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Draw A Structural Formula For The Organic Product Formed By Treating Butanal
With The Following Reagent: Understanding the reaction mechanisms and the
nature of organic reagents is essential to accurately determine the structure
of the resulting product. Butanal, an aldehyde with the molecular formula
C4H8O, undergoes various transformations depending on the reagents it
encounters. In this article, we will explore how treating butanal with
specific reagents leads to particular organic products, focusing on the
structural formulas and the underlying organic chemistry principles involved.

Understanding Butanal and Its Reactivity

Before delving into the specific reactions, it’s crucial to understand the
nature of butanal. Butanal, also known as butyraldehyde, is a four-carbon
aldehyde with the structure CH3–CH2–CH2–CHO. Its aldehyde group (–CHO) is
highly reactive, making it a common intermediate in organic synthesis.
Butanal can participate in various reactions such as nucleophilic addition,
oxidation, reduction, and condensation, depending on the reagents used.

Common Reagents Used with Butanal

The reagents that typically react with aldehydes like butanal include:

Grignard reagents (organomagnesium compounds)

Reducing agents such as NaBH4 (sodium borohydride) or LiAlH4 (lithium
aluminium hydride)

Oxidizing agents like KMnO4 or CrO3

Reagents for aldol condensation (e.g., base catalysts)

In this article, we focus on a specific reagent (not explicitly provided in
the prompt), but for illustrative purposes, we'll consider a common reagent
such as sodium borohydride (NaBH4), which reduces aldehydes to their
corresponding alcohols, and Grignard reagents, which add carbon chains to
aldehydes.



---

Drawing the Structural Formula for the Organic
Product

Depending on the reagent, the product formed from butanal will differ
significantly. Let’s analyze two common scenarios: reduction with NaBH4, and
nucleophilic addition with a Grignard reagent.

1. Reduction of Butanal with Sodium Borohydride
(NaBH4)

Reaction Overview:
NaBH4 is a mild reducing agent that selectively reduces aldehydes to primary
alcohols. When butanal reacts with NaBH4, the aldehyde functional group is
converted into a primary alcohol.

Step-by-step process:

- The aldehyde carbon (the carbonyl carbon) undergoes nucleophilic attack by
hydride (H–) from NaBH4.
- The double bond between carbon and oxygen is broken, forming an alkoxide
intermediate.
- Protonation of this intermediate during work-up yields a primary alcohol.

Structural Formula of the Product:
The product is butanol (butan-1-ol). The structure can be drawn as:

CH3–CH2–CH2–CH2OH

This is 1-butanol, a four-carbon chain with a terminal –OH group.

Key points:

- The aldehyde carbon (C=O) is replaced by a –CH2OH group.
- The chain remains four carbons long.
- The primary alcohol functional group is at the end of the chain.

2. Reaction of Butanal with a Grignard Reagent
(e.g., Methylmagnesium Bromide, CH3MgBr)

Reaction Overview:
Grignard reagents are nucleophiles that add to carbonyl compounds, resulting



in alcohols after hydrolysis. When butanal reacts with methylmagnesium
bromide:

- The methyl group (–CH3) from the Grignard reagent adds to the carbonyl
carbon.
- This forms a magnesium alkoxide intermediate.
- Acidic work-up (hydrolysis) yields a secondary alcohol.

Step-by-step process:

- The nucleophilic methyl anion (CH3–) attacks the electrophilic carbon of
the aldehyde’s carbonyl group.
- The resulting intermediate is a magnesium alkoxide.
- Hydrolysis with water or dilute acid converts the alkoxide into an alcohol.

Structural formula of the product:

The product is 2-methylpropan-1-ol. Its structure:

(CH3)2CH–CH2OH

This molecule contains a propane backbone with a methyl group attached to the
second carbon and a terminal –OH group.

Key points:

- The aldehyde carbon (originally at the end of the chain) now becomes a
secondary alcohol.
- The chain length increases by one carbon.
- The product is a secondary alcohol with the formula C4H10O.

---

Summary of Possible Products Based on Different
Reagents

| Reagent | Type of Reaction | Organic Product | Structural Formula |
Description |
|---------|------------------|------------------|---------------------|------
-------|
| NaBH4 | Reduction | Butanol (1-butanol) | CH3–CH2–CH2–CH2OH | Terminal
primary alcohol |
| Grignard reagent (e.g., CH3MgBr) | Nucleophilic addition | 2-
Methylpropan-1-ol | (CH3)2CH–CH2OH | Secondary alcohol with methyl
substituent |

---



Additional Considerations in Drawing the
Structural Formula

When drawing the structural formula, keep these tips in mind:

Identify the functional group being transformed (aldehyde C=O).

Determine the type of reaction (reduction, addition, etc.).

Follow the addition or transformation step-by-step to ensure correct
placement of atoms.

Maintain the correct number of carbons and hydrogens for the molecule.

Indicate functional groups explicitly (e.g., –OH) and ensure proper
bonding.

