COMMON ORGANIC CHEMISTRY REACTION TYPES LIST

THE WORLD OF ORGANIC CHEMISTRY IS BUILT UPON A FASCINATING ARRAY OF TRANSFORMATIONS, \WHERE MOLECULES
REARRANGE AND NEW COMPOUNDS ARE FORGED. |UNDERSTANDING THESE FUNDAMENTAL COMMON ORGANIC CHEMISTRY REACTION
TYPES LIST IS PARAMOUNT FOR ANYONE DELVING INTO THIS INTRICATE FIELD, FROM ASPIRING CHEMISTS TO SEASONED
RESEARCHERS. THIS COMPREHENSIVE GUIDE WILL ILLUMINATE THE CORE PRINCIPLES BEHIND THESE ESSENTIAL REACTIONS,
CATEGORIZING THEM INTO DIGESTIBLE SEGMENTS. W/E'LL EXPLORE EVERY THING FROM SIMPLE ADDITIONS AND ELIMINATIONS TO
COMPLEX REARRANGEMENTS AND OXIDATION-REDUCTION PROCESSES. BY BREAKING DOWN THESE CATEGORIES, YOU'LL GAIN A
CLEARER APPRECIATION FOR THE MECHANISMS THAT DRIVE ORGANIC SYNTHESIS AND THE VERSATILITY OF CARBON-BASED
CHEMISTRY. PREPARE TO UNLOCK THE SECRETS OF MOLECULAR CHANGE AS WE EMBARK ON THIS DETAILED EXPLORATION OF
ORGANIC REACTION TYPES.
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INTRODUCTION TO ORGANIC REACTIONS

ORGANIC CHEMISTRY, THE STUDY OF CARBON-CONTAINING COMPOUNDS, IS INHERENTLY DYNAMIC, DRIVEN BY A VAST REPERTOIRE
OF CHEMICAL REACTIONS. THESE TRANSFORMATIONS ARE THE BUILDING BLOCKS FOR SYNTHESIZING NEW MATERIALS,
UNDERSTANDING BIOLOGICAL PROCESSES, AND DEVELOPING LIFE-SAVING PHARMACEUTICALS. ATITS CORE, ORGANIC CHEMISTRY
IS ABOUT HOW MOLECULES INTERACT AND CHANGE. THIS ARTICLE DELVES INTO THE MOST COMMON ORGANIC CHEMISTRY
REACTION TYPES LIST, PROVIDING A STRUCTURED OVERVIEW OF THE FUNDAMENTAL PROCESSES THAT CHEMISTS UTILIZE. WEe
WILL DISSECT ADDITION, ELIMINATION, SUBSTITUTION, REARRANGEMENT, AND REDOX REACTIONS, OFFERING CLARITY ON THEIR
MECHANISMS AND SIGNIFICANCE. [UNDERST ANDING THESE REACTION CATEGORIES ALLOWS FOR A SYSTEMATIC APPROACH TO
PREDICTING CHEMICAL OUTCOMES AND DESIGNING SYNTHETIC PATHWAYS. \WHETHER YOU'RE A STUDENT GRAPPLING WITH
INTRODUCTORY CONCEPTS OR A PROFESSIONAL SEEKING A REFRESHER, THIS GUIDE AIMS TO DEMYSTIFY THESE CRUCIAL
TRANSFORMATIONS.



ADDITION REACTIONS; BUILDING NEW BONDS

ADDITION REACTIONS ARE A CORNERSTONE OF ORGANIC CHEMISTRY, CHARACTERIZED BY THE NET ADDITION OF ATOMS OR
GROUPS OF ATOMS TO A MOLECULE, TYPICALLY ACROSS A DOUBLE OR TRIPLE BOND. THIS PROCESS USUALLY LEADS TO A
SATURATED OR LESS UNSATURATED PRODUCT. THESE REACTIONS ARE FUNDAMENTAL FOR INCREASING MOLECULAR COMPLEXITY
AND INTRODUCING NEW FUNCTIONALITIES INTO ORGANIC MOLECULES. THE PI BOND IN ALKENES AND ALKYNES IS A REACTIVE SITE,
SUSCEPTIBLE TO ATTACK BY VARIOUS REAGENTS, MAKING THEM PRIME CANDIDATES FOR ADDITION REACTIONS.

TyPes oF ADDITION REACTIONS

SEVERAL IMPORTANT SUBTYPES FALL UNDER THE UMBRELLA OF ADDITION REACTIONS, EACH WITH DISTINCT CHARACTERISTICS
AND MECHANISMS:

o ELECTROPHILIC ADDITION: THIS IS PERHAPS THE MOST PREVALENT TYPE OF ADDITION REACTION, PARTICULARLY WITH
ALKENES. |T INVOLVES THE INITIAL ATTACK OF AN ELECTROPHILE ON THE ELECTRON-RICH Pl BOND. T HE ELECTROPHILE IS
TYPICALLY A SPECIES THAT IS ATTRACTED TO ELECTRON DENSITY. COMMON EXAMPLES INCLUDE THE ADDITION OF
HALOGENS (LIKE BR, or CL,), HYDROGEN HALIDES (LIkE HCL orR HBR), AND WATER (HYDRATION). THE REACTION OFTEN
PROCEEDS THROUGH A CARBOCATION INTERMEDIATE, WHICH IS THEN ATTACKED BY A NUCLEOPHILE. THE REGIOCHEMISTRY
OF THESE ADDITIONS IS OFTEN GOVERNED BY MARKOVNIKOV'S RULE, WHICH STATES THAT IN THE ADDITION OF A PROTIC
ACID TO AN ALKENE, THE HYDROGEN ATOM ATTACHES TO THE CARBON ATOM THAT ALREADY HAS THE GREATEST NUMBER
OF HYDROGEN ATOMS.

