
Chemistry 30B          DCF 
Final Review Problems ANSWER KEY     
 
In this final set of problems, I have tried to include things that will help you on the final 
exam.  These problems have all been adapted from the sophomore organic chemistry 
course at MIT (though a friend @ Berkeley).  I have included sections of problem sets 
and exams.  This being said, the numbering is completely out of order (and doesn’t 
make since).  Also, there are some problems crossed out, as they were not covered in 
our class.   
 
Finally, regarding ANSWER KEYS, I have not yet decided as to whether or not I will 
provide an answer key online.  Please do NOT e-mail me asking about it.  If I am going 
to post a key, it will be done only within a few days of the exam.  As you will, or already 
have seen there is a plethora of office hours available between the last day of class and 
the final, we are all willing to go over these problems with you. 
 
Note for Doug’s Section: 
During the Week X discussion section, I would like to cover question (1) on page 2 of 10 
(it’s buried somewhere in there toward the end with the first three questions asking 
about pKas).  Also work on question (2) on page 4 of 10.  Again, not really 4 of 10, but 
that’s what it says on the bottom of the page. 
 
GOOD LUCK ON THE FINAL! 
 
NOTE FOR ANSWER KEY: 
You will get the most out of these problems if you try them a few times yourself before 
looking at the answer key.  Also, for many of these problems there are multiple correct 
answers, just because it’s not included here doesn’t mean that your answer is wrong. 



1. For A you see a strong I+ signal at 127 and the fact it reacts with Mg 
signifies a halogen. The parent ion is 15 units higher than the I+ hence it is 
CH3I. 

For C we clearly have an ROH group with the broad absorption at 3350 cm-

1. No carbonyls and the rest appears to be saturated. We have strong 
methyene scissor bands at 1469 cm-1  and a strong symmetric bend 
associated the CH3 at 1385 cm-1. There is also a strong C-O stretch at 1150 
cm-1  associated with the ROH. No other functional groups likely from the 
IR. The 1H-NMR gives a six hydrogen singlet associated with two 
equivalent methyl groups that is downfield due to neighboring inductive 
effect, probably the ROH. We also have another methyl group at 0.9 ppm 
that is clearly attached to an n-alkane that has little or no inductive effects 
(separated from the ROH by at least one carbon). The is a single methylene 
that also appears to be desheilded at 1.4 ppm by being next to an oxygen 
containing carbon. The ROH group in the NMR is identified by exchange 
with D2O. Given that there only appears to be one oxygen atom and no 
unsaturation we can arrive at a emprical formula of C5H12O for a F.W.=88. 
The fragmentation shows a stron peak at OC(CH3)2

+ and confirms that the 
two methyls are attached to the oxygen bearing carbon. Hence the structure 
is clearly CH3CH2COH(CH3)2. 

Working backwards you can realize that the CH3-MgI must be added to 
CH3CH2COCH3 which is B. 

2. Compound A is very simple compound based upon its NMR. There is 
only one type of proton. The position of the resonance is such that it must 
be connected to an electron withdrawing center either a heteroatom (not 
oxygen) or a carbon with sp2 or sp hybridization. Looking at the spectra for 
compound B it is clear that there has to be a methyl with the 3H signal at 2 
ppm. This is likely connected to an electron-withdrawing center. In 
addition there is another methyl resonance at 1 ppm as a triplet. This is very 
suggestive of a methyl next to a CH2 group. The 2 H quartet at 2.4 ppm is 
typical of a CH2 connected to a electron withdrawing center. From the IR 
we see clearly a isolated alkyl carbonyl at 1722 cm-1 . In the mass 
spectrum we see a very strong signal for the CH3CO+ group (FW=43) which 
is separated from the parent ion M+ by loss of CH3CH2. Similarly we see 
another signal which differs from the parent ion by 15 mass units (loss of 
CH3) that coresponds to the CH3CH2CO+ group. This then suggest with the 



NMR that B is CH3CH2COCH3. The reaction we did added 18 mass units to 
A to make B which is the mass of H2O. This gives us the molecular formula 
for A of C4H6. To have the simple NMR clearly this molecule has to have 
high symmetry and the only possible molecule is CH3CCCH3. 

