (e.g., ethanol or a
mixture of ethanol and water) to purify the product and obtain the crystalline form.

(Note: Safety precautions should be emphasized here, including the proper handling of sodium
borohydride, which reacts vigorously with water. The use of gloves and eye protection is
mandatory.)

Chapter 3: Confirming the Identity: Product Characterization

The identity and purity of the obtained benzoin can be confirmed using various techniques.

Melting Point Determination: The melting point of the purified benzoin should be compared to the
literature value. A sharp melting point indicates high purity.

Infrared (IR) Spectroscopy: IR spectroscopy can confirm the presence of characteristic functional
groups in benzoin, such as the hydroxyl (-OH) and carbonyl (C=O) groups.

Nuclear Magnetic Resonance (NMR) Spectroscopy: ¹H NMR and ¹³C NMR spectroscopy provide
detailed information about the structure and purity of benzoin. The chemical shifts and coupling
patterns can be used to confirm the presence of the expected protons and carbons in the benzoin
molecule.

(Include examples of IR and NMR spectra with annotations pointing out relevant peaks.)

Chapter 4: Exploring the Applications: The Significance of



Benzoin

Benzoin, the product of this reduction, has a variety of applications:

Organic Synthesis: Benzoin serves as a versatile intermediate in the synthesis of various organic
compounds, including pharmaceuticals and other fine chemicals. Its α-hydroxy ketone functionality
allows for diverse transformations.

Pharmaceuticals: Benzoin and its derivatives exhibit various biological activities, making them
potential candidates for drug development. For example, they have shown antimicrobial and anti-
inflammatory properties.

Materials Science: Benzoin and related compounds are explored in the synthesis of materials with
unique properties, such as polymers and resins.

Chapter 5: Navigating Variations and Challenges: Alternative
Approaches and Considerations

While sodium borohydride is a commonly used reducing agent for this reaction, other reducing
agents can also be employed, each with its advantages and disadvantages. For example, lithium
aluminum hydride (LiAlH₄) is a stronger reducing agent but can lead to over-reduction.

The reaction conditions, such as solvent, temperature, and reaction time, can significantly influence
the yield and stereoselectivity of the reaction. Optimizing these parameters can improve the
efficiency of the reduction.

Challenges can include incomplete reduction, side reactions, and difficulties in purification.
Understanding these potential issues allows for informed troubleshooting and optimization
strategies.

Conclusion: A Successful Synthesis and its Implications

The reduction of benzil with sodium borohydride provides a practical and educational example of a
nucleophilic addition reaction. Through careful execution of the experimental procedure and
characterization of the product, this synthesis solidifies understanding of fundamental organic
chemistry principles. The versatile nature of the product, benzoin, and its importance in various
applications underscore the broader significance of this seemingly simple reaction in the context of
organic synthesis and beyond.

---



FAQs:

1. What is the role of methanol in this reaction? Methanol acts as a solvent and also participates in
protonating the alkoxide intermediate.

2. Why is an ice bath used? The reaction is exothermic, and the ice bath helps to control the reaction
temperature and prevent unwanted side reactions.

3. What are the potential side products of this reaction? Over-reduction to the corresponding alcohol
is possible with excess reducing agent.

4. How can I determine the purity of my benzoin product? Melting point, IR, and NMR spectroscopy
are effective methods.

5. What happens if I use too much sodium borohydride? This could lead to over-reduction,
decreasing the yield of benzoin.

6. Can I use water instead of methanol as a solvent? Water would react vigorously with sodium
borohydride, making methanol a safer and more effective solvent.

7. Why is recrystallization necessary? Recrystallization is essential for purifying the benzoin and
improving its crystalline form.

8. What are some alternative reducing agents to sodium borohydride? Lithium aluminum hydride
(LiAlH₄) is a stronger reducing agent, but it requires careful handling.

9. How can I improve the yield of this reaction? Optimizing reaction time, temperature, and reagent
ratios can improve yield.

Related Articles:

1. Stereoselective Reductions of Ketones: Discusses different methods for achieving stereoselective
reduction of ketones, including chiral reducing agents.

2. Sodium Borohydride: A Versatile Reducing Agent: Explores the various applications of sodium
borohydride in organic synthesis.

