
  

Chem 260  
 
Dr. J. Sherman 
Office:  A243 (Chem/Physics building, same as Science Advising, opposite the bookstore and SUB) 
Phone:  822-2305 
e-mail:  sherman@chem.ubc.ca 
 
If you have any questions, feel free to stop by my office anytime, or contact me by phone or by e-mail.  
To be sure to find me in my office, make an appointment after class or by phone or e-mail.   
 
This set of handout notes constitutes about ¼ of the course material. It contains definitions and 
descriptive parts of the course. Class time is saved by not having to copy down such material. Few 
examples or concepts are developed here, as those are covered in class. Please bring these notes to 
class. 
 
Note: At the end of these notes, there is a FAQ section.  
 
There is also a section titled Study Tips. I strongly advise you to read this section over carefully. I 
encourage any suggestions for tips that you may have so I can pass them on to future students. 
 
Models: Buy them and use them! 
 
Reading assignments: see course outline. 
 
Organic Chemistry is about structure and mechanism.  
 
Keep memorization to a minimum! 
____________________ 
 
  



  

Outline 
 
1. Introduction and Review 
 A. Bonding, Hybridization, Geometry 
 B. Acid/Base Chemistry 
 C. Resonance 
2. Hydrocarbons 
 A. Types 
 B. Constitutional Isomers 
 C. Nomenclature 
 D. Conformations 
3. Structure and Stereochemistry 
 A. Introduction 
 B. Enantiomerism, CIP Rules (R/S) 
 C. Diastereomerism 
 D. Cis/Trans and E/Z Isomerism 
4. Substitution and Elimination Reactions 
 A. Introduction 
 B. Substitution: SN2 Reaction 
 C. SN1 Reaction 
 D. Elimination: E1 and E2 Reactions 
5. Alkenes 
 A. Structure and Reactivity 
 B. Addition Reaction, Markovnikov Rule 
 C. Halogenation 
 D. Hydration and Dehydration 
 E. Polymerization 
6. Benzene 
 A. Aromaticity 
 B. Electrophilic Aromatic Substitution 
7. Alcohols 
 A. Reduction 
 B. Oxidation 
 C. Grignard Reaction 
 
 
  



  

Case Studies: Below are three compounds that we will discuss from time to time. One is a biologically 
important compound, another is a molecule that is relevant to materials science, and the third is a fairly 
simple organic compound. We will use these compounds to illustrate how the organic chemistry we 
study in Chem 123 is relevant to the real world, and to create some threads that tie the course together.  
 

 

 
 
 

 

 
The compound above is called cholesteryl benzoate. This compound is a derivative of cholesterol. It 
was discovered in the 1880’s that this compound has two melting points and has unusual behavior 
between the two melting points. It turns out that cholesteryl benzoate molecules stack in an array that 
is helical (like a slinky), but they remain fluid. Such an assembly can switch from one organized array 
to another (shown schematically on the right where each rectangle represents a single molecule). This 
switching can be initiated by an electric field. The two arrays can have different properties, such as 
being opaque versus being transparent. Such organized, switchable molecules are called liquid 
crystals, which are used in Liquid Crystal Displays (LCDs) that make up watch faces, TVs, monitors, 
etc. 
______________________ 
 

 
 
The compound above is called S-adenosyl methionine, and is often referred to as SAM. It is a 
common coenzyme that is involved in catalysis of numerous reactions in cells. It was discovered in 
1952. It has three main components, a nucleobase (adenine), a sugar (ribose), and an amino acid 
(methionine). 
_______________________ 
 

 
 
The compound above is called trans-1,2-(R,R)-dimethylcyclohexane. It is a compound we will 
encounter in our discussions of alkanes, nomenclature, conformations, and stereochemistry. Its 
stereochemistry and conformations will also have some relevance to the reactions we will discuss. 
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Introduction:  Organic chemistry = The chemistry of carbon compounds 
 
Organic compounds form the basis of life on earth. These compounds represent a fantastic degree of 
molecular complexity. There are ca. 1012 different proteins taking part in the life processes on earth 
today! In addition to proteins, there are many other "natural products" such as carbohydrates, lipids, 
alkaloids, terpenes, nucleic acids, and many others. In addition, vast numbers of organic molecules that 
are not found naturally have been prepared — plastics, fibres, dyes, coatings, pharmaceuticals, 
explosives. There are roughly 6,000 new organic compounds made every week!  
 
 The special property of carbon that permits this complexity is the covalent carbon-carbon bond. 
This feature allows the formation of essentially a limitless number of linear, branched, cyclic, and 
cage-like carbon-carbon structures containing H, N, O, S, P, and various halogens along with other 
atoms capable of covalent bonding. We will discuss some of the common families of organic 
compounds, including how to name them and some of their chemistry. We will see a strong 
correlation between the structure of organic molecules and their physical and chemical 
properties. 
 
