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Introduction
Structural isomerism and the reactions of alcohols show how a single molecular formula can produce
compounds with different structures, properties, and chemical behavior. The formula C4H10O has
seven constitutional isomers: four alcohols and three ethers. The alcohols are butan-1-ol, butan-2-ol,
2-methylpropan-1-ol, and 2-methylpropan-2-ol, while the ethers are ethoxyethane, 1-
methoxypropane, and 2-methoxypropane. These compounds provide a useful framework for studying
primary, secondary, and tertiary alcohols, selective oxidation, acid-catalyzed dehydration, ether
preparation by the Williamson reaction, and carbon–carbon bond formation through Grignard
chemistry. Correct analysis requires careful carbon counting because oxidation normally changes
functional groups without adding carbon atoms, while substitution and Grignard reactions join
fragments whose carbon totals must match the target product. Reaction mechanism also matters. A
secondary alcohol cannot be treated as though it forms an aldehyde, a tertiary alcohol does not
undergo ordinary oxidation to a carbonyl compound, and a hindered alkyl halide is a poor choice for
an SN2 ether synthesis (Clayden et al., 2012; McMurry, 2021).

Isomerism and Alcohol Classification
Butan-1-ol and butan-2-ol share the same straight four-carbon skeleton but differ in hydroxyl-group
position, making them position isomers. 2-Methylpropan-1-ol has a branched carbon skeleton and is
therefore a chain isomer of the two butanols, while 2-methylpropan-2-ol is the fourth alcohol
constitutional isomer. Classification depends on the carbon bearing the hydroxyl group rather than on
whether the whole molecule appears branched. Butan-1-ol and 2-methylpropan-1-ol are primary
alcohols because their hydroxyl-bearing carbons are attached to one other carbon. Butan-2-ol is
secondary because that carbon is attached to two carbon groups, and 2-methylpropan-2-ol is tertiary
because it is attached to three. The three ethers have C–O–C linkages instead of O–H bonds,
demonstrating functional-group isomerism within the same molecular formula. This classification
predicts reactivity because primary and secondary alcohols possess a hydrogen on the carbon
bearing the hydroxyl group, allowing common oxidation pathways, whereas a tertiary alcohol lacks
that hydrogen and resists ordinary oxidation without carbon–carbon bond cleavage (Solomons et al.,
2016).
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Oxidation of the Alcohol Isomers
Controlled chromium(VI) oxidation with a Collins-type reagent, commonly represented as CrO3 in
pyridine under anhydrous conditions, converts primary alcohols to aldehydes and secondary alcohols
to ketones. Butan-1-ol therefore forms butanal, butan-2-ol forms butanone, and 2-methylpropan-1-ol
forms 2-methylpropanal. Under ordinary Collins conditions, 2-methylpropan-2-ol does not yield a
normal carbonyl product because oxidation would require cleavage of a carbon–carbon bond.
Stronger aqueous oxidation can take the aldehydes further: butanal becomes butanoic acid, and 2-
methylpropanal becomes 2-methylpropanoic acid. Carbon counting provides a useful error check
because oxidation of a four-carbon alcohol cannot directly produce a five-carbon acid. Ketones such
as butanone are comparatively resistant to simple further oxidation; severe oxidative conditions may
cleave carbon–carbon bonds and generate smaller products, but that is chemically different from the
aldehyde-to-carboxylic-acid sequence followed by primary alcohols. These outcomes show why
alcohol classification should be established before oxidation products are named or mechanisms are
proposed (McMurry, 2021; Solomons et al., 2016).

Dehydration and Hydration Reactions
Acid-catalyzed dehydration removes water from an alcohol and forms an alkene, with product
distribution governed by structure, reaction conditions, carbocation stability when relevant, and
alkene substitution. Direct dehydration of butan-1-ol can produce but-1-ene, although strongly acidic
conditions can also permit isomerization toward but-2-ene. Butan-2-ol can eliminate a hydrogen from
either adjacent carbon and therefore form but-1-ene and but-2-ene; because each carbon of the
internal double bond bears two different substituents, but-2-ene occurs as the E and Z geometric
isomers, with the E form generally more stable because its methyl groups are farther apart.
Dehydration of 2-methylpropan-1-ol gives 2-methylpropene, not a five-carbon methylbutene. The
reverse addition illustrates Markovnikov hydration. When 2-methylpropene is treated with aqueous
acid, protonation favors formation of the more stable tertiary carbocation, water attacks that
intermediate, and deprotonation produces 2-methylpropan-2-ol. Together, these reactions
demonstrate how substitution and intermediate stability determine alkene and alcohol products while
preserving the carbon skeleton (Clayden et al., 2012).

