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Propranolol Synthesis
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Atenolol synthesis
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Atenolol synthesis
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Atenolol synthesis

The MeerweinPonndorf Verley (MPV) reduction in organic
chemistry is the reduction of ketones and aldehydes to their
corresponding alcohols utilizing aluminium alkoxide catalysis in the
presence of a sacrificial alcohol

The advantages of the MPV reduction lie in its high chemoselectivity,
and its use of a cheap environmentally friendly metal catalyst

Al(i-PrO); / heat
OH O Oppenauer oxidation O OH

/K N = = )k + L
R{ "R, MsC CH; Meerwein-Ponndorf-Verley reduction R{" 'R, H3sC 'CH,




Atenolol synthesis
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Metoprolol synthesis
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Metoprolol synthesis
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Carvedilol synthesis
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Acebutolol synthesis

Acetylation
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Fries rearrangement

The Fries rearrangement is a rearrangement reaction of a
phenolic ester to a hydroxy aryl ketone by catalysis of Lewis
acids.
v" It involves migration of an acyl group of phenol ester to

the aryl ring.
v" The reaction is ortho and para selective and one of the two
products can be favoured by changing reaction conditions, such
as temperature and solvent.

N OH O

Al Cl | Cl
C| ‘\ CI/AI R
>37O K

5 g = 5

(@]
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3° ﬂ|k'f| r —» R—X — Br
alkenyl I
aryl y Mg Ether
orTHF
R—Mg—X
O OH 0 OH
I 1. RIMoX I‘J: ‘|:|: 1 RMX
H..-" “H-_H 7 H3D+ Hi:‘( ‘H.H,, H.f“ “'-.H,. 7 ch}+ H.—"} 'HH
Hr
Aldehyde 2° Alcohol Ketone 3° Alcohol



BromoDiphenhydramine () synthesis
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Blanc chloromethylation

The Blanc chloromethylation (also called the Blanc reaction) is
the chemical reaction of aromatic rings with formaldehyde and
hydrogen chloride catalyzed by zinc chloride or other Lewis acid to
form chloromethyl arenes. hydrogen chloride catalyzed by zinc
chloride or other Lewis acid to form chloromethyl arenes
ZnCl, cl
© ST

CH,0
® H
0 OH OH
IS e, o C D OH _ . OH
H™ H H™ H H 7 H
2 o
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H; /catalyst

| catalyst = N1, Pd, or Pt
R—NO, > R—NH,

= practive metal and H*
active metal = Fe, Zn, or Sn

N+-0 N=0: + H'CIT = H i:’} N=0: + Na"CI

Hﬂdlum ﬂllﬂt{'-' “HI'I:IUE ﬂ.ﬂld
T H
d N | .
H— D—N_D + HY = H— D—N_D — H,0 + I\ D —_ if\'Eﬂiil

nitrous acid pmtunated nitrous E!_Cld nitrosonium 1on
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16



!'_ Drug Synthesis

of Antihistamine



Tripelennamine (Pyribenzamine HCI)
synthesis
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Tripelennamine (Pyribenzamine HCI)
synthesis
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Eschweiler-Clarke methylation

The one-pot reductive methylation of primary and secondary
amines to the corresponding tertiary amines is known as

the Eschweiler-Clarke methylation. This reaction falls into the
category of reductive alkylation of amines by carbony!|
compounds (aldehydes and ketones), and it Is considered as a
modification of the Leuckart-Wallach reaction.
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il / methylation
H™ H heat g2 H + HOH Y
formaldehyde N-Methylated
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Eschweiler-Clarke methylation

Formic acid serves as a reducing agent (hydride donor), which
reduces the Schiff base intermediate to the corresponding amine.
Today, other reducing agents, such as sodium borohydride,
sodium cyanoborohydride NaBH;CN, sodium
triacetoxyborohydride [NaBH(OAC),]
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Eschweiler-Clarke methylation

The following steps are believed to be involved in the Eschweiler-
Clarkemethylation:

1) formation of a Schiff-base (imine) from the starting primary
or secondary amine and formaldehyde via an aminoalcohol
(aminal) intermediate

2) hydride transfer from the reducing agent (e.g., formic acid,
cyanoborohydride, etc.) to the imine to get the corresponding N-
methylated amine along with the loss of CO, .

3) If the starting amine was primary, then steps 1 and 2 are
repeated.



Eschweller-Clarke methylation
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Chichibabin reaction

In the early 1900s, A.E. Chichibabin reacted pyridine with sodium
amide (NaNH2) in dimethylamine at high temperature (110 °C).
After aqueous work-up, he isolated 2-aminopyridine in 80% yield.
A decade later, he added pyridine to powdered KOH at 320 °C,
and after aqueous work-up 2-hydroxypyridine was isolated.

Intermolecular reaction:

X NaNH, or KNH; R'_K‘"
Rl— - LI\ =
.- or N™ "NH;
N KNH. / liquid NH3
R#H 2-Aminopyridine




Chichibabin reaction

NH2

| SN NaNH, ~n
P = =
= Chichibabin P
. reaction
Pyridine 2-Aminopyridine

This reaction is also widely used for the direct introduction of an
amino group into the electron-deficient positions of many azines
and azoles (e.g., quinoline is aminated at C2 & C4, isoquinoline at
C1, acridine at C9, phenanthridine at C6, quinazoline at C4).



Chichibabin reaction

Similar reactions take place when pyridine or its derivatives are
treated with strong nucleophiles such as alkyl- and aryllithiums to
give 2-alkyl and 2-arylpyridines.

Intramolecular reaction:

(T,
| s n base, solvent Nf {
v high temperaturer H
N NHz Nitrogen
heterocycle
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Chichibabin reaction

The direct amination of pyridine and its derivatives at their
electron-deficient positions via Nucleophilic Aromatic
Substitution (SyAr) is known as the Chichibabin reaction.
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Na 2-Aminopyridine derivative

sodium salt
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Blanc chloromethylation

The Blanc chloromethylation (also called the Blanc reaction) is
the chemical reaction of aromatic rings with formaldehyde and
hydrogen chloride catalyzed by zinc chloride or other Lewis acid to
form chloromethyl arenes.

ZnC|2
O
HCI

CH,0

The reaction is performed with care as, like most chloromethylation
reactions, it produces highly carcinogenic bis(chloromethyl) ether as a
by-product.

N AN

Cl O Cl




Blanc chloromethylation

The reaction Is carried out under acidic conditions and with
a ZnCl, catalyst.

These conditions protonate the formaldehyde carbonyl making the
carbon much more electrophilic.

The aldehyde is then attacked by the aromatic pi-electrons,
followed by rearomatization of the aromatic ring.

