ORGANIC CHEMISTRY REVIEW FOR BIOCHEMISTRY

Complete the workbook below and problems below by inserting your answers.  Show all work for full credit.  The completed workbook and problem set is due by 3AM 9/7/12.

Writing Organic Formulas
Organic and biochemical structure are written in a number of manners and you should be able to recognize them all:

(1) Molecular formula- a number and kind of atom formula that indicates the contents of the molecule but does not indicate what it looks like  Ex.   C4H10
(2) Structural formula – gives the order of attachment of atoms in a molecule.  There are two types of this kind of formula: Expanded and Condensed.
        H H H H

    H-C-C-C-C-H


  CH3CH2CH2CH3
        H H H H



   Condensed structural formula

   Expanded structural formula

(3) Dimensional formula – In this formula style the geometry of the molecule is stressed.  This includes 3-D line drawings, ball and stick and space filling models.
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Ethanol
TYPES OF ORGANIC REACTIONS YOU SHOULD KNOW
1. Isomerization     Isomers have the same molecular formula but the atoms are arranged differently                               
      Both glucose & fructose have the same formula C6H12 , but they are different sugars.

Two important chemical steps in the glycolytic pathway, catalyzed by the enzymes phosphoglucose isomerase and triose phosphate isomerase, involve successive keto-enol tautomerization steps.  In both reactions,  the location of a carbonyl group on a sugar molecule is shifted back and forth by a single carbon, as ketones are converted to aldehydes and back again - this is a conversion between two constitutional isomers. 

Let's look first at the triosephosphate isomerase reaction, in the ketone to aldehyde direction. The ketone species, dihydroxyacetone phosphate (DHAP) is first converted to its enol tautomer with the assistance of an enzymatic acid/base pair (actually, this particular intermediate is known as an 'ene-diol' rather than an enol, because there are hydroxyl groups on both sides of the carbon-carbon double bond). The initial proton donor is positioned in the active site near the carbonyl carbon, and significantly lowers the pKa of the alpha-proton.
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The second step, leading to glyceraldehyde phosphate (GAP), is simply another tautomerization, this time in the reverse direction.  However, because there happens to be a hydroxyl group on C1, the carbonyl can form here as well as at C2.  Notice that DHAP is achiral while GAP is chiral, and that a new chiral center is introduced at C1.  The catalytic base abstracts the pro-R proton from behind the plane of the page, then gives the same proton back to C2, again from behind the plane of the page.

In the phosphoglucose isomerase reaction, glucose-6-phosphate (an aldehyde sugar) and fructose-6-phosphate (a ketone sugar) are interconverted in a very similar fashion.
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The enzyme ribose-5-phosphate isomerase which is active in both the Calvin cycle and the pentose phosphate pathway, catalyzes an analogous aldehyde-to-ketone  isomerization between two five-carbon sugars.

2. Hydrogenation   Adding hydrogen atoms to the compound.  Plant oils have a lot of unsaturated fatty acids and they are liquid.  To make solid shortening (solid Crisco), or solid margarine, hydrogen atoms are added across the unsaturated bonds of the plan oils.  When this is done, some of the new fatty acids have a different configuration in space and are called trans-fatty acids. These are bad for health.
Unsaturated fatty acids may be converted to saturated fatty acids by the relatively simple hydrogenation reaction. Recall that the addition of hydrogen to an alkene (unsaturated) results in an alkane (saturated).

A simple hydrogenation reaction is:

H2C=CH2 + H2 ---> CH3CH3
alkene plus hydrogen yields an alkane

The hydrogenation of oleic fatty acid is shown in the graphic below:
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3. Dehydrogenation   Taking away hydrogen to make a double bond or to give the hydrogen to another compound. In biochemical hydrogenation/dehydrogenation reactions, a hydride ion is transferred directly between the organic substrate and one of two specialized coenzymes called nicotinamide adenine dinucleotide and flavin adenine dinucleotide. Hydrogenation/dehydrogenation reactions are very important in biochemistry.  We make energy called ATP by these transfers.
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4.  Hydration/Dehydration also called Condensation and Hydrolysis Condensation is a chemical process by which 2 molecules are joined together to make a larger, more complex, molecule, with the loss of water.

It is the basis for the synthesis of all the important biological macromolecules (carbohydrates, proteins, lipids, nucleic acids) from their simpler sub-units.

It is important not to get condensation and hydrolysis muddled up, as they are in fact opposite processes!  
Condensation is so called because the product is drawn together from two other substances, in effect getting smaller by losing water. It does not give off  water to condense and run down the window!

