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7.12: Additional Problems

Visualizing Chemistry

Name the following compounds: (a)

! (b)

Problem 21-29
The following structure represents a tetrahedral alkoxide-ion intermediate formed by addition of a nucleophile to a carboxylic

acid derivative. Identify the nucleophile, the leaving group, the starting acid derivative, and the ultimate product (green = Cl).
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Electrostatic potential maps of a typical amide (acetamide) and an acyl azide (acetyl azide) are shown. Which of the two
do you think is more reactive in nucleophilic acyl substitution reactions? Explain.

Acetamide v ;N _C - Acetyl azide

Mechanism Problems

0
\)1\ i /\NHZ pyridine
OCH»CH3

0

(b)

+_
O + NaOCH3 —— ?

0

Problem 21-32
Predict the product(s) and write the mechanism for the following reactions: (a)

0]
socl,

(b)
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Problem 21-33
Predict the product(s) and write the mechanism for each of the following reactions: (a)

0

)J\)\ HCl catalyst

_—
CH3CHA0 H20

/\)J\ HCl catalyst

_— >
CH30H
AN aiH 3

Problem 21-34
Predict the product(s) and write the mechanism for the following reactions: (a)

0
1. ether
)\)L T 2PhMeBr Snior 2
OCH,CH3 -3
0

1. eth
QT::T + 2CH3CHyMgBr ——r s 2
2.H30

Problem 21-35

)

(b)

LLt )

(b)

Pivalic mixed anhydrides are often used to form amide bonds between amino acids. Unlike with a symmetrical anhydride, this
reaction is highly regioselective, with the nucleophile adding only to the amino-acid carbonyl. Provide the complete
mechanism for the following reaction and explain the regioselectivity.

0 Rq 0
H
NHBoc + HoN CO,CHy N CO,CH;  +
0 Y BocNH Y OH
0 R

Rq Ro

0]

Pivaloyl/amino-acid
mixed anhydride

When 4-dimethylaminopyridine (DMAP) is added in catalytic amounts to acetic anhydride and an alcohol, it significantly
increases the rate of ester formation. The process begins with a reaction between acetic anhydride and DMAP to form a highly
reactive acetylpyridinium intermediate that is more reactive than acetic anhydride itself. Propose a mechanism for this process
that includes the formation and reaction of the acetylpyridinium intermediate.

Fats are biosynthesized from glycerol 3-phosphate and fatty-acyl CoA’s by a reaction sequence that begins with the following
step. Show the mechanism of the reaction.

i

I

CH,OH 0 Glycerol-3-phosphate CH;0—C—R

I I acyltransferase I

(|IHOH + RCSCoA (IIHOH

CH,0P032~ CH,0P032~
Glycerol Fatty-acyl 1-Acylglycerol

3-phosphate CoA 3-phosphate

Treatment of an a-amino acid with DCC yields a 2,5-diketopiperazine. Propose a mechanism.
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0
O R
H
+ I pcc  H— Ng
H3N C —
¢ Yo _N —-H
VA H
H R R
0
An a-amino acid A 2,5-diketopiperazine

Succinic anhydride yields the cyclic imide succinimide when heated with ammonium chloride at 200 °C. Propose a mechanism
for this reaction. Why do you suppose such a high reaction temperature is required?

NH,Cl
— N—H + H,0 + HCl
200 °C

O 0

The hydrolysis of a biological thioester to the corresponding carboxylate is often more complex than the overall result might
suggest. The conversion of succinyl CoA to succinate in the citric acid cycle, for instance, occurs by initial formation of an
acyl phosphate, followed by reaction with guanosine diphosphate (GDP, a relative of adenosine diphosphate [ADP]) to give
succinate and guanosine triphosphate (GTP, a relative of ATP). Suggest mechanisms for both steps.

0 HOPO32~ 0 o O
; — N !
=
Coas” " o, 0% No” "o,

Succinyl CoA Acyl phosphate
00
Il

_OFl’OITO—Guanosine (GDP)

o o~

(0] O 00

| [

& + “OPOPOPO —Guanosine
— @ -
0 \/\coz |1

OO0 0
Succinate GTP

One step in the gluconeogenesis pathway for the biosynthesis of glucose is the partial reduction of 3-phosphoglycerate to give
glyceraldehyde 3-phosphate. The process occurs by phosphorylation with ATP to give 1,3-bisphosphoglycerate, reaction with a
thiol group on the enzyme to give an enzyme-bound thioester, and reduction with NADH. Suggest mechanisms for all three
reactions.
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= 2— = _
O%C/O O%C/OPOQ, Enz—SH O\\“‘\C/S Enz
I ATP  ADP I Uﬁ' I
H—C—0H — 7 H—C—OH H—C—OH
CH,0P052~ CH,0P042~ CH,0P032~
3-Phosphoglycerate 1,3-Bisphosphogdlycerate (Enzyme-bound
thioester)
NADH/H*
NAD*, Enz—SH
O%C _H
Glyceraldehyde |
3-phosphate H—C—OH

resistance to penicillins and other B-lactam antibiotics (see Chemistry Matters at the
acterial synthesis of B-lactamase enzymes. Tazobactam, however, iS able to inhibit
by trapping it, thereby preventing aresistance from developing.

