
Chem 333, Exam 2
Professor Fox

FALL 2013

Your Name______________________________________

Q1)  15 points
Q2)  24 points
Q3)  16 points
Q4)  45 points
 

tables at back of exam



1. Calculate the UV maximum for the following compounds.  Show your work as illustrated by the example below (15 points)

CH3

N

a
base value 
increments for:
   double bond extenstions
   alkyl substitutent or ring residues
   exocyclic double bond
   polar groups

________

________
________
________
________

total

O

Cl
OH

CH3c

base value 
increments for:
   alkyl or ring residue...
   –OH, –OCH3, –OAlk..
   –O– (oxyanion)...........
    –Cl ............................
   –Br ............................
   –NH2 .........................
    –NHCOCH3...............
    –NHCH3....................
    –N(CH3)3...................

________

________
________
________
________

total

________
________
________
________
________

OH

OH
NMe2

b

base value 
increments for:
   double bond extending conjugation
   alkyl substitutent or ring residues
   polar groups
   exocyclic double bond
   homodiene component

________

________
________
________
________

total

________

base value 
increments for:
   double bond extending conjugation
   alkyl substitutent or ring residues
   polar groups
   exocyclic double bond
   homodiene component

________none
none

________35
________66
________30

________202

________

total
333

EXAMPLE
of answer 
format



O

m/z = 204

2. Explain how the indicated fragments are formed.   Your answer should provide both a chemical structure and a mechanism for the formation 
of each fragment peak. (24 points)

m/z = 85
m/z = 91
m/z = 113
m/z = 119
m/z = 162
m/z = 176



NO2

HO

A

C

O

N

B

O

O

O

O

C
D

O

O

E

N
OH

F

O

G

Cl

O H

H

HO

3. Match the following to their IR spectra. Note, only 4 spectra have a match. (16 points)



1H NMR!
5.77 (ddt, J = 17.0, 10.0, 7.0 Hz, 1H)!
5.01 (ddt, J = 17.0, 2.1, 1.0 Hz, 1H)!
4.97 (ddt, J = 10.0, 2.1, 1.2 Hz, 1H)!
2.56 (ddd, J = 12.5, 11.5, 4.0 Hz, 1H)!
2.32-2.17 (m, 2H)!
1.96-1.90 (m, 2H)!
1.87-1.83 (m, 1H)!
1.56-1.38 (m, 8H)!
1.02 (d, J = 7.0 Hz, 3H)!

13C NMR!
215, s!
138, d!
115, t!
55, d!
42, t!
36, d!
35, t!
32, t!
30, t!
28, t!
26, t!
21, q!
!
!

IR (cm–1, neat) : 3079, 
2936, 1706, 1640, 
1450, 1325, 1248, 998, 
915!
!
MS 180 (M+, parent 
peak), 126, 41!
!

4.  Elucidate the following structure based on the following spectral data

c) Show the substructure that is associated with the following IR peaks (4 points)

3079 cm –1, 1640 cm–1

a)  Calculate the IHD: ___________   (1 point)

b) How many hydrogens are on carbons?   ___________ (1 point)

mono-
substituted 
alkene

cis-
disubstituted
alkene

trans-
disubstituted
alkene

trisubstituted
alkene

tetrasubstituted
alkene

O

aldehyde

O

acid

HO O

ester

RO NO2

nitro

C

nitrile

N
O

amide

R2N

C

terminal
alkyne

C H C C

internal
alkyne

OH

primary
alcohol

secondary
alcohol

OH

tertiary
alcohol

OH
NH2

primary
amine

secondary
amine

H
N

tertiary
amine

N

none of the above

O

ketone

1,4-disubstituted
benzene

monosubstituted
benzene 1,3-disubstituted

benzene 1,2-disubstituted
benzene

trisubstituted
benzene

C12H20O



d)  Show the substructure that is associated with the following IR peak (4 points).  

1706 cm –1

e) Assign the following mass spectral fragments (10 points).  Draw the structures of the fragments.

