
Draw The Structure Of The Product That Is Formed
When The Compound Shown Below Undergoes A
Reaction With
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With a specific reagent or reactant. Understanding how different compounds react and predicting the resulting
structures are fundamental skills in organic chemistry. This process involves analyzing the functional groups
present, the type of reaction mechanism involved, and the conditions under which the reaction occurs. In this
article, we will explore a typical example of such a reaction, walk through the step-by-step process of
determining the product, and provide insights into the underlying principles guiding these transformations.

---

Understanding the Starting Compound and Its Functional Groups

Before predicting the product, it is vital to identify the structure and functional groups of the starting
compound. Functional groups dictate reactivity and compatibility with various reagents.

Common Functional Groups in Organic Compounds
- Alkanes, Alkenes, and Alkynes: Hydrocarbon chains with single, double, or triple bonds.
- Alcohols and Phenols: Containing hydroxyl (-OH) groups.
- Aldehydes and Ketones: Containing carbonyl (C=O) groups.
- Carboxylic Acids and Derivatives: Including esters, amides, and anhydrides.
- Amines and Nitriles: Nitrogen-containing functional groups.

Example of the Starting Compound
Suppose the starting compound is ethene (C₂H₄), an alkene with a carbon-carbon double bond. Its reactivity is
characterized by the presence of this double bond, which makes it susceptible to addition reactions.

---

Common Reactions and Reagents

Knowing the typical reagents that react with the functional groups helps predict the products.

Typical Reactions of Alkenes
- Hydrogenation: Addition of H₂ over a metal catalyst (e.g., Pt, Pd).
- Halogenation: Addition of halogens like Cl₂ or Br₂.
- Hydrohalogenation: Addition of HX (where X is Cl, Br, I).
- Hydration: Addition of water (H₂O) in the presence of an acid catalyst.
- Other Reactions: Epoxidation, oxymercuration, etc.



Example Reagent
Let's assume the compound undergoes a hydrohalogenation with hydrogen bromide (HBr). This reaction involves
the addition of HBr across the double bond.

---

Step-by-Step Prediction of the Product

The process involves understanding the mechanism, regioselectivity, and stereochemistry of the reaction.

1. Mechanism of Hydrohalogenation
- Step 1: Protonation of the double bond by H⁺, forming a carbocation.
- Step 2: Nucleophilic attack by Br⁻ on the carbocation.
- Step 3: Formation of the addition product.

2. Regioselectivity (Markovnikov’s Rule)
In hydrohalogenation, H⁺ adds to the carbon with more hydrogens, and the halide (Br⁻) adds to the carbon
with fewer hydrogens. For ethene:
- Both carbons are identical, so the addition is symmetrical.
- The product will be bromoethane (C₂H₅Br).

3. Drawing the Product Structure
- The double bond is replaced by single bonds.
- A bromine atom attaches to one of the carbons.
- The resulting structure is a saturated molecule with a bromine substituent.

---

Visualizing the Final Product: Drawing the Structure

To draw the structure:
- Start with the ethene backbone.
- Add a bromine atom to one of the carbons.
- Complete the structure with appropriate hydrogens to satisfy valency.

Product: Bromoethane (C₂H₅Br)

The structure can be depicted as:
- A two-carbon chain with single bonds.
- A bromine atom attached to one carbon.
- Hydrogens filling remaining valencies.

---



Additional Examples and Variations

Different reagents lead to different products. Here, we explore some common reactions and their products.

Hydration of Ethene
- Reagent: H₂SO₄, H₂O
- Product: Ethanol (C₂H₅OH)
- Mechanism: Similar to hydrohalogenation, but water adds instead of halogen.

Halogenation with Cl₂
- Reagent: Cl₂
- Product: 1,2-Dichloroethane (C₂H₄Cl₂)
- Mechanism: Addition across the double bond resulting in dihalides.

Polymerization
- Ethene can undergo polymerization to form polyethylene, a long-chain hydrocarbon.

---

Factors Influencing the Reaction and Product Formation

Several factors determine the outcome of organic reactions.

Reaction Conditions
- Temperature: Higher temperatures can favor elimination reactions.
- Solvent: Polar solvents can stabilize intermediates.
- Catalysts: Metals, acids, or bases can alter pathways.

Reactivity of Functional Groups
- Electron-rich double bonds favor electrophilic addition.
- Electron-withdrawing substituents can deactivate sites.

Steric and Stereochemical Considerations
- Bulky groups influence regioselectivity.
- Stereochemistry (cis/trans) can affect product properties.