The benzyl alcohol thus formed is quickly converted to the
chloride under the reaction conditions.
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| Blanc chloromethylation

:
T R,




Blanc chloromethylation

15



Blanc chloromethylation

v" Highly activated arenes like phenols and anilines are not suitable
substrates, since they undergo further electrophilic attack by
Friedel-Crafts alkylation with the formed benzylic alcohol/chloride
In an uncontrolled manner. In general, the formation of
diarylmethane side product is a common outcome

v Although the reaction is an efficient means of introducing a
chloromethyl group, the production of small amounts of highly
carcinogenic bis(chloromethyl) ether is a disadvantage for
Industrial applications.

16



Blanc chloromethylation

v' moderately and strongly deactivated substrates that are inert to

Friedel-Crafts reactions like acetophenone, nitrobenzene and p-
chloronitrobenzene do show marginal reactivity of limited
synthetic utility under chloromethylation conditions.

Deactivated substrates give better results under modified
chloromethylation  conditions using chloromethyl  methyl
ether (MOMCI) in the presence of 60% H,SO,

The corresponding fluoromethylation, bromomethylation and
lodomethylation reactions can also be achieved, using the
appropriate hydrohalic acid

17



The Gatterman—Koch Formylation:
Synthesis of Benzaldehydes

v We cannot add a formyl group to benzene by Friedel-Crafts
acylation in the usual manner.

v" The problem lies with the necessary reagent, formyl chloride,
which 1s unstable and cannot be bought or stored.

S A
U HeC — (1]

formvl group formy] chlonde
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The Gatterman—Koch Formylation:
Synthesis of Benzaldehydes

The reaction with benzene gives formyl benzene, better known as
benzaldehyde.
This reaction, called the Gatterman—Koch synthesis, is widely used in

industry to synthesize aryl aldehydes.

0
||

AICL,/CuCl '
CO + HCl = [H—::'—c] — [H—rszu, -AICI,

formy] chloride formyl cation

(unstable)
0
A\ .L A\ |
/N - /a\ ]
L j) + “H—C=0 . "—> x{k_#{p—:_ H + HCl

benzaldehyde
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The Gatterman—Koch Formylation:
Synthesis of Benzaldehydes

Formylation can be accomplished by using a high-pressure mixture of
carbon monoxide and HCI together with a catalyst consisting of a
mixture of cuprous chloride (CuCl) and aluminum chloride.

This mixture generates the formyl cation, possibly through a small
concentration of formyl chloride.

Gattermann-Koch Formylation:

CHO
A0S COIHCL | | @
LLH = Lewis acid / carrier Ll“m_ x;::]
1 atm or .
R = alkyl high pressure Aromatic aldehyde

20



Mepyramine synthesis

ii. Pyrilamine (Mepyramine, Anthisan)

H H H  CHs
< ; | I S
HsCO C—N—C—C—N
I!I xlll +|1 \CH3
| N
Z

N-{4-Methoxybenzyl)-N-(2-(dimethylamino)ethyl)pyridin-2-amine
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The Gatterman Formylation:
Synthesis of Benzaldehydes

The scope of the Gattermann-Koch reaction in terms of suitable
substrates is also limited, since it is mostly restricted to alkylbenzenes.

Gattermann introduced a modification where HCN is mixed with HCI
In the presence of ZnCl, to formylate phenols, phenolic ethers and
heteroaromatic compounds (e.g., pyrroles and indoles).

This modification is called the Gattermann formylation (or
Gattermann synthesis)

Gattermann Formylation:

CHO
HCHN / HCI
rf Lewis acid R
e or . AT -
Zn(CN) / HC ~
R = alkyl, Aromatic aldehyde

O-alkyl, OH
22



The Gatterman Formylation:
Synthesis of Benzaldehydes

v The main drawback of the Gattermann formylation was that it
called for the use of anhydrous HCN, which is a very toxic compound.

v To avoid the handling of HCN, R. Adams generated it in situ along
with ZnCl, by reacting Zn(CN), with HCI in the presence of the
aromatic substrate (Adams modification).

v' Other modifications used NaCN and CNBr successfully instead of
HCN. Cyanogen bromide is hydrolyzed to release hydrogen
cyanide and hypobromous acid

(CN)Br + H,O0 — HCN + HOBr

v A serious limitation of both title reactions is that they cannot be
used for the formylation of aromatic amines due to numerous side
reactions.
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The Friedel-Crafts acylation

v In the presence of aluminum chloride, an acyl chloride reacts with
benzene (or an activated benzene derivative) to give a phenyl ketone:
an acylbenzene.

v The Friedel-Crafts acylation is analogous to the Friedel-Crafts
alkylation, except that the reagent is an acyl chloride instead of an
alkyl halide and the product is an acylbenzene (a “phenone”) instead

of an alkylbenzene.

Friedel-Crafts acylation 0
[J- C
AlCI s “‘ e R
2 3 |
ﬂ\ + I{—{ —(ClI T '/ + HCI
benzene acyl halide an acylbenzene

(a phenyl ketone)
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The Friedel-Crafts acylation

Friedel-Crafts acylation is an electrophilic aromatic substitution with an acylium ion acting as the electrophile.

Step 1: Formation of an acylium ion.

G

(e} | B o
| T~ [ : .4 o +
R—C—CI: + AICl, == R—C—CI—AICl; = -AICl, + [R—C=0, +=— R—C=07]
p o
acyl chloride complex acylium ion

Steps 2 and 3: Electrophilic attack forms a sigma complex, and loss of a proton regenerates the aromatic system.

B 0 0 -
0 I I clj
|| 6 O c -

- (+) S
C E R e C‘“‘m
____f| . H ) H-—1Cl—AICL R + AIClL
R (+) (+) + HCI
| H H

sigma complex sigma complex acylbenzene

Step 4: Complexation of the product. The product complex must be hydrolyzed (by water) to release the free acylbenzene.

_AICI,

I

" Chs
o -
I\ |

CI"\-\.
~ O

product complex

I
C

free acylbenzene

excess H,0

=————: + aluminum salts

acylbenzens
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The Friedel-Crafts acylation

v Friedel-Crafts acylation overcomes two of the three limitations of the
alkylation:

1) The acylium ion is resonance-stabilized, so that no rearrangements
occur;

2) and the acylbenzene product is deactivated, so that no further
reaction occurs.

3) Like the alkylation, however, the acylation fails with strongly
deactivated aromatic rings

26



The Friedel-Crafts acylation

Alkylation

The alkylation cannot be used with strongly deactivated
deriv Elll‘l.- es.

The I::arhnq:ﬂlmm mmlw:d in the a!k}'latmn ma}r
rearrange.

