
  

Conformations: Conformers are compounds that differ by orientation of atoms in space; they are 
interconvertible via rotation about single bonds. Ethane has infinitely many conformations, but the 
most stable one is called staggered. The least stable conformation of ethane is called eclipsed; the 
eclipsed conformation represents the transition state upon going from one staggered conformation to 
another. The energy barrier to pass from one staggered conformation to another is called the activation 
energy, Ea, which is nearly equal to ΔG†, the free energy needed to reach the transition state. For 
ethane, Ea = 2.9 kcal/mol. This barrier is due to torsional strain, which is orbital repulsion (debate 
continues on this point) caused by eclipsing hydrogens. This energy barrier is called free rotation 
because it is the lowest energy barrier for rotation about C–C bonds. Ethane passes from one staggered 
conformation to another very rapidly: 4 x 1010 s-1 at 298 K, and 6 x 108 s-1 at 173 K. (You don’t need 
to know these numbers.) Where does the energy to rotate come from? Any molecule above absolute 0 
(0 K) has energy to undergo rotations and vibrations, and does so continually. Consider a pendulum. 
 
Butane: Rotation about C1-C2 or C3-C4 will be similar to propane. Rotation about C2-C3 will be more 
complex. Steric strain is any strain where two groups occupy the same space (Van der Waals 
repulsion). Torsional Angle: Angle between two species on adjacent carbons (or other atoms) looking 
down the bond between those two carbons (eclipsed: 0°; staggered: 60°). Gauche interactions are a 
type of steric strain where two C–C bonds have a 60° torsional angle; it “costs” 0.9 kcal/mol (ΔH°). 
Butane has two stable conformations, anti and gauche; the anti (“anti” means opposite sides) 
conformation is more stable by 0.5 kcal/mol (ΔG°); the ratio of anti:gauche is about 7:3 at 298 K. 
(Note that ΔH° and ΔG° differ due to the entropy difference between anti and gauche; ΔG° = ΔH° -
TΔS°.) The ratios of two species in equilibrium are given below with their corresponding energy 
differences and equilibrium constants (ΔG° = –RTlnK; K = [B]/[A]): 
 

 
 
Keq ΔG°(kcal/mol) % conformer "B" 
1 0 50 
3 -0.6 75 
10 -1.3 91 
100 -2.7 99 
1000 -4.1 99.9 
 
(You don’t need to know these numbers.) 
 
Longer alkanes and alkyl groups are most stable in extended all staggered conformations. Other 
conformations are rapidly accessed, but their populations are low. 
 
Cycloalkanes: Strain energy = ΔH°calc - ΔH°exp, where ΔH°calc is determined by summing the bond 
energies for all C–H and C–C bonds based on the bond energies found in linear alkanes, and ΔH°exp is 
the experimental enthalpy from combustion. Cyclopropane has high strain energy, which means it has 
weaker, more reactive C–C bonds. Angle strain is due to poor orbital overlap.   
 
Bond Angle: angle between two bonds on the same carbon. Torsional Angle: Angle between two 
species on adjacent carbons (or other atoms) looking down the bond between those two carbons. Angle 
Strain: When two bonds on an sp3-hybridized carbon are not 109.5° (e.g., in cyclopropane, the bond 
angles are 60°), orbital overlap with the adjacent carbon is reduced, the bond is weaker, the bond is 
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“strained.” Steric Strain: Two things occupying the same space. Torsional Strain: steric strain 
between two species on adjacent carbons (often refers to eclipsing strain). Gauche Interactions: 
Torsional strain when two non-H are at a 60° torsional angle. 
 
