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Chapter Three, Problem B

Worksheet, step one: In this case, the IHD = 4.  All the H’s are attached to carbon. [As
originally published, this problem incorrectly said “O2”, and the (3) was missing from the
31.4, q.]

C11H16O
IR: 2980, 1615, 1585, 1470, 1370, 1305, 1188, 1040, 835 cm-1

13C NMR 1H NMR
157.3, s 1.27, s, 9H
143.1, s 3.67, s, 3H
126.0, d (2) 6.80, d, J = 8.5 Hz, 2H
113.3, d (2) 7.25, d, J = 8.5 Hz, 2H
54.8, q
33.9, s
31.4, q (3)

Worksheet, step two:  With an IHD of 4 and signals in the 1H spectrum around
7, we should suspect a benzene derivative.  That (three alkenes, one ring)
accounts for all the IHD.  From 6.80, d, J = 8.5 Hz, 2H and 7.25, d, J = 8.5 Hz,
2H, there are four H’s on the benzene ring, so there must be two substituents.
From the symmetry, they must be 1,4 on the ring.   It remains to determine the
nature of X and Y.

Worksheet, Step 3:  There is one oxygen.  From Table C11, the α shift for ether O is +
58.  The generic chemical shifts for sp3 hybridized carbons attached to ether O are then
calculated to be:
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Generic Chemical Shifts: Ether



     Inspecting the data, this appears to be a methyl ether, 54.8, q.  The other end of the
ether does not appear, so it may not be sp3 hybridized.  Could it be sp2 hybridized, one of
the benzene carbons?  From Table H1, the methyl ether attached to a benzene ring should
come at about 3.85, s, 3H.  Indeed, we have 3.67, s, 3H.

     There are three more Tables that are useful for benzene derivatives. The first is C12.



     Our current partial structure has a CH3O- at one end of the benzene ring,
and an alkyl group at the other.  We can see that C-1 of the ring, where the
oxygen is attached, should come at about 128.5 + 31.4 = 159.9, s, and we
have in our data 157.3, s.

     Table H2 and H4 are also useful.  From Table H2, the coupling constant between the
H’s on the benzene ring should be about 8 Hz.  In the data, we observe 8.5 Hz.  Note that
meta coupling, though small, is real and is usually observed.  In this case, there is no
meta coupling because the H’s that are meta to each other have the same chemical shift,
and so do not couple to each other.

OCH3

C4H9



          Table H4 teaches the chemical shift of H’s attached to the benzene ring.  Looking
at the upper part of the Table, alkyl groups do not change the initial value of 7.2 very
much.  At the bottom of the part of the Table shown (there is more in the text), it is
apparent that H ortho and para to the substituent we have, a CH3O-, should be shifted
upfield, while the H’s meta to CH3O-,would be shifted slightly downfield.  That is what
we observe in the data, with one set of benzene H’s at 6.80, and the other at 7.25.



Worksheet, Step 4a:  All that remains to complete the structure are three CH3’s and a C
with no H’s.  From the symmetry 31.4, q (3) and 1.27, s, 9H, all three methyls are
attached to one carbon.

Worksheet, Step 5:  We have all the pieces, and there is only one way to put them
together.

     We can now use Table C12 (above) to calculate “precise” chemical shifts of the
benzene C’s.  There are four different C’s.  For each, we start with the base value of
128.5, then add the shift due to each of the two substituents.

     We can then put the data in tabular form, to compare it to the data for the unknown.
For some problems, this will be the only way to distinguish between positional isomers.
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a
b
c

d

a

128.5
C1: 31.4
C2:  0
C2': 0
C3: 0
C3': 0
C4: -3.1

156.8, s

b

128.5
C1: 0
C2:  0
C2': -14.4
C3: -0.4
C3': 0
C4: 0

113.7, d (2)

c

128.5
C1: 0
C2:  0
C2': -3.4
C3: 0
C3': 1.0
C4:  0

126.1, d (2)

d

128.5
C1: 22.2
C2:  0
C2': 0
C3: 0
C3': 0
C4: -7.7

143.0, s

Calculated               Actual

156.8, s                  157.3, s

143.0, s                  143.1, s
   
126.1, d (2)             126.0, d (2)

113.7, d (2)             113.3, d (2)