Polyalkylation 1s n:ummnnlj,.r a pmhlem

Acylation

Also true: Only benzene, halobenzenes, and activated derivatives
are *.uﬂabha

Eewnance—qt&bt lj.rm:l. acylium ions are not prone to rearrangement.

The acylation forms a deactivated acylbenzene, which does nm n:zu:[ further.
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Mepyramine (Pyribenzamine HCI)
synthesis

MHz
H H CHs
N | W]
| N NaNH, 2 / m—ﬁ—?—m
_ <
= Chichibabin | H H  CHs
reaction 7 2-Chloro-N
Pyridine 2-Aminopyridine ; -
L N-dimethylethanamine

—HCl CHs

(i
HN—C —C —N
| JI
H H

N

CHs
S

CO CH,Cl + |
/

p-Methoxy benzyl chioride

l—HCI

H H

| |
C—N—C—
ii: ICI
H A\ H

F

Mepyramineg

I—O—I
Z

Hs
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Tonzylamine synthesis

NHz

NJ%\N
HSCD—Q—GHECI g ——
LATT 3

p-Methoxybenzylchloride Pyrimidin-2-aming

|
O

b

[

Thonzylamine

& T ()=

I—C—I

H H cH

[
@l—Cd-Cc—iN

Fa |/ \

H H CH;

2-Chloro-N,

N-dimethylethanamine
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i Diphenhydramine synthesis

@

Diphenylmethane

H

C—=Br

e

Diphenhydramine
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Diphenhydramine synthesis

0
N
|
CHs

&5

H
H3C | |
SN ”\ i iy 8
Ty '
H
0 NH

H
I I

H

H CHs

/
—N
\

I——I

CH;

Diphenhydramine

®
I ek |
C—0— C—C=NH H?’Gmw N
\ \>
I!I CHs )\ | g
0 I'il -

CHj

Dimenhydrinate (Mixture of Diphenhydramine and 8-chlorotheophylline)
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Bromodiphenhydramine synthesis

- »

H

|
o Yl
_ e
Br CHO + BrMg (i) Condensation
(il) Hydrolysis

4-Bromobenzaldehyde Phenylmagnesium bromide

H

|
Br Cc—0OH
i T

A T
CH
A
S'IC::I'Cl2 HG_(|]_[|;_
H H

N\C Bromo diphenhydramine
Hy

+
I
=

2-(Dimethylamino)ethanol
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Bromodiphenhydramine synthesis

_ B, _HNO;
FeE.r "H.S0, ED Pd <
[3]
N CI-

CHO
NaNG CuCN ‘"x [1] DIEAL-HL | =3
HCI [2] H,0 i e
[6] ;
Br
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H30", warm

CuCl

CuBr

W

CuCN

W

W

HBF,

W

W

H;PO,

H—Ar

W

Ar—OH
Ar—Cl]
Ar—Br
Ar—C=N
Ar—F
Ar—1
Ar—H

Ar—N—N—Ar

Products

phenols

aryl chlorides
aryl bromides
benzonitriles
aryl fluorides
aryl 1odides
(deamination)

azo dyes
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ArH —= AfNO,—= AfNH—=

= ArOH
R L Ad
1. HBF,
2. heat =~ ArE
+ CuCl :
Ar—N=N: = Ar(C]
Aryl
diazoninm = ArBr
10n
CuCN _
= ArCIN
H;P':'E or
CHiCH,OH ArH

Schiemann
reaction

Sandmeyer
reactions

35



Diphenhydramine synthesis

+

j” 1. H-BHH;
B + " NMe;
cl = N
i 2
HHE}

Nie, H,80,

u':u-'”E: *—'j i cl- O}?\’*

-
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* Diphenhydramine synthesis

HZ
g A X b S
DEIABEY
N rTf I‘il 0
O H

'*':Um H

— |
E:LEV/E;/\”LQ gﬂj\/&& HH”“EI cl

H
CI
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Climastine synthesis

|
Z N
p-Chloro acetophenone Phenylmagnesium |
bromide N
| U
a
= - Cl C—0—C—C
Z N ; || N
| oA
= CHj
N™ " *CH,CH,CI
| Clemastine

CHs
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Cyclizine synthesis

=
—HCI \ /
Piperazine
/N ik N  N—CH;
HBEDC_N MNH - H,COC— —

H'/H,0

Y

C—N N—CHj, / hY

\ / e HMN MN—CH;,

Cyclizine

QE_C.
)
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Chlorcyclizine synthesis

Sy
—HCI \ /
Piperazine

/ N, GHEI / N\
HSCD{:—N NH - Haﬂ':'ﬂ N N—CHs-

\__/ \/
H'/H,0

Y

c—N N—CH3

Chlorcyclizine

@ Q— N—EH3
)
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Meclizine synthesis

N— COCH,

@ 1-(Piperazin-1-yl)ethanone

1-Chloro-4-((chloro phenyl —HClI
methyl )benzene

H / i
m@—c—w N— COCH,
f 6 / H'/H,0

CIH,C

Meclizine



Pheniramine synthesis

Br oN
H I
| \“N CH
C——CN + Wl—
2-Phenylacetonitrile 2-Bromopyridine + =
H H  cH
A
C—C—C—N
P H H  CH,
COOHH H cH
N T (P o) H o oy
C_T_T_N\ : L&
CH | | \

H H
SN

| P 3 C
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Pheniramine synthesis

C|OOHIII kll CH, / \ \ T Il-l /CHE_
O, —= R
,L ,L \CHS 77 N\ H H CHs
) B
/) P
= Pheniramine
CH;COONa + NaOH —¢5> CH; + Na,COs;
Sodium acetate  Sodium Methane Sodium
Hydroxide carbonate
Maleic acid
Sodalime Y
decarboxylation
Y H H HC——CO0O™
| 1 @/
C—C—N— |
|| \ HC ——COOH
H H

%S

Pheniramine maleate 43



Pheniramine synthesis

CHO ?H
S : o / \ CH
MgBr N (1) Nu - addition |
+ >
F (i) Hydrolysis Y

Picolinaldehyde |

Phenylmagnesium Z
bromide
Catalytic
reduction
¥
Lo (O
C—C—C—N g
S || H H  cH NN
N\ H H CH, Pr=N |
N Cl—C—C—N /
| \
= H H CH,
Pheniramine N,N-Dimethylamino

chloroethane
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Chlorpheniramine synthesis

Br {|3N
ClI CH
Xy NaNH, < >
3 N >
CH CN =
F |

+

2-(4-Chlorophenyl)acetonitrile 2-Bromopyridine o =
CH
VA
CI—(|3—(|3—N
H H CH;
N,N-Dimethylamino
chloroethane
Iil k|| III CH, (1) Hydrolysis
7 i) —CO CN
C—c—c—NH o = HCI® o e
| NG ()t cl Cc—c—N <
H H - | ] \CH
H H 3
)
/

