[image: ] SCHE 2060: Principles of Organic Chemistry
Vermont Tech


CHE 2060: Exam 1 Key

A periodic table, VSEPR chart, and table of amino acid structures is attached.
You are allowed both sides of a 3”x5” card for notes, a calculator and a writing implement.
Please leave your cell phones on the chalk or marker rail.

Module 1: Drawing structures to important biomolecules

1.1A: Formal charge
1. The abbreviated structural formula for pyruvate, an TCA cycle metabolite, is CH3COCO2.
(a) Draw a line bond structure for this molecule.
	(b) Calculate formal charge for each atom.
[image: ]	

1.1B - C: Common bonding patterns, Lewis structures and line-bond drawings
2. Draw bonding patterns for these atoms:
(a) Positively charged carbon
(b) Negatively charged carbon
(c) Positively charged nitrogen
(d) Negatively charged nitrogen
(a) three sticks
(b) three sticks, two dots
(c) four sticks
(d) two sticks, two pairs of dots 

1.1D. Constitutional (aka structural) isomers
3. All the structural (aka constitutional) isomers of hexane fit on the fingers of one hand. Draw them all.
[image: ]

1.2A: Functional groups
4. Circle and then list each type of functional group found in apamin, a component of bee venom.
[image: ]
Amine		alcohol			[disulfide (-S-S-)]
Ketone		carboxylic acid
Amide		

1.2B: Naming organic compounds
5. Create line-bond drawings of these alkenes.
(a) 4-methylhexene
 (b) 4-ethyl-2,3-methyl-2-heptene
(c) 3,3-dimethylcyclohexene
[image: ]

1.2C: Abbreviated organic structures
6. The argiopin family of compounds are just a few components of spider venom. What parts of the structures could you replace with ‘R’ to simplify the diagram and show the differences between the four members of this family? Be very specific about the atoms and bonds that you would replace with R.
[image: ]


1.3A: Lipids
7. What features distinguish membrane lipids from lipids designed purely to store energy like waxes and isoprene derivatives?
Energy storage lipids, like waxes and isoprenes, are almost entirely nonpolar; nearly pure hydrocarbon. In contrast, membrane lipids are amphipathic, having a polar head group joined to nonpolar tails. This amphipathicity causes membrane lipids to self-assembly in polar solvents like water to form structures like micelles, vesicles and bilayers; all 
structures exclude water from interacting with the hydrophobic, nonpolar tails.



1.3C: Carbohydrates
8. Use breaks to identify the smallest units or repeats of this strand of cellulose, the work’s most abundant carbohydrate.

[image: ]

1.3D: Amino acids & proteins
9. How does the amide bond (aka peptide bond) influence the flexibility (ability to rotate) of protein polymers or chains?
The resonance of the amide bond causes the amide (or peptide) bond to be less flexible and less rotational than single bonds; resonance imbues the amide bond with some double bond character.

1.3E: Nucleic acids (DNA & RNA)
10. These two bases, cytosine (C) and guanine (G) are joined to form one rung of the ladder of the DNA double helix. Three hydrogen bonds join these two base pairs to form the ladder. The red NH groups show where they join to the larger structure of the DNA so these red groups aren’t involved in hydrogen bonding.
Redraw these structures to orient them and show the formation of three hydrogen bonds.
[image: ]
		
Module 2: Bonding to physical interactions

2.1A: Sigma bonding in organic molecules
11. Draw an example of a sigma bond formed between atoms using unhybridized orbitals.
[image: ]

2.1B - C: Hybridized orbitals (sp3, sp2, sp) and π bonds
12. Below is the structure of the cholesterol-lowering drug Lovastatin. 
(a) For labeled bonds describe hybridization of the two atoms in the bond.
(b) Rank trend in bond length, being sure indicate which is shortest and which is longest.
[image: ]
(a) sp3 carbon – sp3 carbon		longest (6)
(b) sp3 carbon – sp2 carbon			(4)
(c) sp2 carbon – sp2 carbon	shortest (1)	c < f < d < b < e < a
(d) sp2 carbon – sp2 carbon			(3)
(e) sp3 carbon – sp3 oxygen			(5)	
(f) sp2 carbon to sp3 oxygen			(2)

2.2A - B: Molecular orbital theory and conjugated π bonds
13. Repaglinide is an oral hypoglycemic drug. Label it to demonstrate that it has:
(a) isolated π bonds
[image: ](b) conjugated π bonds; 
(c) both; or
(d) neither. 







