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When analyzing nucleophilicity in organic chemistry, the solvent environment plays a crucial role.
Dimethyl sulfoxide (DMSO) is a highly polar aprotic solvent renowned for its ability to stabilize cations
while not significantly stabilizing anions. This unique property affects the nucleophilic strength of
various species, often favoring those that are less hindered and more negatively charged. In this
context, examining pairs of potential nucleophiles in DMSO allows us to determine which species
exhibits superior nucleophilicity under these conditions. This article delves into selecting the best
nucleophile in various pairs, considering factors such as charge, basicity, steric effects, and the

influence of DMSQ's polar aprotic nature.

Understanding Nucleophilicity in DMSO

What Is Nucleophilicity?

Nucleophilicity refers to the tendency of a species to donate a pair of electrons to an electrophile,
forming a new covalent bond. It is influenced by:
- Charge: Generally, negatively charged species are more nucleophilic.

- Electronegativity: Less electronegative atoms tend to be better nucleophiles.



- Sterics: Less hindered molecules are more accessible to electrophiles.

- Solvent effects: Solvent polarity and protic/aprotic nature significantly influence nucleophilicity.

Role of DMSO as a Solvent

DMSO is a polar aprotic solvent characterized by:
- High dielectric constant (~47), stabilizing ions.
- Ability to solvate cations effectively.

- Minimal hydrogen bonding with anions, thus not hindering nucleophiles.

In DMSO, nucleophilicity is primarily dictated by the anion’s charge and basicity rather than hydrogen

bonding interactions, which are more prominent in protic solvents like water or alcohols.

Analyzing Nucleophile Pairs in DMSO

The task involves comparing pairs of potential nucleophiles and determining which one exhibits greater
nucleophilicity in DMSO. We will analyze typical pairs encountered in organic reactions, such as

halides, oxygen and nitrogen nucleophiles, and carbanions.

Pair 1: lodide (I") vs. Bromide (Br’)



Factors Influencing Nucleophilicity

- Size and Polarizability: Larger ions are more polarizable, making them better nucleophiles.
- Charge: Both are singly charged anions.
- Solvent effects: In DMSO, anions are less stabilized by hydrogen bonding, which favors more

nucleophilic species.

Comparison and Conclusion

- |- is more polarizable than Br-, making it more nucleophilic in DMSO.

- Although Br- is a stronger base in aqueous media, in DMSO, |- exhibits superior nucleophilicity.

Best Nucleophile: lodide (I-)

Pair 2: Hydroxide (OH") vs. Methoxide (CH<3>0")

Factors to Consider

- Basicity: Both are strong bases.
- Charge and electron density: Both carry negative charge.

- Steric effects: Methoxide is less hindered than hydroxide in some contexts.

Comparison and Conclusion

- In DMSO, methoxide tends to be a slightly better nucleophile due to its less hindered structure and
greater electron donation capacity.

- Hydroxide, while a strong nucleophile, is stabilized by hydrogen bonding in protic solvents; in DMSO,



its nucleophilicity is somewhat reduced compared to methoxide.

Best Nucleophile: Methoxide (CH<3>0-)

Pair 3: Ammonia (NH<3>) vs. Primary amine (e.g.,

Methylamine, CH<3>NH<2>)

Factors to Consider

- Basicity and nucleophilicity: Both species can act as nucleophiles via nitrogen lone pair.
- Sterics: Primary amines are less hindered than ammonia.

- Resonance and solvation: DMSO stabilizes both, but primary amines are generally more nucleophilic.

Comparison and Conclusion

- Methylamine, being less hindered and more electron-rich, exhibits higher nucleophilicity than
ammonia in DMSO.
- The additional methyl group can slightly increase the electron density on nitrogen, enhancing

nucleophilicity.

Best Nucleophile: Methylamine (CH<3>NH<2>)



Pair 4: Alkoxide lon (RO") vs. Cyanide lon (CN)

Factors to Consider

- Resonance stabilization: Cyanide is stabilized by resonance.
- Nucleophilicity vs. basicity: Alkoxide is a strong base and nucleophile.

