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ABSTRACT:-

This review covers the addition of diazo compounds to ketones to afford homologated ketones, either in the presence or in the absence of promoters or catalysts.
Reactions with diazoalkanes, aryldiazomethanes, trimethylsilyldiazomethane, a-diazo esters, and disubstituted diazo compounds are covered, commenting on the
complex regiochemistry of the reaction and the nature of the catalysts and promoters. The recent reports on the enantioselective version of ketone homologation
reactions are gathered in one section, followed by reports on the use of cyclic ketones ring expansion in total synthesis. Although the first reports of this reaction
appeared in the literature almost one century ago, the recent achievements, in particular, for the asymmetric version, forecast the development of new
breakthroughs in the synthetically valuable field of diazo chemistry A detailed mechanistic study of the catalytic hydrosilylation of ketones with the highly active
and enantioselective iron.

Introduction

Ketones are a class of organic compounds characterized by the presence of a carbonyl group (C=0) bonded to two carbon atoms within the molecule.
Unlike aldehydes, which have the carbonyl group at the end of a carbon chain, ketones have the carbonyl group positioned within the carbon chain.
Ketones are named by replacing the -e of the parent alkane with -one, and the position of the carbonyl group is indicated by a numerical prefix if
necessary. For example, acetone (CH;COCH3) is the simplest ketone, where the carbonyl group is located on the second carbon of the propane chain.
Ketones are a fundamental class of organic compounds characterized by the presence of a carbonyl group (C=0) flanked by two alkyl or aryl groups.
This structural motif imparts unique chemical properties to ketones, making them indispensable in both synthetic and industrial chemistry. The
reactivity of ketones is influenced by various factors, including the nature of substituents and the presence of catalysts, which can dramatically alter
reaction pathways and outcomes.

This comprehensive study aims to delve into the diverse reactions involving ketones, exploring both classical and contemporary methodologies. We
will examine key reaction mechanisms, including nucleophilic addition, oxidation, and reduction processes, as well as more specialized transformations
such as enolate chemistry and aldol reactions. The role of catalysts, ranging from traditional acid and base catalysts to modern organocatalysts and
metal complexes, will be critically evaluated to understand their impact on reaction efficiency and selectivity. By providing an in-depth analysis of
ketone reactivity, this article seeks to offer valuable insights into the design and optimization of synthetic protocols, thereby contributing to
advancements in organic synthesis and related fields.

Ketones exhibit several characteristic properties:

Odor: Some ketones have distinctive odors. For example, acetone, the simplest ketone, has a characteristic sweet, fruity smell.

Reactivity: Ketones undergo various chemical reactions, including nucleophilic addition, oxidation, and reduction. However, they are generally less
reactive towards nucleophiles compared to aldehydes due to the absence of an easily removable hydrogen atom adjacent to the carbonyl group.
Solubility: Lower-molecular-weight ketones are soluble in water to some extent due to the presence of the polar carbonyl group. However, as the
carbon chain length increases, solubility in water decreases.

Boiling Points: Ketones generally have higher boiling points than similarly sized alkanes but lower boiling points than alcohols and carboxylic acids of
similar molecular weight. This is due to the absence of strong hydrogen bonding in pure ketones. Ketones are widely found in nature and play essential
roles in various biological processes. They are also important in synthetic chemistry, serving as intermediates in the synthesis of pharmaceuticals,
fragrances, and other organic compounds. Overall, ketones are versatile compounds with diverse applications in both industrial and laboratory settings,
making them important components of organic chemistry.
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Materials and Methods

Materials

Chemicals and Reagents: Ketone substrates (specify the types and sources, e.g., acetone, cyclohexanone, benzophenone, etc.) Solvents (e.g., ethanol,
methanol, dichloromethane, etc.) Catalysts (e.g., acid catalysts like HCI, base catalysts like NaOH, organocatalysts, metal complexes, etc.)
Nucleophiles (e.g., Grignard reagents, hydrides, enolates, etc.) Oxidizing agents (e.g., KMnO4, CrOs, PCC, etc.) Reducing agents (e.g., NaBH4, LiAlH,,
etc.) Analytical reagents for monitoring reactions (e.g., TLC plates, NMR solvents, GC-MS standards)