Bacteria typicall deveIoP a
end of this chapter) due to b
the activity of the 3

H

-Lactamase Tazobactam Trapped f-lactamase

The first step in trapping is reaction of a hydroxyl group on the -lactamase to open the S-lactam ring of tazobactam. Show the

mechanism.
(b) The second step is opening the sulfur-containing ring in tazobactam to give an acyclic imine intermediate. Show the
mechanism. (c) Cyclization of the imine intermediate gives the trapped S-lactamase product. Show the mechanism.

The following reaction, called the benzilic acid rearrangement, takes place by typical carbonyl-group reactions. Propose a

mechanism (Ph = phenyl).

0 0] HO 0]
%C_C// 1. NaOH, H,0 \C_C//
/ \ 2.Hz0% Ph-7 \
Ph Ph Ph OH
Benzil Benzylic acid

In the iodoform reaction, a triiodomethyl ketone reacts with aqueous NaOH to yield a carboxylate ion and iodoform

(triiodomethane). Propose a mechanism for this reaction.

ﬁ ﬁ
OH™
C —_ C + HCI
R” Sclg  H0 RT oo .
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Naming Carboxylic Acid Derivatives

CHaCHZCHCH =CHCCL

0
CH3OCCH2CHZCOCH3(m

CH2CH2COCHCH3
O/ 3
(e)

I|
CH3?HCH2CNHCH3

Br ®

COCH3

g
U
o

SCH(CH3)2

' p-Bromophenylacetamide

(b) m-Benzoylbenzamide
(c) 2,2-Dimethylhexanamide (d) Cyclohexyl cyclohexanecarboxylate (e) Ethyl 2-cyclobutenecarboxylate (f) Succinic anhydride
' Three acid chlorides having the formula CgHgClO

(b) Three amides having the formula C;H;;NO
Nucleophilic Acyl Substitution Reactions
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| Li(Ph),Cu in ether

(b) LiAlH,, then H;0" (c) CH;MgBr, then H;0" (d) H;0" (e) Cyclohexanol (f) Aniline (g) CH;CO, Na*
| Answer Problem 21-48 for reaction of the listed reagents with methyl propanoate.

| Answer Problem 21-48 for reaction of the listed reagents with propanamide.

What product would you expect to obtain from Grignard reaction of an excess of phenylmagnesium bromide with
dimethyl carbonate, CH30CO,CH3?

' 1-Butanol

(b) Butanal (c) 1-Bromobutane (d) Pentanenitrile (e¢) 1-Butene (f) N-Methylpentanamide (g) 2-Hexanone (h) Butylbenzene
(i) Butanenitrile

CO,CH,CH3
1. CH3CH,MgBr 5
2. Hz0* 3
(b)

CH3
1 DIBAH
CH3CHCH2CH2COZCH3 2. H3O+ v (C)
cocl
Oy s
(d
CO,H
_--H
CHsOH .
. H,S0
“~CH3 2504
- C]
CH3 1. LiAlHg
' 20"
H,C=CHCHCH,CO2CH3 © 3 ®

OH
CH3CO,COCH3 o
Pyridine -
(8)
@ ?

CONH»
1. LiAlHg
2. Hy0
CO,H
socl,
Br

The following reactivity order has been found for the saponification of alkyl acetates by aqueous NaOH. Explain.

CH3CO,CHj3 > CH3CO,CH,CHj3 > CH3CO,;CH(CHj3); > CH3CO,C(CHj3)s
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Explain the observation that attempted Fischer esterification of 2,4,6-trimethylbenzoic acid with methanol and HCI
is unsuccessful. No ester is obtained, and the acid is recovered unchanged. What alternative method of esterification
might be successful?

( Benzene
(b)
Bromobenzene (c) Methyl benzoate (d) Benzonitrile (e) Styrene

Treatment of 5-aminopentanoic acid with DCC (dicyclohexylcarbodiimide) yields a lactam. Show the structure of the product
and the mechanism of the reaction.

