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This is a closed-book exam.

The last 3 pages contain a pK, table, a table of IR stretching frequencies, a table of H NMR
chemical shifts, and a periodic table.
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will be asked to leave immediately the exam and academic fraud allegations will be filed which may result in
you obtaining a 0 (zero) for the exam.

By signing below, you acknowledge that you have ensured that you are complying with the above statement.
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1. a) Draw the structure of p-toluenesulfonic acid (1 point)

b) Draw the structure of methyl trifluoromethanesulfonate (1 point)

¢) Name the following compound. (1 point)
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d) Name the following compound. (1 point)

=
Cl

2. For each anion/cation, indicate if the charge can be delocalized and stabilized by resonance. If it can,
write “Yes” below the structure; if not, write “No” below the structure. (14 points)
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3. For each structure, circle the leaving group (LG). The LG can be part of the structure or the entire
structure. If the structure is not a LG or does not contain a LG, write “No LG” below it. (9 points)
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4. Indicate whether each of the following is: aromatic, anti-aromatic, or non-aromatic. (5 points)
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5. Give a mechanism for every step in the following reaction sequence: (9 points)

o 1. mCPBA

OH
é 2. Meli (excess) MOH

3. H30" workup




6. Provide a mechanism for the following reaction: (5 points)
o}

EtOH

7. Provide a mechanism and product for the following reaction: (7 points)

8. Draw the structure of Compound A: (2 points)
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9. Give the missing reagents or the major product of the following reactions: (10 points — 2 each)

a
1. NaBH,
_~_CHO
2. TsCl, EtsN
3. KCN, DMF
b.
1. Hg(OAC)2, Hzo
©/\ 2. NaBH,
3. PCC
C.
o) ©/\NH
d.
mCPBA
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10. Provide a mechanism and product for the following reaction: (6 points)
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11. Provide a mechanism for the following reaction: (4 points)
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12. Give the missing reagents or the major product of the following reactions: (10 points — 2 each)

a.
OH H,SO,
heat
b.
(0]
1. )J\CI
© FeCl,, heat
2. LiAlH,
3. H* workup
C.
0]
)J\ 1. MeMgBr (excess)
O O
K) 2. NH4CI (aq)
d.
Cl
/\H\ /\(\
e.

o 1. LDA (1 eq.)

\HJ\ 2. PhCHO

3. Acid (H™) workup




13. How many unique proton signals would be expected in the *H NMR spectrum of the following
molecules? (3 points)

14. Indicate s, d, t, g, or m (i.e. singlet, doublet, triplet, quartet, multiplet) expected on the *H NMR
spectrum for the protons below: (6 points)
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15. A compound C10H13Cl has the following *H NMR spectrum. Write down the pertinent
comments / ideas about each NMR signal and provide the structure of the unknown.

3H
Chemical Formula: C;4H41Cl
oH 21 2H Z2H 2H
i m L
s 7 6 5 a4 3 2 1

PPM

Calculate the degree of unsaturation (2 points):




Signal S Integration | Multiplicity Comments / ideas
A

7.2 2H d
B

7.0 2H d
c

3.7 2H t
D

2.6 2H t
E

2.4 3H S
F

1.9 2H m

Structure of unknown:

(2 points)

(11 points)

16. A compound has the formula CsHeBr. Its 'H NMR and IR spectra are shown below:

3H
3H
2H
1H W l
e U
l T T 1 I | L) T [ 1 T T T l T T T T T T T T ] T T T T ] T T
4.5 4.0 3.5 3.0 2.0 1.5 1.0 PPM 5




80 — T T ra N f\\
Ry |
ez | : ! '
< i % 2
a0 t I(li
i \J% 2 2
a. Calculate the degree of unsaturation for the compound. (2 points)
b. Identify the key absorbance(s) in the IR spectrum. Write the functional group or bond next to
the relevant peak on the spectrum above. (1 point)
C. Write down the pertinent comments / ideas about each NMR signal. (5 points)
Signal S Integration | Multiplicity Comments / ideas
A
4.1 1H m
B
1.8 2H m
c
1.7 3H d
D
1.0 3H t
d. Using the info above (formula, IR, NMR), draw the structure of the unknown. (2 points)
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17. Propose a synthesis of the following compounds. Show all required reagents/solvents and
intermediates. Retrosynthesis and mechanisms need not be shown. (15 points — 5 each)

a.
\/\)OJ\ steps i
H \/\)J\(
OH
b.
HO steps H
(e
C.

steps HO\/\/(/\
> OH

OH

= == End of exam ===== = =




pPKa Table

. pK, value . pK, value
Acid (H50 solvent) Acid (H50 solvent)
i o o
HI -10 ! M 9
HBr -9 |
E H
HCI -8 ! OH
| 9.9
©0oH ! @
)j\ -6.2 :
Ph : ®
H :
o® -3.8 ! H,0 15.7
7~ ~ |
H2S0, 3 | >L 17
| OH
00 :
ISReA _ : O
S o4 2.6 | \)K( 20
CH50H,* 2.2 | H
HA0* 17 . H—=—H 24
HNO, 1.3 Ha 36
HF 3.17 5 NH3 38
0 5 ZH 50
)]\ 4.76 !
OH L N"TH 51
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IR Key Absorptions (cm):

C-H alkyl C-H 2850-2960 m, sharp
C-H sp? C-H just >3000 m, sharp
Alcohol RO-H 3200-3650 s, broad
Carboxylic acid RC(=0)O-H  2500-3300 s, broad
Amine R,N-H 3300-3500 s, broad
*Carbonyl R,C=0 1650-1780 s, sharp
Nitrile RC=N 2220-2260 v, sharp
Alkynyl C=C-H = 3300 m, sharp
Alkynyl C=C 2100-2260 v, sharp
Proton NMR chemical shifts
v 22-29 T
RCH, 0.7-17 S R)\(H 45-7.0
\—( S :
— 1.6-2.6 ~Sser
c—H R™>C. 20-3.0
@—H 6.5-8.0
i o P 2040
R)J\C’H 2.1-25 RR j\ 0o 100
R H . = .
. Brae P 27.41
PLON R R o)
.C"H  21-30
N~ R)J\OH 11.0 - 12.0
Che P 31-aq
R R
©/C\H 23-27
o Fae-H 42.48
RO R
_H
c© 1r-21 et 30-50
R R/ \R
ON.H 41.43
RO R
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