---

Summary and Practical Tips for Drawing Reaction Products

- Identify the functional groups in the starting compound.



- Determine the type of reaction based on reagents and conditions.
- Apply mechanisms to predict how bonds are formed or broken.
- Use regioselectivity rules like Markovnikov’s rule where applicable.
- Draw the product step-by-step, confirming valencies and stereochemistry.
- Label all substituents and ensure the structure is consistent with the reaction.

---

Conclusion

Predicting the structure of a product resulting from a chemical reaction requires a solid understanding of
organic reaction mechanisms, functional group chemistry, and the effects of reaction conditions. Whether
dealing with simple alkenes or more complex molecules, these principles guide chemists in designing and visualizing
the outcomes of reactions. Practice with various examples enhances proficiency, enabling accurate structure
drawing and better understanding of organic transformations.

---

Remember: Always analyze the starting compound carefully, consider the reagents and conditions, and apply
fundamental organic chemistry rules. With practice, drawing structures of reaction products becomes an
intuitive and invaluable skill in the chemist’s toolkit.

Frequently Asked Questions

What is the general structure of the product formed when methylbenzene
(toluene) reacts with chlorine in the presence of light?

The product is chloromethylbenzene (benzyl chloride), where a chlorine atom substitutes a hydrogen on the
methyl group attached to the benzene ring, resulting in a benzene ring with a chloromethyl group (–CH2Cl).

When ethene reacts with bromine water, what is the structure of the
resulting compound?

The reaction produces 1,2-dibromoethane, where bromine adds across the double bond of ethene, resulting in a
saturated ethane derivative with two bromine atoms attached to adjacent carbons.

What is the structure of the product formed when phenol reacts with
sodium hydroxide?

Phenol reacts with sodium hydroxide to form sodium phenoxide, where the phenol's hydroxyl group loses a
proton, resulting in a phenolate ion attached to a sodium ion, with the structure C6H5O–Na.

What product is formed when acetylene (ethyne) undergoes hydrogenation in
the presence of a catalyst?

The hydrogenation of acetylene results in ethane (C2H6), where both triple bonds are fully reduced to single
bonds, producing a saturated hydrocarbon.



When benzene reacts with dilute nitric acid in the presence of sulfuric acid,
what is the structure of the nitrobenzene formed?

Nitrobenzene is formed, where a nitro group (–NO2) substitutes a hydrogen atom on the benzene ring, resulting in
a benzene ring with a –NO2 group attached.

What is the structure of the compound formed when ethanol reacts with
acetic acid in the presence of sulfuric acid?

Ethanol reacts with acetic acid to form ethyl acetate (an ester), which has the structure
CH3–COO–CH2CH3.

When an alkene reacts with osmium tetroxide (OsO4), what is the
structure of the product?

The reaction yields a diol, specifically a glycol, with two hydroxyl groups added across the double bond,
resulting in a vicinal diol with two –OH groups attached to adjacent carbons.
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---

Introduction to the Reaction and Its Significance

Understanding how organic compounds transform during chemical reactions is fundamental to organic
chemistry. Drawing the structure of the product formed in a particular reaction provides insights into reaction
mechanisms, stability, and potential applications of the resulting compounds. In this detailed review, we will
explore the process of determining the structure of the product formed when a specific compound undergoes a
particular reaction, emphasizing the importance of understanding reaction pathways, reagents involved, and the
resulting molecular architecture.

---

Step 1: Analyzing the Starting Compound

Before predicting the product, it’s crucial to understand the structure and functional groups of the starting
compound. Let’s assume the compound in question is 2-bromopropene (also known as allyl bromide), represented
as:

CH₂=CH–CH₂Br

Key features:

- It contains a carbon-carbon double bond (alkene).
- A bromine atom attached to the terminal carbon (allylic position).

Significance:

- The presence of the allylic bromide makes this compound susceptible to various nucleophilic and elimination
reactions.
- The double bond provides sites for addition or substitution reactions.



---

Step 2: Identifying the Reagents and Reaction Conditions

Suppose the compound undergoes a nucleophilic substitution with a nucleophile such as hydroxide ion (OH−)
under basic conditions, or perhaps an elimination reaction with a strong base. Alternatively, the compound
could undergo addition reactions with electrophiles such as hydrogen halides or halogens.

For this review, let’s assume the reaction involves nucleophilic substitution with hydroxide ion (OH−), leading
to the formation of an alcohol. This is a common reaction pathway for allylic halides like 2-bromopropene.

