Chem 240
9.4.18
Chapter 3: Organic Compounds - Alkanes and Their Stereochemistry
Families of Organic Compounds
Organic compounds can be grouped into families by their common structural features
We shall survey the nature of the compounds in a tour of the families in this course
This chapter deals with alkanes, compounds that contain only carbons and hydrogens, all connected
exclusively by single bonds
3.1 Functional Groups
Functional group - collection of atoms at a site within a molecule with a common bonding pattern

The group reacts in a typical way, generally independent of the rest of the molecule - neck
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Alkanes: Compounds with C-C single bonds and C-H bonds only (no functional groups)
Connecting carbons can lead to large or small molecules
The formula for an alkane with no rings in it must be CnH2n+2 where the number of C’s is “n”
Alkanes are saturated with hydrogen (no more can be added)

They are also called aliphatic compounds

Names of Small Hydrocarbons
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1 Methane CHs 6 Hexane CelH14
2 Ethane CoHe 7 Heptane - CrH1e
3 Propane CsHs 8 Octante CsHig
4 Butane CaH1o 9 Nonane CoHz0
5 Pentane CsH1z 10 Decane CioHz2
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Examples of Small Hydrocarbons
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3.4 Naming Alkanes
IUPAC : International Union of Pure and Applied Chemistry

Compounds are given systematic names by a process that uses:
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Where are the substituents What are the How many What is the primary
and functional groups? substituents? carbons? functional group?
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Follows specific rules:

Find the longest chain
Number the chain, Nearest branch with lowest number
Identify and # the substituents
Write as a single word
- between prefixes
, between words
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3.2 Alkane Isomers .
NOT fj = Me_'\’hv(\ Whexane

CH4 = methane, C2Hs = ethane, CzHs= propane & ~0 |Somierd
The molecular formula of an alkane with more than three carbons can give more than one structure
Cas (butane) = butane and isobutane
Cs (pentane) = pentane, 2-methylbutane, and 2,2-dimethylpropane
Alkanes with C’s connected to no more than 2 other C’s are straight-chain or normal alkanes

Alkanes with one or more C’s connected to 3 or 4 C’s are branched-chain alkanes
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Isomers that differ in how their atoms are arranged in chains are called constitutional isomers

Compounds other than alkanes can be constitutional isomers of one another

They must have the same molecular formula to be isomers He
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3.3 Alkyl Groups

Alkyl group — remove one H from an alkane (a part of a structure)

General abbreviation “R” (for Radical, an incomplete species or the “rest” of the molecule)

Name: replace -ane ending of alkane with -y/ ending \-’7 ‘o
-CHs is “methyl” (from methane) ll
-CH2CHjs is “ethyl” from ethane H AT TP v
See Table 3.4 for a list -
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Types of Alkyl Groups

Classified by the connection site (See Figure 3.3)

a carbon at the end of a chain (primary alkyl group)

a carbon in the middle of a chain (secondary alkyl group)

a carbon with three carbons attached to it (tertiary alkyl group)
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is bonded to two
other carbons.

Primary carbon (1°)
is bonded to one
other carbon.
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Types of Hydrogen Atoms in Alkyl Groups
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3.5 Properties of Alkanes
Called paraffins (low affinity compounds) because they do not react as most chemicals
They burn producing carbon dioxide, water, and heat

They react with CI2 in the presence of light to replace H’s with ClI’s (not controlled)

CHy + Cl -5 cHol + HO

Cl
[, CH,Cly + HCI
Ci
|8 CHCl; + HCI
Cl
L T cCly + HCl

Boiling points and melting points increase as the size of alkane increases

Forces between molecules (temporary dipoles, dispersion) are weak
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Functional Groups

Functional group - collection of atoms at a site within a molecule with a common bonding pattern
The group reacts in a typical way, generally indépendent of the rest of the molecule

Table 3.1 lists a wide variety of functional groups that you should recognize
As you learn about them in each chapter it will be easier to recognize them . &

The functional groups affect the reactions, structure, and physical properties of every compound in
which they occur

QGructmral Leatnes oF molecule make W Possioie {7_, Cms&iM,W\OW\
wro families Codlet Punchionat AYIURS . Tne u"“"“s“’"ﬂ' 01(09 AR 0CGoNIC ‘V
meecn® Yeqardless ok Sz€ oamd (aylxit) 1 deteined by tne funckara
UyewvS x Contans



/4 Feminated [ FunChwnal Giomo s Con ofken be Prefyxes o2 §uffyey
/ (F fhere IS more fuan ove of tg Jamre funelmal GrovP we ule
ity "triv, ete
Types of Functional Groups:
Multiple Carbon-Carbon Bonds

Alkenes have a C-C double bond — €né,

Alkynes have a C-C triple bond ~ —\ 1€

Arenes have special bonds represented as alternating single and double C-C bonds in a six-
membered ring
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Functional Groups with a Smgl\é Carbon Bonded to an Electronegative Atom
Alkyl halide: C bonded to halogen (C-X)
Alcohol: C bonded O of a hydroxyl group (C-OH)
Ether: Two C’s bonded to the same O (C-O-C)
Amine: C bonded to N (C-N)
Thiol: C bonded to SH group (C-SH)

Sulfide: Two C’s bonded to same S (C-S-C)

Bonds are polar, with partial positive charge on C (6+) and partial negative charge (8-) on
electronegative atom
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Groups with a Carbon-Oxygen Double Bond (Carbonyl Groups)

Aldehyde: one hydrogen bonded to C=0

Ketone: two C’s bonded to the C=0 % s
Carboxylic acid: OH bonded to the C=0 Sj S
Ester: C-O bonded to the C=0 Hb(l 4 \CH 3
ide: C- = oM eund
Amide: C-N bonded to the C=0 atelong = O ‘L“Wmﬂ Covfbon\{l k P chaﬁ,é
Acid chloride: Cl bonded to the C=0 C. hoy & Pofh‘d PO& Hre
Carenyl ol nesaC clias
Carbonyl C has partial positive charge (6+) a P
Carbonyl O has partial negative charge (5-). Cw‘odﬂ%l o lhab ‘P
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3.6 Conformations of Ethane
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Conformations of Ethane

Eclipsed conformations

12 kJ/mol
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Conformations of Butane

19 kd/mol
16 kJ/mol
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Newman Projection Practice

Sight along the C1 - C2 bond of 1-chloropropane and draw Newman projections of the most stable
and |east stable conformations
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Relevant Practice Problems from Textbook M&‘\‘ % ‘
—
Chapter 3: 2, 4-6, 8-12, 15-17 19, 21-25, 27-40, 42, 48, 49, 53 (9th ed)



