Chem 226 — Problem Set #12 —
“Fundamentals of Organic Chemistry,” 4™ edition, John McMurry.

Chapter 12

Classify each of the following compounds as elther a primary, secondary, or tertiary amine, or asa
quaternary ammonium sdlt.

(@ (CH3)2CHNH; (b) (CH3CH2),NH

CH
(©) QN\ > (@ <j>chﬁ(cH3)3|e
CHa

(& primary: the nitrogen is joined to one carbon, (b) secondary: the nitrogen is joined to two carbons,
(c) tertiary: the nitrogen is joined to three carbons, (d) quaternary ammonium sdt: the nitrogen is
joined to four carbons and bears a positive charge.

Name the following compounds by [UPAC rules.

(@ CHsNHCH,CH; (©) QN CHs

* O O o
CH,CH,CH3 H,N CH,CH,CHNH,

(a) 1-(N-methylamino)ethane or N-methylethylamine, (b) tricyclohexylamine,
(c) N-methylpyrrole, (d) (N-methyl- N-propylamino)cyclohexane or N-methyl- N-
propylcyclohexylamine, (€) 1,3-diaminobutane or 1,3-butanediamine

It must be admitted that, with three competing but Smilar nomenclature sysemsin existence, naming
amines can be a confusing undertaking.



5. Which would you expect to be a stronger base, aniline or p-methylaniline? Explain.

Let's compare these two compounds by having them function as bases in a reaction where water isthe

acid.
o0 @ e
NH, + HO0 <= NH; + OH
. <) S
HsC NH, + H,0 <—= HC NH; + OH

The electron donating methy!| The € ectron donating methyl

group may destabilize this group will gabilizethis

mol ecule (compared to the mol ecule (compared to the

one above) by increasing one above) by increasng

the eectron density inthe the electron dendty at the

aromaicring. This effect, if paositively charged nitrogen.

present, would be small since This effect would be substantid

thereare no forma charges. owing to the positive chargeon
the nitrogen.

The bottom line here is that the p-methylaniline is more basic than the aniline because the methyl group
gtabilizes the p-methylanilium cation.

6. Predict the product of the following raction.

CHg
/ @/ (=)
E>7 N + HBr — N-H + Br
\
H H

Thisisatypica acid-base reaction for an amine, where the amine functions as base and thereby
accepts a proton from an acid.



7.

Which compound in each of the following pairsis more basic?

(a) CH3CH,NH, | or CH3;CH,CONH, (b) NaOH/| or CsHsNH,

(©|CH3NHCH3 | or CH3NHCsHs (d) CH3OCH; or |(CH3)sN

The more basic compound is boxed in each case.

(@ Amides are not basic &t the -6
nitrogen becausg, if the nitrogen CO : :0:

were to become prptonated, the. CH3CHo- 'C':_ NH, CH3CHo— ('::ﬁ H,
resonance abilization of the amide

structure would be sacrificed. Resonance stabilization of amide. Were the nitrogen
Ancther way of looking at thisis that to be protonated this resonance stabilization woul d
the unshared pair of electrons on the disappear.

nitrogen in amidesis not redly on the
nitrogen, exclusively, but is shared
between the oxygen and nitrogen and is, therefore, less available for donation (bases are e ectron-pair
donors).

(b) Hydroxide ion isastrong base. Perhapsthat’s al that needs to be said, but we might note that in
picking up a proton the negatively charged hydroxide isjoining to a positively charged proton; in the
case of the amine aneutra molecule is picking up a proton with the result that a positive charge resdes
on the nitrogen.

(©) In dimethylamine the unshared pair of dectronsis pretty much locdized on the nitrogen (and more
avalable) whilein N-methylaniline it is Somewhat delocdized into the arométic ring.

(d) Each of these compounds can be protonated, in the first case on the oxygen and in the second on
the nitrogen. This leadsto a positively charged oxygen and a positively charged nitrogen; since oxygen
is more eectronegative, this Stuation is a higher energy one for the oxygen.

Propose structures for amides that might be precursors of the following amines.
(8 propylamine, (b) dipropylamine, (c) benzylamine



If we are going to reduce an amide to get an amine, we should be aware of the following:

(|)| Ri LiAIH, Ry
—C—N — —CH,—N

\ \
R, Ro

R, R, maybyR or H

O
Il
(a) CH3CH2 CN H2 _—> CH3CH2CH 2N H2

o)
I
(b) CH3CH,CNHCH,CH,CH

CH5CH,CH,NHCH,CH,CHs
i
(C) CeHsCNH, —> CgH5CHoNH,

11. How could you synthesize the following amines from benzene? More than one step is required in each
case.

(8 m-aminobenzoic acid, (b) 2,4,6-tribromoaniline

@ Br2 1) Mg, ether
— > COOH
3)H,0"
HNO;
H,SO
HoN O:N o
Sh
COOH - COOH
HCI

The benzoic acid could aso be made by Friedd-Crafts dkylation of benzene, followed by oxidation of
the dkyl Sde chain with KMnQO,.



In this synthesis we have used the carboxyl group as the meta-directing group. It might appear that, as
an dternative, one could nitrate first and then brominate, having the nitro group direct the incoming
bromine to the meta position. That would work. But, converting the m-bromonitrobenzene to m-
nitrobenzoic acid would not work since anitro group cannot be present when a Grignard reagent is

formed.