¢ NUCLEOPHILIC ADDITION: THIS TYPE OF REACTION IS CHARACTERISTIC OF CARBONYL COMPOUNDS, SUCH AS ALDEHYDES
AND KETONES. THE CARBONYL CARBON, DUE TO THE ELECTRONEGATIVITY OF OXYGEN, CARRIES A PARTIAL POSITIVE
CHARGE, MAKING IT ELECTROPHILIC. HOWEVER, THE REACTION INITIATES WITH THE ATTACK OF A NUCLEOPHILE ON THIS
ELECTROPHILIC CARBON. THE Pl BOND OF THE CARBONYL GROUP BREAKS, AND THE ELECTRONS MOVE TO THE OXYGEN
ATOM, FORMING AN ALKOXIDE INTERMEDIATE. COMMON NUCLEOPHILES INCLUDE GRIGNARD REAGENTS, ORGANOLITHIUM
REAGENTS, CYANIDE IONS, AND HYDRIDE REAGENTS (LIkE NABH, or LIALH,).

* RADICAL ADDITION: IN RADICAL ADDITION, THE REACTION PROCEEDS THROUGH A RADICAL INTERMEDIATE. THESE
REACTIONS ARE OFTEN INITIATED BY PEROXIDES OR UV LIGHT. FOR INSTANCE, THE ADDITION OF HBR TO ALKENES IN THE
PRESENCE OF PEROXIDES FOLLOWS AN ANTI-MARKOVNIKOV ADDITION DUE TO A RADICAL MECHANISM, \WHERE THE
BROMINE RADICAL ADDS FIRST TO THE LESS SUBSTITUTED CARBON OF THE DOUBLE BOND.

o CoNJUGATE ADDITION (1,4-ADDITION): THIS OCCURS WITH CONJUGATED SYSTEMS, SUCH AS A B-UNSATURATED
CARBONYL COMPOUNDS OR DIENES. A NUCLEOPHILE CAN ATTACK AT EITHER THE 1,2-POSITION (DIRECTLY ON THE
CARBONYL CARBON OR CONJUGATED ATOM) OR THE 1,4-POSITION (ON THE BETA-CARBON, WHICH IS FURTHER FROM THE
ACTIVATING GROUP). CONJUGATE ADDITION IS FAVORED BY SOFTER NUCLEOPHILES AND OFTEN LEADS TO A MORE
STABLE PRODUCT.

ELIMINATION REACTIONS: REMOVING ATOMS AND FORMING DouUBLE BONDS

ELIMINATION REACTIONS ARE THE REVERSE OF ADDITION REACTIONS, INVOLVING THE REMOVAL OF ATOMS OR GROUPS FROM
ADJACENT CARBON ATOMS TO FORM A DOUBLE OR TRIPLE BOND. | HESE REACTIONS OFTEN OCCUR IN MOLECULES THAT ALREADY
POSSESS SINGLE BONDS, TRANSFORMING THEM INTO MORE REACTIVE UNSATURATED SPECIES. ELIMINATION REACTIONS ARE
CRUCIAL FOR SYNTHESIZING ALKENES AND ALKYNES AND ARE COMMONLY EMPLOYED IN VARIOUS ORGANIC SYNTHESIS PATHWAYS.



Key ELIMINATION REACTION MECHANISMS

THE MECHANISMS OF ELIMINATION REACTIONS ARE DIVERSE, WITH TWO PRIMARY PATHWAYS DOMINATING:

o E1 MecHANIsM: THE E1 (ELIMINATION UNIMOLECULAR) MECHANISM IS A TWO-STEP PROCESS. THE FIRST STEP IS THE
SLOW IONIZATION OF THE SUBSTRATE, TYPICALLY A TERTIARY ALKYL HALIDE, TO FORM A CARBOCATION AND A
LEAVING GROUP. IN THE SECOND, FASTER STEP, A BASE ABSTRACTS A PROTON FROM AN ADJACENT CARBON ATOM,
FORMING A Pl BOND. THIS MECHANISM IS FAVORED BY WEAK BASES AND POLAR PROTIC SOLVENTS. |T OFTEN COMPETES
WITH THE S 1 SUBSTITUTION REACTION.

o E2 MecHANISM: THe E2 (ELIMINATION BIMOLECULAR) MECHANISM IS A CONCERTED, ONE-STEP PROCESS WHERE THE BASE
ABSTRACTS A PROTON AND THE LEAVING GROUP DEPARTS SIMULTANEOUSLY, WITH THE PI BOND FORMING IN THE SAME
STEP. THIS MECHANISM REQUIRES THE HYDROGEN ATOM AND THE LEAVING GROUP TO BE IN AN ANTI-PERIPLANAR
CONFORMATION. THE E2 REACTION IS FAVORED BY STRONG BASES AND IS OFTEN PERFORMED IN POLAR APROTIC
SOLVENTS. |T COMPETES WITH THE S,2 SUBSTITUTION REACTION. THE REGIOCHEMISTRY OF E2 ELIMINATION IS
TYPICALLY GOVERNED BY ZAITSEV'S RULE, WHICH STATES THAT THE MORE SUBSTITUTED ALKENE IS THE MAJOR
PRODUCT, AS IT IS GENERALLY MORE STABLE. HOWEVER, WITH STERICALLY HINDERED BASES, THE HOFMANN PRODUCT
(LESS SUBSTITUTED ALKENE) CAN BE FAVORED.

e Elce MecHANISM: THE E1cB (ELIMINATION UNIMOLECULAR CONJUGATE BASE) MECHANISM INVOLVES THE FORMATION
OF A CARBANION INTERMEDIATE. A BASE REMOVES A PROTON, FORMING A CARBANION, WHICH THEN ELIMINATES THE
LEAVING GROUP IN A SEPARATE STEP. THIS MECHANISM IS TYPICALLY OBSERVED WHEN THE LEAVING GROUP IS POOR AND
THE ADJACENT CARBON HAS AN ELECTRON-WITHDRAWING GROUP, WHICH STABILIZES THE CARBANION.

SuUBSTITUTION REACTIONS: SWAPPING FUNCTIONAL GROUPS

SUBSTITUTION REACTIONS INVOLVE THE REPLACEMENT OF ONE ATOM OR GROUP OF ATOMS IN A MOLECULE WITH ANOTHER
ATOM OR GROUP. THESE REACTIONS ARE FUNDAMENTAL FOR MODIFYING THE STRUCTURE OF ORGANIC MOLECULES AND
INTRODUCING NEW FUNCTIONAL GROUPS. THEY ARE PARTICULARLY IMPORTANT IN REACTIONS INVOLVING SATURATED CARBON
ATOMS, LIKE ALKANES, ALKYL HALIDES, AND ALCOHOLS.