Review of Bonding: 
 
Bonding between atoms can be ionic or covalent. The larger the electronegativity difference between 
two atoms, the more ionic character the bond will be. For example, Na and Cl have a large 
electronegativity difference (2.2); thus their bonding is largely ionic: 
 

 
 
Note that Na has one valence electron in its atomic neutral state while Cl as 7. The one electron from 
Na is lost to Cl, which yields full octets for each and a positive charge on Na and a negative charge on 
Cl. 
 
Carbon has 4 valence electrons. The atomic orbitals are 2s and 2p. 
 

 
 
There is one 2s orbital, which is spherical and holds electrons close to the nucleus. There are three p-
orbitals, one along an x-axis, one along a y-axis, and one along a z-axis; they are perpendicular to each 
other. They each have two lobes and a node at the center where the nucleus is located; electron density 
is lowest at the node. Note that the lobes have phases, but we will not be concerned with them. P-
orbitals are higher in energy than s-orbitals because the electrons are further from the nucleus. This 
energy difference will be important to chemical reactivity. 
 
The four atomic orbitals of carbon (and other elements) can hybridize or mix to form: four sp3 
orbitals, three sp2 orbitals and a p-orbital, or two sp orbitals and two p-orbitals. The hybridized orbitals 
look like p-orbitals but the lobes are not equal in size. The differential in size increases: sp3<sp2<sp. 
That is, the more “p-character” the more the orbital will be shaped like a p-orbital. 

Na + Cl Na + Cl

2s 2p



  

 
An orbital is considered to be empty if it has no electrons is it, half full if it has one electron in it, and 
full if it has two electrons in it. A full octet represents four filled valence orbitals. A filled orbital is 
most stable, as is an octet. Back to carbon, it has four valence electrons. When bonding to atoms of 
similar electronegativity, it will form four bonds for any stable compound. This way is shares its four 
electrons and four of other atoms, thus completing its octet. Charges are generally unstable: carbon 
will never lose or gain four electrons to form an octet; it may lose or gain one electron, but such 
species will be reactive as we will see. 
 

  
 
Above, carbon shares one electron with each of one hydrogen to form four covalent (shared-electrons) 
bonds. The hybridization about the hydrogens is 1s, while about the carbon is sp3. The drawing on the 
far right shows the geometry of any sp3-hybridized atom: tetrahedral. The bond angles are 109.5°. 
The lines are in the plane of the paper. The dashed bond is going into the page. The wedged bond is 
coming out of the page. Water has similar hybridization; in his case there are two lone pairs in sp3 
orbitals. All the bonds discussed so far are sigma bonds: molecular orbitals made from atomic orbitals 
that are s, sp3, sp2, or sp. 
 

 
 
sp2 Hybridization: Ethene or ethylene: the carbons are sp2 hybridized. Each has a p-orbital left over; 
the two p-orbitals form a new molecular orbital with each other, a pi-bond. There is also an sp2-
hybridized sigma bond between the carbons, and sp2-1s sigma bonds between the carbon and the 
hydrogens. Note that all six atoms are in the same plane. The bond angles are about 120°. 
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sp-Hybridization: In acetylene or ethyne, the carbons are sp-hybridized. There is an sp-sp sigma bond 
between the carbons, and the C–H bonds are each sp-1s sigma bonds. Additionally, there are two 
perpendicular pi-bonds between the carbons. 
 
 
Polarity: Electronegativity increases as you go up and to the right on the Periodic Table (not counting 
the noble gases). Bonds can be polarized and so can molecules. Carbon and hydrogen are similar in 
electronegativity, so methane is non-polar. Cl is more electronegative than carbon, so chloromethane is 
polarized. It has a permanent dipole. Likewise for water. Polar compounds are more soluble in polar 
solvents, and nonpolar compounds are more soluble in nonpolar solvents (“like dissolves like”). Polar 
bonds also affect reactivity as we shall see. 
 
Formal charges: It is essential to be able to keep track of the number of electrons on each atom. There 
are two ways to count: total shared electrons (often an octet) and net electrons. The latter indicates the 
formal charge on that atom. Take methylamine: each hydrogen has two total electrons (counting all 
shared electrons), which completes its octet (which is 2 for hydrogen). Since the hydrogens each share 
two electrons with one other atom, each hydrogen has one net electron on it. Since a neutral hydrogen 
has one electron, all the hydrogens in methylamine have a formal charge of zero. Likewise, carbon has 
eight total electrons, so it has a complete octet. It shares these with four atoms, so it has four net 
electrons. Carbon has four valence electrons normally, so its formal charge in methylamine is zero. For 
nitrogen, it has eight shared electrons for a complete octet. It shares six of these, leaving three net 
electrons, plus two unshared electrons in a lone pair, giving five net electrons on nitrogen in 
methylamine. Five is the number of electrons nitrogen has normally, so it has a formal charge of zero. 
 