---

Conclusion

The product formed by treating butanal with a given reagent depends heavily
on the nature of that reagent. In the case of reduction with NaBH4, the
aldehyde is converted into a primary alcohol, resulting in 1-butanol with the
structural formula CH3–CH2–CH2–CH2OH. Alternatively, with a Grignard reagent
like methylmagnesium bromide, the aldehyde undergoes nucleophilic addition to
produce a secondary alcohol, specifically 2-methylpropan-1-ol, with the
structure (CH3)2CH–CH2OH. Drawing accurate structural formulas requires
understanding the reaction mechanism, the functional groups involved, and the
stepwise transformation of the molecule.

By mastering these concepts, students and chemists can confidently predict
and depict the structures of organic products resulting from various reagents
acting on aldehydes such as butanal.

Frequently Asked Questions

What is the main product formed when butanal is
treated with Grignard reagent?
The main product is 2-methylpropan-2-ol, formed by nucleophilic addition of
the Grignard reagent to the aldehyde group of butanal.



How does the reaction of butanal with sodium
borohydride (NaBH4) proceed, and what is the
structure of the product?
NaBH4 reduces butanal to butanol, specifically 1-butanol, with the structural
formula CH3CH2CH2CH2OH.

What is the product when butanal reacts with
hydrogen cyanide (HCN)?
The product is 2-hydroxybutanenitrile, formed via nucleophilic addition of
cyanide to the aldehyde carbon, resulting in a cyanohydrin.

When butanal reacts with sodium amalgam and water,
what is the resulting compound?
This reaction reduces butanal to butane, a saturated hydrocarbon, with the
structure CH3CH2CH2CH3.

Describe the product formed when butanal undergoes
aldol condensation.
The product is 2-ethyl-3-hydroxybut-2-ene, formed by aldol condensation of
two butanal molecules, followed by dehydration.

What is the structural formula of the organic
product formed by treating butanal with methyl
magnesium iodide (a Grignard reagent)?
The product is 2-methyl-3-butanol, formed after nucleophilic addition of the
methyl group to the aldehyde carbon, followed by protonation.

What kind of product results from the oxidation of
butanal with potassium permanganate (KMnO4)?
Oxidation yields butanoic acid, with the structure CH3CH2CH2COOH.

If butanal reacts with iodine in the presence of
base, what is the likely product?
This reaction can lead to the formation of a methyl ketone or other iodine-
substituted compounds, but generally, no significant product forms from
direct iodine addition to butanal.



What is the product when butanal undergoes Wittig
reaction with a phosphonium ylide?
The Wittig reaction with a suitable ylide can convert butanal into an alkene,
such as 1-butene or 2-butene, depending on the ylide used.

How is the structure of the primary product
determined when butanal reacts with an acid catalyst
and undergoes acetal formation?
The product is a cyclic acetal, specifically 1,3-dioxolane derivative of
butanal, formed by reaction of the aldehyde with ethylene glycol under acid
catalysis.

Additional Resources
Draw A Structural Formula For The Organic Product Formed By Treating Butanal
With The Following Reagent

---

Introduction

Organic synthesis often relies on understanding the reactivity of aldehydes
and the transformations they undergo when exposed to various reagents.
Butanal, also known as butyraldehyde, is a simple aldehyde with the molecular
formula C₄H₈O. Its reactivity profile makes it a valuable intermediate in
organic chemistry, especially in reactions such as oxidation, reduction, and
addition reactions.

This article aims to thoroughly investigate the transformation of butanal
when treated with specific reagents, focusing particularly on the structural
elucidation of the resulting organic product. We will explore the nature of
butanal, the types of reagents it reacts with, and the mechanisms leading to
the formation of the final product, emphasizing the importance of
understanding such reactions in both academic and industrial contexts.

---

Understanding Butanal: The Starting Material

Butanal (CH₃–CH₂–CH₂–CHO) is an aldehyde characterized by its terminal –CHO
group attached to a butyl chain. Its reactivity stems mainly from the
aldehyde functional group, which can participate in various nucleophilic
addition, oxidation, and reduction reactions.

Key features of butanal:
- Aldehyde functional group (–CHO)



- Primary carbon attached to the aldehyde
- Slightly reactive due to the electrophilic nature of the carbonyl carbon

Common reactions of butanal include:
- Nucleophilic addition (e.g., formation of alcohols)
- Oxidation to carboxylic acids
- Reduction to primary alcohols
- Condensation reactions (e.g., aldol condensation)

---

Common Reagents and Their Effects on Butanal

To understand the product formation, it’s essential to identify the reagents
that could be used with butanal and their typical outcomes:

| Reagent | Typical Reaction | Resulting Functional Group | Organic Product
Type |
|------------|---------------------|------------------------------|----------
------------|
| Tollens’ reagent (Ag(NH₃)₂⁺) | Oxidation | Carboxylic acid | Butanoic acid
|
| Fehling’s solution | Oxidation | Carboxylic acid | Butanoic acid |
| Hydrogen (H₂) with catalyst (Pd, Pt, Ni) | Reduction | Primary alcohol |
Butanol (butan-1-ol) |
| Sodium borohydride (NaBH₄) | Reduction | Primary alcohol | Butanol |
| Grignard reagent (e.g., CH₃MgBr) | Nucleophilic addition | Secondary
alcohol after hydrolysis | 2-methylpentanol |
| Aldol condensation conditions | Condensation | α,β-unsaturated aldehyde or
β-hydroxy aldehyde | 2-Ethylpent-2-enal |

In this context, the specific reagent plays a vital role. For our detailed
analysis, we consider common reagents such as sodium borohydride (NaBH₄),
which reduces aldehydes to primary alcohols, and Grignard reagents, which add
nucleophilic carbon species to the aldehyde carbonyl.