In all cases of condensation, molecules with projecting -H atoms  are linked to other molecules with projecting  -OH  groups, producing H2O,  ( H.OH ) also known as water, which then moves away from the original molecules.

A-H + B-OH   --> A-B   +  H2O
Hydrolysis is the opposite to condensation. A large molecule is split into smaller sections by breaking a bond, adding -H to one section and -OH to the other.
The products are simpler substances. Since it involves the addition of water, this explains why it is called hydrolysis, meaning splitting by water. 

A-B   +  H2O  -->  A-H + B-OH 
6. Halogenation      A chemical reaction or process which results in the formation of a chemical bond between a halogen atom and another atom. Reactions resulting in the formation of halogen-carbon bonds are especially important. Several enzymes found in bacteria use halogenations and dehalogenation reactions.
7.  Deamination     Deamination is the removal of an amine group from a molecule. Enzymes which catalyse this reaction are called deaminases. In the human body, deamination takes place primarily in the liver, however glutamate is also deaminated in the kidneys. Deamination is the process by which amino acids are broken down if there is an excess of protein intake. The amino group is removed from the amino acid and converted to ammonia. The rest of the amino acid is made up of mostly carbon and hydrogen, and is recycled or oxidized for energy. Ammonia is toxic to the human system, and enzymes convert it to urea or uric acid by addition of carbon dioxide molecules (which is not considered a deamination process) in the urea cycle, which also takes place in the liver. Urea and uric acid can safely diffuse into the blood and then be excreted in urine.
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Spontaneous deamination is the hydrolysis reaction of

cytosine into uracil, releasing ammonia in the process.

[image: image9.jpg]NHZ
Ny )iN\

)

adenos'ne nbose 5-phosphate inosine  ribose-5-phosphate
or 2'-deoxyribose-5-phosphate or 2'-deoxyribose-5-phosphate




8. OXIDATION AND REDUCTIONS REACTIONS ARE VERY IMPORTANT IN BIOCHEMISTRY.  THIS IS THE ENERGY CYCLE.

In order to understand how biochemical reactions are used to sustain life it is important to understand redox reactions. This review of redox reactions, a concept learned in general chemistry, is provided to bring you back up to speed before delving into the redox reactions found in biochemistry.
What is a redox reaction?

As indicated by its name, the redox (oxidation-reduction) reaction is composed of two parts: an oxidation half reaction and a reduction half reaction.

[image: image45.png]HO

HO

CHyOH

oH on
on HO
oH
hydrolysis || dehydration synthesis
CHaOH CHaOH
o o
on on
Lo
+Hp0
OH 2 OH

OH

OH

OH



These two seemingly opposed reactions are both needed–there can be no oxidation without a concomitant reduction and vice versa. These half reactions are the Yin and Yang of redox chemistry.

To better understand what each of these half reactions entails, let’s use a common redox reaction as an example. It would be hard to imagine life today without the combustion of hydrocarbon fuels. Natural gas, or methane, is a common fuel used to power hot water heaters, warm homes, and run gas stoves.

OXIDATION



REDUCTION
gain of oxygen



loss of oxygen

loss of hydrogen


gain of hydrogen

loss of electrons


gain of electrons

Ca ---> Ca++
                         --->      oxidation                  oxidation            oxidation

alcohol <-----------> aldehyde <----------> acid <----------> carbon dioxide

reduction                   reduction          reduction     <-------
	CH4
	+
	2O2
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	CO2
	+
	2H2O
	+
	HEAT

	methane
	 
	oxygen
	 
	carbon
dioxide
	 
	water
	 
	energy


Redox reactions frequently involve changes in bonds to oxygen

The term “oxidation” suggests that oxygen is somehow involved in the oxidation half reaction. The carbon atom in methane loses hydrogen atoms but gains oxygen atoms. By gaining oxygen atoms, the carbon is oxidized. Meanwhile, the oxygen molecule (O2) loses an oxygen atom but gains hydrogen atoms. By losing oxygen atoms, the O2 molecule is reduced.

Thus, one common definition of oxidation is “the gaining of oxygen” while the concomitant reduction reaction can be defined as the “losing of oxygen.” More specifically, oxidation can be considered “an increase in the number of bonds to oxygen” and reduction “a decrease in the number of bonds to oxygen.” However, while these definitions serve to identify the oxidized and reduced components of many organic reactions, they cannot be applied to all redox reactions.

