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Solutions – 2017/04/03 

1) Add formal charges to the atoms. Where is the + and – end of the polar bonds? Do you see a 

conflict, and can you resolve it without recourse to lawyers, shrinks, or guns? 

 

 

Indicated the most important dipoles with red arrows. These are needed to identify + and –. 

Potential conflict: several high electronegativity atoms (N, O, S) carry formal positive charges, which 

can feel morally wrong if you do not know what a formal positive charge is. 

Short conflict resolution: 

Formal charges and dipoles are very different things. The  + and – labels tell you which is the 

electron poorer/electron richer end of a bond/molecule based on the electronegativity differences of 

the atoms involved. As you can see above, in a lot of cases hydrogen loses out on this deal. A formal 

charge simply tells you what the atom has done with its electrons to achieve the configuration it has 

now. Case in point: if the nitrogen uses its electron pair to capture a proton (both electrons in the new 

bond come from N), it will get a formal positive charge. It is still formal, the larger electronegativity 

of the nitrogen means that most of the electron density will still be close to N, and the H will have to 

make do with whatever is left. 

The take home message (looking towards reactivity here) is that a positive formal charge can often 

guide you towards the electrophile, but it can happen that the actual electrophile is the low-

electronegativity atom sitting nearby, such as H on the ammonium or oxonium ions ions. 
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2) What are the hybridization states of each of the non-hydrogen atoms? For the blue structures, draw 

the reasonably low-energy resonance structures, and give the hybridization states for all the atoms.  
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3) Draw in the missing hydrogen atoms! What are the approximate bond angles in these molecules? 

Which atoms/groups are on the same side of the molecule as the blue hydrogen? Which atoms are in 

the same plane as the red hydrogen? 

 

In ChemDraw you can do a simple 3D-structure of the compound. Select the molecule (by 

doubleclicking on any part of it), go to View, the Chem3D HotLink. A window should pop up with a 

ball-and-stick (or similar) representation. The button to the left is ‘Launch Chem3D’.  

Click Calculate / MM2 /Minimize energy. This will start an optimization of the structure. Let it run for 

a a minute or so (if your molecule is reasonably cleanly drawn and doesn’t contain very heavy atoms 

(lanthanides, for example ), you should see something useful. If you hold down the right mouse 

button, you can give it a spin and admire it from all angles. 
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4) Compounds 1 and 2 are potent euphoria-inducing opioid alkaloids. Which one of these is more 

polar, and why? Which do you think is more potent, and why? (Unsubstantiated guesses based on your 

imagination are welcome.) 

 

Compound 1 is more polar. The rationale is that the free OH-groups can hydrogen bond both as donors 

and acceptors with such classic polar solvents as water, acetonitrile, acetic acid, DMF (N,N-

dimethylformamide), DMSO (dimethylsulfoxide), THF (tetrahydrofuran) and alcohols (such as 

ethanol and methanol).  

If you acetylate the OH groups then the resulting esters are no longer able to act as H-bond donors, 

only as hydrogen bond acceptors. The methyl groups are also lovely, greasy, apolar groups, which 

further decrease the polarity.  

The less polar compound is more potent, or at least there are studies that suggest this. It’s potency has 

only partially to do with the fact that as a less polar compound it dissolves better in fat, and therefore a 

smaller dose is required. The key factor seems to be that it gets metabolized to a derivative with only 

one acetyl group (so you get one of the OH-groups back after uptake), and THAT stuff is a killer. Don’t 

get too down if you didn’t get this one right…  

 

What I’d like you to take away from this are the polar solvents (structures below). Polarity in solvents 

(bulk) is a more complicated business than in molecules, and it’s difficult to give a perfect definition. 

But most (synthetic) organic chemists will agree to put these among the polar ones. 

 

Some apolar solvents: 

Pentane, hexane (or hexanes, a mixture of constitutional isomers), heptane, diethyl ether and toluene 

 are apolar. 

Dichloromethane (CH2Cl2), chloroform (CHCl3), ethyl acetate (CH3C(O)OCH2CH3) are in between 

these two groups in polarity. 

 

The other point is that the ability to do H-bonding with the polar solvents makes a compound dissolve 

well in them.  
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5) How many stereoisomers does -D-glucose have? Label them R or S. 

 

Sorry about the sloppy question. So, there are 5 stereocenters (asymmetric carbons), which gives us 25 

= 32 stereoisomers. It’s the carbons that you can label R or S.  

 

6) Which are the asymmetric carbons? Label them R or S. How many stereoisomers does this 

molecule have in theory? Some of these would have pretty unrealistic structures, which ones, and 

why?  
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7) What are the bond angles in these molecules? (Hint: draw in the missing hydrogen atoms. Also, not 

all things drawn straight/flat/octagonal/whatever are straight/etc. so some of these might require a bit 

of mental 3D-modelling. Stuff definitely not in order of increasing difficulty.) 

Again, slightly sloppy formulation, I meant the central atoms. Sorry. 

These should be straightforward: 

 

The ones below are a bit trickier. They will try (and succeed quite well) to adopt 3D-structures that can 

accommodate their preferred bond angle – as the rings are rather large, there is room for wriggling. 

None of these are planar, of course, which is the main point of this exercise. 

 

Now, these two are crazy: 

 



Spring 2017 Organisk kemi I Eszter Borbas 

7 

 

The first one has sp3 carbons, which would prefer to have 109°, but a decent triangle with equal sides 

should have 60° internal angles. The model for what is happening here is more complicated than what 

you’ve discussed in class, but if you got to the point of realizing that this is super fishy, well done.  

The cyclooctene would like to have ~180° around the carbons carrying the double bond. The poor 

thing looks obviously unconfortable with that triple bond in the ring – the eight-membered ring is 

large, but not quite large enough to accommodate that large a linear part. The sp-carbons would prefer 

180°, the actual value is ~160°, which means a lot of strain. This deviation from the optimal geometry 

results in some kinky reactivity, for example 10 reacts with phenylazide very vigorously.  

 

8) Which bond highlighted in red is longer? Which bond angle is larger? 
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9) Chiral or not? 
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10) Replace one of the hydrogen atoms with a methyl group in 1. How many possible isomers are 

there? And if you replace two hydrogens with methyls?
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