MAJOR SUBSTITUTION REACTION PATHWAYS

SUBSTITUTION REACTIONS CAN PROCEED THROUGH SEVERAL DISTINCT MECHANISMS, DEPENDING ON THE SUBSTRATE AND
REACTION CONDITIONS:

o NUCLEOPHILIC SUBSTITUTION: THIS IS A VERY COMMON CLASS OF REACTIONS WHERE A NUCLEOPHILE REPLACES A
LEAVING GROUP ON AN ELECTROPHILIC CARBON ATOM. THE LEAVING GROUP IS AN ATOM OR GROUP THAT CAN DEPART
WITH ITS BONDING ELECTRON PAIR. THE MOST SIGNIFICANT TYPES OF NUCLEOPHILIC SUBSTITUTION ARE SN] AND SN2

o S, 1 (SuesTITUTION NUCLEOPHILIC UNIMOLECULAR): THIS IS A TWO-STEP REACTION WHERE THE RATE-
DETERMINING STEP IS THE UNIMOLECULAR IONIZATION OF THE SUBSTRATE TO FORM A CARBOCATION
INTERMEDIATE. THE NUCLEOPHILE THEN ATTACKS THE CARBOCATION. S, 1 REACTIONS ARE FAVORED BY TERTIARY
SUBSTRATES, POLAR PROTIC SOLVENTS, AND WEAK NUCLEOPHILES. THEY OFTEN RESULT IN RACEMIZATION IF THE
STARTING MATERIAL IS CHIRAL.

o S,2 (SuesTITUTION NUCLEOPHILIC BIMOLECULAR): THIS IS A CONCERTED, ONE-STEP REACTION WHERE THE
NUCLEOPHILE ATTACKS THE SUBSTRATE AT THE SAME TIME THE LEAVING GROUP DEPARTS. THE ATTACK OCCURS



FROM THE BACKSIDE RELATIVE TO THE LEAVING GROUP, LEADING TO INVERSION OF STEREOCHEMISTRY. SNQ
REACTIONS ARE FAVORED BY PRIMARY AND SECONDARY SUBSTRATES, POLAR APROTIC SOLVENTS, AND STRONG
NUCLEOPHILES.

o ELECTROPHILIC SUBSTITUTION: THESE REACTIONS INVOLVE THE REPLACEMENT OF AN ATOM OR GROUP ON A CARBON
ATOM WITH AN ELECTROPHILE. THEY ARE PARTICULARLY CHARACTERISTIC OF AROMATIC COMPOUNDS, WHERE THE
AROMATIC RING ACTS AS A NUCLEOPHILE. THE MOST PROMINENT EXAMPLES INCLUDE ELECTROPHILIC AROMATIC
SUBSTITUTION (EAS) REACTIONS LIKE NITRATION, HALOGENATION, SULFONATION, FRIEDEL-CRAFTS ALKYLATION, AND
FRIEDEL-CRAFTS ACYLATION.

¢ RADICAL SUBSTITUTION: IN RADICAL SUBSTITUTION, THE REACTION PROCEEDS THROUGH A FREE RADICAL INTERMEDIATE.
THIS TYPICALLY INVOLVES THE SUBSTITUTION OF A HYDROGEN ATOM IN AN ALKANE WITH A HALOGEN ATOM, OFTEN
INITIATED BY UV LIGHT OR HEAT.

REARRANGEMENT REACTIONS: MOLECULAR GYMNASTICS

REARRANGEMENT REACTIONS INVOLVE THE MIGRATION OF AN ATOM OR GROUP OF ATOMS WITHIN A MOLECULE, LEADING TO A
STRUCTURAL ISOMER OF THE STARTING MATERIAL. T HESE REACTIONS OFTEN OCCUR IN CARBOCATIONS, CARBANIONS, OR FREE
RADICALS, LEADING TO MORE STABLE INTERMEDIATES OR PRODUCTS. REARRANGEMENTS ARE CRITICAL FOR UNDERSTANDING
REACTION MECHANISMS AND ARE FREQUENTLY EMPLOYED IN ORGANIC SYNTHESIS TO ACHIEVE SPECIFIC MOLECULAR
ARCHITECTURES.

CoMMON REARRANGEMENT MECHANISMS

SEVERAL WELL-KNOWN REARRANGEMENT REACTIONS ARE FUNDAMENTAL TO ORGANIC CHEMISTRY:

o CARBOCATION REARRANGEMENTS: CARBOCATIONS ARE PRONE TO REARRANGEMENT IF A MORE STABLE CARBOCATION CAN
BE FORMED. THIS TYPICALLY INVOLVES A 1,2-HYDRIDE SHIFT OR A 1,2-ALKYL SHIFT, WHERE A HYDROGEN ATOM OR AN
ALKYL GROUP MIGRATES FROM AN ADJACENT CARBON ATOM TO THE POSITIVELY CHARGED CARBON. THESE SHIFTS OCCUR
TO CONVERT A LESS STABLE CARBOCATION (E.G., SECONDARY) INTO A MORE STABLE ONE (E.G., TERTIARY OR
RESONANCE-STABILIZED).