Chlorpheniramine
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Chlorpheniramine synthesis

(4-Chlorophenyl)magnesium

bromide Picolinaldehyde
N T gl
x e P N
Cl C—C—C—N
Ill Il-l \CHa
B
.’_,./'

Chlorpheniramine

CHO
NN
S

CI}H
Cl CH
(i) Nu-addition Q
(ii) H,0 ‘ | Ny
=
Catalytic
reduction

NaNH ClI CH,
-
H H  CH A
et )
%]l =
H H CH
N,N-Dimethylamino

chloroethane
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Triprolidine synthesis

O
| /
HSC:4<;>—C—CH3 + HCHO + HN
\f
1-p-Tolylethanone s
Mannich reaction
MgBr
N

O H H
AN 1 |

H,C C—C—C—N F Hﬁ@
e, S = >

H H * (i) Nu-addition
(i) Hydrolysis

47



Mannich reaction

Under acidic conditions the first step is the reaction of the amine
component with the protonated non-enolizable carbonyl
compound to give a hemiaminal, which after proton transfer loses
a molecule of water to give the electrophilic iminium ion.
This iminium ion then reacts with the enolized carbonyl

compound (nucleophile) at its a-carbon in an aldol-type reaction

to give rise to the Mannich base.

Formation of the reactive iminium ion under acidic conditions:

R® @ 4 R® R’ R® @ R’
H . pT. H®
O:< —_— (é&<$ Y N\
R"] R“\l RG
hemlammal iminium ion

Alkylation of the enolized carbonyl compound:

1
R ¢ R

enollzable enollzed
carbonyl compound  carbonyl compound

RS ®
)\?R_z\_/ B RE -H
o -
R4

-

R 5 R?
®)—N

R"l RG

aminocarbenium

ion

R1

O R"] RS
o [j N

I
R2 R3 R?

Mannich base

RE
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Mannich reaction

Mannich reaction:
0

" J\ R?
[
R

enolizable
carbonyl compound

non-enolizable
aldehyde or ketone

Formation of the reactive iminium ion under acidic conditions:

R® ® R R’
o= = S AL

R4 @ Rd R@

0 e
® o RS\ R
2 H ’
R! o R 1 \ﬂj /\F\J@
3 " RY RO
R R3
enolizable enolized

carbonyl compound  carbonyl compound

O R* R®
R acid (cat.) or base (cat.) R o ',j N,RB
HN  ("HCI) I |
'RE anvglrjll R2 R3 R7
4° or 2° athine Mannich base
or its hydrochloride
5 7
H\@ RS oo/R? " HOH R @ "‘R RS {R?
L ~ T >:N\ @>_N\
rt R° R* RS RY R
hemiaminal iminium ion aminocarbenium
ion
H. g O R* R®
0 RrR! R - 1-(? o K, R
: 1 B R hf]
R Pl"l R2 Rs R?
RZ R®R7

Mannich base




i Triprolidine synthesis

OHFH { H
A2
H,C C—C—C—N
)
= 'N
|
x
Dehydration
—H,0
v H —
| |
H,C C=—C—C—N
I
Z "N
|
\

Triprolidine
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Alcohol Dehydration

Q) Mechanism 9.4 Dehydration Using POCI; + Pyridine—An E2 Mechanism

Steps [1] and [2] Conversion of OH to a good leaving group

good
Y — leaving group
h N l
e "“xhﬁ ;I'.I L7\ 7/ 5 ~ | « Atwo-step process converts an
OH e p— Qpoci, ~~pOCl, OH group into OPOCI;, a good
* cl's [1] [2] - leaving group: reaction of the
+CF OH group with POCI, followed

4 f'__> by removal of a proton.
N/

Step [3] The C—H and C— O bonds are broken and the  bond is formed.
* Two bonds are broken and two

. bond
(o, K bonds are formed in a single
~ P0G, / . N s step: the base (pyridine) removes
)H — Nj‘ . 2 — + | OPOCI, + HN,{‘ Y. a proton from the B carbon; the
™ leaving group electron pair in the p C—H bond

forms the new = bond; the leaving
group ((OPOCI,) comes off with
the electron pair from the C-0

bond.
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Alcohol Dehydration

Q) Mechanism 9.4 Dehydration Using POCI; + Pyridine—An E2 Mechanism

Steps [1] and [2] Conversion of OH to a good leaving group

good
Y — leaving group
h N l
e "“xhﬁ ;I'.I L7\ 7/ 5 ~ | « Atwo-step process converts an
OH e p— Qpoci, ~~pOCl, OH group into OPOCI;, a good
* cl's [1] [2] - leaving group: reaction of the
+CF OH group with POCI, followed

4 f'__> by removal of a proton.
N/

Step [3] The C—H and C— O bonds are broken and the  bond is formed.
* Two bonds are broken and two

. bond
(o, K bonds are formed in a single
~ P0G, / . N s step: the base (pyridine) removes
)H — Nj‘ . 2 — + | OPOCI, + HN,{‘ Y. a proton from the B carbon; the
™ leaving group electron pair in the p C—H bond

forms the new = bond; the leaving
group ((OPOCI,) comes off with
the electron pair from the C-0

bond.
52



Alcohol Dehydration

Q) Mechanism 9.2 Dehydration of a 1° ROH—AR E2 Mechanism

Step [1] The O atom is protonated.

'TI proton transfer |-|| * Protonation of the oxygen atom of the alcohol
GHB—{IJ—(l:Hp_ > (}Hg—rzit—\(l;H2 + HSO, converts a poor leaving group ("OH) into a good
: M [.Au leaving grou 0).
HOH  ylbsom H|OH, | g group (Hz0)
L

good leaving group

Step [2] The C—H and C- 0 bonds are broken and the = bond is formed.

H HSG:, B s Two hurl_ids ar:e broken and two bonds are
CHS—élCHE CH.CH=CH, + H,0: + H,SO, formed in a single step: the base (HSO, or H,O)
removes a proton from the p carbon; the electron
pair in the p C—H bond forms the new =« bond; the
leaving group (H-O) comes off with the electron
pair in the C— 0O bond.

S - | _

P

I -
g7 H (oM, good
leaving group
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Alcohol Dehydration

cb Mechanism 9.1 Dehydration of 2° and 3° ROH—ARN E1 Mechanism

Step [1] The O atom is protonated.

CH, CH, * Protonation of the oxygen atom of the alcohol
CH.—&—cH proton transfer . CH.—¢—cH + HSO.- converts a poor leaving group ("OH) into a good
: : = ? k leaving group (H,0).
Ho uly H
' e H_ SDEH ' + 2
R

good leaving group

Step [2] The C—0 bond is broken.