3. The Chemistry of α-Hydroxy Ketones: Details the properties, synthesis, and reactions of α-hydroxy
ketones, like benzoin.

4. Applications of Benzoin in Organic Synthesis: Reviews the uses of benzoin as a building block in
organic synthesis.

5. Spectroscopic Characterization Techniques in Organic Chemistry: Provides a comprehensive
guide to spectroscopic techniques used for structure elucidation.

6. Recrystallization Techniques for Purification: Explores different methods for recrystallization of
organic compounds.



7. Mechanism of Nucleophilic Addition Reactions: Explains the mechanism of nucleophilic addition
to carbonyl compounds.

8. Safety Precautions in Organic Chemistry Laboratories: Highlights safety procedures in handling
chemicals and performing organic reactions.

9. Green Chemistry Approaches to Organic Synthesis: Discusses environmentally friendly
approaches to organic synthesis, exploring alternatives to hazardous reagents and solvents.
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and purification procedures, taken from literature, of a very extensive number of organic, inorganic
and biochemical compounds which are commercially available. This is the only complete source that
covers the purification of laboratory chemicals that are commercially available in this manner and
format.* Complete update of this valuable, well-known reference* Provides purification procedures
of commercially available chemicals and biochemicals* Includes an extremely useful compilation of
ionisation constants
  reduction of benzil with sodium borohydride: Techniques and Experiments For Organic
Chemistry Addison Ault, 1998-08-12 Embraced by the inside covers' periodic table of elements and
table of solutions of acids, the new edition of this introductory text continues to describe laboratory
operations in its first part, and experiments in the second. Revisions by Ault (Cornell U.) include
detailed instructions for the disposal of waste, and experiments with more interesting compounds
(e.g. seven reactions of vanillin, and isolating ibuprofin from ibuprofin tablets). Conscious of costs,
microscale experiments are included but not to the point where minuscule amounts of material will
preclude the aesthetic pleasure of watching crystals form or distillates collect. Annotation
copyrighted by Book News, Inc., Portland, OR
  reduction of benzil with sodium borohydride: Directed Selectivity in Organic Synthesis
Tanja Gaich, Ekkehard Winterfeldt, 2014-01-21 Bringing together examples that until now were
often hidden and widely spread throughout the original literature, this textbook shows how to use
the correct reagents, conditions or reaction sequences to have access to all possible stereoisomers
when beginning synthesis with only a single starting material. Adopting a didactic approach, the
authors have chosen general and simple examples throughout the book so that these reactions can
be transferred easily to other reaction types. While of major interest to master and PhD students
alike, this book is also a source of valuable information for organic chemists in both academia and
industry. Additional material for lectures at www.wiley-vch.de/textbooks
  reduction of benzil with sodium borohydride: Reductions in Organic Chemistry Milos
Hudlicky, 1996 Based on Milos Hudlicky's meticulous notes and literature studies, this book is a
compilation of the types of reductions undergone by the various classes of organic compounds. No
survey of a topic as broad as reduction could ever be complete, but Hudlicky gives us a
comprehensive cross section of the methods, reactants, and products. Reductions are discussed
according to what bond or functional group is reduced by different reagents. Special attention is
paid to selective reductions that are suitable for the reduction of one particular type of bond or
function without affecting other bonds or functions present in the same molecule. Special emphasis
is placed on enantioselective and diastereoselective reductions effected both by chiral reagents and
by microorganisms. Reducing agents are correlated with both the starting compounds and the
products of reduction. Discussions of methods, mechanisms, stereochemistry, and scopes of
reducing agents are included. Selected laboratory procedures demonstrate the main reduction
techniques. Correlation tables and thorough author and subject indexes make this book easy to use.
This book is an essential reference for teachers and research scientists in organic chemistry and a
help to graduate students.
  reduction of benzil with sodium borohydride: Reaction Mechanisms in Organic Chemistry
Metin Balcı, 2021-12-01 An accessible and step-by-step exploration of organic reaction mechanisms
In Reaction Mechanisms in Organic Chemistry, eminent researcher Dr. Metin Balci delivers an
excellent textbook for understanding organic reaction mechanisms. The book offers a way for
undergraduate and graduate students to understand???rather than memorize???the principles of
reaction mechanisms. It includes the most important reaction types, including substitution,