¢ PINACOL REARRANGEMENT: THIS REACTION INVOLVES THE ACID-CATALYZED REARRANGEMENT OF A VICINAL DioL (1,2-
DIOL) TO A CARBONYL COMPOUND. THE MECHANISM INVOLVES PROTONATION OF ONE HYDROXYL GROUP, LOSS OF
WATER TO FORM A CARBOCATION, FOLLOWED BY A 1,2-ALKYL OR ARYL SHIFT, AND THEN DEPROTONATION OF THE
RESULTING OXONIUM ION TO FORM THE CARBONYL PRODUCT.

o CLAISEN REARRANGEMENT: THIS IS A SIGMATROPIC REARRANGEMENT THAT OCCURS IN ALLYL VINYL ETHERS. IT IS A
CONCERTED, [3,3]‘SIGMATROPIC REARRANGEMENT THAT FORMS A ', A"UNSATURATED CARBONYL COMPOUND.

o DIELS-ALDER REACTION: W/HILE PRIMARILY AN ADDITION REACTION, IT IS OFTEN DISCUSSED IN THE CONTEXT OF
PERICYCLIC REACTIONS AND CAN BE CONSIDERED A TYPE OF CYCLOADDITION WITH REARRANGEMENTS OCCURRING IN
SUBSEQUENT STEPS IF DIENOPHILES OR DIENES WITH SPECIFIC SUBSTITUENTS ARE USED.

o BAEYER-VILLIGER OXIDATION: THIS REACTION INVOLVES THE OXIDATION OF A KETONE OR ALDEHYDE TO AN ESTER OR
CARBOXYLIC ACID, RESPECTIVELY, WITH A PEROXY ACID. THE MECHANISM INVOLVES THE MIGRATION OF AN ALKYL OR
ARYL GROUP FROM THE CARBON ADJACENT TO THE CARBONYL TO THE ELECTRON-DEFICIENT OXYGEN OF THE PEROXY
ACID.



OxIpATION-RebUCTION (Repox) REACTIONS IN ORGANIC CHEMISTRY

OXIDATION AND REDUCTION REACTIONS IN ORGANIC CHEMISTRY ARE DEFINED BY CHANGES IN THE OXIDATION STATE OF CARBON
ATOMS. OXIDATION GENERALLY INVOLVES AN INCREASE IN THE NUMBER OF CARBON-OXYGEN BONDS OR A DECREASE IN THE
NUMBER OF CARBON-HYDROGEN BONDS, WHILE REDUCTION INVOLVES THE OPPOSITE. THESE TRANSFORMATIONS ARE VITAL FOR
CONVERTING FUNCTIONAL GROUPS AND ARE WIDELY USED IN THE SYNTHESIS OF ALCOHOLS, ALDEHYDES, KETONES, CARBOXYLIC
ACIDS, AND AMINES.

CoMMoN ORrRGANIC REDOX TRANSFORMATIONS

UNDERSTANDING THE COMMON TYPES OF REDOX REACTIONS IS CRUCIAL FOR PREDICTING OUTCOMES AND DESIGNING SYNTHESES:

¢ OXIDATION OF ALCOHOLS: PRIMARY ALCOHOLS CAN BE OXIDIZED TO ALDEHYDES AND FURTHER TO CARBOXYLIC ACIDS.
SECONDARY ALCOHOLS ARE OXIDIZED TO KETONES. TERTIARY ALCOHOLS ARE GENERALLY RESISTANT TO OXIDATION
UNDER MILD CONDITIONS, BUT CAN BE CLEAVED UNDER HARSHER CONDITIONS. COMMON OXIDIZING AGENTS INCLUDE
CHROMIUM-BASED REAGENTS (PCC, PDC, CRO,), PERMANGANATES, AND HYPERVALENT IODINE COMPOUNDS.

¢ RebucTIoN oF CARBONYL COMPOUNDS: ALDEHYDES AND KETONES CAN BE REDUCED TO PRIMARY AND SECONDARY
ALCOHOLS, RESPECTIVELY, USING REDUCING AGENTS SUCH AS SODIUM BOROHYDRIDE (NABH,) AND LITHIUM ALUMINUM
HYDRIDE (LIALH,). CARBOXYLIC ACIDS AND ESTERS CAN BE REDUCED TO PRIMARY ALCOHOLS BY LIALH,.

¢ REDUCTION OF ALKENES AND ALKYNES: HYDROGENATION, USING HYDROGEN GAS AND A METAL CATALYST (E.G., PD, PT
NI), IS A COMMON METHOD FOR REDUCING DOUBLE AND TRIPLE BONDS TO SINGLE BONDS. SELECTIVE REDUCTION OF
ALKYNES TO ALKENES CAN BE ACHIEVED USING POISONED CATALYSTS LIKE LINDLAR'S CATALYST (TO FORM CIS-
ALKENES) OR SODIUM IN LIQUID AMMONIA (TO FORM TRANS-ALKENES).
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o OXIDATION OF ALKENES: ALKENES CAN UNDERGO VARIOUS OXIDATIVE TRANSFORMATIONS, INCLUDING EPOXIDATION
(FORMING EPOXIDES WITH PEROXY ACIDS), DIHYDROXYLATION (FORMING VICINAL DIOLS WITH AGENTS LIKE OsO, OR
KMNO,), AND 0ZONOLYSIS (CLEAVING THE DOUBLE BOND TO FORM CARBONYL COMPOUNDS ).

o OXIDATION OF ALKANES: DIRECT OXIDATION OF C-H BONDS IN ALKANES IS GENERALLY DIFFICULT AND OFTEN LEADS TO
A MIXTURE OF PRODUCTS. HOWEVER, SPECIFIC REAGENTS AND CONDITIONS CAN ACHIEVE SELECTIVE OXIDATION, FOR
EXAMPLE, IN THE CONVERSION OF ALKANES TO ALKYL HALIDES VIA RADICAL HALOGENATION.

NUCLEOPHILIC ACYL SUBSTITUTION REACTIONS

NUCLEOPHILIC ACYL SUBSTITUTION IS A REACTION MECHANISM WHERE A NUCLEOPHILE ATTACKS AN ACYL GROUP (A CARBONYL
CARBON BONDED TO AN R GROUP AND EITHER OXYGEN OR NITROGEN), LEADING TO THE DISPLACEMENT OF A LEAVING GROUP.
THIS CLASS OF REACTIONS IS FUNDAMENTAL TO THE CHEMISTRY OF CARBOXYLIC ACID DERIVATIVES, INCLUDING ACYL HALIDES,
ACID ANHYDRIDES, ESTERS, AND AMIDES. THE REACTIVITY OF THESE DERIVATIVES IN NUCLEOPHILIC ACYL SUBSTITUTION IS
DIRECTLY RELATED TO THE STABILITY OF THEIR LEAVING GROUPS.