	Oxidation: an increase in the number of bonds to oxygen


	Reduction: a decrease in the number of bonds to oxygen



	


Redox reactions are electron transfer reactions

Each atom involved in a redox reaction can be assigned an “oxidation state” to help keep track of the movement of electrons for the reaction. Remember that all atoms consist of a nucleus (containing neutrons and positively charged proton particles) with orbiting negatively charged electron particles (the exception is hydrogen, which lacks neutrons and consists only of a proton and an electron). When atoms react, electrons are often transferred from one atom to another or are shared by more than one atom. Changes in oxidation states tell us whether atoms that have reacted have donated or accepted electrons.

	Redox reactions involve the transfer of electrons



	


Thus, a more general definition of redox reactions involves the transfer of electrons. The compound that donates electrons is being oxidized, and the compound that accepts the electrons is being reduced.
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	Cu(s) + 2Ag+(aq) [image: image12.png]


 Cu2+(aq) + 2Ag(s)


With this definition, even reactions that do not involve oxygen can be redox reactions. For example, when copper wire is dipped into a solution of silver nitrate (AgNO3), the clear solution becomes blue over time, and the copper wire becomes coated with silvery needles (the silver nitrate solution consists of Ag+ and NO3– ions). This result is due to the transfer of electrons between copper and silver.

The copper atoms donate electrons to the silver ions in solution. As a result, the copper ions become positively charged and go into solution. The silver cations in solution accept the electrons, and become uncharged solid silver atoms that deposit onto the copper wire.
The most useful definition of a redox reaction is the most general one which simply involves the transfer of electrons. In addition, memorizing the simple mnemonic “OILRIG” can help you identify the oxidized and reduced components of a redox reaction.
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	OIL RIG
Oxidation
Is
Loss (of electrons)

Reduction
Is
Gain (of electrons)


You can use this mnemonic to determine the oxidized and reduced components of a redox reaction:

	Cu(s) + Ag+ [image: image13.png]


 Cu2+ + Ag(s)


	


The solid copper atoms (Cu0) lost negatively charged electrons, thus becoming positively charged Cu2+ ions. Since the copper atoms lost electrons, the copper is oxidized. At the same time, the positively charged silver ions each gained a negatively charged electron and became insoluble, solid silver. Since the silver atoms gained electrons, the silver is reduced.

In the above reaction, identifying which atoms gained and lost electrons is straightforward. However, tracking the electrons can be a bit more difficult in reactions where the ions are not identified. There are several simple rules for figuring oxidation states of compounds that will allow you to identify the oxidized and reduced substances in a reaction:

1. All uncharged elements and compounds have an oxidation state of zero. Examples are Zn, H2, O2, and KMnO4.

2. All charged elements and compounds have an oxidation state equal to their charge.

3. Oxygen in a compound almost always has an oxidation state of –2.

4. Hydrogen in a compound almost always has an oxidation state of +1.

5. Some elements always have the same oxidation states when they are in a compound. These include “group 1” elements such as H, Li, Na, K (always +1), “group 2” elements such as Mg and Ca (always +2), and “group 7” elements such as F and Cl (always –1).

OXIDATION AND REDUCTION HALF REACTIONS

Redox reactions involve both an oxidation half reaction and a reduction half reaction. In electron transfer reactions the electrons come from one compound (the donor) and are received by another (the acceptor). The electrons are donated by the oxidation half reaction and accepted by the reduction half reaction. As shown below, both the donor and acceptor need to be present for the electrons to transfer.

The half reaction

Redox reactions are very important to living organisms. As an example, for animals under non-strenuous conditions, aerobic metabolism reduces O2 to generate ATP to power the muscles. During vigorous exercise when muscles consume O2 faster than it can be replenished by circulating blood, muscles can keep working hard by fermenting pyruvate, a byproduct of glucose metabolism. The overall reaction is

	pyruvate + NADH + H+  [image: image14.png]


  lactate + NAD+


	


This redox reaction consists of two half reactions:

	pyruvate + 2 H+ + 2 e–  [image: image15.png]


  lactate
	pyruvate gains e– 
	(reduction half reaction)


	NADH + H+  [image: image16.png]


  NAD+ + 2H+ + 2 e–
	NADH loses e–
	(oxidation half reaction)



	


The NAD+ generated is used in other metabolic reactions to generate more ATP. The lactate (lactic acid) produced by this reaction is believed to be responsible for the “burn” that you feel in muscles that you worked too hard.

