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Chapter 25: Amines

¢ General facts

* Amines are organic nitrogen compounds having the general structure RNH,, R,NH, or R3;N, with a
lone pair of electrons on N (25.1).

* Amines are named using the suffix -amine (25.3).

* All amines have polar C—N bonds. Primary (1°) and 2° amines have polar N-H bonds and are
capable of intermolecular hydrogen bonding (25.4).

* The lone pair on N makes amines strong organic bases and nucleophiles (25.8).

¢ Summary of spectroscopic absorptions (25.5)

Mass spectra Molecular ion ~ Amines with an odd number of N atoms give an odd
molecular ion.
IR absorptions N-H 3300-3500 cm' (two peaks for RNH,, one peak for R,NH)
'"H NMR absorptions NH 0.5-5 ppm (no splitting with adjacent protons)
CH-N 2.3-3.0 ppm (deshielded Csp’~H)
3C NMR absorption C-N 30-50 ppm

¢ Comparing the basicity of amines and other compounds (25.10)

¢ Alkylamines (RNH,, R,NH, and R3;N) are more basic than NHj because of the electron-donating R
groups (25.10A).

¢ Alkylamines (RNH>) are more basic than arylamines (C¢HsNH»), which have a delocalized lone pair
from the N atom (25.10B).

* Arylamines with electron-donor groups are more basic than arylamines with electron-withdrawing
groups (25.10B).

* Alkylamines (RNH>) are more basic than amides (RCONH,), which have a delocalized lone pair
from the N atom (25.10C).

* Aromatic heterocycles with a localized electron pair on N are more basic than those with a
delocalized lone pair from the N atom (25.10D).

e Alkylamines with a lone pair in an sp’ hybrid orbital are more basic than those with a lone pair in an
sp® hybrid orbital (25.10E).

4 Preparation of amines (25.7)
[1] Direct nucleophilic substitution with NH3; and amines (25.7A)

]

1° amine

R—X + f\jH3
excess

The mechanism is Sn2.

* The reaction works best for CH3X or
RCHX.

* The reaction works best to prepare 1°

amines and ammonium salts.

ammonium salt
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[2] Gabriel synthesis (25.7A)

Q o ° The mechanism is Sn2.
_ -OH - ? e The reaction works best for CH3X or
R—X + "N —— — - |R-NH, | +
Hzo CO.~ RCHzX.
4 1° amine 2 e Only 1° amines can be prepared.

[3] Reduction methods (25.7B)

a] From nitr mpoun H,, Pd-C or
[a] Fro o compounds ANo, 2 -~
Fe, HCl or
Sn, HCI 1° amine
[b] From nitriles o [1] LiAlH,
R-C=N — H,0 R—CH,NH,
1° amine
[c] From amides o 41 LA
IAIF,
Liyr. —=o~— | RCH;—N—R'
R™ 'NR3 [2] H,O 2 Y
R'=H or alkyl

19, 2°, and 3° amines

[4] Reductive amination (25.7C)

R * Reductive amination adds one alkyl
:C:O +  R'NH NaBHCN group (from an aldehyde or ketone)
R to a nitrogen nucleophile.

R', R"=H or alkyl *  Primary (1°), 2°, and 3° amines can

19, 2°, and 3° amines be prepared.

¢ Reactions of amines

[1] Reaction as a base (25.9)

M + _

R—NH, + H—A R—NH; + :A

|

[2] Nucleophilic addition to aldehydes and ketones (25.11)

With 1° amines:

R =H or alkyl

With 2° amines:

9 R',NH "Rz
/C\ /H 2 N
r“~c R/C\C/
/\ |
R =H or alkyl

enamine
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[3] Nucleophilic substitution with acid chlorides and anhydrides (25.11)

9 . I
_C. + R',NH _Co
R™ Z (2 equiv) R™ 'NR}
Z=Clor OCOR 0 no o
R'=H or alkyl 1°, 2°, and 3° amides

[4] Hofmann elimination (25.12)

|| [1] CHjI (excess) N/

—C-C— 2] Aeo /C:C\ * The less substituted alkene is the major
2
H NH, 3 A product.
alkene

[S] Reaction with nitrous acid (25.13)

With 1° amines: With 2° amines:

NaNO
R—NH, 2 R—N=N: CI- R-N—H _NaNO;
HCI ! HCI

R—N—Ri=G:
. : R R
alkyl diazonium salt - .
N-nitrosamine
4 Reactions of diazonium salts
[1] Substitution reactions (25.14)
With H,0: With CuX: With HBF,:
©/N2+ CI- ‘ : OH : X ©/ F
phenol aryl chloride or aryl fluoride
aryl bromide
X =ClorBr
With NalI or KI: With CuCN: With HzPO,:
SHR AN
aryl iodide benzonitrile benzene

[2] Coupling to form azo compounds (25.15)

Orwes Crr S v

Y =NH,, NHR, NR,, OH azo compound

(a strong electron-
donor group)
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Chapter 25: Answers to Problems

25.1 Amines are classified as 1°, 2°, or 3° by the number of alkyl groups bonded to the nitrogen atom.

. 1° amine
2° amine
l H CeHs
a. N/\/\N/\/\/N\/\/NHQ b. CHSCHzoﬂN—CH3
2
H
2°% amine o) 3° amine
1° amine
25.2
3° amine
a. Cl:Hs b.
HO_Cl:_CHzNHz CHs_lTl_CHchon
CH3 CH3

3%alcohol 1° amine

1° alcohol

25.3 The N atom of a quaternary ammonium salt is a stereogenic center when the N is surrounded by
four different groups. All stereogenic centers are circled.

OH
H
HO N
+ 1 +
a. CHs_N_CH2CH2‘®‘CH2CH3 b j@/\/
/ HO

CH, CH,

CHg H
N has 3 similar groups.

25.4
CHsT—N'H2

147 pm
The C-N bond is formed from two
sp® hybridized atoms and the lone
pair is localized on N.