---

Investigation of the Reaction: Treating Butanal with a Typical Reagent

Given the prompt's focus, we will analyze the reaction of butanal with sodium
borohydride (NaBH₄), a standard reagent in organic chemistry for reducing
aldehydes to their corresponding alcohols. This choice is pertinent because
it exemplifies a common transformation and allows for a detailed structural
analysis.

---

The Reduction of Butanal with Sodium Borohydride

Reaction Overview



Sodium borohydride (NaBH₄) is a mild reducing agent that selectively reduces
aldehydes and ketones to their respective alcohols. When butanal reacts with
NaBH₄, the aldehyde carbonyl is reduced to a primary alcohol, yielding
butanol.

Reaction:

CH₃–CH₂–CH₂–CHO + NaBH₄ → CH₃–CH₂–CH₂–CH₂OH

Mechanism of Reduction

1. Nucleophilic attack: The hydride ion (H⁻) from NaBH₄ attacks the
electrophilic carbonyl carbon of butanal.
2. Formation of alkoxide intermediate: The addition forms a tetrahedral
alkoxide intermediate.
3. Protonation: Upon work-up with water or dilute acid, the alkoxide is
protonated to give the primary alcohol.

---

Structural Formula of the Organic Product

The primary alcohol formed is butanol. Specifically, because the aldehyde
carbon was originally at the terminal position, the resulting alcohol is
butan-1-ol (also called n-butanol).

Structural formula of butan-1-ol:

```
CH₃–CH₂–CH₂–CH₂OH
```

This can be depicted as:

- A straight chain of four carbon atoms.
- The terminal carbon attached to a hydroxyl group (–OH).
- The remaining carbons forming a saturated hydrocarbon chain.

---

Deep Dive: Structural Features and Isomerism

Structural Characteristics

- Straight chain: The compound is a primary alcohol with a linear four-carbon
chain.
- Hydroxyl placement: The –OH group is attached to the first carbon in the
chain, making it a primary alcohol.
- Saturated hydrocarbon: No double or triple bonds are present.

Isomeric Considerations



While the primary product is butan-1-ol, possible isomers include:

- Butan-2-ol: a secondary alcohol with hydroxyl on the second carbon.
- 2-Methylpropan-1-ol: a branched isomer.
- 2-Methylpropan-2-ol: a tert-alkyl alcohol.

However, these are not formed in the reduction of butanal with NaBH₄ but are
relevant in the context of structural isomerism within alcohols.

---

Broader Context: Other Reactions and Their Products

While the reduction with NaBH₄ yields butan-1-ol, other reagents produce
different products, which are equally vital in organic synthesis:

1. Oxidation with Tollens’ or Fehling’s reagent

- Product: Butanoic acid (a carboxylic acid).
- Reaction: Oxidation of aldehyde to acid.

2. Reaction with Grignard Reagent (e.g., methylmagnesium bromide)

- Product: 2-Methylpentan-2-ol after hydrolysis.
- Reaction: Nucleophilic addition to the aldehyde carbonyl.

3. Aldol Condensation

- Product: 2-Ethylpent-2-enal (α,β-unsaturated aldehyde).
- Reaction: Condensation of two molecules of butanal under basic conditions.

---

Significance in Organic Synthesis and Industry

Understanding how butanal reacts with various reagents is crucial in
designing synthetic pathways for pharmaceuticals, fragrances, plastics, and
other industrial chemicals.

- Reduction to alcohols like butanol is vital for producing solvents and fuel
additives.
- Oxidation to acids is important in the synthesis of biodegradable polymers
and plasticizers.
- Nucleophilic additions facilitate the construction of more complex
molecules.

---

Summary and Conclusion

The treatise on Draw A Structural Formula For The Organic Product Formed By



Treating Butanal With The Following Reagent reveals that the specific reagent
dictates the product formed. Focusing on sodium borohydride, a common reagent
for aldehyde reduction, the reaction yields butan-1-ol, a straight-chain
primary alcohol.

Structural formula of the product:

```
CH₃–CH₂–CH₂–CH₂OH
```

This product represents a fundamental transformation in organic
chemistry—conversion from an aldehyde to a primary alcohol—highlighting the
importance of reagents in selectively modifying molecular structures.

Understanding such reactions and their products is not only academically
enriching but also critically applicable in industrial synthesis, medicinal
chemistry, and materials science. Mastery over predicting and drawing these
structural formulas empowers chemists to innovate and optimize synthetic
routes for complex molecules.

---
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Note: The specific reagent was inferred based on typical reactions involving
butanal. If a different reagent was intended in the original question, please
specify for tailored analysis.
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