3. Compound B is a very simple one with a single NMR signal indicative of 
a methyl group bound either to an N or Halogen. By subtracting 15 mass 
units from the parent ion it is clear that the heteroatom is Br and A must be 
methyl bromide. Triphenylphosphene is a very good nucleophile and makes 
a cationic complex which is Ph3PCH3

+ Br-. This reagent when activated by 
strong base is know to react with ketones to give alkenes. Compound C has 
a typical carbonyl at 1717 cm-1  that is clearly substituted by alkyl groups. 
There is no other evidence of functional groups in the IR. There is a strong 
methylene scissor at 1449 cm-1  and there is no CH3 symmetric bend at 
1385 cm-1. Considering the mass and that there has to be one oxygen you 
can deduce that with the number of hydrogens given in the NMR of 10 that 
there must be two degrees of unsaturation with the C=O and a ring (no 
alkene). In the NMR the 4 H signal is clearly next to the carbonyl and the 
other Hs are removed. The only structure with the proper mass and the 
necessary NMR is cyclohexanone. Clearly the carbonyl goes away to give 
an alkene (new 2H resonance at 4.5 ppm and 3100 cm-1  (C-H stretch), and 
1649 cm-1  (C=C stretch)). The NMR of the remaining signals remains 
very similar to C as we still have a six membered ring in D which is 
methylene cyclohexane.

CH2O 

C D 
4. There are six different kinds of protons in this structure. The olefin 
protons, H4, are clearly at 6 ppm. All of the other protons are on alkyl 
groups. The bridgehead protons H3 have an sp2 group attached and have 
high s character due to orbital hybridization and are at 2.9 ppm. The other 
hydrogens can be assigned can be assigned using the ring current ideas 
discussed in class. The signals at 1.6 and 0.9 are for two hydrogens and 
clearly must be H5 or H6. The one at 0.9 is too far up field for a normal CH2 
group and hence this one is feeling the shielding region generated by the ring 



current of the olefin. If you make a molecule you will see this. Hence H6 if 
the peak at 0.9 and H5 is the signal at 2.9 ppm. Using the similar argument 
we would assign H1 to the signal at 1.1 ppm and H2 to be the signal at 1.3 
ppm. 
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5. Compound A clearly has an alkene with a C-H stretching band at 3100 
cm-1 and a weak C=C stretch at 1660 cm-1. There is a strong methylene 
scissor mode at 1466 cm-1  and there doesn’t appear to be any 
methylgroups in the IR or other functional groups. Oxidation by warm 
concentrated KMnO4  is know to cleave double bonds to give carboxylic 
acids. For an internal double bond this would add 4 oxygen atoms in total or 
a mass of 64. Indeed the mass increases in B by 64 units and the IR 
indicates the presence of CO2H groups in with the broad O-H band and the 
carbonyl band at about 1790 cm-1. The fact that we didn’t cleave the 
molecule in two and lower the molecular weight indicates that the olefin was 
part of a ring structure. Considering the molecular weigh and two degrees of 
unsaturation (ring and alkene) we can arrive at cyclooctene as A and 
HO2C(CH2)6CO2H as B. 

6. These compounds have high symmetry and the fact that they are aromatic 
they must have a para orientation of identical functional groups. Compound 
A has an exchangeable H, which is likely a phenol group. Upon oxidation a 



carbonyl appears with a strong band at 1651 cm-1  suggestive of a 
conjugated variety. This makes sense as we have an unsaturated system. 
The loss of two mass units can only be rationalized by loss of two protons. 
Hence the system when oxidized looses two electrons and two protons. The 
singlet for B is down field of typical olefins however if we have conjugated 
ketones this will shift them to that resonance. Given the mass and these 
conditions the only plausible compounds are: 

OH O 

OH O 

hydroquinone benzoquinone 
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