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Deprotonation of terminal alkynes is a fundamental step in organic synthesis, enabling chemists to
generate acetylide ions that serve as powerful nucleophiles for subsequent reactions such as
alkylation, addition to carbonyl compounds, or cross-coupling reactions. Selecting the appropriate base
to deprotonate a terminal alkyne hinges on understanding the acidity of the alkyne hydrogen and the
strength of the base involved. This article will explore which bases can effectively deprotonate terminal
alkynes, focusing on options like LICH3, NaNH2, and NaH, and delve into the underlying principles

that determine their suitability.

Understanding the Acidity of Terminal Alkynes

Before discussing bases, it is essential to grasp why terminal alkynes are acidically reactive enough to
be deprotonated. Terminal alkynes (alkynes with a hydrogen attached to the carbon-carbon triple

bond) possess a relatively acidic hydrogen compared to other hydrocarbons.

Key Points about Terminal Alkyne Acidity

e The pKa of terminal alkynes typically ranges around 25, making them more acidic than alkenes

or alkanes but less than alcohols.



e This acidity allows for deprotonation with sufficiently strong bases, forming acetylide ions (alkynyl

anions).

¢ The resulting acetylide ion is a strong nucleophile, useful for various carbon-carbon bond-

forming reactions.

Criteria for Choosing a Base to Deprotonate Terminal Alkynes

To effectively deprotonate a terminal alkyne, a base must be:
¢ Strong enough to abstract the terminal hydrogen from the alkyne.
¢ Non-nucleophilic or compatible with the reaction conditions to avoid side reactions.

e Stable under the reaction conditions being used.

Given these criteria, let's analyze the options provided: LICH3, NaNH2, and NaH.

Analyzing the Options for Deprotonation of Terminal Alkynes

1. LICH3 (Lithium triisopropylsilyl amide)

What is LICH3?

Lithium triisopropylsilyl amide (LICH3) is a bulky, strong, non-nucleophilic base often used in organic



synthesis for deprotonation reactions.

Is LICH3 capable of deprotonating terminal alkynes?
Yes. LICH3 is a strong base with a high pKa, making it capable of abstracting the terminal hydrogen
from a terminal alkyne. Its bulkiness reduces nucleophilicity, minimizing side reactions, and its basic

strength is sufficient for deprotonation.

Advantages of using LICH3:
- Strong enough to deprotonate terminal alkynes.
- Non-nucleophilic, reducing undesired side reactions.

- Compatible with sensitive reaction conditions.

Summary:

LICH3 can be used to deprotonate terminal alkynes effectively.

2. NaNH2 (Sodium amide)

What is NaNH27?
Sodium amide (NaNH2) is a potent, inorganic base widely used in organic synthesis for deprotonation

reactions, especially in alkylation of alkynes.

Is NaNH2 capable of deprotonating terminal alkynes?
Absolutely. NaNH2 is a strong base with a pKa around 38, significantly higher than the pKa of terminal

alkynes (~25). This makes it highly effective for deprotonation.

Advantages of using NaNH2:
- Very strong base.
- Produces the acetylide ion readily.

- Widely used in organic synthesis protocols involving terminal alkynes.



Precautions:
- Highly reactive and moisture-sensitive.

- Must be handled under inert atmosphere conditions.

Summary:

NaNH2 is a classic and reliable choice for deprotonating terminal alkynes.

3. NaH (Sodium hydride)

What is NaH?

Sodium hydride (NaH) is a solid, strong hydride donor, commonly used as a base in organic synthesis.

Is NaH capable of deprotonating terminal alkynes?
Yes. NaH is sufficiently basic to deprotonate terminal alkynes because of its high basicity (pKa around

35). It reacts with terminal alkynes to produce acetylide ions.

Advantages of using NaH:
- Strong and effective in deprotonation.
- Usually used in aprotic solvents like THF.

- Less reactive toward moisture than NaNH2, but still must be handled carefully.

Precautions:
- Reacts violently with water.

- Requires anhydrous conditions.

Summary:

NaH is an effective base for deprotonating terminal alkynes under controlled conditions.



Summary Table: Suitability of Bases for Deprotonating Terminal

Alkynes

| Base | Capable of Deprotonation? | Notes |

I I |
| LICH3 | Yes | Bulky, non-nucleophilic, effective at high pKa |

| NaNH2 | Yes | Classic strong base, widely used |

| NaH | Yes | Strong hydride donor, effective in aprotic solvents|

Conclusion: Which Bases Are Suitable?