elimination, addition, pericyclic, and C-C coupling reactions. Each chapter contains problems and
accompanying solutions that cover central concepts in organic chemistry. Students will learn to
understand the foundational nature of ideas like Lewis acids and bases, electron density, the
mesomeric effect, and the inductive effect via the use of detailed examples and an expansive
discussion of the concept of hybridization. Along with sections covering aromaticity and the
chemistry of intermediates, the book includes: A thorough introduction to basic concepts in organic
reactions, including covalent bonding, hybridization, electrophiles and nucleophiles, and inductive
and mesomeric effects Comprehensive explorations of nucleophilic substitution reactions, including
optical activity and stereochemistry of SN2 reactions Practical discussions of elimination reactions,
including halogene elimination and Hofmann elimination In-depth examinations of addition
reactions, including the addition of water to alkenes and the epoxidation of alkenes Perfect for
students of chemistry, biochemistry, and pharmacy, Reaction Mechanisms in Organic Chemistry will
also earn a place in the libraries of researchers and lecturers in these fields seeking a one-stop
resource on organic reaction mechanisms.
  reduction of benzil with sodium borohydride: Advances in Organometallic Chemistry ,
1964-01-01 Advances in Organometallic Chemistry
  reduction of benzil with sodium borohydride: Microwave Assisted Organic Synthesis Jason
Tierney, Pelle Lidström, 2009-02-12 The first reports on the application of microwaves in
organicsynthesis date back to 1986, but it was not until the recentintroduction of specifically
designed and constructed equipment,which countered the safety and reproducibility concerns,
thatsynthetic application of microwaves has become established as alaboratory technique.
Microwave assisted synthesis is now beingadopted in many industrial and academic laboratories to
takeadvantage of the novel chemistry that can be carried out using avariety of organic reaction
types. This book demonstrates the underlying principles of microwavedielectric heating and, by
reference to a range of organic reactiontypes, it's effective use in synthetic organic chemistry.
Toillustrate the impact microwave assisted organic synthesis can haveon chemical research, case
studies drawn mainly from thepharmaceutical industry are presented.
  reduction of benzil with sodium borohydride: Novel Trends in Electroorganic Synthesis
Sigeru Torii, 2013-03-09 Among the topics of interest to organic chemists today are the versatility
and uniqueness of electrolysis procedures in organic synthesis, as well as the latest advances in
methodology, including basic concepts for the design of electrolysis conditions and apparatus. The
International Symposium on Electroorganic Synthesis met in Kurashiki, Japan, in September 1997
for lectures on all aspects of current research in the field. This volume comprising the papers from
the symposium consists of two parts. Part I, Electrooxidation, includes papers on alcohols and
phenols, olefins and aromatics, halogenation, polymers, and electrodes, among others. Included in
Part II, Electroreduction, are papers on carbonyl compounds, halogen-containing compounds,
reaction with EG bases, and metal complexes. The novel trends presented here will be of special
interest to researchers and graduate students in electroorganic chemistry and are a valuable
resource for all organic chemists.
  reduction of benzil with sodium borohydride: Canadian Journal of Chemistry , 1982
  reduction of benzil with sodium borohydride: Organic Chemistry David R. Klein, 2022
Organic Chemistry, 4th Edition provides a comprehensive, yet accessible treatment of all the
essential organic chemistry concepts covered in a two-semester course. Presented with a
skills-based approach that bridges the gap between organic chemistry theory and real-world
practice, the book places special emphasis on developing their problem-solving skills through
applied exercises and activities. It incorporates Klein's acclaimed SkillBuilder program which
contains a solved problem that demonstrates a skill and several practice problems of varying
difficulty levels�including conceptual and cumulative problems that challenge students to apply the
skill in a slightly different environment. An up-to-date collection of literature-based problems
exposes students to the dynamic and evolving nature of organic chemistry and its active role in
addressing global challenges. The text is also enriched with numerous hands-on activities and



