Chemistry 234
Chapter 20/21 Problem Set - Answer Key

Nomenclature
1) Provide the IUPAC name for each of the carboxylic acids below.

OH HO™ ~O
5-chloro-3-ethylhexanoic acid 2-propylpentanoic acid
F O._OH
(0]
OH
5-fluoro-2,2-dimethylcyclopentanecarboxylic acid Br

4-bromo-2-ethyl-6-methylcyclohexanecarboxylic acid

2) Provide the common name for each of the carboxylic acids below.
~0 0 OH 0O

OH OH

beta-ethoxycaproic acid beta-hydroxybutyric acid

0] NH» Cl
E:\/ WOH
beta-aminopropionic acid o

alpha-chlorovaleric acid

3) Provide the IUPAC name for each of the carboxylic acid derivatives below.

~y R e SRy

2,3,5-trimethylhexanoyl chloride 3-isopropylcyclopentanecarbonyl bromide propionic anhydride
Q 0
SO 0™ )~
Cl Cl o /O

. . methyl 3-cyclopentenecarboxylate
isopropyl 3,3-dichloropentanoate
butyl 2-ethyl-6-methylcyclohexanecarboxylate

cl O
1 MA
N NH
)\\/\)’J\Nl_|2 ~ @)‘\ )
Br O

3-bromo-N,4-dimethyl-N-propylpentanamide

5-hydroxy-4-methylhexanamide 2-chlorobenzamide



4) Provide the common name for each of the carboxylic acid derivatives below.

X
NH

beta-methylbutyramide

2

OH

)}(u

@)
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I i
ethyl acetate methyl formate
O
Aﬁk NH,
NH,

alpha-aminobutyramide
alpha-hydroxypropionyl chloride

5) Give each compound below a designation using a Greek letter and the lactone or lactam name.

© NH 0

\1\>NH

alpha-lactam delta-lactam delta-lactone

o]
0
0 o]
gamma-lactone beta-lactam epsilon-lactone
Reactions

6) Predict the major organic product formed when butyryl chloride is reacted under each set of
conditions below.

H,0
/\)Ci Pyridine O
_—
cl /\)LOH
_~_-OH o
—_
Pyridine A~ o "

Ph~ > NH 0
2
_ % /\)J\H/\Ph

(2 equiv)
(CHg)oNH /\)(i
(2 equiv) N~
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7) Predict the major organic product formed when acetic anhydride is reacted under each set of

conditions below.

CHgOH

AN

NaCl

O
-

No Reaction

8) Predict the major organic product formed when benzoic acid is reacted under each set of

conditions below.

ji NaOH O
Ph OH —————> Ph)LO@ I?Ia + H,0 Never forget about the acidity of carboxylic acids
SOCl, i
Ph Cl
H3;C-NH Q
_sv e o o Never forget about the acidity of carboxylic acids
Ph” >0 HaN-CHs
/\OH 0
(xs)
T HeSO, Ph )Lo N
/\OH 0 Anoth id b i At thi int the Fisch
Xs ® nother acid base reaction. is point the Fischer-
(—)_’ Ph )J\o@ + H20  Esterification can not occur.
HO
O/ ©
1. NaOH )OJ\ o cl )J\ o) 0
o - > + Cl
2. )O]\ Ph” "0 Na step 2 PhJ\OJ\
cl ’fl
u
HaC-NH, 0
DCC Ph )LN -CHg
H
1. SOCl,
2. CH3CH,CHoNH,, (xs) )OL j\
—_—
Ph” ~Cl step 2 Ph~ “NHCH,CH,CH,4
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9) Predict the major organic product formed when ethyl butanoate is reacted under each set of
conditions below.

0 SOCl,
R ——

A~ o

No Reaction

H,SO,
— "
H50 (xs)

H,SO0,
—_—

N

/\)()J\
O
NaOH Add dilute acid in a second step to get the
H,0 (xs) /\)J\O@ © carboxylic acid
/\)()]\

Ph OH

(xs)

10)Provide the necessary reagents to carry out each of the following interconversions.

Ho L
/\[(])/C' < /E(OJV

| P

N

N
/\c[)r DCC 2 ahah

(0]
H 1. H% H50, A
)\H/N “ 2 O\/
2. H*, HOCH,CH,4
© (xs) O
Mechanisms

11)Provide an electron pushing mechanism for the Fischer Esterification between acetic acid and
excess ethanol.

