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Chapter 3 self-check answers  

 

SC 3.1: We gave you 10 possible constitutional isomers of paracetamol in chapter 3 

and asked you to draw some more. 10 more possible constitutional isomers of 

paracetamol are shown below, you may have some of them. If you have additional 

isomers not shown here, they may still be correct – there are very many more than 

can be drawn. Check that you have the correct formula of C8H9NO2 and that you 

have maintained the correct valency of all atoms. 
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SC 3.2:  

 

Graph 3.1 Plot of energy changes as a function of dihedral angle1 calculated at 

every whole degree between 0-360o for nabumetone. [Calculations performed by Dr. 

Peter Dawson using Gaussian software.] 

 

 

Scheme 3.1 Key conformations around a substituted two carbon unit, nabumetone. 

                                                           
1 The dihedral angle between two substituents, X and Y, is the angle between the two planes in which the 

substituents lie and is described by  (theta). 
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 Conformation A, synperiplanar: all of the bonds on the two carbon atoms are 

in the same planes and the dihedral angle between them is 0o (Scheme 3.1, 

A). This is the highest energy form of this molecule, because there is steric 

strain caused by the co-planar naphthyl and acetyl groups being close to 

each other in space, and torsional strain due to repulsion between the co-

planar bonding orbitals.2   

 Conformation B, gauche or synclinal: from eclipsed conformation A, rotation 

of the C-C bond moves the two substituents away from each other, with a 

decrease in energy, until an energy minimum is reached. However, this is not 

the lowest energy form possible for nabumetone, as the naphthyl and acetyl 

substituent groups are still close to each other in space, causing steric strain.  

 Conformation C, anticlinal: further rotation of the C-C bond increases the 

energy again until a maximum is reached, corresponding to C; again, this is 

an eclipsed conformation, but it is slightly lower in energy than conformation 

A because the two largest substituents, naphthyl and acetyl, are not situated 

in the same plane.  

 Conformation D, antiperiplanar: Continuing the rotation of the C-C bond 

results in a decrease in energy, reaching D at the global energy minimum – 

the lowest energy conformation nabumetone can adopt. In this staggered 

conformation D, all strain is minimised: the normal bond angles for sp3 

hybridised carbon atoms are easily achieved, so there is little, if any, angle 

strain; the naphthyl and acetyl substituents are antiperiplanar, reducing steric 

strain to minimal; and the bonding orbitals are staggered in different planes, 

so torsional strain through repulsion is minimised. 

 Conformation E, anticlinal: again, further rotation of the C-C bond increases 

the potential energy of nabumetone, as the favourable staggered 

conformation is lost and replaced by the unfavourable eclipsed form. 

However, conformation E is not the highest energy form, as the naphthyl and 

acetyl groups are not eclipsing each other. 

                                                           
2
 Angle strain, caused by bond angles being larger or smaller from the usual for that state of hybridisation, is 

not significant in nabumetone, as there is free rotation around the alkyl chain atoms and there are no atoms 
with bond angles deviating from the usual 109.7

o
 for sp

3
 hybridised atoms. 
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 Conformation F, gauche or synclinal: lastly, rotation of the C-C bond to 

regain a staggered conformation returns nabumetone to a gauche form, in 

which the torsional strain is minimised, but the steric strain is still significant 

due to the closeness in space of the naphthyl and acetyl groups. Continued 

rotation of the C-C bond returns the structure to our initial starting point, with 

the highest energy, eclipsed synperiplanar conformation A. 

SC 3.3: Remember, in chapter 3, we saw that a tetrahedral sp3 C with four different 

atoms or groups attached to it is chiral or stereogenic; it gives rise to both R and S 

enantiomers. When you’re looking for chiral carbons, you can immediately eliminate 

any that are not sp3 hybridised, as they are not tetrahedral; this means you can 

ignore all unsaturated carbon atoms, such as aromatic and alkene carbons. If 

morphine had any carbonyl carbon atoms, they could also be ignored. Of course, 

any CH2 carbons (methylene groups) or CH3 (methyl groups) are also achiral, as 

they have 2 identical atoms and do not meet our criterion of having 4 different atoms 

or groups. Looking at morphine, you should be able to find 5 carbon atoms with 4 

different atoms or groups attached; they are marked with an asterisk in the structure 

below. 

 

 

SC 3.4: Again, remember to look for unsaturated sp3 carbon atoms with 4 different 

atoms or groups attached. The chiral carbon atoms are indicated by asterisks in the 

figure. 
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SC 3.5: If you took the advice given as a hint and made a tetrahedral model, you will 

find that you cannot get 3 atoms in a line, with the other two atoms in front and 

behind. You would have to break your model to achieve it. When you draw chiral 

molecules, remember that the structure must always be represented in 3D for 

chirality to be determined. 

 

SC 3.6: Remember to apply the rules given in chapter 3 to ensure you get the 

correct assignments. You should find that all of these drugs have R stereochemistry 

at the chiral carbon atom. These molecules bind to the same receptor (the cysteinyl 

leukotriene 1 receptor in lung tissue), so we shouldn’t be surprised that they have the 

same stereochemistry. 
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SC 3.7: The designation of D or L is applied using the penultimate carbon in the 

chain, providing Fischer’s rules have been used to draw the structures correctly. 

Check the rules in chapter 3 (p 67) if you cannot remember them. For glucose, we 

use the non-hydrogen group on C5 (highlighted red) to assign the Fischer 

nomenclature; if the OH is on the right, glucose is assigned as D, if on the left, it is 

assigned as L. The same rules are applied to amino acids; in both cases, these 

naturally occurring amino acids have L Fischer nomenclature. 

 

 

SC 3.8: You will need to use Equation 3.1 on p 71 of chapter 3 to answer this 

question: 
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[ ]D = a  / c.l        at temperature T (oC)  Equation 3.1 

Where  [ ]D  = specific rotation in degrees (using the D line from a sodium 

light source at 589 nm) 

a = observed rotation 

c = concentration of sample solution (in g / cm3) 

l  = path length in dm 

(a) Remember that 1 dm = 10 cm and that concentration must be in g / cm3. 

Concentration here is given as mg / cm3 (mL = cm3), so you need to convert it 

into g / cm3, by dividing by 1000; this gives the concentration as 0.0486 g / 

cm3. The observed optical rotation a is 0.904. Now substitute the numbers 

into equation 3.1 to get: 

[ ]D =  =   = +18.60o 

This compares favourably with literature values, such as that given by the 

World Health Organisation (http://apps.who.int/phint/en/p/docf/), of +18.5 to 

+21.5o at 20oC in ethanol. 

(b) This time, we have the specific rotation of (S)-naproxen ([α]D = + 66o in 

CHCl3), given in Box 3.2, and use it to calculate a. The path length is already 

given in dm, so only the concentration needs to be converted: 50 mg / mL is 

equivalent to 0.05 g / cm3. Then we rearrange equation 3.1 and insert these 

values: 

[α]D  =  so  a  =     = +3.3o 

 

SC 3.9: Remember to reverse the apparent stereochemistry when the number 

4 priority group is at the front, on the solid wedge bond. 

 

 

http://apps.who.int/phint/en/p/docf/
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SC 3.10: As ephedrine has (1R, 2S) stereochemistry and pseudoephedrine 

has (1S, 2S) stereochemistry, the structures have a diastereoisomeric 

relationship. 

 

 

 