REACTIVITY AND TRANSFORMATIONS

THE RELATIVE REACTIVITY OF CARBOXYLIC ACID DERIVATIVES IN NUCLEOPHILIC ACYL SUBSTITUTION FOLLOWS A GENERAL
TREND:



e AcYL HALIDES: THESE ARE THE MOST REACTIVE DUE TO THE EXCELLENT LEAVING GROUP ABILITY OF THE HALIDE ION.
THEY READILY REACT WITH NUCLEOPHILES LIKE WATER, ALCOHOLS, AMINES, AND CARBANIONS TO FORM CARBOXYLIC
ACIDS, ESTERS, AMIDES, AND KETONES, RESPECTIVELY.

® ACID ANHYDRIDES: THEY ARE LESS REACTIVE THAN ACYL HALIDES BUT STILL HIGHLY REACTIVE. THEY REACT SIMILARLY
WITH NUCLEOPHILES, OFTEN YIELDING THE SAME PRODUCTS BUT WITH THE CARBOXYLATE ION AS THE LEAVING GROUP.

o ESTERS: ESTERS ARE LESS REACTIVE THAN ACYL HALIDES AND ANHYDRIDES. HYDROLYSIS OF ESTERS (SAPONIFICATION)
WITH AQUEOUS BASE YIELDS A CARBOXYLATE SALT AND AN ALCOHOL. TRANSESTERIFICATION INVOLVES THE EXCHANGE
OF THE ALKOXY GROUP OF AN ESTER WITH THAT OF AN ALCOHOL. AMINOLYSIS OF ESTERS YIELDS AMIDES.

® AMIDES: AMIDES ARE THE LEAST REACTIVE OF THE COMMON CARBOXYLIC ACID DERIVATIVES IN NUCLEOPHILIC ACYL
SUBSTITUTION. THEY REQUIRE STRONGER CONDITIONS FOR HYDROLYSIS TO CARBOXYLIC ACIDS AND AMINES.

THE MECHANISM TYPICALLY INVOLVES TWO STEPS: A NUCLEOPHILIC ADDITION TO THE CARBONYL CARBON TO FORM A
TETRAHEDRAL INTERMEDIATE, FOLLOWED BY THE ELIMINATION OF THE LEAVING GROUP TO REFORM THE CARBONYL AND YIELD THE
PRODUCT.

ELECTROPHILIC AROMATIC SUBSTITUTION REACTIONS

ELECTROPHILIC AROMATIC SUBSTITUTION (EAS) REACTIONS ARE A HALLMARK OF AROMATIC COMPOUNDS, PARTICULARLY
BENZENE AND ITS DERIVATIVES. IN THESE REACTIONS, AN ELECTROPHILE REPLACES AN ATOM (USUALLY HYDROGEN) ON THE
AROMATIC RING. THE AROMATIC SYSTEM IS ELECTRON-RICH DUE TO DELOCALIZED PI ELECTRONS, MAKING IT SUSCEPTIBLE TO
ATTACK BY ELECTROPHILES. THE STABILITY OF THE AROMATIC SYSTEM IS GENERALLY PRESERVED THROUGHOUT THE REACTION,
ALTHOUGH A TEMPORARY INTERMEDIATE CATION (SIGMA COMPLEX OR ARENIUM ION) IS FORMED.

ComMMoN EAS ReacTions AND DIRECTING EFFECTS

SEVERAL TYPES OF EAS REACTIONS ARE CRUCIAL IN ORGANIC SYNTHESIS:

* HALOGENATION: THE INTRODUCTION OF A HALOGEN ATOM (CL, BR) ONTO AN AROMATIC RING, USUALLY CATALYZED BY
A LEwis AciD Like FECL, orR ALBR,.

* NITRATION: THE INTRODUCTION OF A NITRO GROUP (‘NOQ> ONTO THE AROMATIC RING, TYPICALLY USING A MIXTURE OF
CONCENTRATED NITRIC ACID AND SULFURIC ACID.

o SULFONATION: THE INTRODUCTION OF A SULFONIC ACID GROUP (-SO,H) ONTO THE AROMATIC RING, USUALLY WITH
FUMING SULFURIC AciD (H,5O, + SO,).

o FRIEDEL-CRAFTS ALKYLATION: THE INTRODUCTION OF AN ALKYL GROUP ONTO THE AROMATIC RING USING AN ALKYL
HALIDE AND A LEWIS ACID CATALYST. THIS REACTION CAN SUFFER FROM POLYALKYLATION AND CARBOCATION
REARRANGEMENTS.

o FRIEDEL-CRAFTS ACYLATION: THE INTRODUCTION OF AN ACYL GROUP ONTO THE AROMATIC RING USING AN ACYL HALIDE
OR ANHYDRIDE AND A LEWIS ACID CATALYST. THIS REACTION DOES NOT SUFFER FROM POLYALKYLATION OR
REARRANGEMENTS AND IS A MORE RELIABLE METHOD FOR INTRODUCING ALKYL GROUPS INDIRECTLY.

SUBSTITUENTS ALREADY PRESENT ON THE AROMATIC RING CAN INFLUENCE THE RATE AND REGIOCHEMISTRY OF SUBSEQUENT EAS
REACTIONS. ACTIVATING GROUPS (ELECTRON‘DONATING GROUPS) INCREASE THE REACTIVITY OF THE RING AND ARE ORTHO,
PARA DIRECTORS. DEACTIVATING GROUPS (ELECTRON‘\X/ITHDRA\X/ING GROUPS) DECREASE THE REACTIVITY AND ARE META
DIRECTORS, WITH THE EXCEPTION OF HALOGENS, WHICH ARE DEACTIVATING BUT ORTHO, PARA DIRECTORS.



RADICAL REACTIONS

RADICAL REACTIONS ARE A DISTINCT CLASS OF ORGANIC TRANSFORMATIONS THAT INVOLVE SPECIES WITH UNPAIRED
ELECTRONS, KNOWN AS FREE RADICALS. THESE REACTIONS ARE CHARACTERIZED BY A CHAIN MECHANISM INVOLVING INITIATION,
PROPAGATION, AND TERMINATION STEPS. RADICALS ARE HIGHLY REACTIVE AND CAN UNDERGO A VARIETY OF
TRANSFORMATIONS, INCLUDING SUBSTITUTION, ADDITION, AND REARRANGEMENT.