:0: o~ HoSO, O
+ OH + Hzo
)LOH )LO/\

|
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12) Draw the electron pushing mechanism for the aminolysis reaction shown below. An aminolysis is
similar to a hydrolysis except an amine is used rather than water. Unlike hydrolysis, an acid
catalyst cannot be used. Explain why.

ZO ./ A 0 _
)LO/ + HoN D )kN/\ + HO

H

4

This step drives the reaction

O

o,
™
H_N@O\ = )J\,ﬁ';)\/‘/g/
[

| H H

Adding acid to the reaction mixture would protonate the amine nitrogen which would make it non-
nucleophilic and thus can no longer attack the carbonyl carbon leading to the amide product.

13)Draw the electron pushing mechanism for conversion of the bicyclic lactone (A) to carboxylic acid
(B). Acid (B) is a key intermediate in the chemical synthesis of certain prostaglandins. Note: this
looks complex, but is an extremely simple mechanism if you keep track of your groups.

OH
H3CO \/<
1. KOH, H,0 : (0]
> B
“~o A 2 Diute Hr @ﬂ
\A OH
8H Identical

|

~
H4CO HsCO HCO
@
0 T SN S N
Q7 o F° OH
OH © OH OH
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14) Draw the electron pushing mechanism to convert lactone (C) to ester (D). Hint: an Sy1 reaction

with water as your leaving group is involved at some point in the synthesis.
O

= . HCl 07~
O —— CI
O .o /\OH \ CI
C /_
®

Proton
~0OH /\ Transfer = (\ o
— oy —> M6,
o ©

+ Hzo

*There are a few different, but valid ways to draw out this mechanism.

15)Although we didn’t discuss it in class, the mechanism for the DCC coupling is a relatively
straightforward process (or maybe not). Draw the electron pushing mechanism for the reaction

below.
\O DCC byproduct

NH,

2 Cy NH © Cy
QLHJ\ -~ HQ_N%J\\N o A \H{J\I\OJ\ o
/Q /@‘H

*You do not have to know this
mechanism for the exam.
Cy
Aoy 7
(0] H y /\

dicyclohexylurea
Page 6 of 8



Chem. 234 - Chapter 20/21 Problem Set

Nitrile Chemistry
16)Predict the product for each reaction below.

NaCN

/\n/ NaCN

o] HCI HO CN
Br CN
NaCN
Br (xs) CN
H® OH
PN >  PhTY
H,0 o)

1. PhMgBr Ph
P O B PR Y

2.H,0 0
NH
ooy A pp >~ NH2
2.H,0

Q 1. NaCN O—{O
2. H*/H,0 OH

17) Draw the electron pushing mechanism for the acid mediated hydrolysis of a nitrile to a carboxylic
acid. Hint: The first step involves protonation of the nitrile nitrogen.

Vd o (€>) ~NH
—-C =N — —C=N-—] - ' H"b“'
R-C=N TLJ’\K/S—Q’« H — R C‘ o R_C4L§“z
H\@,q iu
] (L0 | [28) NS
R—$—wul — R;ﬁ-”'z e—[R—-C—NR == R——IC/
OH @P~H o ggo@ @<y
J_P.-r.
OH o
l _OH L0 o
RZ%U‘@"’? — R-G Wg — R—c”7 P
oM @OIJH O
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18)Identify the missing compounds in the reaction scheme below.

NaCN H.O* OH| SOClI, Cl

1. Me,CulLi

1. LAH H+ 2.H,0
2. H,0 CH4OH

1. PhMgBr,
2.H,0

PhWPh ph o NH2 Ph/\[(OCH?’ Ph/\([)]/

@) )

1. DIBAL-H
2. H,0 PCC

Ph/\ 1. LAH Ph/w 1. H3C—Li Ph/\(

OH 2.H0 0 2. H;0+ OH

19) Show how you could synthesize the compound below starting with two molecules of cyclohexanol
and any other organic or inorganic reagents.

OiO
O/OH PBry OBI’ Mg O/MQBI’ o
— —
followed m
O/OH PBrg OBr NaCN CN
— —_—

20)Show how the compound below could be synthesized starting with cyclopentanone.

0
P 9 HO
£ et

©
HCI F
NaCN
HO R4SIO R4SiO
CN  Rysicl ° CN 4 CHgMgBr  °
B — >
Pyridine 2. H*/H,0
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