25.5

2-butanamine
or
sec-butylamine

b. (CH3CH,CH,CH,),NH
dibutylamine

<£’>£“I'\J'H2 - @:ﬁHz + 3 more
T resonance
structures
140 pm
Because the lone pair on N can be delocalized
on the benzene ring, the C—N bond has partial double
bond character, making it shorter. Both the C and N atoms
must be sp? hybridized (+ have a p orbital) for
delocalization to occur. The higher percent s-character

of the orbitals of both C and N shortens the bond as well.

partial double
bond character

NHCH,CHj
c. QN(CHs)z e
N,N-dimethylcyclohexanamine N-ethyl-3-hexanamine
CH,
d. f. NHCH,CH,CHs

NH,

2-methyl-5-nonanamine 2-methyl-N-propylcyclopentanamine
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25.6 An NH, group named as a substituent is called an amino group.

a. 2,4-dimethyl-3-hexanamine c. N-isopropyl-p-nitroaniline e. N,N-dimethylethylamine g. N-methylaniline
)\(K/ NHCH(CHs), NN NHCH,4
/[ j |
NH, O2N
b. N-methylpentylamine d. N-methylpiperidine f. 2-aminocyclohexanone h. m-ethylaniline
o} NH,
NHCH NH,
N 3 N
|
CH,CH,4

25.7 Primary (1°) and 2° amines have higher bp’s than similar compounds (like ethers) incapable of
hydrogen bonding, but lower bp’s than alcohols that have stronger intermolecular hydrogen
bonds. Tertiary amines (3°) have lower boiling points than 1° and 2° amines of comparable
molecular weight because they have no N-H bonds.

2
C.

8. (CHg),CHCH,CH3 CHy~ “CH,CHjg (CH3)o,CHCHoNH, - b. Qcm OQCH3 <:}NH2
alkane ketone amine alkane ether amine
lowest intermediate N-H can hydrogen lowest intermediate N-H can hydrogen

boiling point boiling point bond. boiling point boiling point bond.

highest boiling point highest boiling point

25.8 1° Amines show two N—H absorptions at 3300-3500 cm . 2° Amines show one N—H absorption
at 3300-3500 cm .

molecular weight = 59 CHy—N—CHoCHjz
one IR peak = 2° amine H

25.9 The NH signal occurs between 0.5 and 5.0 ppm. The protons on the carbon bonded to the
amine nitrogen are deshielded and typically absorb at 2.3-3.0 ppm. The NH protons are not

split.
molecular formula CgH{5N
"H NMR absorptions (ppm):
0.9 (singlet, 1 H) NH >LN/\
1.10 (triplet, 3 H) CHj adjacent to CH, |
1.15 (singlet, 9 H) (CH3)3C

2.6 (quartet, 2 H) CH, adjacent to CH3
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25.10 The atoms of 2-phenylethylamine are in bold.

(0]

_CH,
CHaCHa),N N CHZ0
a. (CH3CHy), H b.

.

\ (0]
H HN\

N CHs

LSD H HO

lysergic acid diethyl amide codeine

25.11 S,2 reaction of an alkyl halide with NH; or an amine forms an amine or an ammonium salt.

NHg +
a SO s~ NH b. NH, _CHaCHoBr N(CH,CH3)
excess 2 2CHa)s
excess Br

25.12 The Gabriel synthesis converts an alkyl halide into a 1° amine by a two-step process:
nucleophilic substitution followed by hydrolysis.

CH3O NH2 CH3O Br
a o~~~ NH o (CHZ),CHCH,CHoNH, c. \ON N \ON

NS B (CHg),CHCH,CH,Br

25.13 The Gabriel synthesis prepares 1° amines from alkyl halides. Since the reaction proceeds by an
Sx2 mechanism, the halide must be CHs or 1°, and X can’t be bonded to an sp” hybridized C.

NH2 N/\ NH2
SO e O (R

aromatic can be made by Gabriel 2° amine Non3°C
An S\2 does not occur synthesis cannot be made by An Sp\2 does not
on an aryl halide. Gabriel synthesis occur on a 3° RX.
cannot be made by cannot be made by
Gabriel synthesis Gabriel synthesis

25.14 Nitriles are reduced to 1° amines with LiAlH,. Nitro groups are reduced to 1° amines using
a variety of reducing agents. Primary (1°), 2°, and 3° amides are reduced to 1°, 2°, and 3°

amines respectively, using LiAlHj.
O

I}
a.  CHaCHCH,NH, = CH3CHCH,NO, CH3CHC=N CH3CHCNH,

CHs CHy CH, CHs,
L
b. CHoNH, = CH,NO, C=N o}
NH,
o]

_N
C// /\/\)J\
C. /\/\/\NH2 = /\/\/\NO2 NN NH

2
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25.15 Primary (1°), 2°, and 3° amides are reduced to 1°, 2°, and 3° amines respectively, using

LiAlHa.
o
CONH, CH,NH,
@ — O/ c. NHCHg /\/YNHCHs

) )

25.16
(CH3)>,CHNH, General reaction:
R—C=N

. i RCH,NH,
isopropylamine

The amine needs 2 H's here.
The C bonded to the N must have 2 H's for the amine to be formed by reduction of a nitrile.

25.17 Only amines with a CH, or CH; bonded to the N can be made by reduction of an amide.

Yoolllo N oo ulilsas

N bonded to benzene N bonded to CH, N bondedtoa 3°C N on 2° C on both sides
cannot be made by reduction can be made by cannot be made by cannot be made by
of an amide reduction of an amide reduction of an amide reduction of an amide

25.18 Reductive amination is a two-step method that converts aldehydes and ketones into 1°, 2°, and 3°
amines. Reductive amination replaces a C=0O by a C—H and C-N bond.

CH3NH, NHCH3

a ()—cro o (o OB (TN o,
NaBH3CN NaBH,CN

O\/u\ O\)\ © NaBH5CN NHCH(CH),

NaBHSCN ' )j\ + NH; )\

25.19
£ 9\< — @\{ + NHs
©)W/NHCH3

(0]

p—

NH2 o chye0
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25.20
Only amines that have a C bonded to a H and N atom can be made by

a.
NH, reductive amination; that is, an amine must have the following structural

m feature: 'I'

phentermine I
In phentermine, the C bonded to N is not bonded to a H, so it cannot be

made by reductive amination.
b. systematic name: 2-methyl-1-phenyl-2-propanamine

25.21 The pK, of many protonated amines is 10—11, so the pK, of the starting acid must be less than 10
for equilibrium to favor the products. Amines are thus readily protonated by strong inorganic

acids like HCI and H,SO,, and by carboxylic acids as well.