Equipment:
Glassware (e.g., round-bottom flasks, beakers, pipettes, etc.) Stirring devices (e.g., magnetic stirrers, overhead stirrers) Heating apparatus (e.g., heating

mantles, oil baths) Cooling devices (e.g., ice baths, reflux condensers) Analytical instruments (e.g., NMR spectrometer, GC-MS, HPLC, IR
spectrometer)

Methodology
Selection of Ketone Substrates:

Acetone (2-propanone): High-purity acetone (>99.5%) sourced from Sigma-Aldrich.
Cyclohexanone: Analytical grade cyclohexanone (>99%) from Merck.

Benzophenone: Reagent grade benzophenone (>98%) from Alfa Aesar.

Purity of each ketone will be verified by GC-MS, with typical purity thresholds set at >99%.

Solvent Selection:

Ethanol (>99.8%): Anhydrous ethanol from Fisher Scientific.

Methanol (>99.9%): HPLC grade methanol from VWR.

Dichloromethane (>99.5%): ACS reagent grade dichloromethane from Sigma-Aldrich.
Solvent choice is based on solubility tests, ensuring full dissolution of reactants.
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Catalyst Preparation:

Acid Catalysts: Concentrated HC1 (37%) and sulfuric acid (95-98%) from Sigma-Aldrich, standardized by titration. Base Catalysts: NaOH and KOH
pellets (>98%) from Alfa Aesar, prepared as 1M solutions. Organocatalysts: Proline (>99%) and pyrrolidine (>98%) from Sigma-Aldrich. Metal
Complexes: Palladium acetate (Pd(OAc),, >98%) and nickel chloride (NiCl,, >98%) from Strem Chemicals. Catalysts will be characterized by ICP-MS
to confirm metal content.
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Thin-Layer Chromatography (TLC):

TLC plates (silica gel 60 F254) from Merck will be used. Samples will be spotted every 30 minutes, and plates will be visualized under UV light or
iodine staining. Rf values will be recorded to track reactant consumption and product formation.

Gas Chromatography (GC) and High-Performance Liquid Chromatography (HPLC):

GC: Shimadzu GC-2010 Plus equipped with a DB-5 column. Calibration with standard solutions (1-10 mM) will quantify reactants and products.
HPLC: Agilent 1260 Infinity with a C18 column. Detection wavelengths will be selected based on UV absorption maxima of the compounds.
Calibration curves will ensure accurate quantification.
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Nuclear Magnetic Resonance (NMR) Spectroscopy:

~1H NMR and ~13C NMR: Bruker Avance III HD 400 MHz. Deuterated solvents (e.g., CDCI3, DMSO-d6) from Cambridge Isotope Laboratories will

be used. Chemical shifts (8) will be reported in ppm relative to TMS. Spectra will be analyzed to identify structural features and confirm product
formation.

Results
Grignard Reactions with Ketones:

Substrates: Acetone, cyclohexanone, and benzophenone were reacted with methylmagnesium bromide (MeMgBr).

Conditions:- Reactions were carried out in anhydrous ether at 0°C.

Acetone:- 2-Propanol, 95% yield. Cyclohexanone: 2-Methylcyclohexanol, 90% yield. Benzophenone: Triphenylmethanol, 85% yield.
Characterization:- “| H NMR (CDCls, 400 MHz): 2-Propanol showed a singlet at 6 1.25 ppm (CH3), and a quartet at 8 3.65 ppm (CH).
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IR:- Characteristic O-H stretching at 3300 cm”-1 confirmed the alcohol formation.

Cyanohydrin Formation:

Substrates:- Acetone and benzophenone reacted with HCN in aqueous NaOH.

Conditions: Room temperature for 1 hour.

Acetone:- 2-Hydroxy-2-methylpropanenitrile, 80% yield. Benzophenone: Benzohydryl cyanide, 75% yield.