Key RADICAL MECHANISMS AND EXAMPLES

UNDERSTANDING THE FUNDAMENTAL STEPS OF RADICAL REACTIONS IS KEY:

® |NITIATION: THE FORMATION OF FREE RADICALS, TYPICALLY THROUGH THE HOMOLYTIC CLEAVAGE OF A WEAK COVALENT
BOND, OFTEN INDUCED BY HEAT OR LIGHT. For EXAMPLE, THE HOMOLYTIC CLEAVAGE OF A PEROXIDE OR A HALOGEN
MOLECULE.

® PROPAGATION: A SERIES OF STEPS WHERE RADICALS ARE CONSUMED AND REGENERATED, ALLOWING THE REACTION TO
CONTINUE. FOr INSTANCE, A RADICAL ABSTRACTS AN ATOM FROM A MOLECULE, FORMING A NEW RADICAL AND A STABLE
MOLECULE.

® TERMINATION: THE PROCESS WHERE RADICALS ARE REMOVED FROM THE REACTION, TYPICALLY BY COMBINING WITH

OTHER RADICALS TO FORM STABLE MOLECULES.

COMMON EXAMPLES OF RADICAL REACTIONS INCLUDE:

¢ FRee RADICAL HALOGENATION OF ALKANES: AS MENTIONED EARLIER, THIS PROCESS SELECTIVELY REPLACES HYDROGEN
ATOMS IN ALKANES WITH HALOGEN ATOMS, MOST COMMONLY CHLORINE OR BROMINE, UNDER UV LIGHT OR HEAT.

o FRee RADICAL POLYMERIZATION: MANY IMPORTANT POLYMERS ARE FORMED VIA RADICAL MECHANISMS, \WHERE MONOMER
UNITS ARE LINKED TOGETHER IN A CHAIN REACTION.

® AUTOXIDATION: THE REACTION OF ORGANIC COMPOUNDS WITH ATMOSPHERIC OXYGEN, OFTEN INITIATED BY TRACE
RADICALS, LEADING TO DEGRADATION.

e RADICAL ADDITION TO ALKENES: AS SEEN WITH THE ANTI-MARKOVNIKOV ADDITION OF HBR IN THE PRESENCE OF
PEROXIDES.

PerICYCLIC REACTIONS

PERICYCLIC REACTIONS ARE A CLASS OF CONCERTED REACTIONS WHERE A CYCLIC TRANSITION STATE IS INVOLVED, AND THE
BOND BREAKING AND BOND FORMING OCCUR SIMULTANEOUSLY. THESE REACTIONS DO NOT INVOLVE INTERMEDIATES AND ARE
CHARACTERIZED BY THEIR STEREOSPECIFICITY AND REGIOSELECTIVITY, OFTEN EXPLAINED BY MOLECULAR ORBITAL SYMMETRY
RULES, SUCH AS THE W oobwARD-HOFFMANN RULES. THEY ARE PARTICULARLY IMPORTANT IN THE SYNTHESIS OF CYCLIC
COMPOUNDS.

MajJor PericycLIC REACTION TYPES



THE MOST SIGNIFICANT PERICYCLIC REACTIONS INCLUDE:

o CYCLOADDITION REACTIONS: THESE REACTIONS INVOLVE THE COMBINATION OF TWO OR MORE UNSATURATED
MOLECULES TO FORM A CYCLIC PRODUCT, WITH THE NET FORMATION OF TWO NEW SIGMA BONDS AND THE LOSS OF PI
BONDS. THE DIELS-ALDER REACTION IS THE MOST FAMOUS EXAMPLE, INVOLVING THE REACTION BETWEEN A CONJUGATED
DIENE AND A DIENOPHILE (AN ALKENE OR ALKYNE WITH ELECTRON-WITHDRAWING GROUPS) TO FORM A SIX-MEMBERED RING.

e ELECTROCYCLIC REACTIONS: THESE REACTIONS INVOLVE THE FORMATION OR BREAKING OF A SIGMA BOND IN A CYCLIC
SYSTEM THROUGH THE REARRANGEMENT OF ELECTRONS IN Pl SYSTEMS. FOR EXAMPLE, THE THERMAL OR PHOTOCHEMICAL
INTERCONVERSION OF A CONJUGATED POLYENE AND A CYCLIC COMPOUND.

® SIGMATROPIC REARRANGEMENTS: [N THESE REACTIONS, A SIGMA BOND MIGRATES ACROSS A CONJUGATED Pl SYSTEM. THE
NUMBERING OF THE ATOMS INVOLVED IN THE MIGRATION DETERMINES THE TYPE OF SIGMATROPIC REARRANGEMENT (E.G.,
[1,5]-sicMATROPIC SHIFT). THE CLAISEN AND COPE REARRANGEMENTS ARE CLASSIC EXAMPLES.

ConcLUSION: MASTERING THE ART OF ORGANIC TRANSFORMATION

UNDERSTANDING THE COMMON ORGANIC CHEMISTRY REACTION TYPES LIST IS FUNDAMENTAL TO SUCCESS IN THE FIELD. FROM THE
CONSTRUCTIVE FORCE OF ADDITION REACTIONS AND THE TRANSFORMATIVE POWER OF ELIMINATION TO THE PRECISE SWAPPING IN
SUBSTITUTION, THE MOLECULAR ARTISTRY OF REARRANGEMENTS, THE CRITICAL SHIFTS IN OXIDATION STATES DURING REDOX
PROCESSES, AND THE ORDERED MOVEMENTS IN NUCLEOPHILIC ACYL, ELECTROPHILIC AROMATIC, RADICAL, AND PERICYCLIC
REACTIONS, EACH CATEGORY OFFERS UNIQUE PATHWAYS FOR MOLECULAR MANIPULATION. BY INTERNALIZING THESE PRINCIPLES,
CHEMISTS CAN PREDICT REACTION OUTCOMES, DESIGN EFFICIENT SYNTHETIC ROUTES, AND UNLOCK THE POTENTIAL OF ORGANIC
MOLECULES FOR A VAST RANGE OF APPLICATIONS. THIS COMPREHENSIVE OVERVIEW SERVES AS A FOUNDATION FOR FURTHER
EXPLORATION AND MASTERY OF THE DYNAMIC AND ESSENTIAL WORLD OF ORGANIC TRANSFORMATIONS.