When ethyl benzoate is heated in methanol containing a small amount of HCI, methyl benzoate is formed. Propose a
mechanism for the reaction.

tert-Butoxycarbonyl azide, a reagent used in protein synthesis, is prepared by treating tert-butoxycarbonyl chloride with

sodium azide. Propose a mechanism for this reaction.
H3C CHj ﬁ) H3C CH3 i
N/ + NaNg —

'+ C Y c
Hac” Yo7 al HC” 07 N

+ NacCl

Step-Growth Polymers

The step-growth polymer nylon 6 is prepared from caprolactam. The reaction involves initial reaction of caprolactam with
water to give an intermediate open-chain amino acid, followed by heating to form the polymer. Propose mechanisms for both
steps, and show the structure of nylon 6.

H
/
N

0 Caprolactam

Qiana, a polyamide fiber with a silky texture, has the following structure. What are the monomer units used in the synthesis of
Qiana?

0
|
(CH2)6C NHO O )‘ Qiana

What is the structure of the polymer produced by treatment of S-propiolactone with a small amount of hydroxide ion?
0

0]
I p-Propiolactone

Polyimides with the structure shown are used as coatings on glass and plastics to improve scratch resistance. How would you
synthesize a polyimide? (See Problem 21-39.)

0] O
NMN@ A polyimide
(0] (0] Al
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Spectroscopy

' N-Methylpropanamide and N,N-dimethylacetamide

(b) 5-Hydroxypentanenitrile and cyclobutanecarboxamide (c) 4-Chlorobutanoic acid and 3-methoxypropanoyl chloride (d) Ethyl

propanoate and propyl acetate

Propose a structure for a compound, C4H7ClO», that has the following IR and H NMR spectra:

C4H,ClO
IR: 1810 cm™!

1H NMR spectra: (a)

100
g 80 -
[0
2 604
o
E 40 H
£
@
= 20
0
T T T T * T T T T I T T T T I T T T T I T T T T | T T T T I T T T T I
4000 2000 1500 1000 500
Wavenumber (cm'l)
Chem. Rel.
shift area
1.69 3.00
3.79 3.00
4.41 1.00
2
‘n
-
[40]
._E: TMS
l I
10 5 4 3 2 1 0 ppm
Chemical shift (8)
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Chem. Rel.
shift  area
1.00 1.50
1.75 1.00
2.86 1.00

Intensity

TMS

10 9 8 7 6 5 4 3 2 1 0 ppm
Chemical shift (8)

(b)
CsH,NO,
IR: 2250, 1735 cm™!

Chem. Rel.
shift  area
132 1.50
3.51 1.00
4.27 1.00

TMS

Intensity

10 9 8 7 6 5 4 3 2 1 0 ppm
Chemical shift (86)

General Problems

The following reactivity order has been found for the basic hydrolysis of p-substituted methyl benzoates:

Y=NO, > Br > H > CH; > OCH,

How can you explain this reactivity order? Where would you expect Y=C| Unexpected text node: ' N, Y=CHO, and Y=NH'| 7 to be in
the reactivity list?

CO,CH3 CO,~
—_— +  CH30H
Y Y

When a carboxylic acid is dissolved in isotopically labeled water, the label rapidly becomes incorporated into both oxygen
atoms of the carboxylic acid. Explain.

0 0
I

| Hy0
AL ~C
R OH R OH
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We said in Section 21.6 that mechanistic studies on ester hydrolysis have been carried out using ethyl propanoate labeled with
180 in the ether-like oxygen. Assume that ®0-labeled acetic acid is your only source of isotopic oxygen, and then propose a
synthesis of the labeled ethyl propanoate.

Treatment of a carboxylic acid with trifluoroacetic anhydride leads to an unsymmetrical anhydride that rapidly
reacts with alcohol to give an ester.

(CF3C0),0
_—

Propose a mechanism for formation of the unsymmetrical anhydride.

(b) Why is the unsymmetrical anhydride unusually reactive? (c) Why does the unsymmetrical anhydride react as indicated rather
than giving a trifluoroacetate ester plus carboxylic acid?

Butacetin is an analgesic (pain-killing) agent that is synthesized commercially from p-fluoronitrobenzene. Propose a synthesis.

NHCOCH3
/O/ Butacetin
(CH3)3CO

Phenyl 4-aminosalicylate is a drug used in the treatment of tuberculosis. Propose a synthesis of this compound starting from 4-
nitrosalicylic acid.

0]
CO,H (l'.l‘
2 2 ‘\O
—_—
05N OH HoN OH
4-Nitrosalicylic acid Phenyl 4-aminosalicylate

N,N-Diethyl-m-toluamide (DEET) is the active ingredient in many insect-repellent preparations. How might you synthesize
this substance from m-bromotoluene?

o)

|
HaC C CHaCH
3 N 2-113 N,N-Diethyl-m-toluamide
I
CHpCH3

Tranexamic acid, a drug useful against blood clotting, is prepared commercially from p-methylbenzonitrile. Formulate the
steps likely to be used in the synthesis. (Don’t worry about cis—trans isomers; heating to 300 °C interconverts the isomers.)