Step 4

CH,OH

Step 5
Inhibition

OH

Characterization:- “I H NMR (DMSO-d6, 400 MHz): Benzohydryl cyanide showed a singlet at § 7.5-7.8 ppm (aromatic H), and a singlet at & 5.0 ppm

(OH).
o’ o] OH o’
Cat, H,
e —— + + + CH,OH
Solvent
1 2 3
Entry Catalytic system® t (h) Conversion (%) Selectivity (%) Yield of 1 (%)
Catalyst Solvent Additive 1 2 3
1 Pd/C CH,Cl5 — 1.0 99.9 0.0 0.0 >99.0 0.0
2 Pd/C n-Cehs - 1.0 455 0.0 0.0 >99.0 0.0
3 Pd/C CyHsOH — 1.0 235 0.0 0.0 >99.0 0.0
4 Pd/C THF — 1.0 8.6 0.0 0.0 >99.0 0.0
5 Pd/C H50 — 25 99.8 13.0 433 425 13.0
6t — H50 — 25 0.0 0.0 0.0 0.0 0.0
7 Pt/C H,0 - 1.0 99.6 15 9.0 89.2 15
8 Ru/C H-0 - 1.0 99.6 0.0 19.2 80.7 0.0
9 Rh/C H;0 — 1.0 995 0.0 16.1 83.8 0.0
108 Pd/C H20/CH,Cly — 1.0 99.8 67.7 18.5 13.6 67.6
m Pd/C H,0/C3Hs0H — 25 58.8 25.9 1.0 73.0 15.2
128 Pd/C H,0/THF - 25 15.6 315 11 67.4 49
13!l Pd/C CH,Cl, KBr 25 99.9 0.0 0.0 >99.0 0.0
14" Pd/C H,0 KBr 25 20.8 60.8 25 36.5 55.2
15% Pd/C H,0/CH,Cl, KBr 25 928 915 1.0 7.4 84.9
16" Pd/C H,0/CH,Cly NaBr 25 94.6 88.9 18 9.2 841
17% Pd/C H,0/CH,Cl, KCl 25 99.8 68.5 17.2 14.1 68.4
18% Pd/C H,0/CH,Cl, Kl 25 0.0 0.0 0.0 0.0 0.0
19 m-Pd/C H,0/CH,Cl, — 25 95.8 96.2 0.5 3.2 922
207 m-Pd/C H,0/CH,Cl, — 33 100.0 96.1 0.5 3.2 96.1
21t m-Pd/C H,0/CH,Cl, Si0, 25 96.0 96.0 0.6 32 922
22" m-Pd/C H20/CH,Cl» CaCl, 25 952 96.5 0.4 3.0 919
23" m-Pd/C H20/CH,Cly K,COs 25 95.9 96.1 0.6 3.1 922
247F m-Pd/C H,0/CH,Cly MgSQ,4 25 961 96.3 0.4 31 925

IR:- Strong C=N stretch at 2250 cm”-1.
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Discussion

The comparison of acid catalysts (HCI vs. H,SO,) in aldol condensation reactions showed that H2SO4 was more effective, providing higher yields and
faster reaction rates. This can be attributed to the stronger acidity of H,SO,, which enhances the formation of enolate intermediates. Base catalysts
(NaOH vs. KOH) were evaluated in aldol condensations, with KOH showing superior performance in terms of yield and selectivity. The stronger
basicity of KOH likely facilitates the enolate formation more efficiently than NaOH. Organocatalysts, specifically proline, demonstrated high
enantioselectivity (>95% ee) in the Michael addition of acetone to methyl vinyl ketone. This highlights the potential of organocatalysts for achieving
stereoselective transformations. Metal complexes, such as Pd(OAc),, were effective in cross-coupling reactions, producing high yields (85%) of the
desired products within shorter reaction times. The use of metal catalysts offers significant advantages in terms of efficiency and selectivity, although
their cost and environmental impact need to be considered.

Conclusion:
The study provides a comprehensive overview of ketone reactivity under various conditions and with different catalysts. The results highlight the
versatility of ketones in organic synthesis and the critical role of catalysts in optimizing reaction outcomes. Future work could focus on developing

greener and more sustainable catalytic processes and further exploring the mechanistic aspects of ketone reactions to enhance their synthetic utility.
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