real-world examples that help students understand both the why and the how behind organic
chemistry.
  reduction of benzil with sodium borohydride: Operational Organic Chemistry John W.
Lehman, 1988
  reduction of benzil with sodium borohydride: Synthesis of Essential Drugs Ruben
Vardanyan, Victor Hruby, 2006-03-10 Synthesis of Essential Drugs describes methods of synthesis,
activity and implementation of diversity of all drug types and classes. With over 2300 references,
mainly patent, for the methods of synthesis for over 700 drugs, along with the most widespread
synonyms for these drugs, this book fills the gap that exists in the literature of drug synthesis. It
provides the kind of information that will be of interest to those who work, or plan to begin work, in
the areas of biologically active compounds and the synthesis of medicinal drugs. This book presents
the synthesis of various groups of drugs in an order similar to that traditionally presented in a
pharmacology curriculum. This was done with a very specific goal in mind – to harmonize the
chemical aspects with the pharmacology curriculum in a manner useful to chemists. Practically
every chapter begins with an accepted brief definition and description of a particular group of drugs,
proposes their classification, and briefly explains the present model of their action. This is followed
by a detailed discussion of methods for their synthesis. Of the thousands of drugs existing on the
pharmaceutical market, the book mainly covers generic drugs that are included in the WHO's
Essential List of Drugs. For practically all of the 700+ drugs described in the book, references
(around 2350) to the methods of their synthesis are given along with the most widespread synonyms.
Synthesis of Essential Drugs is an excellent handbook for chemists, biochemists, medicinal chemists,
pharmacists, pharmacologists, scientists, professionals, students, university libraries, researchers,
medical doctors and students, and professionals working in medicinal chemistry. * Provides a brief
description of methods of synthesis, activity and implementation of all drug types* Includes
synonyms* Includes over 2300 references
  reduction of benzil with sodium borohydride: Protective Groups in Organic Chemistry J.
McOmie, 2012-12-06 During the past decade there has been a great increase in the use of protective
groups, especially in the synthesis of large and complex organic molecules. Perhaps the greatest
activity has been in the peptide field where such triumphs as the total synthesis of insulin and of
bovine ribonuclease (molecular weight 13,700) have been achieved. Correspondingly, more
protective groups have been devised for the protection of amino and imino groups than for any other
functional group. There are many reviews and books on the synthesis of pep tides but there has been
no general survey of protective groups since my 1 own review in 1963. At that time the five main
methods for the removal of protective groups involved acid or base hydroly sis, reduction, oxidation,
or thermal elimination reactions. Recent advances include the use of photo-sensitive and metal ion
sensitive protective groups, and the attachment of functional groups to reactive polymers as a
method of protec tion during the solid-phase synthesis of peptides and poly nucleotides. Another
interesting development is the design and use of protective groups with a built-in 'safety-catch',
which can be 'released' by a specific chemical reaction, so that an otherwise stable bond is made
labile at the appropriate moment thereby allowing the protective group to be removed under very 2
mild conditions. My own interest in protective groups dates from 1944 when, as a student, I gave
two lectures on the subject and produced an 11 page review including 70 references.
  reduction of benzil with sodium borohydride: Organotin Compounds Albert K. Sawyer,
1971
  reduction of benzil with sodium borohydride: The Organic Chemistry of Drug Synthesis,
Volume 7 Daniel Lednicer, 2007-12-14 The classic reference on the synthesis of medicinal agents --
now completely updated The seventh volume in the definitive series that provides a quick yet
thorough overview of the synthetic routes used to access specific classesof therapeutic agents, this
volume covers approximately 220 new non-proprietary drug entities introduced since the publication
of Volume 6. Many of these compounds represent novel structural types firstidentified by
sophisticated new cell-based assays. Specifically, a significant number of new antineoplastic and



antiviral agents are covered. As in the previous volumes, materials are organized by chemical class
and syntheses originate with available starting materials. Organized to make the information
accessible, this resource covers disease state, rationale for method of drug therapy, and the
biological activities of each compound and preparation. The Organic Chemistry of Drug Synthesis,
Volume 7 is a hands-on reference for medicinal and organic chemists, and a great resource for
graduate and advanced undergraduate students in organic and medicinal chemistry.
  reduction of benzil with sodium borohydride: Dissertation Abstracts International , 1970
  reduction of benzil with sodium borohydride: Aromatic Compounds Malcolm Sainsbury,
2016-06-24 Aromatic Compounds
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