+
a. CHZCH,CH,CHy,—NH, + HCl = CHaCH,CHCH,—NHg + G O +HO « —= O + HO™
PKa=—7 PKa = 10 N N+
weaker acid H H H
products favored
+ ~ pK,=15.7 pK,=10
b. CgHsCOOH  + (CHgloNH == (CHg)oNH, + CgHsCOO weaker acid
pK,=4.2 pK, =10.7 reactants favored
weaker acid

products favored

25.22 An amine can be separated from other organic compounds by converting it to a water-soluble
ammonium salt by an acid—base reaction. In each case, the extraction procedure would employ

the following steps:
* Dissolve the amine and either X or Y in CH,Cl,.
* Add a solution of 10% HCI. The amine will be protonated and dissolve in the aqueous

layer, while X or Y will remain in the organic layer as a neutral compound.
* Separate the layers.

a. QNHZ and QCH3 H—Cl QﬁHa cr o+ QCHs
X

X e soluble in H,O * insoluble in H,O
* insoluble in CH,ClI, ¢ soluble in CH,Cl,
H—CI
b.  (CHsCH,CH,CHy)3N  and  (CH3CHpCHCHR),0  ——r (CH3CHZCH2CH2)3T\IH Cr + (CHgCH,CH,CH,),0
Y
Y
¢ soluble in H,0 ¢ insoluble in H,O
¢ insoluble in CH,CI, ¢ soluble in CH,Cl,

25.23 Primary (1°), 2°, and 3° alkylamines are more basic than NH; because of the electron-donating
inductive effect of the R groups.

a. (CHg),NH and NHj b. CHsCHoNH,  and  CICH,CH,NH,

2° alkylamine 1° alkylamine 1° alkylamine
CH3 groups are electron donating. stronger base Cl is electron withdrawing.

stronger base weaker base
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25.24 Arylamines are less basic than alkylamines because the electron pair on N is delocalized.
Electron-donor groups add electron density to the benzene ring making the arylamine more basic
than aniline. Electron-withdrawing groups remove electron density from the benzene ring,

making the arylamine less basic than aniline.

NH, NH, NH, NH, NH, NH,
CH3;00C CH30 O,N

electron- arylamine electron- electron- arylamine alkylamine
withdrawing group  intermediate donating group withdrawing group intermediate most basic
least basic basicity most basic least basic basicity

25.25 Amides are much less basic than amines because the electron pair on N is highly delocalized.

: _CONH, : NH,

O/NH2

amide arylamine alkylamine
least basic intermediate basicity most basic
25.26
sp? hybridized This N is also sp? hybridized
more basic

but the electron pair
occupies a p orpital so it can
delocalize onto the aromatic
ring. Delocalization makes
this N less basic.

/= cHs

i ——:N N:

a. Electron pairon N /\\:/} X
CHs3

occupies an sp?
hybrid orbital. DMAP

4-(N,N-dimethylamino)pyridine

25.27

This electron pair is delocalized, =
making it a weaker base.

stronger base
sp® hybridized N
N~ 25% s-character

stronger base
This compound is similar to
DMAP in Problem 25.26a.

sp? hybridized N
33% s-character

X \|_{/\/I\{><— sp® hybridized N

b.
‘ _ CH; stronger base
N

nicotine

sp? hybridized N
higher percent s-character
weaker base

Br

sp? hybridized N
33% s-character

N(CHa),

|

stronger base
sp® hybridized N
25% s-character
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25.28 Amines attack carbonyl groups to form products of nucleophilic addition or substitution.

CH3CH,CH,NH, (CH3CH,),NH
a. (6] NCH2CH2CH3 (0] —— N(CH2CH3)2
(0] (0] (0]
Il Il (CH3CH,),NH ('5
CH3” ~ “N(CH,CHy),

C\ /C\
CHy” "0 "CH,

CH3CH,CH,NH, a
CH3~ " “NHCH,CH,CH,4

D
C\ /C\
b. cHy ~07 T CHy
. ©/COCI CHyCH,CH,NH, ©/CONHCHQCHQCH3 ©/COCI (CHaCHy),NH ©/CON(CH20H3)2

25.29 [1] Convert the amine (aniline) into an amide (acetanilide).

[2] Carry out the Friedel-Crafts reaction.
[3] Hydrolyze the amide to generate the free amino group.

0]
I

_C. c-cH,
a QNHZ CHy”~cl QNH (CHISCC! (Gyac
AICI5
(+ ortho isomer)
0 ’ Cl H

I
o}

o) AICl;
GCH,CHg i
(6]

(+ para isomer)

25.30
transition
___state
transition state:
ot t
_-N(CHy)s 5
()]
[
SN I
“H---OH
S5 starting oy . >~ .
materials
(no 3-D geometry shown here) ! products
Reaction coordinate
25.31
[1] CHI (excess) [1] CHl (excess)
a. CHCH,CH,CH,—NH, CH3CH,CH=CH, c. NH,
[2]Ag,0 [2]Ag,0
381 A

(381 A
[1] CHsI (excess) CHyCH=CH,

(CH3),CHNH,

b.
[2]Ag,0O

[3]1 A
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25.32 In a Hofmann elimination, the base removes a proton from the less substituted, more accessible 3
carbon atom, because of the bulky leaving group on the nearby a carbon.

[1] CHal (excess)
a. CH2CHCH3 CH= CHCH3 + CH2CH CH2
! [2] Ag,O

NH
2 Bl A major product

1
b. >_C> [1] CHal (excess) \_@ /Ej [1] CH3l (excess) CH3CH= CH(CH2)3N(CH3)
H,N [2] Agz0

A =
3] A majorproduct [i] 9.0 CHy= CH(CH2)2CHN(CH)
least substltuted B carbon CHp=CH(CH,)4N(CHs),

major product, formed by
removal of a H from the least
substituted  C

25.33

A
A

[1] CHgal (excess) [1] CHgal (excess)

O
K*~OC(CHy)s )\/\/ C(v K*OC(CHg)y _ @/v

[21Ag,0 (Eand 2) [2] Ag,O
[3] A [3] A
25.34
N,* CI-
LT e (T () e ()
CHsy CHs N N
NO
H NaNO, NaN02
b. CHsCH,—N—CH CH4CH,—N—CH
3CHy 3 HCl sCHz 1 3 /Y /Y
NO N2 CI-
25.35
1] NaNO,, HCI [11NaNOy, HOI _
a. NH, [11NaNOp HC1 c. CH OO CH50 F
Q ? Tpjower 3 2IHBF, 3

1] NaNO,, HCI
b. NH, I NeNO2 O Ny o TCUON CH,oNH,
[2] H0 [2] LiAIH,

O,N [3] H,0 ol

25.36
NO, NH,

F
OO e O e
' H,SO, Pd-C [2] HBF,
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HNOS H, [1] NaNO,, HCI
H,SO, Pd-C [2]H0

OH

CH,
@\ [1] NaN02 HCI @\ CH30I @i (+ para isomer)
T eINal TACIH |
cl cl

@ Cl, (excess) [1]NaN02, Hel

FeCI3 T [21HPO,

(from a.)
25.37

"= .
— N=N NH,
HO

25.38 To determine what starting materials are needed to synthesize a particular azo compound, always
divide the molecule into two components: one has a benzene ring with a diazonium ion, and
one has a benzene ring with a very strong electron-donor group.