Based on the analysis above, all three options—LICH3, NaNH2, and NaH—are capable of

deprotonating terminal alkynes under appropriate conditions:

- LICH3: Suitable, especially when a non-nucleophilic, strong base is desired.
- NaNH2: Classic choice, highly effective, often the reagent of choice in laboratory procedures.

- NaH: Effective and convenient in some contexts, particularly in aprotic solvents.

Therefore, the correct answer to the question "Which Bases Can Be Used To Deprotonate A Terminal

Alkyne?" is:

- A. LICHS
- B. NaNH2
- NaH

Using these bases appropriately allows chemists to generate acetylide ions efficiently, enabling a wide

range of synthetic transformations involving alkynes.



Additional Tips for Deprotonating Terminal Alkynes

- Always perform deprotonation reactions under inert atmospheres (nitrogen or argon) to prevent
moisture or oxygen interference.

- Use dry, aprotic solvents like tetrahydrofuran (THF) to maintain the reactivity of strong bases like
NaH and NaNH2.

- Handle reactive bases with proper safety equipment and protocols to avoid accidents.

Final Remarks

Choosing the right base for deprotonating terminal alkynes depends on the reaction conditions, desired
selectivity, and practical considerations like safety and handling. NaNH2 and NaH are well-established,
powerful bases that reliably generate acetylide ions, while LICH3 offers a non-nucleophilic alternative
suitable for sensitive conditions. Understanding their properties ensures successful synthesis and

functionalization of terminal alkynes in organic chemistry.
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Frequently Asked Questions

Which bases can be used to deprotonate a terminal alkyne?

NaNH2 and NaH are suitable bases for deprotonating a terminal alkyne, whereas LICH3 is not.

Is NaH effective in deprotonating terminal alkynes?

Yes, sodium hydride (NaH) is a strong base capable of deprotonating terminal alkynes.



Can LICH3 be used to deprotonate terminal alkynes?

No, LICH3 is not an effective base for deprotonating terminal alkynes.

Between NaNH2 and LICH3, which is a stronger base for terminal
alkyne deprotonation?

NaNH2 is a much stronger base and is suitable for deprotonating terminal alkynes, whereas LICH3 is

not.

What role do bases like NaNH2 and NaH play in reactions involving
terminal alkynes?

They deprotonate the terminal alkyne, generating a nucleophilic acetylide ion useful in further synthetic

steps.

Additional Resources

Deprotonation of Terminal Alkynes: An Expert Review of Suitable Bases

In the world of organic chemistry, the ability to manipulate molecules through deprotonation is
fundamental to constructing complex compounds and understanding reaction mechanisms. When it
comes to terminal alkynes—compounds characterized by a triple bond at the end of a carbon
chain—the choice of base is crucial for effective deprotonation. This process transforms the relatively
inert terminal alkyne into a reactive acetylide ion, a powerful nucleophile instrumental in various

synthetic pathways.

This article provides an in-depth analysis of the bases that can be used to deprotonate a terminal
alkyne, focusing specifically on LiCH3 (lithium methyl) and NaNH2 (sodium amide). We will explore
their chemical nature, reactivity profiles, and suitability, offering a comprehensive understanding for

students, educators, and practicing chemists.



Understanding the Chemistry of Terminal Alkynes

Before delving into bases, it is essential to understand the nature of terminal alkynes. These
compounds have a triple bond at the end of a carbon chain, with a hydrogen attached to the terminal
carbon. The acidity of this terminal hydrogen is relatively higher compared to other alkanes, owing to

the sp-hybridization of the carbon atom involved in the triple bond.
Key points about terminal alkynes:

- Acidity: The terminal hydrogen has a pKa around 25, which makes it significantly more acidic than
typical alkanes (pKa ~50).

- Deprotonation: To generate the acetylide ion, a base must be strong enough to abstract this proton.
- Reactivity: The resulting acetylide ion is a strong nucleophile, capable of attacking electrophilic

centers such as alkyl halides or carbonyl compounds.

Criteria for a Suitable Base in Deprotonation

A base suitable for deprotonating a terminal alkyne must meet certain criteria:

- Sufficient basicity: It must have a conjugate acid with a pKa lower than that of the terminal alkyne
(~25).

- Solubility: It should be soluble or reactive enough in the chosen solvent to facilitate deprotonation.
- Non-nucleophilic or weakly nucleophilic: To prevent side reactions, the base should not be overly

nucleophilic unless desired.



- Stability: The base should be stable under reaction conditions.

Examining the Potential Bases: LICH3 and NaNH2

Now, let’s analyze whether LiCH3 (lithium methyl) and NaNH2 (sodium amide) are appropriate bases

for deprotonating terminal alkynes.