Cyclohexane:  "Puckering" (an atom bending out of the plane of three other atoms) relieves all of the 
angle and torsional strain.  The chair conformation has six axial hydrogens and six equatorial 
hydrogens.  Three of the axial H are "up", three are "down"; likewise for the equatorial H.  Ring-
flipping from one chair to another is a conformational change, rotation about C–C bonds, not a 
rotation of the entire molecule (in cyclohexane itself, the two chair conformations are 
indistinguishable).  A ring-flip changes all axial substituents to equatorial and vice versa.  "Up" 
substituents remain "up" and down remain down upon ring-flipping. Upon ring-flipping, each carbon 
within the ring changes from a “peak” to a “valley” and vice versa. The energy barrier for ring-flipping 
of cyclohexane is about 10 kcal/mol; the rate of flipping is 3 x 105 s-1 at 298 K and 0.86 s-1 at 173 K.   
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Substituted cyclohexanes:  Methylcyclohexane has two conformers, one where the methyl is axial, 
one where it is equatorial.  The axial conformer is less stable by 1.8 kcal/mol due to the 1,3-diaxial 
interactions between the axial methyl and the axial hydrogens two carbons away. This is a type of 
steric strain. It is also very similar to gauche interactions of butane; in substituted cyclohexanes, there 
are two of these gauche-like interactions, as the substituent interacts with both the “left” and “right” 
side of the ring. The energy difference between two conformers containing other single substituents 
(R–cyclohexane) are given below: 
 
R –ΔG°(kcal/mol) 
H 0 
CH3 1.8 
CH2CH3 1.85 
CH(CH3)2 2.2 
C(CH3)3 5.4 
F 0.25 
Br 0.55 
I 0.46 
 
When a t-butyl (t = tertiary) group, C(CH3)3, is present, 99.98% of the conformers have the t-butyl 
group in the equatorial position.  Thus, the ring is said to be "locked"; actually, it flips quickly between 
chairs.   
 
Naming cycloalkanes: monosubstituted cycloalkanes don’t need numbering. For disubstituted, choose 
one substituent as being connected to the 1-carbon (there are rules for which to choose, but don’t worry 
about them), and number the second substituent accordingly. Indicate stereochemistry (later) when 
appropriate. 
 
Unsaturations: Every two hydrogens missing from the alkane general formula, CnH2n+2, equals one 
unsaturation. Each unsaturation corresponds to either a ring or a pi-bond. For example, C6H12 has one 
degree of unsaturation. Some isomers with this formula are: 
 

 
 
Other classes of organic compounds - functional groups:  Organic chemistry is basically functional 
group chemistry—the hydrocarbon chain that is attached to a functional group "goes along for the 
ride".  The hydrocarbon portion is generally indicated by R (R = CH3, C2H5, etc.). 
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IUPAC NOMENCLATURE FOR MOST OTHER COMPOUNDS 
 
1. Find the longest carbon chain containing the functional group.  This chain determines the 

parent name of the compound. 
2. Change the ending of the parent alkane to that indicated in the table. 
3. Number the chain from the end nearest to the functional group. 
4. Number substituents and assign stereochemistry (see later) as necessary. 
 
Naming compounds containing functional groups: know how to name, using IUPAC rules, 
compounds that contain the following functional groups: alcohol, alkene, carboxylic acid, alkyl 
halides, thiols. These are given in the top Table below. Also, be able to recognize and provide the 
name of the functional group (not the whole IUPAC name) of carboxylates, nitriles, sulfides, 
aldehydes, ketones, esters, ethers, amides, amines, and ammoniums. These are given in the second 
table below. 
 
Be able to name: 
 
Class of Compound General Structure Specific Example Nomenclature 
Alcohol ROH 

 
3-methyl-2-butanol 

Suffix “ol.” Indicate 
position of OH using 
lowest number in chain 
containing OH group. 

Alkene R2C=CR2 

 
2-methyl-2-butene 

Suffix “ene.” Indicate 
position of double bond 
using lowest number in 
chain containing double 
bond. 

Carboxylic Acid RCO2H 

 
propanoic acid 

Suffix “oic acid.” 
Carbonyl carbon 
always position 1 in 
longest chain in which 
it is located.* 

Alkyl Halides R–X (X = F, Cl, Br, or 
I) 

 
2-chloropropane 

Treat halogen like an 
alkyl substituent and 
name it with the prefix 
fluoro, chloro, bromo, 
or iodo. 

Thiols R–SH CH3–SH 
methanethiol 

Suffix “thiol.” Indicate 
position of SH using 
lowest number in chain 
containing SH group. 