O @+=b
)

N
2

N02
o COOH

25.39

alizarine yellow R
para red yetio

N02 O.N Cl;\ll_N + Q H

COCH
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25.40

N 0 o) CHs
\ /
IO e e e DO
Dacron 0 ww methyl orange

To bind to fabric, methyl orange (an anion) needs to interact with positively charged
sites. Since Dacron is a neutral compound with no cationic sites on the chain, it does
not bind methyl orange well.
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25.41
a.  CH3NHCH,CH,CH,CH;

N-methyl-1-butanamine
(N-methylbutylamine)

b. TN,

1-octanamine
(octylamine)

C. /k/k/\/NHz

4,6-dimethyl-1-heptanamine

CH,
o O
N-methyl-N-propylcyclohexanamine

25.42
a. cyclobutylamine

<>—NH2

b. N-isobutylcyclopentylamine

QEY

c. tri-tert-butylamine
N[C(CHg)sls

d. N,N-diisopropylaniline

©/ N[CH(CHg)2]»

25.43

/\/\NH2

1-butanamine

H
/\/N\

N-methyl-1-propanamine

~

2-butanamine

e. (CH3CHyCHy)aN

tripropylamine

f.  (CeHs)oNH
diphenylamine

g. @N_C(CH3)3

CH,CH,
N-tert-butyl-N-ethylaniline

h. O:<:>7NH2

4-aminocyclohexanone

e. N-methylpyrrole

m

N
I

CHj
f. N-methylcyclopentylamine

E}NHCH3

g. cis-2-aminocyclohexanol

et

)\/NHQ

2-methyl-1-propanamine

NH,

/\N/\ )\ ~
H N
H
diethylamine N-methyl-2-propanamine

i D\CHZCHs

N
H
2-ethylpyrrolidine
j. CH3CH,CH,CH(NH,)CH(CHg),

2-methyl-3-hexanamine

3-ethyl-2-methylcyclohexanamine

ON(CH2CH3)2

N,N-diethylcycloheptanamine

h. 3-methyl-2-hexanamine

)N%z/\/

i. 2-sec-butylpiperidine

P

. (25)-2-heptanamine

H NH,

N

NH,
2-methyl-2-propanamine

|
N~

N, N-dimethylethanamine
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25.44 [* denotes a stereogenic center. ]

a * /CHS b * x| 4
- N * CHyCHCHCH,CH,CH, —N=CH,CH,CH,CH;
CH,CHg CHy CHj _
1 stereogenic center 2 stereogenic centers '
2 stereoisomers 4 stereoisomers
H CH H H CH
ohy 19 CHg CH,CH, 1o CHy CH,CHs
N _C_ _NT _Cl ~NZ
H  CH,CH, CH3CH; CH,CH,CH _ CHaCH,CH,CHs CH5CH; CH,CH,CHz _~CH,CH,CH,CH
H CHy CH3 CH,CH H CHs Hs CH,CH
_CHs \s 310 2CHy \E c 3;C 2CHa
N PN NL SN N
o CH3CH,™  “CH,CH,CH;  “CHuCHoCH,CHz  CHsCHy”  “CH,CHoCHj CH,CHoCHaCHs
H CH,CH3 cl Cl
25.45
X
a. (CH30H2)2NH or | C. (CH3CH2)2NH or (ClCHzCHz)gNH
=
5 o N™ 50 alkvlami 2° alkylamine
sp® hybridized N sp? hybridized N str:n ye?rlg:]:e Clis electron withdrawing.
stronger base weaker base 9 weaker base

b. HCON(CHj), or (CHj)sN

amide alkylamine
weaker base stronger base

25.46

a. QNHZ NH

arylamine intermediate
least basic basicity

N
H

weaker base stronger base
(delocalized electron
pair on N)
i : NH NH NH
NH, C. /O/ 2 /@/ 2 /@/ 2
alkylamine O,N Cl CH3
most basic electron- electron-
withdrawing group intermediate donating group
least basic basicity most basic

A\ =
b. \ P d. (CeHs)oNH CeHsNH, <:>—NH2
H N N

Jelocalized 52 ybridized N sp? hybridized N f;ig't'%r;“sr:ﬁ ini‘g',?,?;.?;e ,?,'lfimzﬁz
electron pair on intermediate most basic basicit
least basic astely

basicity
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25.47 The electron-withdrawing inductive effect of the phenyl group stabilizes benzylamine, making
its conjugate acid more acidic than the conjugate acid of cyclohexanamine. The conjugate acid
of aniline is more acidic than the conjugate acid of benzylamine, since loss of a proton generates
a resonance-stabilized amine, C¢HsNHo,.

+ + +

pK; =10.7 pKj intermediate pK,=4.6
Orwe o Orm
alkylamine electron-withdrawing inductive resonance-stabilized
cyclohexanamine  effect of the sp? hybridized C's aromatic amine
benzylamine aniline

25.48 The most basic N atom is protonated on treatment with acid.

0 0
-0 -0
a. dﬁi\_@ CH3CO,H di/&'z\_@ + CHgCO,™
N™ So N™ So

more

| .
CH,COOH basic CH,COOH
benazepril
N\ N\
b. [ jij@NH CH3CO,H [ :@@NHZ + CH3CO,~
b =
N \ N
. most
varenicline basic
25.49
o] Ne -
i l Order of basicity: Np < N, < N¢
N C\NHNH Ny — The electron pair on this N atom is delocalized
a @/ T 2 Np < Na < N¢ on the O atom; least basic.
I = N, N, — The electron pair on this N atom is not
N delocalized, but is on an sp? hybridized atom.

N, — The electron pair on this N atom is on an sp®
hybridized N; most basic.