LiCH3 (Lithium Methyl)

Chemical Nature:

- Lithium methyl (LiICH3) is an organolithium compound, featuring a carbon-lithium bond.
- Organolithiums are among the strongest bases and nucleophiles in organic chemistry.

- They are typically used as strong bases or nucleophiles in synthesis.
Reactivity and Basicity:

- The conjugate acid of LiCH3 is methane (CH4), which has a pKa of approximately 50.

- Since the conjugate acid's pKa (~50) is much higher than that of the terminal alkyne (~25), LiCH3 is
an extremely strong base capable of deprotonating terminal alkynes efficiently.

- Its high basicity stems from the polarized Li-C bond, which readily donates a lone pair to abstract

protons.

Practical Considerations:



- Usage: LiCH3 is highly reactive and typically handled under inert atmosphere conditions (e.g.,
nitrogen or argon) to prevent reaction with moisture or oxygen.

- Solvent Compatibility: Usually dissolved in dry, aprotic solvents like tetrahydrofuran (THF).

- Advantages: Its strength ensures rapid and complete deprotonation of terminal alkynes.

- Limitations: Its high reactivity necessitates caution, as it can also react with other electrophiles or

moisture, leading to undesired side reactions.

Conclusion:

Given its strong basicity and the fact that methane's pKa (~50) is much higher than that of terminal

alkynes, LICH3 is an excellent candidate for deprotonation of terminal alkynes.

NaNHZ2 (Sodium Amide)

Chemical Nature:

- Sodium amide (NaNH2) is an inorganic, strongly basic, and relatively non-nucleophilic compound.
- It exists as a solid, typically handled as a powder, and is soluble in liquid ammonia or dry aprotic

solvents.

Reactivity and Basicity:

- The conjugate acid of NaNH2 is ammonia (NH3), which has a pKa of approximately 38.

- Since this is still higher than the pKa of a terminal alkyne (~25), NaNH2 is sufficiently basic to
abstract the terminal hydrogen.

- Its basicity is well-suited for deprotonating terminal alkynes efficiently.

Practical Considerations:



- Usage: NaNH2 is often used in the presence of liquid ammonia at low temperatures, sometimes as a
solution.

- Solvent Compatibility: Functions well in liquid ammonia or dry polar aprotic solvents such as DMSO
or THF.

- Advantages: Strong base with manageable reactivity, allowing selective deprotonation without
excessive side reactions.

- Limitations: Reacts violently with water or alcohols; must be handled under strictly anhydrous

conditions.
Conclusion:

NaNH2, with a conjugate acid pKa (~38), is well-suited for deprotonating terminal alkynes and is

frequently used in organic synthesis to generate acetylide ions.

Summary of Suitable Bases for Terminal Alkyne Deprotonation

| Base | Conjugate Acid | pKa of Conjugate Acid | Suitable for Deprotonation? | Remarks |

I I | | | |
| LICH3 | Methane (CH4) | ~50 | Yes | Very strong base, reactive, used in inert conditions |

| NaNH2 | Ammonia (NH3) | ~38 | Yes | Strong base, common in alkyne chemistry, requires anhydrous

conditions |

Additional Considerations in Base Selection



While LICH3 and NaNH2 are both suitable, other bases can be considered depending on the context:
- NaH (Sodium Hydride): Also a strong base with a conjugate acid (H2) of pKa ~35. Suitable but less
reactive compared to NaNH2.

- LDA (Lithium Diisopropylamide): A strong, hindered base primarily used for enolate chemistry; less

suitable for direct alkyne deprotonation.

- Organic Bases (e.g., DBU, TBD): Generally too weak to deprotonate terminal alkynes effectively.

Final Verdict: Which Bases Can Be Used?

Given the above analysis, the bases that can be used to deprotonate a terminal alkyne include:

- LICHS3: Yes, it is a very strong, effective base suitable for this purpose.

- NaNH2: Yes, it is a standard reagent in organic synthesis for generating acetylide ions.

Therefore, the correct choices are:

- A. LiCH3
- B. NaNH2

Conclusion

In summary, the deprotonation of terminal alkynes requires bases with sufficiently high basicity. Both

LiCH3 and NaNH2 meet this criterion, owing to their conjugate acids' high pKa values, enabling



efficient proton abstraction. Their use, however, demands careful handling due to their reactivity and

the need for anhydrous conditions.

Understanding these principles not only clarifies which bases are suitable but also enhances the
strategic planning of synthetic routes involving terminal alkynes. Whether constructing complex
molecules or exploring fundamental reaction mechanisms, selecting the appropriate base is a critical

step that can influence the success and safety of your chemical endeavors.
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