Chemistry and biochemistry textbooks list half reactions in tables similar to the one shown below.

	REDUCTION POTENTIALS


	Half Reaction

	E°' (Volts)


	O2 + 2 H+ + 2 e–   [image: image17.png]


   H2O

	0.816 V


	SO42– + 2 H+ + 2 e–   [image: image18.png]


   SO32– + H2O

	0.480 V


	fumarate + 2H+ + 2 e–   [image: image19.png]


   succinate

	0.030 V


	acetaldehyde + 2 H+ + 2 e–   [image: image20.png]


   ethanol

	– 0.163 V


	oxaloacetate + 2 H+ + 2 e–   [image: image21.png]


   malate

	– 0.175 V


	FAD + 2H+ + 2 e–   [image: image22.png]


   FADH2
	– 0.180 V


	NAD+ + 2H+ + 2 e–   [image: image23.png]


   NADH + H+
	– 0.180 V


	pyruvate + CO2 + 2H+ + 2 e–   [image: image24.png]


   malate

	– 0.330 V



	


Notice how half reactions are always listed as reductions, that is, as gaining electrons. An oxidation half reaction is simply the reverse of the corresponding reduction reaction. Notice also that each half reaction is accompanied by its reduction potential, E°'. The significance of this value will be examined in the next section.

The reduction half reactions in the table show the compounds gaining electrons, as you would expect, but also note that these organic reactions are shown as also gaining protons (H+ ions). Remember that for redox reactions of biological compounds, hydrogen atoms are often being transferred. For example, recall the reaction for methane combustion that we encountered in the first section:

	CH4
	+
	2O2
	[image: image25.png]



	CO2
	+
	2H2O

	methane

		oxygen

		carbon
dioxide

		water



	

	


The oxygen atom gained hydrogen atoms and was reduced. Since a hydrogen atom is simply a proton and an electron combined, reduction can be thought of as gaining an electron or as gaining a hydrogen. Another way to think about this is that if a compound gains a hydrogen atom, then it is gaining an electron (reduction) as well as a proton.

The difference in the E°' values of different half reactions has very real consequences for life on our planet. For example, the half reaction for the reduction of oxygen to water has a very high E°' value, 0.816 V.

	O2 + 2 H+ + 2 e–  [image: image26.png]


  H2O
	E°' = 0.816 V



	


It is no coincidence that oxygen has a very high E°' and that we require it for life. Oxygen’s great affinity for electrons allows it to be used in living organisms as an electron “sink” or dumping ground for excess electrons generated by biochemical reactions needed for life. Without the presence of oxygen in our cells to sweep away these excess electrons, aerobic life would soon cease.

To better understand the utility of E°', let’s revisit a reaction we saw earlier:

	succinate + FAD  [image: image27.png]


  fumarate + FADH2


	


We know that the two corresponding half reactions from the half reaction table are

	(1)

	fumarate + 2H+ + 2 e–  [image: image28.png]


  succinate

	E°' = 0.030 V


	(2)

	FAD + 2H+ + 2 e–  [image: image29.png]


  FADH2
	E°' = -0.180 V



	


Both are written as reduction reactions, yet we know that when coupled together in a redox reaction, one of these reactions will be driven backwards to act as the oxidation reaction. In section 2 of this review, we reversed reaction (1) and added (reverse 1) to reaction (2) to arrive at the overall redox reaction as written above. However, remember that a chemical reaction such as the one above can proceed in either direction.

	The higher the E°' value, the stronger the tendency for the compound to gain electrons.



	


Which of the half reactions above is more likely to act as the reduction half reaction, and which is more likely to act as the oxidation half reaction? In which direction is the overall reaction most likely to proceed? To answer those questions, remember the rule that a higher E°' value indicates a stronger tendency for the compound to gain electrons. Half reaction (1) has a higher E°' value than half reaction (2), and thus is more likely to act as the reduction (remember OIL RIG):

	(1)

	fumarate + 2H+ + 2 e–  [image: image30.png]


  succinate

	(e– are gained = reduction)



	


Reaction (2) thus proceeds backwards and acts as an oxidation reaction:

	(2 reversed)

	FADH2  [image: image31.png]


  FAD + 2H+ + 2 e–
	(e– are lost = oxidation)



	


Adding the two half reactions yields the overall redox reaction, written so that the reaction will spontaneously occur from left to right:

	(sum)

	fumarate + FADH2  [image: image32.png]


  succinate + FAD

	(e– are transferred = redox)



	