N, N, Order of basicity: Np < N < Ng

l l N, — The electron pair on this N atom is delocalized

N NH, on the aromatic five-membered ring; least basic.
b. </ j/y Np <Na <N N, — The electron pair on this N atom is not

N delocalized, but is on an sp? hybridized atom.

N/H N, — The electron pair on this N atom is on an sp®
b

hybridized N; most basic.
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25.50 The most basic N atom is protonated on treatment with acid.

a 3° alkylamine with an
sp® hybridized N

most basic
0]
Cl
a b. I
HCI N N
NH
. CI-
o aripiprazole . o
a delocalized electron
part of an amide pair on the benzene ring
least basic intermediate

25.51 The para isomer is the weaker base because the electron pair on its NH, group can be delocalized
onto the NO, group. In the meta isomer, no resonance structure places the electron pair on the
NO; group, and fewer resonance structures can be drawn:

oN NH, OsN NH,  O.N LNH, O,N NH,
SRS S n o gl g Alie g
5 :
meta
), + + ..
A G\JHZ = NH2 NH, CNH, NH,
= BT s T — % Ly

2N l}l O,N O,N

para 0: [

+
NH, NH,
o\+/<j Eo N /g
0 'Tl/ 'l\ll
0 :0:
25.52
This two-carbon bridge makes it
.. difficult for the lone pair on N to
’\O N delocalize on the aromatic ring.
A

pK; of the conjugate acid =5.2  pK, of the conjugate acid = 7.29 Resonance structures that place a double bond

stronger conjugate acid weaker conjugate acid between the N atom and the benzene ring are

weaker base stronger base destabilized. Since the electron pair is more

The electron pair of this arylamine localized on N, compound B is more basic.

is delocalized on the benzene ring,

decreasing its basicity. @% @%
=N
= +

Geometry makes it difficult
to have a double bond here.
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25.53
—— B — _ - \ \ X = ‘B —
T O R O O o S I e
pyrrole weaker conjugate base pyrrolidine  stronger conjugate base
pK, =23 The electron pair is delocalized, decreasing the pKy=44  The electron pair is not
stronger acid basicity. The N atom is sp? hybridized. weaker acid  delocalized on the ring.
The N atom is sp®
hybridized.
25.54
NH 1] LiAIH
a. CgHsCHZCH,CH,Br S+ CgHsCH,CH,CHoNH, d. CeHsCHoCHoCONH, LIEAM o ot CH,CHNH,
excess [2] H,0
NaCN [1] LiAIH, _NHg
b. CgHsCH,CH,Br CeHsCHoCH,ON 20 CgHsCH,CH,CHoNH, € CgHsCHoCH,CHO NaBH,ON CeHsCHaCHoCHoNH;
©. CaHsCHZCHCHNO: 2 G 41, G, CH,CHoNH
25.55
N
a. (CH3CHy),NH b. oS NH2 c. o~ N(CHg), d. ©/ N
% ! ] 4 !
CH3/ \NHCHQCHS /\/\/YNHz wN(CH;;k ©/ \"/\/
o) o) 0
or  CHg
\
//\\//\V/N\ H
G
O

25.56 In reductive amination, one alkyl group on N comes from the carbonyl compound. The
remainder of the molecule comes from NH; or an amine.

a. )\/\/NHz = )\/WH + NHj
(0]

H
. N H + +  HoN
b /\/ \/\CGHS — \[(\CGHS /\/NH2 or WH 2 \/\C6H5
o 0

O
C. (CH3CH,CH,)N(CH,),CH(CHg), = (CHZCH,CH,)oNH - + HM or H._ _O 4+ CHCH,CH, /\)\
~c” N
H
N i
d. N * NH
QH = A~ @ ?

|
CH,CHj
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25.57
NH,
NH
a. CGHSW CGHS/Y N CGHs/\/\CHO 3 CsH5/\/\CH2NH2
o NaBH,CN ~ -~ NH NaBH,CN
e ="
b. 3)2
OZO ON(CHs)z d. W\ /Y\
NaBH;CN o) NaBHzCN NH
25.58

CH,NH,
Trm
excess
CN . CH,NH,
[1] LiAIH,
[21H0
CONH, CH,NH,
O™ (Y
[21H0
CHO CH,NH,
O e
NaBH,CN

CH, C _CHoBr CH,NH,
Bry NH, @
hv excess
COOH CONH, CH NH,
[11SOCk, _ (1] LAH, _
[2] NHg [2] H,0
NH CN - CH,NH
* [1]NaNOy, KOl _ DL, _ 2N
RICuCN [2] H,0
NO: 1, NH,
Then as in (g).
©/ Pd-C (9)

25.59 Use the directions from Answer 25.22. Separation can be achieved because benzoic acid reacts
with aqueous base and aniline reacts with aqueous acid according to the following equations:

COOH COO™Na*
©/ * NaOH ~ —— ©/ + H0
(10% aqueous)

benzoic acid

i * soluble in H,O
soluble in CH,Cl, S0 Ha
° |nso|ub|e |n Hzo InSO|ub|e n CH20|2

+
NH. NH3 CI-
* STo I — @

aniline (10% aqueous)

¢ soluble in CH,Cl, * soluble in H,O
insoluble in H,O insoluble in CH,Cl,

@

=
x| T
A=
(el e]
B w
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Toluene (CsHsCH3), on the other hand, is not protonated or deprotonated in aqueous solution so it is
always soluble in CH,Cl; and insoluble in H,O. The following flow chart illustrates the process.

CH, COOH
g

| CH,Cl,
l 10% NaOH

H;0 |

O/COO‘Na+

25.60
H

N
©/ " N-ethylaniline

HCI N~
a.
HH
CH,COOH N
— CH4,CO0"

\]/

S
fHa

©/N\/

CHs CH
CHal SV

@/ N
(excess) T

o

(CH3),C=0

o

CH,0
d NaBH,CN

o

|cHaCl

©/NH2

1 10% HCI

o
—

Hzol 1<:H20|2

: RiHg CI- : CHs

fCHSI (excess) Ag0 N(CHg)
' A + CHy=CH,
OY\
©/N\/
NO; N._~ N~
=N onde
N NO,
O

N\/
Pd-C
NH, H,N

CH3CH,COCI

h. The product in (g)