H
| ,COoH
Q/ Tranexamic acid
HaNCH,™™
H
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One frequentl

Benzoic acid Diazomethane Methyl benzoate
(100%)

The reaction occurs in two steps: (1) protonation of diazomethane by the carboxylic acid to yield methyldiazonium ion,
CH3N,*, plus a carboxylate ion; and (2) reaction of the carboxylate ion with CH3N,".

(a) Draw two resonance structures of diazomethane, and account for step 1.

(b) What kind of reaction occurs in step 2?

Draw the structure of the polymer you would expect to obtain from reaction of dimethyl terephthalate with a triol such as
glycerol. What structural feature would this new polymer have that was not present in Dacron (Table 21.2)? How do you think
this new feature might affect the properties of the polymer?

1H NMR spectra: (a)

CsH100,
IR: 1735 cm™!
Chem. Rel.
shift area
1.22 6.00
2.01 3.00
4.99 1.00
=
w
[l
S
=
T™MS
I B W\
10 9 8 7 6 5 4 3 2 1 0 ppm
Chemical shift (6)
(b)
C11H120;
IR: 1710 cm™!
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Chem. Rel.

shift area

1.32 3.00

424  2.00

6.41 1.00

7.36 3.00
é" 7.49 2.00
ot 7.68 1.00 ™S
2z
&

[ I I I I I [ I I
10 9 8 7 6 5 4 3 2 1 0 ppm

Chemical shift ()

1H NMR spectra: (a)

CsHoClO,
IR: 1735 cm™!

Chem. Rel.
shift area
1.26 1.50
2.77 1.00
3.76 1.00
4.19 1.00

TMS

Intensity

10 9 8 7 6 5 4 3 2 1 0 ppm
Chemical shift ()

(b)
C7H1204
IR: 1735 cm™!

Chem. Rel.
shift area
1.27 3.00
3.34 1.00
420 2.00

Intensity

TMS

I I I I I I I
10 9 8 Y 6 5 4 3 2 1 0 ppm

Chemical shift (8)
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Propose a structure for the compound with the formula C;9HgNO, and the following IR and NMR spectra

Microns
2.5 g 4 5 6 7 8 9 10 11 12 13 141516 19 25
100 1 L 1 1 1 1 1 1 1 1 | L 1 1 1
. 80
\3\3
8 60—
f o
2
= 1724 cm™1
Lg 20 - cm bl
|_
0
III|III|III|III|III|I|I|I|I|I| T ‘ |
4000 3600 3200 2800 2400 2000 1800 1600 1400 21200 1000 800 600 400
Wavenumber (cm™1)
Quartet Triplet
Doublets _——
=
w
=
b
&
] 1 _LJI L A
10 9 8 7 6 5 4 3 2 1 0

Chemical shift (&)

Intensity ————

CDCl3
T | T T | T T | T T
200 180 160 140 120 100 80 60 40 20 0
Chemical shift (5)

Draw the structure of the compound that produced the following spectra. The infrared spectrum has strong bands at 1720 and
1738 cm™.
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Normal DEPT- DEPT-
Proton spectrum Carbon 135 90
14ppm Positive No peak C7H1203

28 Negative No peak
30 Positive  No peak
38 Negative No peak
61 Negative No peak
173 No peak No peak
207 No peak  No peak

-~ f‘

SN . 3
JL_ JU S
2.06 2.07 2.07 2.97 2.97
| I AN [ | | — | I
Trrryrrrrrrrrrryrrrrprrrryrrrryrrrrprrrrrrrprrrr [ rr 1T [ T T [ T 11 [ T T T [ T7T
4.0 3.5 3.0 2.5 2.0 1.5 1.0

When an amide is formed from an acid chloride or an anhydride, two equivalents of base are required. However, when an ester
is used as the starting material, only one equivalent of base is needed. Explain this reactivity in terms of basicity of the leaving
groups.

Epoxy adhesives are prepared in two steps. Sny2 reaction of the disodium salt of bisphenol A with epichlorohydrin forms a
“prepolymer,” which is then “cured” by treatment with a triamine such as HyNCH,CH,NHCH,CH,NH,.

CH3 (9]
| 7N

HO cI OH + H,C—CHCH>Cl
CHs

Bisphenol A Epichlorohydrin
0 CH3 OH CHs3
| I I 2N
H,C—CHCH, 40 c| 0—CH5CHCH, 40 c| 0—CH,CH—CH,
CH3 a CH3

“Prepolymer”

Draw structures to show how addition of the triamine results in a strengthening of the polymer.

This page titled 7.12: Additional Problems is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by Sol Parajon
Puenzo (Canada College) via source content that was edited to the style and standards of the LibreTexts platform.
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