2.2C: Aromaticity
14. Which of these compounds is aromatic? If not, why not?
[image: ]\
(1) not: violates Hückel’s rule
(2) not: has sp3 carbons
(3) aromatic: planar, Hückel’s, sp2
(4) not: not cyclic, not completely conjugated
[bookmark: _GoBack](5) aromatic: N’s : participate via a p orbital
(6) aromatic

2.3A-C: Rules for creating resonance structures
15. Each of these ‘moves’ represented by the arrows is wrong or incorrect. Give a reason why each is incorrect.
[image: ]
(a) receiving C will have five bonds
(b) 	“		“		“
(c) receiving carbonyl-C will have five bonds
(d) receiving N will have > octet
(e) donating C has nothing to donate; receiving carbon will have > octet
(f) donating N has nothing to donate; receiving C will have > octet

2.3D: Major vs. minor contributors
16. For the molecules below, draw minor resonance contributors in which formal charges are placed on the atoms indicated by arrows. Use curved arrows to show how you are rearranging electrons between resonance contributors.
[image: ]


2.4A - C: Types of intermolecular bonds
17. List four types of intermolecular bonds and rank them in terms of strength.
Strongest: ion-ion > hydrogen bond > dipole-dipole > van der Waals

2.4D: Effects of intermolecular bonding on protein structure
18. this diagram shows a small organic molecule (red) sitting in the active site of an enzyme where it is being ‘held’ in place by intermolecular bonds. 
(a) What types of intermolecular bonds exist between the organic molecule and the enzyme’s amino acids?
(b) Show how many intermolecular bonds can form.
(a) H-bonds
(b) At least 12 H-bonds can form between the substrate and the enzyme.
[image: ]


2.5A: Solubility
19. Label each of these biomolecules as either water soluble or fat soluble. 
[image: ]

(a) Arginine is charged and polar and thus water-soluble.
(b) Pantothenic acid is polar and non-polar groups, is amphipathic and is somewhat soluble in water and perhaps a bit in fats.
(c) Oleic acid is largely nonpolar and is therefore fat soluble.

2.5B: Boiling points and melting points
20. Which of these compounds has the highest and lowest boiling points? 
[image: ]
Left: highest bp because it has three H-bond acceptor and two H-bond donors. 
Right: lowest bp because it has three H-bond acceptors but no donors.




Extra credit

A. Draw an ion with molecular formula C3H5O6P-2 that includes aldehyde, secondary alcohol, and phosphate functional groups.
Many possible answers















B. Fusion of lipid vesicles with lipid membranes is often mediated by ‘docking proteins’ embedded in the vesicles and membranes. In the absence of docking proteins, lots of energy must be added to cause the lipid structures to fuse. Why? What is the energy doing? How is it performing the same function as the docking proteins?
When two lipid bilayers approach one another the charged and hydrophilic head groups of the membrane lipids likely cause repulsive forces to occur and the hydrophobic tails are bound to one another inside the membrane by van der Waals forces. When docking proteins embedded in both bilayers bind to one another they bring the bilayers close together and create local environments that exclude water. This allows the lipids to become less ordered, interact with lipid molecules from the other bilayer and form a new ‘unified’ bilayer allowing fusion. Without docking proteins, energy can cause repeated and close collision of the two bilayers and some disordering of membrane structure that may allow new, fused, bilayers to form.
[image: ]
VSEPR chart

[image: ]
The twenty naturally occurring amino acids
[image: ]
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