[1] LiAlH,

i. The product in (g) 21H,0
2

j- The productin (
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25.61

CH3—<;>7NH2 p-methylaniline AI |
f _ CHgCOCI Cls

NH2
AICl,

@—NHs cr
CH4COOH
g — =" 4@7NH$ CH5CO0-
CH,COCI /C‘CHS
b. CHs NH
NaNO,
No*CI-

h.
‘c—cH 0
(CH5CO),0 3 \
c. (CHCOQ NH 'C—CHs
. CH4COCI )
i. Step (b), then CHg NH
CHaI . AlCl,
d CH3 N(CH3)3 I C=0
/
excess CH3

= CH3;CHO
e.(CH9C=0_ CH3@N:C(CH3)2 i k CH3@NHCHQCH3
NaBH3CN

25.62

CICOCgHs5
CHscHQCHonzNHz - CH3CHQCH20H2NHCOCGH5

a.
b. CH3CH,CH,CH,NH, O=C(CHCHy)p CH3CH,CH,CH,N=C(CH,CHjs),

[1] CHgI (excess)
C. CH3CHyCH,CH,NH, ——  CH3CH,CH=CH,
[2] Ag20

[3]A

CgHsCHO
d. CH3CH2CH2CH2NH2 NaB—HBCN> CH3CHZCH20H2NHCH206H5

€. CHaCH,CH,CHNH, — NaBHECN o) o1, CH,CH,NHCH,CH,
CH3CHO
excess

f.  CH3CH,CH,CH,NH, [CH3CH,CHL,CHoN(CHg) s 1™

25.63

[1] CH3I (excess)
a. CHj3(CH,)gNH,

(3] A
[1] CHgl (excess) NN
b. /\/W [2] Agzo (E+ Z)
NH, 3] A P\
major product

CH3(CH2)4CH=CH2
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1] CHa4l =
6~ k 1] CHal (excess)  CHy=CH, e 1Pz [1] GHyl(excess) B
[2]Ag,0 major product 7z
N

[2]Ag,0
3] + (CHg)2CHN(CHg) + N gy ~ N(CHg
CH,=CHCHj + CH3CH,N(CHa), + mal°g product
2
CH; [1] CHSI excess) (CHalN A~~~
d Q<NH T @Ago QCHQ' i QCHS v (Er2 Bs
2 (3] A (CHa)o N~~~ A~
CH3 CH3 (E+Z)
E?Kmajor product
25.64
_ HN(CHg)p
a. m|Id acid
NH,CH,CH,CHj NCH,CH,CH,
b. mild acid
c. (j)k NaBHSCN O)\
o)
[1] NaBH,4, CH3OH Xx [1] CH3I (excess)
d. [2] H,SO, [2] Ag,O NaBH3CN

[81A

/

CH3NH, NHCH,

mCPBA
. Cﬁ

(from d.)

NH,CH,CH,CH,CHs NHCH,CH,CH,CHs
CH3000H
N
a.
O/\F\ one stereogenic center

benzphetamine
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b. Amides that can be reduced to benzphetamine:

c. Amines + carbonyl compounds that form benzphetamine by reductive amination:

B, N N AN
d. T oM m " @ " ©N + (CHs)zNCHz@
[52 [2] Agzo | |

[B]1A
major product elimination across a, 3

(elimination across a, f35)

25.66
NH
a-QCchHQCI s QCHZCHzNHz 9. QNH NaNO, CN*N:O
excess HCI
co,
[1] KOH )\/ 2 NaBH,CN
CE‘/E [2] (CHa),CHCH,CI NRz + h CNH + CalglHO ——— CN_CHZCGHS
[3] “OH, H,0
S SN ot e e re
N
H

[1] LiAIH, /\(
/\( . o [1] CH,l (excess)
Iy @mo e, J: CHyCH,CH,~N—CH(CH), 21700

H [3] A

[1] LiAIH
<:>—CONHCHQCH3 N QCHzNHCHQCH3 CH3CH=CH, + (CHg),NCH(CHj),
[2] H,0 CH3CH,CH,N(CHg),

f. CgHsCHoCHoNH, + (CgHsCO),0 ——
CeHsCHoCHoNHCOCGHs + CgHsCHoCHaNH5* CgHsCOO™
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25.67 NH, and H must be anti for the Hofmann elimination. Rotate around the C—C bond so the NH,
and H are anti.

CH, NH, CeHs
a. GCgHs NH; b. H CHa C. CH, H
H CH,CH3 CgHs C(CH3)s (CH3)5C NH,
C(CHy)s3 CH,CHj4 CH,CHg
rotate 120° rotate 120°
three steps counterclockwise counterclockwise
(CH3)3C NH, CeHs
CHg CH,CH, H CH,CH,
CsHs C(CHy)s3 (CH3)3C NH»
H CHs
\three steps \three steps
(CH3)3C

>

25.68
Do
cl A
HO cl Br cl
& 1o \O o coBr @ h. CeHsNH; N=N NH,
Ci
’ o NC cl
b. HgPO, e. CuCN
i. CgHsOH N:NOOH
cl cl F c
¢. CuCl f. HBF, \©/ ci
I cl
I cl .
g. Nal \©/ J. KI

25.69 Under the acidic conditions of the reaction, aniline is first protonated to form an ammonium salt
that has a positive charge on the atom bonded to the benzene ring. The -NH;" is now an
electron-withdrawing meta director, so a significant amount of meta substitution occurs.

el
: NH, H4)SO3H

+
NH,

+ HSO,~
This group is now a meta director.

!
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25.70
CHj
R | [1] CH3I (excess) H H [1]104 (||) (n)
& = /C\ + /C\
CHyCH,CH; ™ Wty [2]Ag,0 £=C [2] CHsSCHs H™ > H H”™~ >CH,CH,CHs
2 H CH,CH,CH,
A [38] A B
25.71
ﬁ HH Na* :OH H
a. |3r/\/\/Br Br/\/\/'ﬂ‘)\/ Q@\/ C!“ﬁ L Br
\“ + Br . . 7../“H CH,CH,4
+ CHgCHoNH, Nat + HQ Na® :QOH J

!

N+ Hzt_j_ + Nat
|
CH,CH3

HZA —

H + H
STH e : /
01 H 0 S,

(\d. B . '--/H /N+
- e (e (e A
: Y proton proton .
NH, transfer source
+ A ‘ H
N
25.72
Y
o B H—A
: :OH (-O- :OH (-OH \4
PR roton
2 p

transfer

:OH
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25.73

+
+ .. + e o + e + ..
g — Oy oyt Oy i i ¢
;- +

alkyl diazonium salt
aryl diazonium salt The N,* group on an aromatic ring is stabilized by

resonance, whereas the alkyl diazonium salt is not.

