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I. INTRODUCTION: THE CHAUVIN 

MECHANISM: A KINETIC BREAKDOWN 
 

The universally accepted mechanism for olefin 

metathesis, proposed by Yves Chauvin, operates via 

a sequence of formal [2+2] cycloadditions and 

cycloreversions [cite: 1]. The catalytic cycle initiates 

when an alkene coordinates to a coordinatively 

unsaturated, 14-electron transition-metal alkylidene 

(M=C). This triggers a [2+2] cycloaddition, forging a 

highly strained, transient metallacyclobutane 

intermediate [cite: 1, 2]. 

 

The fate of the reaction hinges on the subsequent 

cycloreversion of this metallocycle [cite: 1]. If it 

breaks along the original axis, the starting materials 

are regenerated (degenerate metathesis). If it cleaves 

perpendicular to the original axis, a new alkene is 

extruded alongside a new metal-alkylidene 

propagating species (productive metathesis) [cite: 1, 

2]. The entire pathway is reversible; thus, the reaction 

must be driven by thermodynamic sinks—most 

frequently, the entropic expulsion of volatile 

ethylene gas or the enthalpic release of bicyclic ring 

strain [cite: 2, 7]. 

 

 

 

II. EVOLUTIONARY ARCHITECTURE OF 

METATHESIS CATALYSTS 
 

The translation of the Chauvin mechanism into 

robust synthetic methodology required monumental 

advancements in catalyst architecture, culminating in 

the 2005 Nobel Prize awarded to Chauvin, Grubbs, 

and Schrock [cite: 1, 2, 3]. 

 

A) The Schrock Catalysts: Based on highly 

electrophilic, high-oxidation-state molybdenum 

(Mo) and tungsten (W) imido-alkylidenes, these early 

catalysts are exceptionally active [cite: 3]. They easily 

polymerize sterically demanding and heavily 

substituted olefins [cite: 3]. However, their extreme 

oxophilicity renders them highly sensitive to air, 

moisture, and common polar functional groups 

(alcohols, aldehydes, carboxylic acids) [cite: 3, 7]. 

 

B) Grubbs 1st-Generation Catalyst: Ruthenium (Ru) is 

far less oxophilic than Mo or W [cite: 2]. Robert 

Grubbs capitalized on this to develop a Ru-

benzylidene complex coordinated by two bulky 

tricyclohexylphosphine (PCy3) ligands and two 

chloride anions [cite: 2]. This catalyst exhibits 

legendary functional group tolerance, operating 

smoothly in benchtop solvents and even in the 
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presence of water, though it struggles with sterically 

hindered or electron-deficient olefins [cite: 2, 7]. 

 

C) Grubbs 2nd-Generation Catalyst: The evolutionary 

leap occurred by replacing one PCy3 ligand with an 

N-heterocyclic carbene (NHC), specifically 1,3-

bis(2,4,6-trimethylphenyl)-4,5-dihydroimidazol-2-

ylidene (SIMes) [cite: 2]. The NHC is a massive, purely 

σ-donating spectator ligand [cite: 2]. Its strong 

electron donation immensely stabilizes the transient 

metallacyclobutane intermediate, while its massive 

steric bulk dramatically accelerates the dissociation 

of the remaining PCy3 ligand, unleashing the 14-

electron active species at a rate significantly higher 

than the 1st-generation system [cite: 2, 6]. 

 

D) Hoveyda-Grubbs Catalysts: By replacing the 

remaining phosphine with a chelating 

isopropoxybenzylidene ligand, an exceptionally 

stable 'boomerang' catalyst is formed [cite: 6]. The 

internal chelation must break for the catalyst to 

initiate, offering excellent stability that permits 

purification via standard silica gel chromatography 

and recycling [cite: 6]. 

 

III. RING-CLOSING METATHESIS (RCM) 
 

RCM is the premier application of olefin metathesis. 

It relies on the intramolecular coupling of a diene, 

extruding ethylene to form cyclic systems [cite: 2]. 

Kinetically, the formation of 5-, 6-, and 7-membered 

rings is highly favored [cite: 2, 7]. The Thorpe-Ingold 

effect—employing bulky substituents (gem-dialkyl 

groups) on the carbon tether—can artificially restrict 

the conformational degrees of freedom, forcing the 

reactive terminal olefins into close proximity and 

exponentially increasing the RCM reaction rate [cite: 

7]. 