(b) 1.Sn

HNOj, HCl

[EE—

S0, N S NAe Hz
l Br,

Br
Br NH,
Br
15. Propose a synthesis of p-(dimethylamino)azobenzene from benzene.
1.5n
HNO3 HCl
—_
H,SO, NG, ———> 2 .NH, He
NaNO,
CHaBr HCI

[ v O
e () v



23.

27.

28.

How can you explain the fact that trimethylamine (bp 3°C) has alower bailing point than dimethylamine
(bp 7°C)?

Since trimethylamine does not have a hydrogen atached to a nitrogen, it is not an associated liquid.
Dimethylamine has one hydrogen attached to the nitrogen, so it is an associated liquid. So, even though
the trimethylamine is more massive the dimethylamine has the higher bailing point owing to hydrogen
bonding.

Show the products of the following reections.

(a) CHgCH2CH2NH2 + CHgBr e

@ o
CH3CH,CH,NHCH; + CH3CH,CHoN(CHs), + CH3CH,CH,N(CHs)s Br

@ ©
(b) QNHZ + HBr —> <:>—NH3|3r

(©) CHsCH,CONH, + LiAH, ——>  CH3;CH,CH,NH,

@) @CEN + LAH, — @CHZ-NHZ

(a Itisvery difficult to control the reaction between ammonia (or an amine) and an dkyl haide to give
only one class of amine as product. The exception to thisisthat if you want the quaternary anmonium
st usng an excess of the dkyl haide will give you mostly that product.

How might you prepare the following amines from ammonia and any akyl haides needed?

(& hexylamine, (b) benzylamine, () tetramethylammonium iodide,
(d) N-methylcyclohexylamine

It isvery difficult to control the reaction between ammonia (or an amine) and an akyl haide to give only
one class of amine as product. The exception to thisisthat if you want the quaternary ammonium sat
using an excess of the dkyl hdide will give you mostly that product. On the other hand it is easy to
write them down, so that iswhat we shal do.



CH3(CH2)5B|’ + NH; ——> CH3(CH2)5NH2
CeHsCH.Br  + NH; —> CgHsCH,NH,

CHal +NH; —> (CHagluN"T
CHs

CHgl |
Br +NH; — » NH, ——» NH

29. How might you prepare the following amines from 1-bromobutane?
(& butylamine, (b) dibutylamine, (c) pentylamine

NH;
(8 CH;CH,CH,CH,Br ——» CH3CH,CH,CH,NH,

CH3;CH,CH,CH,Br
(b) CH3CH2CH2CH2NH2 >
LiAIH
() CHsCH,CH,CH,Br KCeN CH3CH;CH,CH,CN ———>

CH3CH,CH,CH,CH,;NH,

30. How might you prepare each of the aminesin question #29 from 1-butanol ?

We could convert the 1-butanol to 1-bromobutane using PBr; or HBr and then use the reactionsin
question #29. The following are additiona possiblilitiesfor (a) and (b).



CrO; SOCl,
(8 CH;CH,CH,CH,OH ——» CH3CH,CH,COOH ——>

HsO"
NH 1. LIAIH,
CH;CH,CH,COCI —=2—» CH3CH,CH,CONH, 2. H,0
CH;CH,CH,CH,NH,
from (a) |
CH,;CH,CH,COC|
(0) CHsCH,CH,CH,NH, — 272772 >
from (a) base

CH3CH,CH,CH,NHCOCH,CH,CHs ; h'A(')H“
- 112

CH3CH,CH,CH,NHCH,CH,CH,CHj3

31 How would you prepare benzylamine, C;HsCH,NH,, from each of the following sarting materias?

(a) benzamide, (b) benzoic acid, (c) nitrobenzene, (d) chlorobenzene

(8 CeH.CONH, Al

CgHsCH,NH,

socl NH3
(b) CH.COOH ——=2 » CgHsCOCl ———— CgHsCONH,

then (a)

LiAIH, NaNO, CUCN
(C) C6H5N02 _— C6H5NH2 r C6H5N2

o —»

LiAIH
CeHsCN ——— 2 » CgHsCH,NH,

(d) C6H5C| (Iz\i/lg—P C6H5M®| ]-)C—C)ZP

CsHsCOOH
ry ether ) HLO

then (b)



32.  Writeequations for the reaction of p-bromobenzenediazonium bisulfate with the following reagents.

(a) H,O", (b) HBr, CuBr, (c) H;PO,, (d) KCN, CuCN

N Br OH
Hgo/'

) ©  CuBr/HBr
BrONEN HSO, —— 5 B Br
H3PO,
—_— >
ClEN/KCh
Br

Ore

33. Show how you might prepare benzoic acid from aniline. A diazonio replacement reaction is needed.
NaNO,
H2804
@ <] CUCN/KCN
Q N=N HSO, - Q CN
H,SO
= @ COCH
HO  heat




37.  Which compound is more basic, triethylamine or aniline? Does the following reaction proceed as

written?
(CHsCHo)sNH' CI' + Q NH, >
weaker acid weaker base
@ N*H; CI' 4+ (CHsCH,)sN
stronger base
stronger acid

Aliphatic amines are ordinarily more basc than aromatic ones. Since the weaker acid/weeker base pair
will predominate in an acid-base equilibrium, the reaction would proceed to only a smal extent in the
direction shown.