126, 41

mono-
substituted 
alkene

cis-
disubstituted
alkene

trans-
disubstituted
alkene

trisubstituted
alkene

tetrasubstituted
alkene

O

aldehyde

O

acid

HO O

ester

RO NO2

nitro

C

nitrile

N
O

amide

R2N

C

terminal
alkyne

C H C C

internal
alkyne

OH

primary
alcohol

secondary
alcohol

OH

tertiary
alcohol

OH
NH2

primary
amine

secondary
amine

H
N

tertiary
amine

N

none of the above

O

ketone

1,4-disubstituted
benzene

monosubstituted
benzene 1,3-disubstituted

benzene 1,2-disubstituted
benzene

trisubstituted
benzene



f)  Show the substructure that is associated with the following  1H NMR resonances.  Assign the coupling constants.  Also, indicate the 
multiplicity (s,d,t or q) of the carbon to which this substructure is attached. (8 points)

5.77 (ddt, J = 17.0, 10.0, 7.0 Hz, 1H)
5.01 (ddt, J = 17.0, 2.1, 1.0 Hz, 1H)
4.97 (ddt, J = 10.0, 2.1, 1.2 Hz, 1H)

h) Draw the structure (12 points)

g)  Does your compound have a ring?  If so, what size?  Hint: pay careful attention to the IR peak at 1706 cm–1  (5 points)

3 4 5 6 7

8 9 10 no ring

circle the correct ring size



x

Help, I’m Diene
O

(O/R)

!

"

#

$

" O

(O/R)

!

enone dienone

O G

ortho

meta

para

ortho

meta

UV-VIS Calculation Tables

J. Koh --adapted from Silverstein and Webster “Spectrocopic Identification of Organic Compounds, Wiley , 1998.

"homo-diene"
homoannular diene

"hetero-diene"
heteroannular diene

Double bond has an atom
that is part of a ring that 
the other is not.

EXOCYCLIC

NOT EXOCYCLIC 2-exocyclic components

Terminology



1

1.  For CNH#O#N#                 IHD = 2N+2 - (#hydrogens+#halogens) + (#Ns)!
      !     ! ! ! 2 !
!

You Should Know:!

75! 50!

C O C C C C
C

0!50!100!150!200!

40! -5!

sp3!
90! 70!sp!150! 105!

sp2!

150! 120!

aromatic!

210! 160!

carbonyl!

60! 18!
C N

C O
4. Typical 13C chemical shifts!

2. How to identify symmetry and use it.!
!
3. Proton Inventory.  Identify if any protons are attached to non-carbon atoms by!
Summing the number of C-attached protons and comparing to molecular formula  !

5. multiplicities!

Carbon NMR essentials



16.3
15.8

13.4
25.2

13.9 34.7

22.8

14.1 32.2

23.1

14.1
32.6

23.2 29.7

32.6

23.2 29.9

propane butane pentane hexane

heptane

14.2

octane

32.6

23.2 30.0

14.2

nonane

30.3

32.6

23.2 31.1

decane

30.514.2
25.4

24.5

isobutane

31.1

32.0

isopentane

11.7

22.2

28.0

32.0

isohexane

20.9

22.714.3
28.1

31.7

neopentane

36.9

30.6

2,2-dimethylbutane

29.1

8.9

3-methylpentane
29.5

11.8

11.5
36.9

2,3-dimethylbutane

19.5
34.3

2,2,3-trimethylbutane

27.4
33.138.3

16.1

H3C CH3
5.7

ethane-2.3 methaneCH4

base values





67.4

82.8 17.4

29.9

21.2

12.9
73.7

76.9

19.6

12.1

1.7

21.6

79.9

12.0

14.4

Alkyne Chemical Shifts

 CHO =
O

H

key:

15.2
46.6 35.9

N
H

51.7 42.8

62.3
13.3

21.221.2

N
3.06

3.06

N

Amine Chemical Shifts



 CO2H =
O

OH
 CO2Me =

O

OMe

key:

29.7
174.6

10.0 34.1

15.0N
H

O

23.0 171.0
25.9

N
H

O

20.5 169.5
32.9

37.9

N

O

129.4

133.0

112.6

132.2
118.6

C N 19.6

119.3
18.813.0

C N



Overview of typical 1H NMR shifts 

1H NMR Tables 









FROM TABLE 14.4 (LABBOOK) 
OR TABLE H.6 (SPEC BOOK)





FROM TABLE 14.6 (LABBOOK) 
OR TABLE H.4 (SPEC BOOK)



Infrared spectra: It is important to remember that the absence of an 
absorption band can often provide more information about the
structure of a compound than the presence of a band. Be careful to avoid 
focusing on selected absorption bands and overlooking
others. Use the examples linked to the table to see the profile and intensity of 
bands. 