 

 
Figure 1: Ring-Closing Metathesis (RCM). The 

forward thermodynamic driving force is the 

entropic loss of volatile ethylene [cite: 2, 7]. 

IV. MACROCYCLIC RCM (MRCM) AND 

THERMODYNAMIC CONSTRAINTS 
 

Synthesizing large rings (12- to 20-membered) is 

entropically hostile due to the vast number of non-

productive conformations the tether can adopt [cite: 

2, 7]. If diene concentration is too high, 

intermolecular cross-metathesis (leading to acyclic 

oligomers via ADMET) rapidly outcompetes 

intramolecular ring closure [cite: 2]. To enforce 

mRCM, high-dilution conditions (typically <0.005 M) 

are mandatory to simulate pseudounimolecular 

kinetics [cite: 7]. This strategy is an absolute necessity 

in the synthesis of macrocyclic lactones, such as 

epothilone natural products and modern hepatitis C 

protease inhibitors [cite: 2, 7]. 

 

 
Figure 2: Macrocyclic Ring-Closing Metathesis 

(mRCM). Requires strict high-dilution conditions to 

suppress intermolecular ADMET [cite: 2, 7]. 

 

V. CROSS METATHESIS (CM) AND THE 

OLEFIN TYPOLOGY MATRIX 
 

Intermolecular cross metathesis initially suffered 

from poor chemoselectivity, often yielding a 

statistical 1:2:1 mixture of homodimers (A-A, B-B) 

and the desired heterodimer (A-B) [cite: 4]. The 

Grubbs 'Olefin Typology' model resolved this by 

classifying olefins based on their propensity to 

homodimerize [cite: 4]: 

 Type I: Highly reactive, rapid homodimerization 

(e.g., terminal aliphatic alkenes) [cite: 4]. 

 Type II: Slow homodimerization (e.g., conjugated 

enones, acrylates) [cite: 4]. 

 Type III: No homodimerization, but participates 

in CM (e.g., 1,1-disubstituted alkenes) [cite: 4]. 

 Type IV: Spectator olefins, inert to CM (e.g., 

heavily tri- or tetra-substituted alkenes) [cite: 4]. 

 

By pairing a Type I olefin with a Type II/III olefin, the 

Type I rapidly forms a homodimer, which is then re-
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entered into the catalytic cycle to react irreversibly 

with the Type II olefin, selectively driving the 

formation of the A-B heterodimer [cite: 4]. Standard 

CM highly favors the more thermodynamically stable 

trans (E) isomer [cite: 4, 5]. 

 

 
Figure 3: Intermolecular Cross Metathesis (CM). 

Utilizing the Olefin Typology model dictates 

selective heterodimerization [cite: 4]. 

 

VI. RING-OPENING CROSS METATHESIS 

(ROCM) 
 

ROCM represents a profound shift in 

thermodynamic drivers [cite: 2]. Unlike RCM, which 

relies on entropy (gas extrusion), ROCM is driven 

entirely by enthalpy [cite: 2]. Exposing a highly 

strained bicyclic olefin (e.g., norbornene, ring strain 

~27 kcal/mol) to a metathesis catalyst results in an 

explosive ring-opening event [cite: 2, 7]. When 

performed in the presence of an acyclic terminal 

olefin, the opened metallocycle undergoes cross 

metathesis, generating a highly functionalized, 

stereodefined diene array [cite: 2]. 

 

 
Figure 4: Ring-Opening Cross Metathesis (ROCM). 

Driven entirely by the massive enthalpic relief of 

bicyclic ring strain [cite: 2]. 

 

VII. RING-CLOSING ENYNE METATHESIS 

(RCEYM) 

 
Enyne metathesis is an atom-perfect cascade 

between an alkene and an alkyne [cite: 7]. Because 

there is no terminal olefin pair to form ethylene, all 

carbon atoms are conserved [cite: 7]. The catalytic 

cycle generates a metallacyclobutene, which 

undergoes cycloreversion to yield a conjugated 1,3-

diene embedded within a newly forged ring [cite: 7]. 

This exocyclic diene is a perfect precursor for 

subsequent post-metathesis transformations, such 

as the Diels-Alder cycloaddition [cite: 7]. 

  

 
Figure 5: Ring-Closing Enyne Metathesis (RCEYM). 