- Charge density: Both are negatively charged, but their electronic structures differ.

Comparison and Conclusion

- In DMSO, alkoxide ions are generally stronger nucleophiles than cyanide due to their high basicity
and less resonance stabilization.

- Cyanide’s resonance stabilization slightly diminishes its nucleophilicity relative to alkoxide.

Best Nucleophile: Alkoxide lon (RO-)

Pair 5: Chloride lon (CI") vs. Fluoride lon (F)

Factors to Consider

- Electronegativity: Fluoride is more electronegative.
- Size and polarizability: Chloride is larger and more polarizable.

- Nucleophilicity trend in DMSO: Larger, more polarizable ions tend to be better nucleophiles.



Comparison and Conclusion

- Despite fluorine’s high basicity, in DMSO, chloride is a better nucleophile due to its larger size and
greater polarizability.

- Fluoride’s high electronegativity and small size reduce its nucleophilicity in aprotic solvents.

Best Nucleophile: Chloride lon (CI-)

Summary of Key Factors in DMSO

- Larger, more polarizable anions are generally better nucleophiles.

- The absence of hydrogen bonding in DMSO enhances the nucleophilicity of negatively charged
species.

- Basicity and electronic structure influence nucleophilicity, but size and polarizability often dominate in

aprotic solvents like DMSO.

Conclusion

In an environment of DMSO, the best nucleophile in each pair hinges on a combination of factors,
including size, charge, polarizability, and electronic stabilization. Larger, more polarizable anions such
as iodide and chloride tend to be stronger nucleophiles than their smaller or resonance-stabilized
counterparts. Additionally, species like methoxide and methylamine outperform hydroxide and
ammonia, respectively, due to reduced steric hindrance and increased electron density. Understanding
these nuances allows chemists to predict reaction pathways and optimize conditions for nucleophilic

substitution or addition reactions in organic synthesis.



Final Remarks:

Choosing the strongest nucleophile in DMSO not only depends on the intrinsic properties of the
species but also on the specific context of the reaction, including the electrophile involved and the
overall reaction conditions. Mastery of these principles is essential for designing efficient and selective

organic transformations.

Frequently Asked Questions

In a DMSO solvent, which nucleophile is stronger: lodide ion (I[I) or
Water (HDO)‘?

In DMSO, lodide ion (ID) is a stronger nucleophile than Water (HDO) because DMSO stabilizes

cations and favors the nucleophilicity of negatively charged species like ID.

Between Cyanide ion (CND) and Ammonia (NHD), which acts as a

better nucleophile in DMSOQO?%

Cyanide ion (CND) is a better nucleophile in DMSO due to its high nucleophilicity and low basicity

compared to Ammonia (NHD).

In a DMSO solvent, which is the better nucleophile: Chloride ion (CID)

or Hydroxide ion (OHD)‘?

Hydroxide ion (OHD) is generally a stronger nucleophile than Chloride ion (CID) in DMSO because it

is more basic and less stabilized by the solvent.



For the pair thiolate ion (RSD) versus water (HDO), which is the

better nucleophile in DMSO?%

Thiolate ion (RSD) is @ much stronger nucleophile than water in DMSO due to its high polarizability

and negative charge.

In a DMSO environment, which nucleophile is better: acetate ion

(CHDCOOD) or bromide ion (Br[l)‘?

Bromide ion (Br[l) is a better nucleophile than acetate (CHDCOOD) in DMSO because it is less

stabilized and more reactive.

Between phenolate ion (PhO[l) and water (HDO), which acts as a
stronger nucleophile in DMSO?

Phenolate ion (PhOD) is a stronger nucleophile than water in DMSO, owing to its negative charge

delocalization and higher nucleophilicity.

In DMSO, which is the better nucleophile: azide ion (NDD) or methanol

(CHDOH)‘?