25.74
Overall reaction: O\/ NaNO, (I i ©<OH + Q/
NH, HCI, H,O OH
The steps:
NaNO, + HCI
o .
"/\+" .o —_— Qlﬂ_'_ CI . +HC|
NH, N=0: I}I—NZG! ’TI_N:O
H H
SRS G- ~ o Ta o
ITI—N:O: H—CI '}IJN_O_H N=N—-O—-H N=N—-OH, * Cl
H /H
Gl \
—  \H A H-OH
+ HCI :Cl:

H ’ o .
R - otH OH | + Hcl
Oﬁ 1,2-H shift OH/:\@.H Oﬁ ©<
B .o

A

[ |
B H/?éjl?
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25.75 A nitrosonium ion (‘'NO) is a weak electrophile so electrophilic aromatic substitution occurs only
with a strong electron-donor group that stabilizes the intermediate carbocation.

.
o T s ~ S h s L e e lE s
HG Q-N=0: —=  rial HO-Ri=0 —— H-0N=0:  — "fi=0 5

Na* Ho v ol

QN(CH?s)z — :6:&}7@%% — =6=N|GN<CH3>2 — =6=N'|7®:N<CH3>2

o y _ especially good
N=0: resonance-stabilized carbocation I resonance structure

All atoms have octets.

OH * HO
25.76
0 NH,
NH,4 [1] CH,I
a. (Hofmann elimination, less
NaBH,CN E 2‘920 ©M substituted C=C favored)
0] OH
b NaBHs H2904 bstituted C=C favored
. CHa0H (more substitute avored)
(E + Zisomers formed)
25.77

HNO4 NOz 1, NHz
H,S04 Pd-C
b Br2 H2 CICOCH3
FeBrS Pd-C
Br NO Br N NHCOCH;

Ho Br

CHCI HNO, [1] NaNO,, HCI
c. AIC CHs 1150, CHy ——~ PdC HoN CHs f37Nai I CHj

(+ ortho isomer)

5N NC
[1] NaNO,, HCI _Br, _
d. 2] CuCN “FeBr; \©/
(from a.)
OH
B, _ HNO, [1] NaNOz, HCI
FeBr3 B H2804 [2] HZO
r

Br
(+ para |somer

I

@
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KMnO,
f. OZNQCHa ——2 O\N COOH H,N coon LI NaNOy, HCL COOH
2IH0
(fromc.)

0 0 0
CICOCH, HNO, O n, N [1] NaNO,, HCI
TACL H,S0, PaC PINal
+
[2] H,O

(from a.) (from d Step [1])
25.78

NH, [1]NaNOy, HC HO* COOH JUES CONHCH,
[2] NaCN [2] NH,CH3
@\ CHSCOCI @\ \©\ CHLCI \©\/ -OH \©\/
NHCOCH; FeBr, NHCOCH; AlcCl, NHCOCH; H,O

(+ ortho isomer) [1] NaNOz, HCI

[2] H3PO,

CHy
©\Br

COOH COOCH,CHg
HOCH,CHj,4
C. H,SO,
(from a.) Br
[1] LiAIH, Br,
d. COOH —mM— CH,OH Br CH,OH
[2] H,O FeBr3
(from a.)

HoN

HO
. [1] NaNO,, HCI _CHGCI _ CGH5N2+CI Q
' [2] H,O TACl;

CHs froma Step [1])

(+ ortho isomer)



25.79

e
o

(from [1

o LT

(from

_CHgCI _
AICl,

o

KMnO4

[11 HNOg3, H,SO,

Amines 25-29

Sl
o0

_HC=0 _
NaBH,CN

"
(==

(excess) ©/\
CHO _GHaNH, _
NaBHsCN

[1] LAIH,
[2] H0
COOH 111s0c1, _ [1] LiAH, _ H/
[2] CH3NH, [2] H,O

o [

[2] Hp, Pd-C

Then route [2].

CN ] DIBAL-H _
©/ 210

[38] NaNO,, HCI

[4] CuCN

Br,
[5] FeBr;

25.80

-
<Oj©/v mCPBA <O:©/\((\)
o o

25.81

CH;0
8 Br

CH30
CH30

o

[1] LiAIH,
[2] H,O

©/\NH2 Then route [1].
MgBr [1] CO,
©/ [2] H30*

‘[1] H,C=0

COOCH
©/ Then route [3].
[2] H,O
OAOH Then route [2].

[1] LiAIH, <O PBr, <O
[2] H,O o OH o Br
PCC CH3NH;
0 CH3NH;, 0 0
<O NHCHj3 NaBH3;CN <O (0] <O NHCH,
MDMA MDMA
[part (b)] [part (a)]
CHg0 CH,0 NH
NaCN CN' [1] LiAIH, o 2
CH30 [2]1 H,O CH,0
CH30 CH,0

mescaline
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CHso SN CH30 Br CH30 NH2
b. HBr NH3
CH50 ROOR CH30 excess CH3O
CHgO CHs0 CHz0
CH30 Br Mg CH30 MgBr [] & CH30 OH CH30
c.
CH30 CH30 [21H0  cH,0 CH30:©N
CH4O CH4O CH4O CH4O
NH,
excess
CH3O NH2
CHBOD/\/
CH30
25.82

_HNO; NO, 2 Hy NH [1]NaNO,, HOl CNH3_0*> cooH coon
O H,SO, ©/ Pd-C ©/ [2]CuCN ©/ ©/ FeCI3 ©/
cl cl cl cl cl
_HNOg_ © Cly H, [1] NaNO,, HCI
© H,SO, FeCly Pd-C [2] H,O
OH

b.
0, (2X) NO, NH,
CH4ClI HNO, Hp
¢ A, | e H,SO oo e
3 294 Pd-C [1] NaNO,, HCI
(+ ortho isomer) l [2] NaCN
1] LIAH
CH3OCH2NH2 LI DA, CHSOCN
[2] Hzo
CH4CH,CI _HNO;
4 CH4CH, CH5CH, CH3CH,
: AICI, H,S0, Pd-C
ho isomer) [1] NaNO,, HCI
(+ ortho isome lz] CucN
CH30H2@COOH CHson@
. [MINaNOp HOI oH
FON—(  )—CHy —2— 8
2 ° FeBr3 Pd-C [2] H20
(fromc.) Br
cl
1] NaNO,, HCI
f. NH2 [] a 2 NH2
[2]
Cl(from b.)