Williamson Ether Synthesis
The Williamson ether synthesis forms an ether through nucleophilic substitution between an alkoxide
and an alkyl halide, most effectively by an SN2 mechanism at a methyl or primary carbon. For 1-
methoxypropane, sodium methoxide can react with 1-iodopropane, or sodium propoxide can react
with iodomethane. The second design is generally more favorable because methyl halides are
exceptionally unhindered and undergo backside attack rapidly. A pair such as sodium ethoxide and
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chloromethane would produce methoxyethane, which contains only three carbon atoms, so it cannot
be used to prepare a C4H10O ether. Leaving-group ability also matters: iodide and bromide are
generally better leaving groups than chloride in SN2 reactions. Tertiary alkyl halides are poor
Williamson substrates because a strong alkoxide tends to remove a proton and promote elimination
rather than attack the crowded carbon. The reaction proceeds in one concerted step, so there is no
stable carbocation intermediate. Carbon counting, steric hindrance, and leaving-group quality
therefore provide three reliable checks when selecting reactants for ether synthesis (Solomons et al.,
2016).

Grignard Reagents and Alcohol Formation
Grignard reagents, RMgX, behave as strongly nucleophilic carbon sources that add to carbonyl
compounds and form alcohols after acidic workup. Their product class depends on the carbonyl
substrate: formaldehyde gives a primary alcohol, other aldehydes give secondary alcohols, and
ketones give tertiary alcohols. This rule makes carbon counting especially valuable.
Methylmagnesium bromide reacting with propanal gives butan-2-ol after workup because the one-
carbon methyl group adds to the three-carbon aldehyde and creates a four-carbon secondary alcohol.
It does not give 2-methylpropan-1-ol. A suitable route to 2-methylpropan-1-ol instead uses
isopropylmagnesium bromide with formaldehyde. Formaldehyde contributes the carbon that becomes
CH2OH, while the isopropyl fragment supplies the remaining three carbons. Grignard chemistry also
requires rigorously dry conditions because water, alcohols, and other proton donors destroy the
organomagnesium reagent before it can attack the carbonyl compound. These reactions therefore
combine structural reasoning with careful control of reaction conditions and functional-group
compatibility (McMurry, 2021).

Laboratory Safety and Chemical Reasoning
Mechanistic accuracy should be accompanied by laboratory safety. Chromium(VI) reagents used in
traditional oxidation chemistry are toxic, carcinogenic, and environmentally hazardous, so modern
laboratories often seek less hazardous alternatives when instructional objectives permit. Strong acids
used for dehydration can cause serious burns, ethers are volatile and flammable, and Grignard
reagents require dry apparatus and careful handling of flammable solvents. Green-chemistry
principles encourage safer oxidants, reduced solvent use, efficient atom economy, and appropriate
waste treatment without changing the conceptual value of learning classical reactions. Across the
assignment, several general reasoning rules prevent common mistakes. The molecular formula must
be preserved when isomers are enumerated; the hydroxyl-bearing carbon determines alcohol class;
oxidation does not normally increase carbon number; E/Z notation applies only when both alkene
carbons bear two different substituents; SN2 reactions favor accessible electrophilic carbons; and the
carbon atoms contributed by a Grignard reagent and carbonyl compound must add up to the target
alcohol. These checks turn memorized reactions into a coherent framework for organic-chemistry
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problem solving.

Conclusion
The C4H10O system demonstrates how structural isomerism determines chemical behavior. Its four
alcohols include two primary, one secondary, and one tertiary isomer, while three additional
structures are ethers. Controlled oxidation converts butan-1-ol and 2-methylpropan-1-ol to aldehydes
and butan-2-ol to a ketone; stronger oxidation takes the aldehydes to butanoic acid and 2-
methylpropanoic acid without changing the carbon count. Dehydration generates alkenes according
to the available β-hydrogens and product stability, while hydration of 2-methylpropene gives the
tertiary alcohol through Markovnikov addition. Williamson synthesis is most efficient when a methyl or
primary halide undergoes SN2 attack by an alkoxide, and Grignard synthesis depends on matching the
carbonyl class and carbon skeleton to the desired alcohol. These reactions are linked by a consistent
set of principles involving structure, electron flow, steric accessibility, and functional-group behavior.
Applying those principles makes it possible to predict products, correct naming errors, select suitable
reagents, and explain why competing pathways do or do not occur.
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