Azide ion (NDD) is a better nucleophile in DMSO because it is negatively charged and less hindered,

whereas methanol is neutral and less nucleophilic.

Considering DMSO as a solvent, which is the more effective

nucleophile: sulfide ion (Sz[l) or carbonate ion (COD2D)?

Sulfide ion (SZD) is a better nucleophile in DMSO than carbonate ion (Co|:|2|:|) due to its higher

negative charge density and polarizability.



Additional Resources
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Introduction

In the realm of organic chemistry, understanding nucleophilicity—the tendency of a species to donate a
pair of electrons to an electrophile—is fundamental to predicting reaction pathways and outcomes.
When analyzing nucleophiles, the solvent environment plays a crucial role, often dictating the relative
strength and reactivity of potential nucleophilic agents. Among solvents, dimethyl sulfoxide (DMSOQO) is

renowned for its polar aprotic nature, which significantly influences nucleophilic behavior.

This article aims to provide a comprehensive analysis of how DMSO as a solvent impacts
nucleophilicity, especially when comparing pairs of potential nucleophiles. We will explore the
mechanistic principles underpinning nucleophilicity, examine specific examples, and elucidate criteria
for selecting the best nucleophile within each pair under DMSO conditions. This detailed review will
serve as a valuable resource for students, educators, and researchers aiming to predict or rationalize

reaction outcomes in DMSO-mediated systems.

The Role of DMSO as a Solvent in Nucleophilic Reactions

Characteristics of DMSO

DMSO (dimethyl sulfoxide) is a highly polar, aprotic solvent characterized by:

- High dielectric constant (~47): Facilitates stabilization of charged intermediates.

- Lack of hydrogen-bond donating ability: Does not form strong hydrogen bonds with nucleophiles, thus

leaving nucleophiles "free" and more reactive.



- Strong solvating power: Effectively dissolves a wide range of organic and inorganic compounds.

Impact on Nucleophilicity

In polar protic solvents (like water or alcohols), nucleophiles are often hindered by hydrogen bonding,

which reduces their nucleophilicity. However, in DMSO:

- Nucleophiles are less hindered due to the absence of hydrogen bonding.
- Anions are stabilized without being overly solvated, increasing their nucleophilicity.

- Electrophilic reactions tend to favor SN2 mechanisms, especially for primary substrates.

Consequently, DMSO enhances the reactivity of nucleophiles, particularly negatively charged species,

making it an ideal medium for studying nucleophilic substitution reactions.

Criteria for Nucleophilicity in DMSO

Understanding which species is the "best" nucleophile involves considering several factors:

- Charge: Generally, negatively charged species are more nucleophilic than neutral ones.

- Electronegativity: Less electronegative atoms tend to donate electron density more readily.

- Steric factors: Less hindered molecules or atoms favor nucleophilic attack.

- Resonance stabilization: Excessive resonance delocalization can diminish nucleophilicity.

- Basicity: While related, basicity and nucleophilicity are not identical; in DMSO, the two often correlate

but with notable differences.

In DMSO, the absence of hydrogen bonding means that the intrinsic nucleophilicity of a species is

more prominently expressed, allowing for clearer comparisons.



Analyzing Nucleophile Pairs in DMSO
The core of this review involves comparing pairs of potential nucleophiles and identifying which is

superior under DMSO conditions. Below, we analyze common pairs, considering their properties and

behavior in DMSO.

Pairwise Nucleophile Comparisons

1. ID VS. Br[l

Analysis:

- Both iodide (ID) and bromide (BrD) are halide ions with similar structures but differ in size and
polarizability.

- Polarizability: I[l is more polarizable due to its larger size, which enhances its ability to stabilize the
transition state during nucleophilic attack.

- Nucleophilicity trend: In DMSO, the nucleophilicity trend for halides is I[l > Br[l > CID > F[l, largely
because of increasing polarizability.

Conclusion:

lodide (ID) is the better nucleophile in DMSO among these two, owing to its higher polarizability and

lower electronegativity, which facilitate electron donation.