	The following value reflects the tendency of a chemical reaction to proceed in the direction written, called theDE°' of the overall reaction:

E°' = (E°' from reduction reaction) – (E°' from oxidation reaction)




To calculate the E°' of the reaction:

	fumarate + FADH2  [image: image33.png]


  succinate + FAD



	


First look again at the two half reactions, written as reductions, from the half reaction table:

	(1)

	fumarate + 2H+ + 2 e–  [image: image34.png]


  succinate

	E°' = 0.030 V


	(2)

	FAD + 2H+ + 2 e–  [image: image35.png]


  FADH2
	E°' = –0.180 V



	


Because reaction (1) has the higher E°' value, it will act as the reduction reaction. Reaction (2) will therefore act as the oxidation reaction. Then, plug the E°' values into the equation:

	E°' = (E°' from reduction reaction) – (E°' from oxidation reaction)
E°' = (0.030 V) – (–0.180 V)
E°' = 0.210 V



	


The tendency for a reaction to proceed in the direction it is written can be determined from E°': A positive E°' indicates that the reaction will proceed in the direction it is written. So for our reaction, it will proceed from left to right as below:

	fumarate + FADH2  [image: image36.png]


  succinate + FAD



	


You might note that this reaction is the reverse of the reaction we started with, which is the reaction catalyzed by succinate dehydrogenase of the citric acid cycle. If the reverse of the citric acid cycle reaction has the higher E°', then this citric acid cycle reaction is not favored (not spontanous), and requires energy input.
A Short Nomenclature Review
The number of carbons gives the prefix for the compound:   
 meth  = 1     
eth = 2    
prop = 3    
but = 4   
pent = 5  
hex = 6  
hept = 7
oct = 8    

non = 9   
dec = 10

Classes of compounds are indicated by the suffix:

alkanes end in  ane     
Example: octane is an 8 carbon alkane

alkenes end in  ene     
Example: pentene is a 5 carbon alkene

alkynes end in  yne     
Example: butyne is a 4 carbon alkyne

alcohols end in  ol      
Example: ethanol is a 2 carbon alcohol

acids end in  oic acid   
Example: pentoic acid is a 5 carbon acid

aldehydes end in  al    
Example: methanal is a 1 carbon aldehyde

ketones end in  one    
Example: butanone is a 4 carbon ketone

amines just say amine   
Example: methyl amine

ethers just say ether    

Example: methyl ethyl ether

esters end in  oate   

Example: pentyl ethanoate

Alkanes
   Alkanes are hydrocarbons having hydrogen and carbon and have the formula CnH2n+2

pentane     C5H12              H     H     H    H    H

                                             H  C -   C  -  C  - C -  C H

                                                 H      H    H    H     H

CH4  is methane    take away 1 hydrogen   -CH3 is called methyl

C2H6 is ethane       take away 1 hydrogen   - C2H5  is called ethyl

C3H8 is propane    take away 1 hydrogen    - C3H7 is called propyl

Alkenes
   Are just like alkanes but with one or more double bonds.

  C - C - C - C- C = C - C          2- heptene       The 2 tells where the double bond is.  Count from

the lowest number 5- heptene and 2- heptene are the same.

 C - C = C - C = C - C - C      2,4-heptadiene    diene = 2 double bonds   triene = 3 double bonds

Alkynes
    Are just like alkanes but with a triple bond.  We don't see them in biochemistry
ALCOHOLS
Have OH groups.  Very important in biochemistry.
 CH3 – CH2- OH     ethanol

CH3 – CH2- CH2-OH    propanol

 CH3 – OH   methanol    

OH groups hold water loosely.   Glycerol is used to retain moisture.  Hydrogen bonding with H2O
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Sugars have many alcohol (OH) groups
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Reactions of alcohols

1)  Take out a water - dehydrogenase   get a double bond

2) Add a water across a double bond to get an alcohol.  Enzyme would be a hydrogenase.
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3) Oxidize to an aldehyde            [image: image47.png]



4) Oxidize to an acid                  [image: image48.png]NAD' NADH
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5) Oxidize to a ketone                 [image: image49.jpg]OH OH
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We see these types of reactions when glucose gets oxidized to carbon dioxide and water.

Every time a compound gets oxidized, another compound gets reduced.   

In the oxidation of sugars the compounds that get reduced are NAD and FAD, which go to NADH and FADH.  This is tied to phosphorylation , adding a phosphate group.  