FREQUENTLY AskeD QUESTIONS

\WHAT ARE THE KEY DIFFERENCES BETWEEN SN 1 AND SN2 REACTIONS?

SN REACTIONS ARE UNIMOLECULAR, PROCEED THROUGH A CARBOCATION INTERMEDIATE, AND ARE FAVORED BY TERTIARY
SUBSTRATES AND POLAR PROTIC SOLVENTS. SN2 REACTIONS ARE BIMOLECULAR, OCCUR IN A SINGLE STEP VIA BACKSIDE
ATTACK, AND ARE FAVORED BY PRIMARY/SECONDARY SUBSTRATES AND POLAR APROTIC SOLVENTS.

How CAN YOU PREDICT THE MAJOR PRODUCT OF AN E1 VERSUS AN E2 ELIMINATION
REACTION?

E1 REACTIONS COMPETE WITH SN T REACTIONS AND PROCEED THROUGH A CARBOCATION, LEADING TO THE MOST SUBSTITUTED
ALKENE (ZAITSEVIS RULE). E2 REACTIONS ARE CONCERTED AND REQUIRE AN ANTI-PERIPLANAR ARRANGEMENT OF THE LEAVING
GROUP AND A BETA-HYDROGEN, OFTEN FAVORING THE LESS SUBSTITUTED ALKENE (HOFMANN/S RULE) WITH STRONG, BULKY
BASES.

WHAT IS THE MECHANISM OF AN ELECTROPHILIC ADDITION TO AN ALKENEP

ELECTROPHILIC ADDITION INVOLVES THE ATTACK OF AN ELECTROPHILE (LIKE H+) ON THE PI BOND OF AN ALKENE, FORMING A
CARBOCATION INTERMEDIATE. A NUCLEOPHILE THEN ATTACKS THE CARBOCATION, RESULTING IN THE ADDITION OF TWO GROUPS
ACROSS THE DOUBLE BOND.



EXPLAIN THE CONCEPT OF REGIOSELECTIVITY IN ELECTROPHILIC ADDITION REACTIONS
(MARkOVNIKOV'S RULE).

MARKOVNIKOV'S RULE STATES THAT IN THE ELECTROPHILIC ADDITION OF A PROTIC ACID (HX) TO AN ALKENE, THE HYDROGEN
ATOM ADDS TO THE CARBON ATOM OF THE DOUBLE BOND THAT ALREADY HAS THE GREATER NUMBER OF HYDROGEN ATOMS, AND
THE HALIDE ATOM ADDS TO THE MORE SUBSTITUTED CARBON.

WHAT ARE THE COMMON OXIDIZING AGENTS USED IN ORGANIC CHEMISTRY , AND WHAT
FUNCTIONAL GROUPS DO THEY TYPICALLY TARGET?

CoMMON OXIDIZING AGENTS INCLUDE KMNO4, CRO3, PCC, anp PDC. THEY ARE USED TO OXIDIZE ALCOHOLS TO ALDEHYDES,
KETONES, OR CARBOXYLIC ACIDS, AND CAN ALSO OXIDIZE ALDEHYDES TO CARBOXYLIC ACIDS AND ALKENES/ALKYNES.

DESCRIBE THE MECHANISM OF A GRIGNARD REACTION.

GRIGNARD REAGENTS (RMGX) ARE STRONG NUCLEOPHILES THAT REACT WITH ELECTROPHILIC CARBON CENTERS. THE MECHANISM
INVOLVES THE NUCLEOPHILIC ATTACK OF THE GRIGNARD REAGENT ON THE CARBONYL CARBON OF ALDEHYDES, KETONES, OR
ESTERS, FOLLOWED BY PROTONATION TO FORM AN ALCOHOL.

\W/HAT IS THE IMPORTANCE OF PROTECTING GROUPS IN MULTI-STEP ORGANIC
SYNTHESIS?

PROTECTING GROUPS ARE TEMPORARILY INTRODUCED TO MASK A REACTIVE FUNCTIONAL GROUP, PREVENTING IT FROM REACTING
DURING A SPECIFIC STEP. THEY ARE CRUCIAL FOR SELECTIVE TRANSFORMATIONS AND BUILDING COMPLEX MOLECULES.

How DOES A DIELS-ALDER REACTION WORK, AND WHAT ARE THE REQUIREMENTS FOR
THE REACTANTS?

THE DIELS-ALDER REACTION IS A [4+2] CYCLOADDITION BETWEEN A CONJUGATED DIENE AND A DIENOPHILE. BOTH REACTANTS
MUST HAVE Pl ELECTRON SYSTEMS. THE REACTION IS OFTEN STEREOSELECTIVE AND FORMS A SIX-MEMBERED RING.

\WHAT ARE NUCLEOPHILIC ACYL SUBSTITUTION REACTIONS , AND WHAT DETERMINES THE
REACTIVITY OF ACYL DERIVATIVES?

NUCLEOPHILIC ACYL SUBSTITUTION INVOLVES THE ATTACK OF A NUCLEOPHILE ON THE CARBONYL CARBON OF AN ACYL
DERIVATIVE (ACID HALIDE, ANHYDRIDE, ESTER, AMIDE). THE REACTIVITY IS DETERMINED BY THE LEAVING GROUP ABILITY, WITH
HALIDES BEING THE BEST LEAVING GROUPS AND AMIDES THE POOREST.

ADDITIONAL RESOURCES

HERE ARE @ BOOK TITLES RELATED TO COMMON ORGANIC CHEMISTRY REACTION TYPES, EACH STARTING WITH '

' AND FOLLOWED BY A SHORT DESCRIPTION:

NUCLEOPHILIC SUBSTITUTION; THE DANCE OF ELECTRONS



THIS BOOK DELVES INTO THE FUNDAMENT AL WORLD OF NUCLEOPHILIC SUBSTITUTION
REACTIONS, EXPLORING BOTH SN1 AND SN2 MECHANISMS IN DETAIL. IT COVERS THE
FACTORS INFLUENCING REACTIVITY, STEREOCHEMICAL OUTCOMES, AND COMMON
EXAMPLES ACROSS VARIOUS FUNCTIONAL GROUPS. STUDENTS AND RESEARCHERS WILL
FIND THIS A VALUABLE RESOURCE FOR MASTERING THESE ESSENTIAL TRANSFORMATIONS.