CH, CH, + Heterolysis of the C- 0 bond forms a
CHE—(IJ—GHE .l \Cr'CHz + | H.0: -:arbocat_ion. This step is rate-determining
OH, CH; — because it involves only bond cleavage.

carbocatlon

good leaving group

Step [3] A C—H bond is cleaved and the r bond is formed.
» A base (such as HSO, or H,0) removes a

CH, H HSO,~ GHE proton from a carbon adjacent to the carbocation
b'_fCHg E—— C=CH, + H,80, (a p carbon). The electron pair in the C—H bend is
CH; CHg used to form the new = bond.
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Azatidine synthesis

| [l
CH,CN C_H.00C
? K X CH—C
f | — |
N
Phenylacetonitrile Ethylnicotinate
(i) Hydrolysis
(if) Decarboxylation
(iii) Reduction
H H
L é Iy -
| C—G C—C
H H PCly || Xy, Peracid | ]
- H | | -~ — H H
/

i

\
NP

X
NP
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Azatidine synthesis

H H
| |
T
O/“ 38
=
Cl N
(i) KCN
(if) H,0
[
c—cC
H H | PPA (i) CIMg N—CHj
_ (ii) H,O/H* 4
HOOC N




i Azatidine( ) synthesis

N

CHj,
Azatadine
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Nitrile synthesis

O
[ pOct,

primary amide

R—X (1°) NaCN
alkyl halide
+
Ar—N=N
diazonium salt
|
: HCN
R R ke,

ketone or aldehyde

R—C=N

nitrile

R—C=N

nitrile

Ar—C==N
aryl nitrile

_|_

_I_

HO, ,C=N

R—C—R’
cyanohydrin

Na+ X-

NET
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Nitrile synthesis

The Mechanism of Amide Dehydration to Nitrile with POCI;

Nu Attack O(i)) 0]
Clowg B
i =
RN v " X
R/ o C 7 ‘#"’Cl /C S /C;:.,
NH; & R™7SNH R™ ¢ N—H
Expelling CI |l|
The amide reacts with POCl; forming t/\
an intermediate that expels a chloride ©
anion. Deprotonation | Cl
O

llzl,f\
@ P HmCl
cl D i
PCIO, + HCl + :NSC—R =-—— MG

Elimination of a reactive intermediate
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Nitrile synthesis

The Mechanism of Amide Dehydration to Nitrile with P;05

Nu Attack 5 09 ([@ 5 OH ICB)
0O /\o) O O‘}‘!’mof X0 (03#‘0’ 0
A8, ot T L be — N
NH, R™ SN —H RSN
|l| Proton transfer |1|

The amide reacts with P,O5 forming an

mntermediate that undergoes an elimination.

Elimination
o g P\
H%fﬁ’“oﬁ““o fOR=CEN: =—— RC=NH P
Nitrile Deprotonation

60



Nitrile reaction

O O
H,0 | H,0 ||
Horon ~ YV waons R OH
amide acid
(1) LiAIH,
R—C=N (2) H,0 > R—CHENHE
nitrile amine
~MgX
N O
R'MgX ey H,0* [
> Es 2 sl R—C—R
imine salt ketone
(1) DIBAL-H {ﬁ'
—78°C
‘ > R—C—H
(2) H3D+

aldehyde
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Clemmensen reduction

17-11B The Clemmensen Reduction: Synthesis
of Alkylbenzenes

How do we synthesize alkylbenzenes that cannot be made by Friedel-Crafts alkyla-

tion? We use the Friedel—Crafts acylation to make the acylbenzene, then we reduce the
acylbenzene to the alkylbenzene using the Clemmensen reduction: treatment with
aqueous HCI and amalgamated zinc (zinc treated with mercury salts).

1t|:|Jh (1) AICI C‘”‘H C ™~
+ Rl — R ZnHg [/ 7 R
(2) H,0 aq HCI \_
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Wollf-Kishner reduction

Wolfi—Kishner Reduction Compounds that cannot survive treatment with hot acid
can be deoxygenated using the Wolff-Kishner reduction. The ketone or aldehyde is
converted to its hydrazone, which is heated with a strong base such as KOH or potas-
sium feri-butoxide. Ethylene glycol, diethylene glycol, or another high-boiling solvent
is used to facilitate the high temperature (140-200 °C) needed in the second step.

+ H,0 + N=N?
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i Diphenhylpyraline () synthesis

|
+

1-Methylpiperidin-4-ol

Diphenylpyraling
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Doxylamine synthesis

- »

e
B | C—OH
\ f, COCH; + BriMg -
N = N

Phenylmagnesium bromide |

2-Acetylpyridine

H"\-.
fhleﬂ 1:I-:H?* TS
O m (A1

= - H H  CHs

g T Re

p |

. Cl—C—C—N
H H CHj Doxylamine

Dimethylamino
ethyl chloride
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Carbinoxamine synthesis

CHO
\

Piconaldehyde

+  BrMg Om

p-Chioro phenylmagneasium

Na

bromide

LN
H H CH
L N
Ccl—8—~<Cc—N
H H  CHs

Dimethylamino
ethyl chloride

T
T
H
= IN
h‘\‘\.

Carbinoxamine
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!'_ Drug Synthesis

of
Skeletal Muscle Relaxants



Mephenesin synthesis

CH,
SUni
OCH,CHCH,OH

Mephenesin

CH . CH
3 | ° OH
+ CICH,CHCH,OH W |
o OCH,CHCH,OH

3-Chloropropane-1,2-diol
2-Methyl phenol



Mephenesin synthesis

3

CH

MeCl \ FeCl
D —
P 7

Friedel — Crafts
Alkylation

Nitration
CH, reaction
H,S0,\ S0, T HNO, \H,S0,
—Fr— —
g A
Sulfonation =151
reaction
DeSulfonation
reaction
CH, 1) Sn \HCI
. 2) NaNO,\ HC
3) H,0*
-aplf