Look for absorption bands in decreasing order of importance:

1.the C-H absorption(s) between 3100 and 2850 cm-1. An absorption above 
3000 cm-1 indicates C=C, either alkene or aromatic. Confirm the aromatic ring 
by finding peaks at 1600 and 1500 cm-1 and C-H out-of-plane bending to give 
substitution patterns below 900 cm-1. Confirm alkenes with an absorption 
generally at 1640-1680 cm-1. C-H absorption between 3000 and 2850 cm-1 is 
due to aliphatic hydrogens. 

2. the carbonyl (C=O) absorption between 1690-1760cm-1; this strong band 
indicates either an aldehyde, ketone, carboxylic acid, ester, amide, anhydride 
or acyl halide. The an aldehyde may be confirmed with C-H absorption from 
2840 to 2720 cm-1.

3. the O-H or N-H absorption between 3200 and 3600 cm-1. This indicates 
either an alcohol, N-H containing amine or amide, or carboxylic acid. For -NH2 
a doublet will be observed.

4.the C-O absorption between 1080 and 1300 cm-1. These peaks are normally 
rounded like the O-H and N-H peak in 3. and are prominent. Carboxylic acids, 
esters, ethers, alcohols and anhydrides all containing this peak.

5.the CC and CN triple bond absorptions at 2100-2260 cm-1 are small but 
exposed.

6.structure of aromatic compounds may also be confirmed from the pattern of 
the weak overtone and combination tone bands found from 2000 to 1600 
cm-1. 



Unconjugated Alkenes

• linear alkenes:
  - C=C stretch: moderate to weak absorption at 1667-1640 cm–1

!  ! !

• C=C–H:
  - stretch: ≥ 3000 cm–1

H H

H

H H H

H

HH

H

1640 cm–1, moderate 1650 cm–1, moderate
1670 cm–1

weak weak
moderate

Alkynes

•                     stretch: weak absorption at 2260-2100 cm–1

    

    - not observed for symmetrical alkynes (v. weak for ‘pseudo’
     symmetric alkynes
   - terminal alkynes (R-C     C-H) absorptions are stronger than
     internal (R-C     C-R) absorptions !
!  ! !
• C    C–H stretch:
  - 3333–3267 cm–1

   - strong, narrow (as compared to OH or NH)

C C

  1647 1650 cm–1 (as)
1600 cm–1 (s)

Me

 C=C,

1611 1650 1650

C

1970
2120

C C stretches

2080

examples of

OH

2240
(weak)



Mononuclear Aromatic Hydrocarbons (benzene)

• Out of plane bending of aromatic C-H bonds: most informative  
    - 900–675 cm–1

   - intense bands, strongly coupled to adjacent hydrogens on the ring
   - position and number of bands gives information about the
     substitution pattern (particularly useful for alkyl substituted 
     aromatics.  Substitution of polar groups can give rise to exceptions)  
!  ! !

disubstituted benzenes

Out of plane bending of aromatic C-H bonds
used to distinguish para, meta, ortho isomers



C–O stretching Vibrations
• Alcohols (1260-1000 cm–1)! !         • Phenols (1800-1260 cm–1) 

     primary alcohol: 1050-1085 cm-1

     secondary alcohol: 1085-1125-1

   tertiary alcohol: 1125-1200 cm-1

1073 cm-1

1110 cm–1

1202 cm–1

OH

OH

OH

CH stretch typically occurs as a broad peak centered @ 3300 cm –1 (spanning 3550-3200 cm–1).
This peak is broad due to H-bonding
In rare cases where H-bonding is not present, the peak is sharp and at higher frequency