 
*Note: Any carbon-oxygen double bond can be referred to as a carbonyl. 
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Be able to recognize the functional groups: 
 
Class of 
Compound 

General Structure  Class of 
Compound 

General Structure 

Carboxylate 

 

 Aldehyde 

 
Nitrile R–C≡N  Ketone 

 
Sulfide R–S–R  Ester 

 
Ether R–O–R  Amine RNH2, primary 

R2NH, secondary 
R3N, tertiary 

Amide 

 

 Ammonium RNH3
+, primary 

R2NH2
+, secondary 

R3NH+, tertiary 
R4N+, quaternary 

 
Priorities: In naming, functional groups have priorities. We will only concern ourselves with the 
following priorities: alkyl groups have the lowest priority, then come halogens, then all other 
functional groups. For example, if a compound contains an alcohol and a Cl and an ethyl, it is called an 
alcohol and the numbering will be determined by the position of the alcohol; the Cl will have priority 
in numbering over the ethyl, if needed, as shown below: 

 
 
Sometimes numbers are left out if they are not needed: 
 

 
 
3-chloro-1-propene or 3-chloroprop-1-ene are acceptable, but unnecessary. Note that the numbering 
starts at the “beginning” of the alkene. 
 
The OH group is often called hydroxy or a hydroxyl group. Likewise, an OR group (where R is an 
alkyl group) is often called an alkoxy group. Just as HO– is a hydroxide, RO– is an alkoxide. 
 
When a proton is added to a compound, the compound is said to be protonated. Thus, H3O+ 
(hydronium) can be called protonated water. And: 
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When a proton is removed from a compound, it is said to be deprotonated. For example, removal of a 
proton from (i.e., deprotonating) a protonated ether will yield an ether. Deprotonating a carboxylic acid 
will yield a carboxylate. 
 
 
Properties of Compounds according to Funtional Group: 
 
Alcohols • High boiling and melting points (due to hydrogen bonding) 
 • Polar solvents 
 • Ethanol has "special" properties 
 • Can act as weak acids or weak bases 
 • Can be alkylated to form ethers 
 
Carboxylic acids • Acetic acid (CH3CO2H) is the main ingredient in vinegar 
 • Polar; High boiling and melting points due to H-bonding 
 • Can act as an acid 
 
Salts of Carboxylic acids • Can act as nucleophiles (defined later) 
 • Mono-sodium glutamate = flavor enhancer (MSG) 
 
Esters • Pleasant smelling 
 • Good solvents  
 • Used to make polymers; found in fats, oils, and waxes 
 • Electrophilic; can be hydrolized to carboxylic acids 
 
Ethers • Inert, good solvents 
 • diethylether (CH3CH2OCH2CH3) was used as an anesthetic; still is 

on lower animals (e.g., flies) 
 
Amides • Polar, good solvents 
 • Amide group forms the backbone of all proteins, which are 

polyamides (polymers of amino acids) 
 • Form synthetic polymers too 
 
Amines • Polar, nucleophilic, smelly, basic 
 • Ammonia (NH3) is a disinfectant 
 
Thiols • Very smelly (smelly components of garlic and skunk spray are thiols) 
 • Methanethiol (CH3SH) added in tiny amounts to natural gas 

(methane) so that you can smell it if there is a leak 
 • very good nucleophiles 
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Sulfides • Smelly 
 • Product of SN2 reaction of thiols; nucleophilic 
 • Methionine is a sulfide 
 
Halo alkanes • Good electrophiles:  used to alkylate alcohols, thiols, amines and 

other nucleophiles. 
 • CH2Cl2, CHCl3, CCl4 are good solvents 
 
Nitriles • Polar 
 • Product of SN2 reaction where nucleophile is cyanide 
 
Ketones • Moderately polar solvents (e.g., nail polish remover) 
 • Nice smells (perfumes and oils such as jasmine and roses) 
 
Aldehydes • Nice smells (Vanillin, cinnamaldehyde) 
 
 
More properties of halo alkanes:  they are also used as freons and have been charged with being the 
culprits of shrinking the ozone layer. Attempts to reduce the amount of chlorfluorocarbons (CFCs) 
released to the atmosphere has resulted in some reparation to the ozone hole. However, not all halo 
alkanes are man-made.  For example, 5 x 106 tons of CH3Cl are made by marine and terrestrial 
biomass per year, compared with only 26,000 tons made by man per year. Nevertheless, reduction of 
CFCs in general has reduced the size of the ozone hole. (Globing warming, due mostly to man-induced 
increase of CO2 in the atmosphere, is another story.) 
 
 
 