1) reduction of nitro group
2) Diazotization reaction
3) Hydrolysis reaction

CH,
NO,

SO,H

CH,
NO,



Benzene reactions

i
Hal = iy
4 %
Halogenation '\‘\ ."""’ Acylation

NO5
== T |
Aromatic ring -
/ \ Alkylation
SO4H OH
0, ]
e e

Sulfonation Hydroxylation

MNitration



Benzene reactions

SO;H
©/ S0, H,S0,,

co
eat HCI
H,SO,.
heat, H,O

NE/
©/ HNO,,

H,SO,
Feor | HCI,
Sn | (then OH")
©/NH2
NaNO,, HCI

Ar
N=N" arH
©/ ={(aal-::ti'«.rzated ring)
(azo dye) wargrin
aq. acid

s

H
@A O/“\R Zn(Hg), HCI
o —_
or N,H,, KOH,

CUC/ CuB

Kl
f;,/N
o

0
Pd/H, or

@f\a

heat l

R
KI’u’InOi
heat

KMnO,
heat

COOH

hcuc,
cl, / ACl
RCOCI

RX, AIX,
—_—
[Poor rxn]

|

»

cl,
FeCl,

Br,,
FeBr,

Cl

-
‘ , : F
i) HBF ,, filter off solid O/
: .COOH

(ii) Dry, then heat

CuCN
H.,PO,

H CN
— -
SHcE

heat



Friedel — Crafts Alkylation

Friedel-Crafts alkylation

_H“"m ,-’H —HH"‘HV/{ R
N Lewis acid ™
r ) + R—X (Almcwl?l;;:l e < ) + H—X
H,}:: . A3 3. ClC. H;_\;/
(X = CLBrD

The Friedel—Crafts alkylation has three major limitations
Limitation 1 Friedel-Crafts reactions work only with benzene,
activated benzene derivatives, and halobenzenes.

They fail with strongly deactivated systems such as nitrobenzene,
benzenesulfonic acid, and phenyl ketones.

In some cases, we can get around this limitation by adding the
deactivating group or changing an activating group into a
deactivating group after the Friedel-Crafts step.



Friedel — Crafts Alkylation

The Friedel—Crafts alkylation has three major limitations
Limitation 1 Friedel-Crafts reactions work only with benzene,
activated benzene derivatives, and halobenzenes.

They fail with strongly deactivated systems such as nitrobenzene,
benzenesulfonic acid, and phenyl ketones.

In some cases, we can get around this limitation by adding the
deactivating group or changing an activating group into a

Good
C(CH3)3 C(CH3),

(CH;):C—Cl HNO,
e - (plus ortho
AICI; H,S0, (ROrLIg)

Bad

¢ (CH;);C—Cl
(reaction fails)
H, 504 AlCl,

(deactivated)




Friedel — Crafts Alkylation

The Friedel—Crafts alkylation has three major limitations
Limitation 2

The Friedel-Crafts alkylation is susceptible to carbocation
rearrangements.

As a result, only certain alkylbenzenes can be made using the
Friedel-Crafts alkylation.

tert-Butylbenzene, isopropylbenzene, and ethylbenzene can be
synthesized using the Friedel-Crafts alkylation because the
corresponding cations are not prone to rearrangement.



Friedel — Crafts Alkylation

lonization with rearrangement gives isopropyl cation

H
s 8-
CH,—CH,—CH,—Cl + AICl, == CH3—(|3—CH3-.;;C1---A1C13
H
Reaction with benzene gives isopropylbenzene
CH,

+

— CH3—(|:—CH3 + -AICI,
H

-AICI, A CH—CH,
CH,—C—CH, 4 @ i Q/ + HCl + AICI
| -

H



Friedel — Crafts Alkylation

The Friedel—Crafts alkylation has three major limitations
Limitation 3

Because alkyl groups are activating substituents, the product of the
Friedel-Crafts alkylation is more reactive than the starting
material.

Multiple alkylations are hard to avoid. This limitation can be
severe.

jHCH CH,CH,
?;x CH,CH, ﬁ»\
£ ﬁ
‘x/

+  triethylbenzenes + benzene

AICl,
) CH,CH,—(l —

1 mole | mole

CH,CH,

10



Sulfonation of Benzene

Sulfur trioxide is a powerful electrophile.

Step 1: Attack on the electrophile forms the sigma complex.

N

benzene

»

N

o S :{:)_
0.

sulfur trioxide

sigma complex
(resonance-delocalized)

11



Sulfonation of Benzene

Step 2: Loss of a proton regenerates an aromatic ring.

_ O-

\S fﬁ(-]
S
N ., O + H,SO,
sigma complex benzenesulfonate anion
Step 3: The sulfonate group may become protonated in strong acid.
& . Fr OH

q/’ﬁﬂ gf/ :
0o \ N0
+  H,S0, r— - + HSOp

benzenesulfonic acid



Nitration

of Benzene

Preliminary steps: Formation of the nitronium ion, NO3.

Nitric acid has a hydroxyl group that can become protonated and leave as water, similar to the dehydration of an alcohol.

:0: 0

+

.- . = . . + . .
H—O0—N=0. + H'-—*o—s‘—o—H «— H—0N=0. + HSO;, = .0=N=0. + H,0:
4 E

Ll ‘

. 0

H O;.

-

q:(/f s

Electrophilic aromatic substitution by the nitronium ion gives nitrobenzene.

Step 1: Attack on the electrophile forms the sigma complex.

nitronium ion

benzene

H i ™ u {0
H . *1~|4 H Ho|
\\":'-.“0'_ \“E‘O'
H H H H

sigma complex

nitronium ion

13



Nitration of Benzene

Step 2: Loss of a proton gives nitrobenzene.

sigma complex
(resonance-delocalized)

nitrobenzene

+ H,S0,

14



Desulfonation of Benzene

v" Sulfonation is reversible, and a sulfonic acid group may be
removed from an aromatic ring by heating in dilute
sulfuric acid

-
-~
ey

~_ _SO;H _~_ _H
TN ' H*, A (heat) _ qs ‘
S /,I + H,0 < > @ + H,S0,

_-__;-"'--' -
-

benzenesulfonic acid benzene (95%)
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Desulfonation of Benzene

v" Desulfonation follows the same mechanistic path as
sulfonation, except in the opposite order.

v A proton adds to a ring carbon to form a sigma complex, then
loss of sulfur trioxide gives the unsubstituted aromatic ring.

v' Excess water removes from the equilibrium by hydrating it to
sulfuric acid

.-S(:]'j|_ e ’ ‘//’ il - .-"h"\-u,_\_h .-'H

i --f \\'| S_{j: f"" HI
—p = LY = [+ so,
“H NSO x"g

(resonance-delocalized) (SO, + H,LO <> H,S80,)

16



Methocarbamol synthesis

CIEHETHCHEDH ) QGH
OH

) OCH,
J—Chloropropane—1,2—diol 2-Methoxyphenol
—Htﬂl

O
OCH,CHCH,OH I
\ CLC—C] OCH,CHCH,0-C—Cl
OH - | l

OCH, —HCl OH 0
OCH,
—HC’IlNH3
OCH,CHCH,OCONH,
OCH, O

Methocarbamol 17



2-Methoxyphenol synthesis

CH.I
Na 3\ NH,
Williamson
ether synthesis 2—Methoxy OCH,

ONa

—Amm{]phenul Sodium 2—aminophenolate 2

benzenamine

NaNO,/HCI

. Diazotisation
O0-15C

NCI

OH
. Hydrolysis
OCH

3
2-Methoxyphenol

18



synthesis

@ Dilute HNO5 @/ ©

o-Nitrophenol
p-Nﬂ.rophenol
H; /catalyst
catalyst = Ni, Pd, or Pt
R—NO, > R—NH,

-

ar active metal and H
active metal = Fe, Zn, or Sn

OH 0O~ Nat
+ NaOH —— O/ + H,0

Phenol Sodium phenoxide
(sodium phenolate)