An atom-economic cascade producing an exocyclic 

1,3-diene [cite: 7]. 

 

Advanced Macromolecular Engineering: ADMET 

and ROMP 

Acyclic Diene Metathesis (ADMET) is the 

polymerization analogue of intermolecular cross 

metathesis [cite: 2]. Operating as a step-growth 

mechanism, it requires absolute stoichiometric 

balance and the continuous, aggressive removal of 

ethylene via high vacuum to push the equilibrium 

toward high-molecular-weight polymers [cite: 2]. 

 

 
Figure 6: Acyclic Diene Metathesis (ADMET). A step-

growth polymerization driven by high-vacuum 

ethylene removal [cite: 2]. 

 

Conversely, Ring-Opening Metathesis 

Polymerization (ROMP) utilizes strained cyclic 

monomers to achieve living, chain-growth 

polymerization [cite: 2, 3]. Because the active metal-

alkylidene remains bound to the propagating 

polymer chain, ROMP provides absolute control over 

polymer architecture, allowing for the precise 

synthesis of monodisperse block copolymers [cite: 

3]. 

 

VIII. KINETIC Z-SELECTIVITY IN CROSS 

METATHESIS 
 

Overcoming the thermodynamic preference for E-

alkenes required a paradigm shift in ligand design 
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[cite: 5]. Modern Z-selective catalysts employ 

massive steric crowding to manipulate the transition 

state geometry [cite: 5]. By replacing standard 

chloride ligands with massive monothiolates (or 

utilizing cyclometalated NHC complexes), the 

catalyst forces the two incoming olefin substituents 

to adopt an all-syn relationship in the 

metallacyclobutane intermediate [cite: 5]. This purely 

kinetic control pathway extrudes the cis (Z) olefin 

with remarkable stereofidelity, solving a decades-old 

limitation in lipid and pheromone synthesis [cite: 5]. 

  

 
Figure 7: Z-Selective Cross Metathesis. Achieved via 

extreme steric crowding within specialized 

cyclometalated catalysts [cite: 5]. 

 

IX. ASYMMETRIC RING-CLOSING 

METATHESIS (ARCM) 
 

Introducing chirality into the catalyst framework 

allows for highly enantioselective metathesis 

cascades [cite: 6]. Chiral molybdenum complexes or 

chiral ruthenium NHC catalysts can perform ARCM 

via desymmetrization of achiral or meso-trienes [cite: 

6]. The chiral ligand environment selectively lowers 

the activation energy for the complexation and 

metathesis of one specific enantiotopic face of the 

diene, yielding highly functionalized, optically pure 

cyclic scaffolds [cite: 6]. 

 

 
Figure 8: Asymmetric Ring-Closing Metathesis 

(ARCM). Enantioselective desymmetrization via 

chiral catalyst frameworks [cite: 6]. 

 

Alkyne Metathesis 

While olefin metathesis rules the carbon-carbon 

double bond, alkyne metathesis manipulates 

carbon-carbon triple bonds via a 

metallacyclobutadiene intermediate [cite: 3]. This 

requires specialized tungsten or molybdenum 

alkylidyne (M≡C) catalysts [cite: 3]. Driven by the 

extrusion of volatile 2-butyne (from the use of 

propyne derivatives), alkyne metathesis is frequently 

used to close massive macrocyclic alkynes, which can 

subsequently be reduced specifically to cis-alkenes 

via Lindlar catalysis, offering a highly reliable 

orthogonal approach to macrocyclic synthesis [cite: 

3, 7]. 

  

 
Figure 9: Alkyne Metathesis. Homocoupling driven 

by volatile alkyne extrusion, typically Mo/W 

catalyzed [cite: 3, 7]. 

 

X. CONCLUSION 
 

The olefin metathesis reaction transcends a mere 

synthetic tool; it is a structural philosophy [cite: 7]. 

From the foundational thermodynamic drivers of 

ring strain and entropy to the cutting-edge 

manipulation of kinetic Z-selectivity and chiral 

desymmetrization, the ruthenium- and 

molybdenum-catalyzed frameworks empower 

chemists to deconstruct and reassemble carbon 

topologies with unprecedented precision [cite: 1, 2, 

3]. The mastery of these advanced metathesis 

parameters forms the absolute bedrock of modern 

organometallic theory and total synthesis design 

[cite: 2, 7]. 
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