---

Step 3: Understanding Possible Reaction Pathways

A. Nucleophilic Substitution (SN2):

- Typically occurs at the carbon bearing the leaving group (bromine in this case).
- For allylic halides, SN2 reactions are facilitated by the resonance stabilization of the transition state.
- The hydroxide ion would attack the carbon bonded to bromine, displacing the bromide ion.

B. Elimination (E2):

- Under basic conditions, elimination can occur, especially if the reaction favors formation of more stable
alkenes.
- The hydroxide might abstract a proton from an adjacent carbon, leading to the formation of a conjugated
alkene.

C. Addition to the Double Bond:

- If the reaction involves electrophilic addition (e.g., with HBr), the product would involve addition across the
double bond.

Given the starting compound and the conditions, the most probable reaction is nucleophilic substitution,
leading to an alcohol.

---

Step 4: Drawing the Product Structure – A Step-by-Step Approach

Scenario: Reaction of 2-bromopropene with NaOH

1. Identify the site of attack:

- Bromine is attached to the primary carbon (the terminal carbon in the chain).
- Hydroxide will attack this carbon, displacing bromide via SN2.

2. Predict the product:

- The bromine atom is replaced by an hydroxyl group.

3. Resulting compound:

- The compound becomes propan-2-ol with the structure:

CH₂=CH–CH₂OH

Note: The double bond remains intact because the substitution involves the bromide, not the double bond.



---

Step 5: Confirming the Structural Changes

Structural features of the product:

- Functional groups:

- An alcohol group (-OH) attached at the terminal carbon.
- An alkene (double bond) remains between carbons 1 and 2.

- Molecular formula:

- Original: CH₂=CH–CH₂Br
- Product: CH₂=CH–CH₂OH

- Key points:

- The reaction retains the alkene functionality.
- The bromine substituent is replaced by hydroxyl.

---

Step 6: Visual Representation of the Product

Drawing the product:

1. Draw a chain of three carbons.
2. Assign the double bond between the first and second carbons:

```
C1 = C2 – C3
```

3. Attach the hydroxyl group to C3:

```
CH₂=CH–CH₂OH
```

4. Confirm the stereochemistry:

- In this case, the molecule is acyclic, so stereochemistry isn’t a concern unless specific stereoisomers are
involved.

---

Step 7: Analyzing the Reaction Mechanism

SN2 Mechanism:

- Step 1: Nucleophile (OH−) approaches the electrophilic carbon attached to bromine.
- Step 2: Backside attack occurs, leading to the displacement of bromide.
- Step 3: The transition state is pentavalent at the carbon.
- Step 4: Formation of the alcohol and departure of bromide ion.

Resonance stabilization:

- Since the bromide is on an allylic position, resonance can stabilize the transition state, facilitating the



substitution.

---

Step 8: Potential Variations and Alternative Products

Depending on reaction conditions, different products could form:

- Elimination (E2): Under strong bases, the product might be propen-2-ol or conjugated enones if further
reactions occur.
- Addition reactions: If an electrophile such as HBr or Br₂ is used, the product could involve addition across
the double bond, leading to halogenated derivatives.

---

Step 9: Practical Applications of the Product

The resulting compound, propan-2-ol, is a valuable alcohol used in:

- Solvent applications
- Intermediate in organic synthesis
- Pharmaceutical compound precursor

Its structure allows for further functionalization, such as oxidation to ketones or aldehydes.

---

Step 10: Summary and Key Takeaways

- Understanding the starting compound's structure is critical to predicting the product.
- Reaction conditions influence whether substitution, elimination, or addition occurs.
- In our example, nucleophilic substitution of allylic bromide with hydroxide results in propan-2-ol.
- Structural drawing involves recognizing the site of substitution and maintaining the integrity of other
functional groups like double bonds.
- Resonance and stabilization play significant roles in the reaction mechanism, especially for allylic compounds.

---

Final Remarks

Drawing the structure of the product formed in an organic reaction isn’t just about connecting atoms; it’s an
analytical process that involves understanding the starting material, the reagents, the mechanism, and the
reaction conditions. Mastery of this process enables chemists to predict, synthesize, and utilize complex
molecules effectively. Whether for academic purposes, research, or industrial applications, this skill is
fundamental to advancing in organic chemistry.

---

Note: For specific compounds and reactions, always refer to detailed reaction mechanisms, stereochemical
considerations, and experimental data to confirm the predicted structures.
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