19



synthesis

H.C CH H.C CH
2 3 hed 3 + 2K — 2 3\(:"f 3 H
HyC” “OH He” okt 2

tert-Butyl alcohol
(2-methyl-2-propanol)

CH;OH + NaH

Methanol

CHaCH,OH + NaNH,

Ethanol

Potassium tert-butoxide
(potassium 2-methyl-
2-propanolate)

—_— CHEO_ NH+ + H2

Sodium methoxide
(sodium methanolate)

T4 CHaCHzO_ NE_:]-I- + NH3

Sodium ethoxide
{(sodium ethanolate)

OH O~ *MgBr
+ CHsMgBr —— O/ + CH,

Cyclohexanol

Bromomagnesium
cyclohexanolate

Compound pK,

(CH3)3COH 18.00
CH3CH,0OH 16.00
H,O 15.74
CH30OH 15.54
Phenol 9.89
p-Chlorophenol 9.38
p-Nitrophenol 7.15
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Williamson Ether Synthesis

Step 1: Form the alkoxide of the alcohol having the more hindered group.

R—O—H + Na(orNaHorK) — R—O: Na* + 1H,?

alkoxide ion

Step 2: The alkoxide displaces the leaving group of a good Sy,2 substrate.
+4 {7,

R—0:~*Na R—CH,—X = —* R—0—CH—R + NaX

*+

alkoxide ion primary halide or tosylate ether

21



Diazotization reaction

Na* :0—N=0: + H'CIT =— H—O0—N=0: + Na'CI

sodium nitrite nitrous acid

T~ H
VN [N: p ;
H—O0—N=0; + H' = H—O0ZN=0:; = H,0 + [:qu: — :r«:E{:n:]

nitrous acid protonated nitrous acid nitrosonium 1on



Diazotization reaction

Part 1: Attack on the nitrosonium ion (a strong electrophile), followed by deprotonation, gives an N-nitrosoamine.

H P2l
/H—--"__"'.\ { 4 H 6.
I s AR AP’ A ! O .
R N\-\ + N=0! «<—= R—N—N=0; —— R—N—N=0. + H;30
H nitrosonium |
primary amine ion H H

N-nitrosoamine

Part 2: A proton transfer (a tautomerism) from nitrogen to oxygen forms a hydroxyl group and a second N—N bond.

H H o s
‘ . S N ‘ Fan 4+ ( ‘ + ) . \.‘.
R—N—N=0. + H,0® == R—N—N=0—FH , «— R—N=N—O0H{|+ H,0: e
N-nitrosoamine protonated N-nitrosoamine
R—N=N—0H + H;0"
second N—N bond formed

23



Diazotization reaction

Part 3: Protonation of the hydroxyl group, followed by loss of water, gives the diazonium ion.

/ “\
R—N—N—0H =¥ R NCOH, —> R—N=N: + H0:

diazonium 1on

The overall diazotization reaction 1s
. +
R—NH, + NaNO, + 2HCI —— R—N=N C(CI" + 2H,0 + NaCl

primary amine  sodium nitrite diazonium salt

24



In contrast to alkanediazonium salts, arenediazonium salts are
relatively stable in aqueous solutions around 0-10 °C.

The diazonium group can be replaced by many different functional
groups, including -H, -OH, -CN and halogens ( CI, Br, I, F).

H30", warm

CuCl

CuBr

C
=

CuCN

HI_H&E‘\_ HBF

w

i
- )

KI

H;PO,

H—Ar

Ar—OH
Ar—Cl
Ar—Br
Ar—C=N
Ars=F
Ar—1
Ar—H

Ar—N=N—Ar

Products

phenols

aryl chlorides
aryl bromides
benzonitriles
aryl fluorides
aryl 1odides
(deamination)

azo dyes o5



ArH —= AfNO,—= AfNH—=

= ArOH
R L Ad
1. HBF,
2. heat =~ ArE
+ CuCl :
Ar—N=N: = Ar(C]
Aryl
diazoninm = ArBr
10n
CuCN _
= ArCIN
H;P':'E or
CHiCH,OH ArH

Schiemann
reaction

Sandmeyer
reactions

26



Meprobamate synthesis

“BC\ __C00C;Hs

HaC
\ P CHon

=9 LIALH, Pl
HsCH,CH,C COOC;Hs H3CH,CH,C CH,OH
Diethyl methyl n-propyl malonate
2 COClI;
-2 HCI
A\
H3C HsC :
N ~2HC P
H;CH,CH,C CH,OCONH, H3CH;CH,C CH,OCOCI

Meprobamate

27



| Malonic acid & Diethylmalonate synthesis

O

O 0
NazCO3 NaCN
GI\)J\DH - = = HC\)I\OHE[

Ma

I CoHsOH @ 0

NaOH
- -
105-110°C HaD)J\/”\DNa HzS04 ﬁm’u\/u\mﬁ
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Malonic ester synthesis

The malonic ester synthesis makes substituted derivatives of acetic
acid. Malonic ester (diethyl malonate) is alkylated or acylated on the
more acidic carbon that is to both carbonyl groups, and the resulting
derivative iIs hydrolyzed and allowed to decarboxylate

Malonic ester synthesis

0
\
H\{’T‘—DC_:H_;

H—(lf—H

C—0OC.H,
,.-"‘"f P |
Dx"

malonic ester

(1 Nﬂ{}CE H_q

(2) R—X

0
N
Sc—oCH.

ResC—H

D C.H.
/,./ L= 3
Dx”

alkylated malonic ester

H,0"

heat

CO,(g) I

H

|
|-1—-:|'—H + 2 C,H.OH

C—0OH
&
D’f

substituted acetic acid
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Malonic ester synthesis

Malonic ester is completely deprotonated by sodium ethoxide. The
resulting enolate ion is alkylated by an unhindered alkyl halide,
tosylate, or other electrophilic reagent.

This step i1s an Sn2 displacement, requiring a good SN2 substrate.
Hydrolysis of the alkylated diethyl malonate (a diethyl alkylmalonic
ester) gives a malonic acid derivative.