ALDEHYDES
  H- C=O   The carbon has a double bond with oxygen and also a single bond with a hydrogen                           atom

                                       H

Simpliest is methanal    HC=O     also known as  formaldehyde
Aldehydes and ketones play an important role in the chemistry of carbohydrates. The term carbohydrate literally means a "hydrate" of carbon, and was introduced to describe a family of compounds with the empirical formula CH2O. Glucose and fructose, for example, are carbohydrates with the formula C6H12O6. These sugars differ in the location of the C=O double bond on the six-carbon chain, as shown in the figure below. Glucose is an aldehyde; fructose is a ketone.
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Aldehydes get oxidized to acids.

        H  H                                             H   OH

     H C-C=O    +  O2   ----------->      HC-C=O                  CH3 CHO  ----->   CH3COOH 

        H                                                   H

   ethanal                                           acetic acid

                                                       ethanoic acid

KETONES
C             The carbon that has the double bond with oxygen also has to have 2 other carbons

 |              attached to it.  The simpliest ketone has 3 carbons  propanone (a.k.a. acetone 
C=O









& dimethyl ketone)

 |                            Fructose  (shown above) has a ketone group.

C





acetone




Carboxylic ACIDS
                                                   OH                                                                      O-
                                                    |                                                                           |

The acid group is   -COOH       -C=O       Only the H from the OH comes off.  -C=O

HCOOH      methanoic acid    aka  formic acid   If the H comes off it is called formate.
C H3COOH   ethanoic acid   aka  acetic acid     If the H comes off it is called acetate. 

AMINES

Amines generally have an unpleasant odor,  NH2 groups, and are basic in nature.  Amino acids have a carboxylic acid group and an amine group.  These are polar groups, so amino acids are soluble in polar solvents, ie blood.

CH3NH2 is methyl amine   
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Glycine, the simpliest amino acid.  Circle the amine and acid groups.
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is urea, a breakdown product of amino acids and proteins.

BUN - the blood urea nitrogen (BUN, pronounced "B-U-N") test is a measure of the amount of nitrogen in the blood in the form of urea, and a measurement of renal function. Urea is a by-product from metabolism of proteins by the liver and is removed from the blood by the kidneys.
Positive nitrogen balance means more proteins are being made rather than being destroyed.

Negative nitrogen balance means more proteins are being destroyed than being made.  Anorexia and cancer give negative nitrogen balance.

The main reactions of amines are due to the presence of a lone pair of electrons on nitrogen atom. Amines are electrophilic reagents as the lone pair of electrons can be donated to electron seeking reagents, (i.e., electrophiles). In DNA, the helix is stabilized by hydrogen bonding between amine and carbonyl groups of the same polypeptide chain. 
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Problem Set:
1. Draw the chemical structure and write the chemical name using proper organic nomenclature of the following biochemical drugs. Circle and name the functional groups found in each.
a. Ibuprofen

b. Prozac

c. Aspirin

2. Beriberi is a disease caused by thiamine deficiency resulting in severe weight loss and neurological symptoms. People that eat polished white rice as a sole source of nourishment can develop beriberi because polished rice lacks thiamine. 

a. What type(s) of reactions is thiamine required for?

b. Where do we find these reactions?

c. If you had a patient suffering from Beriberi what would you do to help them?

3. Severe niacin deficiency causes the disease pellagra which was first described in Europe in the early 1700s. Although it was initially thought that pellagra was caused by an infectious agent in contaminated corn, nutritional studies showed that it was due to insufficient levels of bioavailable niacin in a corn-rich diet. Interestingly, pellagra is rare in Mexico because corn used for tortillas is traditionally soaked in lime solution (calcium oxide) prior to cooking. 
a. Why is niacin so important to our health?

b. What type(s) of reactions is niacin required for?

c. Where do we find these reactions?

d. How would the reaction of the corn with lime juice release the niacin? Propose a reaction mechanism.

4. Beta-oxidation, is a key part of the process by which fatty acids are broken down to acetate. [Acetate is the conjugate base of acetic acid. Since a neutral pH is more basic than the pKa of acetic acid (~5), in neutral solution acetic acid is predominantly ionized and acetate is the major form present.] The overall scheme of beta-oxidation looks like this:
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a. What are the 3 reaction types that take place to produce the overall -Oxidation?

5. Stereochemistry is another part of organic chemistry that is vital to biochemistry.  Although it was not mentioned,  it really should be a section in the review.  For this purpose, write a review section on organic stereochemistry including a definition and nomenclature.  Provide several examples for clarity.
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