Alcohols

~3300 cm-1

~3300 cm-1

~3300 cm-1



Ketones
• aliphatic: ‘normal’ position of a neat aliphatic ketone is 1715 cm–1   

 
• conjugation: shifts position to lower frequency  
  alkene or phenyl group causes absorption in the 1685-1666 cm–1

   region.  For α,β-unsaturated carbonyls, 2 absorptions may be
  observed
 • cyclic ketones The bond angle influences the absorption frequency of the C=O

Aldehydes

• Aliphatic aldehydes: C=O stretch at 1740-1720 cm–1

• Electron withdrawing groups shift to higher frequency
• Conjugative groups shift to lower frequency (1710-1685 cm–1)

C=O stretch (see tables)

C=O stretch (see tables)

OH stretch  in the 3300–2500 cm–1 region centered near 3000 cm–1

C–H stretch
2830–2695 cm–1  Often, two bands are observed  

Carboxylic Acids

H

O

1730
H

O

1685

O
O

O

1788 1750 1715

C=O stretch
• 1720-1705 for aliphatic acids
• 1710–1680 for conjugated acids

O

O
alkyl

H

1720–1706 cm-1

O

O
aryl

H

1710-1680 cm-1



aldehydes, C=O

H

O

1730
H

O

1685

H

O

1690
H

O

1684

H

O

1674

H

O
C

1688 (C=O)
1932 (C=C)

ketones, C=O

O

1715

O

1720

O

1684

O

1685

O

1674

O

1685

O

1675 (C=C)
2203 (C=O)

O O
O

O
O

1813 1788 1750 1715 1706

O

1680

O

1665

O

1715

O

1687

Cl3C

O

H

1768 cm–1

C=O stretch tables



Esters
C=O stretch 
    • saturated aliphatic esters: C=O: 1750–1735 cm–1

      • formates, α,β-unsaturated, and benzoate esters: 1730-1715 cm–1

      • phenyl or vinyl esters: 1770-1780 cm–1

O

OCH2CH3 1749 cm–1

C=O 1243 cm–1 C–O

O

O
1763 cm–1

C=O

1199, 1164, 1145 cm–1 C–O

C–O stretches (strong absorptions; asymmetrical coupled vibrations) 
    • saturated aliphatic esters (except acetates): C–O: 1210–1163 cm–1

      • acetates: 1240 cm–1

    • α,β-unsaturated esters: 1300–1160 cm–1

    • benzoate esters: 1310–1250 cm–1



O

O

1770 cm–1

C=O

O

O

H3C
1823 cm–1

C=O

O

O

1730 cm–1

C=O

Lactones:
effect of 
Ring sizes

Acid Halides
O

Cl

O

Cl

1800–1770 cm–11815–1785 cm–1

R

R

Anhydrides
• Two carbonyl stretches (symmetrical and asymmetrical)

O alkyl

OO

alkyl

1818; 1750 cm–1

O

OO

1775; 1720 cm–1R R

OO O

1865; 1782 cm–1



NH stretch(es): Primary amides produce two N-H stretch absorptions, secondary amides only one, and tetriary none.
amides

R

O

NH2 3520 (as), 3400 (s) cm–1  
Two bands

R

O

N
H
R 3500–3400 cm–1  

one bands

C=O stretching (Amide I band):

R

O

NH2

1690 cm–1 (dilute)

R

O

N
H
R

1680-1700 cm–1 (dilute)

R

O

N
R

R

1680-1630 cm–1  

NH Bending (Amide II band):

R

O

N
H
R

R

O

NH2

1620-1590 cm–1  

1550-1510 cm–1  

amide bands I and II

Lactams

NH

O
NH

O

NH

O

1650 cm–1  1750-1700 cm–1 1760-1730 cm–1



• NH stretching
   -  primary amines (RNH2) display two bands, near 3500 and 3400 
      cm–1.  These represent ‘free’ asymmetrical and symmetrical stretches.
   -  secondary amines (R2NH) display one band near 3350-3310 cm–1.
   - weaker and sharper than OH

 
    Nitriles

alkyl C N C N
R

2260-2240 cm–1 2240-2222 cm–1

• 2 bands from the asymmetrical and symmetrical stretching of 
   the           bond  N O

alkylNO2

1550 cm-1 and 1372 cm-1

NO2R

1550-1500 cm-1 and 1360-1290 cm-1

Nitro compounds