(from a.)
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25.83
_HNOg NO2 ¢, \)k JK/
H,SO, FeCls Pd-C
CI2
Fec:l3
+|somer

(from a.) (+ ortho isomer) o 0
O
H
N

T
HOO o
o] OH
© (CICOCH,CH; Cl NH,CHs_ NHCH; NaBH, NHCH;
© AICI, H20 HCI CH3OH

@ [1] NaNO,, HC|© HNO, /©/ /©/
O:N PA-C H,N [2TH:0 H,S0,4 HO P&C o

25.84
CH3OH
NH, OH lSOCIz OCHj4
@ [1] HNO;, H,S0, [1] NaNO,, HCI CH,Cl Br, [1] NaH B Br
[2] H,, Pd-C [2] H,O AIClg FeBrs; [2] CHLCI
(2X)
CHs
(+ ortho [1]Bry, hv

isomer) [2] NHg4
CH304©_/ (excess)

CHzCH,O0H

lCrO3, H,SO,, H,0
CH4COOH
SOCl,

(0]
H H
P q
CH,COCI ~OH, H,0
L) Sheoa A o Yo o,
O A, 0

(froma.) o (+ orthoisomer)

NH,
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pcc @

@Nw

(from a.)
mild acid

el

CH,OH
lsocl2
. Cl o [1] CH4Cl, AIC, 000 [1]L|AIH4
' FeClg [2] KMnO, 2o - H,0
(+ ortho isomer)
CH3OH
socCl,
@ CHsCI @/CH:; HNO, /@/CHs [1] KMnO, O/COOCHs H,
d.
"
AICl, HoS04 () [2] CHOH, H* )

(+ ortho isomer)

(CH3)2CHNH

Ne

e. ON CHg F CHz F
[2] NaNO,, HCI [2] SOCI, \CI (from a.)
(from d.) [3] HBF,4

Probably a strong enough activator that the Friedel-Crafts reaction will still occur.

(0]
NHCOCH;g o &
Make two parts: CH;” "NH O
AIC,
. Cl
f.
I (U
CN I
CN
NHCOCH; NHCOCH; NHCOCH;
[1] HNOg, H,SO, [1] NaNO,, HCI
[2] Hp, Pd-C [2] CuCN
(from b.) NH, CN
(+ ortho isomer)
CHj CHs O
J@/ [1] Hp, Pd-C /Ej [1] KMnO,
O,N [2] NaNO,, HCI I [2] SOCI,
(from d) [3] NaI 1

CoooH3

N

>: PCC
CO,CHj

NaBH,CN

@4@



Amines 25-33

25.85
molecular weight = 87 H H H H
CSH13N /'ll /’ll\)\/ /'ll /'ll
two IR peaks = 1° amine H VY H H \r\/ H
) 3 ) )
_N /N\>< _N _N
S A e
25.86

HZNOCHZCHs

Compound C: CgH{4N
IR absorption at 3430 and
3350cm™ — 1°amine
"H NMR signals at (ppm):
1.3 (triplet, 3 H) CH5 near CH,
quartet, 2 H) CH, near CHy

NHCH,CHg CH,NHCH,

Compound B: CgH44N
IR absorption at 3310 cm™' — 2° amine
"H NMR signals at (ppm):
1.4 (singlet, 1 H) amine H
singlet, 3 H) CH4

Compound A: CgH44N

IR absorption at 3400 cm™'— 2° amine

"H NMR signals at (ppm):
1.3 (triplet, 3 H) CH3 adjacent to 2 H's
3.1 (quartet, 2 H) CH, adjacent to 3 H's
3.6 (singlet, 1 H) amine H

6.8—7.2 (multiplet, 5 H) benzene ring

25.87

25.88

=N
Ho >

Compound D:
Molecular ion at m/z = 71: C3HsNO (possible formula)
IR absorption at 3600-3200 cm~!'— OH
2263 cm™'— CN
Use integration values and the molecular formula to
determine the number of H's that give rise to each
signal.
"H NMR signals at (ppm):
2.6 (triplet, 2 H) CH, adjacentto 2 H's
3.2 (singlet, 1 H) OH
3.9 (triplet, 2 H) CH, adjacentto 2 H's

2.4 (
3.8 (singlet, 2 H) CH,
7.2 (multiplet, 5 H) benzene ring

doublet, 2 H)| para disubstituted

2.5(

3.6 (singlet, 2 H) amine H's

6.7 (

7.0 (doublet, 2 H) benzene ring

HO™ > “NH,

Compound E:
Molecular ion at m/z = 75: C3HgNO (possible formula)
IR absorption at 3600-3200 cm~'— OH
3636 cm~' — N-H of amine

"H NMR signals at (ppm):

1.6 (quintet, 2 H) CH, split by 2 CH,'s

2.5 (singlet, 3 H) NH, and OH

2.8 (triplet, 2 H) CH, split by CH,

3.7 (triplet, 2 H) CH, split by CH,

Guanidine is a strong base because its conjugate acid is stabilized by resonance. This resonance
delocalization makes guanidine easily donate its electron pair; thus it's a strong base.

. +
NH NH
Il HA <|| 2

I O

HoN NH,

guanidine

.. CT
HoN " ¥~ NH,

NH, NH,

| |
NCot C...
HoN \l}\le

- NES
HoN NH,
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25.89
CHs CHjz_ +_CHs
N [1] CH,I (excess) N 1 [21Ag:0 [1] CH,I (excess) [2] Ag20
ﬁd E@ 3] & /3] A
~ +N(CHg)s CgH1o
Y
25.90

One possibility:

o o o
Jij _CHaCOCI Br, H,NC(CHg)s
AlClg o CHeCOH O Br o N><
H
o} o}

o

(+ isomer) NaBH,

CHZOH

HO o
Ha,O*
HO o ><
N N
H H
OH

albuterol OH

0
b. /A + HN(CH,CHa) o/\/N(CHchs)

© HNO, @ [1NaNO,, HCI O [1] NaH @
H,SO, O,N Pd C HoN [2] HZO HO 2] /\/CI \/\o

j Br,

O,N COOH COOH
2 D/ H2S0, /©/ H,0* CO, Mg /O/
\/\O HNO3 \/\O \/\O

l SOCl,

0] o)
\/\O A \/\O Pd-C \/\O

Br