   
 
Now take methylammonium. The case is the same for the hydrogens and the carbon. But the nitrogen 
is different. It has four bonds to it giving eight shared electrons. But all eight are shared, giving it four 
net electrons. This is one less than normal. Thus, the nitrogen has a formal charge of +1 in 
methylammonium. The overall compound also has a charge of +1.  
 
For compounds called N-oxides, the molecule is neutral, but the nitrogen and oxygen have formal 
charges. In the drawing below, “R” represents a general group. Note that nitrogen cannot have five 
bonds (nor can any second row element) as there are only four orbitals. Finally, there are three lone 
pairs on oxygen that have not been drawn in. It is a good idea to draw them in as a habit, but often they 
are left out for simplicity. 
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Resonance: In some cases, more than one structure is needed to represent the electronic distribution in 
a molecule. The real structure is a hybrid between the two (or more). Sometimes the resonance 
structures have equal weighting, sometimes not. 
 

 
 
Note the double headed arrow used; this denotes resonance structures. There is no actual conversion; 
nothing is happening. Again, the lone pairs have been left out; draw them in to be sure you can account 
for the formal charges. The curved arrows are used to demonstrate how we go from one structure to the 
other, how to generate one from the other. In this case, we use the curved arrows to help keep track of 
electrons. Soon we will use curved arrows for a similar purpose, but they will help illustrate the 
mechanism of a reaction. In those cases, the curved arrows will imply a process, a progression, where 
bonds are forming and breaking. This appears to be happening in the resonance structures, but really 
there is only one structure. 
 
For acetaldehyde, the weightings are not even. The structure on the left is the major structure as all 
atoms have an octet and there is no charge separation. The structure on the right is minor because the 
carbon lacks an octet and there is charge separation. Nevertheless, the structure on the right is a 
significant contributor because of the electronegativity difference between carbon and oxygen (0.89). 
The resonance structure on the right helps to explain much of the reactivity of such compounds, as we 
will see. There is indeed considerable polarity to the C=O bond (called a carbonyl).  
 

 
 
Acid/Base Chemistry: A Bronsted acid is a proton donor. A Bronsted base is a proton acceptor. 
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Organic chemists refer to pKa’s often. The scale in water is from 0-14, but it can be extended 
(approximated by extrapolation) using organic solvents down to around –10 and up to around 50. 
Strong acids have low pKa’s and weak acids have high pKa’s. Likewise, the conjugate base of a strong 
acid is a weak base, and the conjugate acid of a weak acid is a strong base. Some common acids and 
bases are given below. HCl is a strong acid: it is completely dissociated in water; its conjugate base, 
Cl–, is stable in water. Methane (CH4) on the other hand is a very weak acid; its conjugate base, CH3

–, 
is highly basic and unstable. Note again that there are a variety of ways to draw molecules; see for 
example acetic acid and acetate drawings. 
 

 
 

 
 
Equilibria will always lie toward the weaker (more stable) acid and base: 
 

 
 
Note that although you don’t need to memorize pKa’s, it is convenient to be aware of some (e.g., those 
above) for quick reference. Note the unequal arrows above are deliberate: the equilibrium lies toward 
the right. 
 
Electronic effects on pKa’s: (1) More electronegative atoms can hold a negative charge better: 
basicity decreases as you go to the right (same row) on the Periodic Table. For example, the pKa of 
CH3OH (17) is much lower than that of CH3NH2 (35). Realize that each pKa unit is a factor of 10 in 
terms of equilibria, so methanol is 1018 times more acidic than methylamine. In this example, the 
rationale would be that that the conjugate base CH3O– is far more stable than CH3NH– because the 
negative charge on the more electronegative O is far better than on N. 
 
(2) Basicity goes up as you up on the Periodic Table. The larger atoms (e.g., S versus O) can hold a 
negative charge better since the charge is spread out in a much larger orbital. Thus, CH3OH (17) is less 
acidic than CH3SH (8); the conjugate base CH3S– is more stable than the conjugate base CH3O–. 
 

HA + H2O A + H3O

conjugate
    acid

conjugate
    base

Ka =
[H3O+][A–]

[HA]
pKa = –logKa

acid: HCl   H3O   CH3CO2H   CH3NH3   CH3OH   H2O   CH3NH2   CH4

pKa:    –7    –1.7          5                10             17         16         35          50

base: Cl   H2O   CH3CO2   CH3NH2   CH3O   HO   CH3NH   CH3

H3C OH

O

+ CH3NH2

H3C O

O

+ CH3NH3

pKa = 5 pKa = 10



  

(3) Resonance: Charges are unstable. Spreading them out stabilizes them. If there are for example half 
charges on two atoms versus one charge on one atom, the former is better. Thus, CH3CO2H (5) is more 
acidic than CH3OH (17). 
 
(4) Inductive Effects: More electronegative atoms can stabilize a negative charge through one or more 
bonds via “induction. Thus, CF3CH2OH (12) is more acidic than CH3CH2OH (17). 
 
Lewis Acid: accepts a lone pair. Lewis Base: donates a lone pair. 
 
 
 

 


