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								    				    Problem Set #1: Chapters 15, 16 1. Provide the products of the following transformations: NO2



HNO3 H2SO4



NH2



H2, Pd



CH3Cl, AlCl3 NH2



NH2 +



Br



Br



Br2



Br



Cl



FeBr3



+



AlCl3



NBS H2O2 Br Br + Br
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O Cl



AlCl3



O H2SO4 heat
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H2, Pd



HO3S



Br



 Cl



O



KMnO4 NaOH



AlCl3



OH



heat I2



CuCl2 I O OH



H2SO4



SO3H



heat



HNO3 H2SO4



OH



1. NaOH 2. H3O+



Cl



NO2



NO2



AlCl3



Sn HCl NH2



 2. Provide the conditions for the following transformations:



Cl



Cl2 FeCl3



OH



1. NaOH, 340 C 2500 psi 2. H3O+



Cl AlCl3 OH



OH +



Cl HNO3 H2SO4



NO2



NO2



AlCl3



H2, Pd NH2



 3. Determine where a 3rd electrophile would add to the following benzenes:



NH2



OH



SO3H



NO2



HO



NO2



O2N



Cl



4. Provide a synthesis for the following molecules starting from benzene (you need to go through several steps and/or use some reactions from CEM251):



NH2



Cl HNO3 H2SO4



H2



NO2



NO2 Cl2 FeCl3 Cl



Pd



 O



NO2



HNO3



NaOCH3



H2SO4 NO2



NO2



NO2 Cl



NBS H2O2



AlCl3



heat



Br



CO2H



CH3Cl AlCl3 KMnO4



Cl



NaOH AlCl3



heat COOH



 + mixture of products, not good reaction Cl AlCl3



Br



O NBS H2O2 heat



Cl AlCl3 O Zn HCl



 4. Determine the structure of the following compounds based on their 1H-NMR spectra: A. C8H10O
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2.24 ppm (s, 6H); 5.00 ppm (1H, broad singlet); 6.33 ppm (s, 2H); 6.58 ppm (s, 1H) Solution: C8H10O , n=8 so 2n+2=2*8+2=18 #Rings or Double Bonds (RDB) = [(2n+2) - #H]/2 = (18-10)/2 = 4 RDB So, there are 4 rings or DB or combinations of those and only 8 C atoms. 4 RDBs is a number that indicates benzene ring (1 ring, 3 DB). To verify that look at the NMR. Are there any protons between 6.2-7.5 ppm? Yes, so aromatic ring is one fragment:



 From NMR integration we see there are only 3 aromatic protons, so it must be a trisubstituted benzene.



a



b



c



From the 3 H, 2 of them have the same NMR signal (6.33 ppm), so they must be identical: So case (b) cannot be, there are no 2 identical H. Two aromatic protons are probably closer to something electronegative (they are more deshielded that the other aromatic H at 6.58 ppm). The only electronegative atom present is O. Between (a) and (c) only (c) can place 2-H identical protons close to a single substituent. As can be seen on the spectrum the single peak at 5 ppm (1H) is very broad, characteristic of an alcohol group (-OH). So we must have a phenol:



OH



All we are left with is two carbons and 6 protons, and two substitution sites so, we must have to methyl groups on the benzyl ring:



OH



That would explain why the shift of the 2, symmetric, methyl groups is at 2.24 ppm, they are attached to an aromatic (normal range for methyl groups is 0.7-1.3 ppm). When you have a final structure go back and make sure that all the data you have starting with the molecular formula, make sure you didn t forget any unused atoms, going to the NMR, match your final proposed structure. !



By all means, the above logical process is not the only way you can solve this, or any problem. You will not have to show work for the exams, but it is good for partial credit. As long as your answer is correct, unless otherwise asked, you don t have to discuss the process you followed. !



 B. C10H14
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 Expansion:
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NMR: 0.93 (t, 3H); 1.64 (sextet, 2H); 2.27 (s, 3H); 2.59 (t, 2H); 6.77 (d, 2H); 6.91 (d, 2H)



 C10H14 : [(2*10 + 2) – 14] / 2 = 4 RDBs (Aromatic ring?) NMR: Two sets of peaks, 6.77 ppm and 6.91 ppm: ortho- disubstituted benzene:



The peak at 2.27 ppm integrates to 3H! methyl group, must be attached to the benzene since it is very deshielded.



The peak at 2.59 ppm (t, 2H) is also deshielded for a methylene group (CH2) so it must also be attached to the benzene. It is a triplet so it must also be attached to another methylene:



2.59 ppm



The only other possible methylene would be the 2-H at 1.64 ppm, which show as a sextet, so it must also be attached to a methyl group. That methyl group would show as a triplet, and so do the 3-H at 0.93 ppm.
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