2. N vs. N[

Analysis:



- Both cyanide (CND) and azide (NI:”]) are pseudohalides capable of acting as nucleophiles.

- Resonance stabilization: NI:”] has delocalized electrons spread over three nitrogen atoms, which can
diminish its nucleophilicity.

- Electronic factors: CND is a strong nucleophile with a localized negative charge on carbon, making it
highly reactive.

- In DMSO: The less resonance-stabilized CND is more nucleophilic than NDD
Conclusion:

CND is the superior nucleophile in DMSO, due to its localized negative charge and minimal resonance

stabilization compared to N[”]

3. oHl vs. cHlol (methoxide)

Analysis:

- Both are oxygen-based nucleophiles, but their origins and properties differ.

- Basicity: Methoxide (CHDOD) is a stronger base than hydroxide (OHD).

- Nucleophilicity: In DMSO, both are strong nucleophiles, but methoxide tends to be more nucleophilic
owing to less hydrogen bonding stabilization.

Conclusion:

CHDOD (methoxide) is the better nucleophile in DMSO because of its higher basicity and less

hindered electron donation.

4. Fl vs. cill



Analysis:

- Fluoride (FD) is small with high electronegativity, which diminishes its nucleophilicity in polar aprotic
solvents.

- Chloride (CID) is larger and more polarizable, making it more nucleophilic in DMSO.

Conclusion:

CID surpasses FD as the better nucleophile in DMSO, exemplifying the trend that larger, more

polarizable halides are more nucleophilic in aprotic solvents.

5. RDP (triphenylphosphine) vs. RDN (triphenylamine)

Analysis:

- Phosphines (like triphenylphosphine) are nucleophiles due to the lone pair on phosphorus.

- Amines (triphenylamine) are also nucleophilic but are often less reactive in similar contexts.

- Electronic considerations: Phosphorus is less electronegative than nitrogen, making its lone pair more
available for donation.

- In DMSO: Triphenylphosphine generally exhibits higher nucleophilicity than triphenylamine.

Conclusion:

Triphenylphosphine (RDP) is the better nucleophile in DMSO among these two.

Broader Trends and Underlying Principles



Effect of Solvent Nature
In DMSOQO's polar aprotic environment:

- Nucleophiles that are negatively charged or have lone pairs are more reactive.

- Neutral nucleophiles with lone pairs (like amines) are less nucleophilic than their anionic
counterparts.

- The absence of hydrogen bonding allows nucleophiles to act more freely, increasing their

nucleophilicity compared to protic solvents.
Polarizability and Size

Larger, more polarizable ions (like ID and CID) are more nucleophilic in DMSO because their electron

clouds can distort more easily, stabilizing the transition state.
Resonance and Electron Delocalization

Species with extensive resonance delocalization (like N[”] or aromatic amines) tend to be less

nucleophilic because the negative charge is spread out, making electron donation less accessible.

Practical Implications in Organic Synthesis

Understanding the best nucleophile in each pair under DMSO conditions aids chemists in designing

efficient synthetic routes:

- SN2 reactions: Favor primary substrates and strong nucleophiles like ID or CND in DMSO.
- Substitution selectivity: The nature of the nucleophile influences regioselectivity and reaction rates.
- Reaction optimization: Choice of nucleophile and solvent can be tuned to favor desired products,

minimize side reactions, and improve yields.



Summary: Key Takeaways

- DMSO enhances the nucleophilicity of negatively charged ions and neutral molecules with lone pairs
by stabilizing transition states without hydrogen bonding.

- Among halides, I[l is the most nucleophilic in DMSO due to its high polarizability.

- Pseudohalides like CND outperform resonance-stabilized ions like NDD

- Alkoxide ions (CHDOD) are more nucleophilic than hydroxide in DMSO.

- Larger, less electronegative ions such as CID are superior to F[l.

- Phosphines (RDP) are generally better nucleophiles than amines (RDN) in this solvent.
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