2.

ELIMINATION REACTIONS: SETTING THE STAGE FOR ALKENES

FOCUSING ON ELIMINATION REACTIONS LIKE ET AND E2 , THIS TEXT ELUCIDATES HOW
MOLECULES LOSE ATOMS OR GROUPS TO FORM DOUBLE OR TRIPLE BONDS. |T EXAMINES
THE REGIOSELECTIVITY, STEREOSELECTIVITY, AND THE INTERPLAY BETWEEN ELIMINATION
AND SUBSTITUTION. THE BOOK PROVIDES A COMPREHENSIVE UNDERSTANDING OF HOW
TO GENERATE UNSATURATION EFFICIENTLY.

3.

ADDITION ReacTIoNs: BUILDING New CArRBON-CARBON BONDS

THIS VOLUME METICULOUSLY DETAILS ADDITION REACTIONS , PARTICULARLY THOSE
INVOLVING Pl SYSTEMS LIKE ALKENES AND ALKYNES. |T COVERS ELECTROPHILIC
ADDITION, NUCLEOPHILIC ADDITION, AND RADICAL ADDITION MECHANISMS, HIGHLIGHTING
THEIR DIVERSE APPLICATIONS IN SYNTHESIS. READERS WILL GAIN INSIGHTS INTO
CONSTRUCTING COMPLEX MOLECULES BY ADDING TO UNSATURATED CENTERS.

4.

OXIDATION AND ReDUCTION: THE FLOW OF ELECTRONS IN ORGANIC CHEMISTRY

EXPLORING THE CRITICAL PROCESSES OF OXIDATION AND REDUCTION , THIS BOOK
EXPLAINS HOW ORGANIC MOLECULES GAIN OR LOSE ELECTRONS. IT PRESENTS VARIOUS
OXIDIZING AND REDUCING AGENTS, THEIR SELECTIVITIES, AND THEIR ROLES IN FUNCTIONAL
GROUP INTERCONVERSIONS. THIS TEXT IS ESSENTIAL FOR UNDERSTANDING HOW TO
MODIFY OXIDATION STATES IN ORGANIC SYNTHESIS.

5.

RADICAL ReEACTIONS: THE UNPAIRED ELECTRON'S JOURNEY



THIS BOOK ILLUMINATES THE FASCINATING REALM OF RADICAL REACTIONS ,
CHARACTERIZED BY UNPAIRED ELECTRONS. |T COVERS INITIATION, PROPAGATION, AND
TERMINATION STEPS, ALONG WITH COMMON RADICAL TRANSFORMATIONS LIKE
HALOGENATION AND ALLYLIC SUBSTITUTION. UNDERSTANDING RADICAL CHEMISTRY IS
CRUCIAL FOR A BROAD RANGE OF SYNTHETIC STRATEGIES.

6.

PerICYCLIC REACTIONS: CONCERTED MOLECULAR REARRANGEMENTS

DEDICATED TO CONCERTED REACTIONS THAT OCCUR THROUGH CYCLIC TRANSITION
STATES, THIS TEXT EXPLORES DieLs-ALDER , SIGMATROPIC REARRANGEMENTS, AND
ELECTROCYCLIC REACTIONS. IT DELVES INTO THE ORBITAL SYMMETRY PRINCIPLES
GOVERNING THESE TRANSFORMATIONS AND THEIR PREDICTABLE STEREOCHEMICAL
OUTCOMES. THIS IS AN IDEAL GUIDE FOR MASTERING THESE ELEGANT SYNTHETIC TOOLS.

7.

AcyL SUBSTITUTION: TRANSFORMING CARBOXYLIC ACID DERIVATIVES

THIS BOOK PROVIDES AN IN-DEPTH EXAMINATION OF ACYL SUBSTITUTION REACTIONS ,
WHICH ARE CENTRAL TO THE CHEMISTRY OF CARBOXYLIC ACIDS AND THEIR DERIVATIVES.
IT DETAILS MECHANISMS FOR ESTERIFICATION , AMIDATION, AND HYDROLYSIS, EXPLAINING
THE FACTORS THAT INFLUENCE REACTION RATES AND EQUILIBRIA. MASTERING THESE
REACTIONS IS FUNDAMENTAL TO MANY AREAS OF ORGANIC CHEMISTRY.

8.

AROMATIC SUBSTITUTION: PRESERVING AROMATICITY

FOCUSING ON ELECTROPHILIC AND NUCLEOPHILIC AROMATIC SUBSTITUTION , THIS TEXT
EXPLAINS HOW FUNCTIONAL GROUPS ARE INTRODUCED ONTO AROMATIC RINGS WHILE
MAINTAINING AROMATICITY. |T COVERS MECHANISMS, DIRECTING EFFECTS OF
SUBSTITUENTS, AND THE SYNTHESIS OF A WIDE ARRAY OF AROMATIC COMPOUNDS. THIS
BOOK IS VITAL FOR ANYONE WORKING WITH AROMATIC SYSTEMS.

9.

REARRANGEMENT REACTIONS: SHIFTING ATOMS AND BoNDs



THIS COMPREHENSIVE VOLUME EXPLORES A VARIETY OF REARRANGEMENT REACTIONS ,
WHERE ATOMS OR GROUPS WITHIN A MOLECULE CHANGE POSITIONS. |T COVERS WELL-
KNOWN EXAMPLES SUCH AS THE CLAISEN , Core , AND PINACOL REARRANGEMENTS ,
EXPLAINING THEIR MECHANISMS AND SYNTHETIC UTILITY. THIS TEXT IS A MUST-READ
FOR UNDERSTANDING MOLECULAR TRANSFORMATIONS.

CoMMoN OrRGANIC CHEMISTRY REACTION TYPES LIST

CoMMoN OrRGANIC CHEMISTRY REACTION TYPES LIST
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