. 0
| Na® ~OCH,CH, % S |
CH,CH,0C—CH,—COCH,CH, —— * CH,CH,0C—CH—COCH,CH, —* CH,CH,0C —(lf H—COCH,CH,
R R
malonic ester alkylated diethyl malonate
0 0 0
I I H* heat || ||
I.TH_J:Z'H:#:I}—E—{I’TH—(Z'—lZilH.':'H]CH_.m T HO—C {l_“I—I C—OH
A
R B R |

a diethyl alkylmalonate an alkylmalonic acid
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Malonic ester synthesis

Any carboxylic acid with a carbonyl group in the £ position is prone
to decarboxylate.

At the temperature of the hydrolysis, the alkylmalonic acid loses to
give a substituted derivative of acetic acid. Decarboxylation takes
place through a cyclic transition state, initially giving an enol that
quickly tautomerizes to the product, a substituted acetic acid.

—H O H H 0
;‘:_..«* Fd *’ﬁ automernsm 4
O=C e — O=C 0 > R—C—C__ +  CO,f
PRI R / ot
R il H
L - C—C
R [L OH H,f‘* H‘DH

alkylmalonic acid CO, + enol substituted acetic acid
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Malonic ester synthesis

The product of a malonic ester synthesis Is a substituted acetic acid,
with the substituent

being the group used to alkylate malonic ester. In effect, the second
carboxyl group is temporary, allowing the ester to be easily
deprotonated and alkylated.

Hydrolysis and decarboxylation remove the temporary carboxy!|
group, leaving the substituted acetic acid.

COOCHs < ~F Y | 00C,H; CO,1
0 N 0 0
|| (1)-0C,H | Hiheat "
CH:—E.—DCEH_,; ) i—X R—CH—CfDCEHﬁ “HO lx—_CHJ—E_—G_H
malonic ester alkylmalonic ester - substituted acetic acid

+ 2 CH,CH,OH
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Malonic ester synthesis

The alkylmalonic ester has a second acidic proton that can be
removed by a base.

Removing this proton and alkylating the enolate with another alkyl
halide gives a dialkylated malonic ester.

Hydrolysis and decarboxylation lead to a disubstituted derivative
of acetic acid.

COOC,H4 COOC-H; CO,1
0O O H O
I (1) NaOCH,CH; I H*, hea R J
R—CH—C—0C;H; ) R—X R—(lf—C—DCJH_q H.O H—?—E—DH
R R
alkylmalonic ester dialkylmalonic ester disubstituted acetic acid

+ 2 CH,CH,OH



Reaction of Ester

O

R—C—OR’
ester

H,0

H* or -OH

R"OH

H* or OR"”

R"NH,

(1) LiAIH,

(2) H,0

(1)2R"MgX

(2) H,0

(1) DIBAL-H
-78°C

(2)H,0

O

R—C—OH
acid

R—C—OR"

ester

R—C—NHR"

amide

R—CHE{}H
1* alcohol
{Z|}H
F— 1 B
R”
3° alcohol

R—C—H
aldehyde

R'OH

R'OH

R'OH

R'OH

R'OH

R'OH
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Reaction of Ester

Addition-Elimination Mechanism of Nucleophilic Acyl Substitution

Step 1: Addition of the nucleophile gives a tetrahedral intermediate.

J[j‘.* :E}:_
N é‘j == R {|2 Y
{ucC* 1 N L
\ AN |
\_E/' g | Nuc |
nucleophilic attack tetrahedral intermediate

Step 2: Elimination of the leaving group regenerates the carbonyl group.

10 o)
v |
e~ Y — C + Yo
[ 7N
] [
b Nuc 1] R ML
tetrahedral intermediate products leaving group
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Reduction of Est(_er

Nucleophilic acyl substitution gives an aldehyde, which reduces further to an alcohol.

Step 1: Addition of the nucleophile (hydride).

&

IS i
R—C—O0—R’ + H—AI—HLi+ —>

S e

ester e S H

Step 3: Addition of a second hydride ion.

.;'%' He— AI—H Li*
+ —— = 1
‘Q"\H j/ l

el H

R

aldehyde

Step 2: Elimination of alkoxide.

:fj:i., Li" (ﬁl
RF & % R = R C + Lit :0—R
‘\H-I- H\'\_\. el
| g H
H
tetrahedral intermediate aldehyde alkoxide

Step 4: Add acid in the workup to protonate the alkoxide.

0 i’ :OH
| H,0* |
— R—(ll' —H —— R—(|:'.—H
H H
salt primary
alcohol
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Carisoprodol synthesis

0 CH
H.C CH3 3 0
’ OH CH

COCl, H,C 3 O H,N CH

" . H,C 3 0] CH;
Cl CH, HN—<

—_—
OH CH,
OH
OH

0 o)
HN 0 CH, >‘° K 04{ CHs
- H,N \—t HN—<
or NaCNO
cH, CH,
COCI O i-PrNH,
HO OH 2 yo OH OH H2N OEt
— o T — } NH2
or NaCNO
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Chlorphenesin Carbamate synthesis

Cl

0
GCHz{leEHEDCNHE

OH
3-(p-Chloro phenoxy)-1,2-propanediol-1-carbamate

Cl , Cl Cl
o=c<q NH,
I o) 0
OH
3-Chloropropane-1,2-diol OCH,CHCH,OH DCHE(fHCHEDCCI oC Hz{fHCHEDCNHE
4_Chlorophenol {IZJH OH OH

Chlorphenesin carbamate
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* Chlorphenesin Carbamate synthesis

. O O ‘Neca. HO
/© & B o\/& M0 O \)\/OH
Wik cthes
Cl SynihesEs Cl ]
O HO HO

(.‘I)k Cl O\)\/Om/ﬂ NH,OH /@"\)\/OYN}{-‘
2 P —_—
1

(8] O
Cl
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Chlorphenesin Carbamate synthesis

e Cls -
L‘%J ?UI.; E,s"E“-b.’-']

reaction

Halogenation

Reduction of
Nitro group

Hydrolysis
reaction

m-

-

.-{"-. HHG-: -_5-_'-'-.__ "Hn?
1% |
]IEEE.' EI..-_-.;-:'-.’
Nitration |.':|'_. aF B
reaction in HZI
of Hy, cal
T P HH
E‘ \]' Hanns- o T y
|-|4:| o
Diazotization
H;0 reaction
heat
'ﬁTTDH
P

40



Baclofen synthesis

H H
CH=CHCOOC_H, HENHEG—G—CHECUUCEHS H,NH,C—C— CH,COOH
(1) Triton B ‘ ‘ NaOH/H,O
¥ CHNO i) Raney NifH, —C,H.OH
Nitromethane
Cl Cl Cl
Ethyl-3-(4-Chlorophenyl) Baclofen

Acrylate

Benzyltrimethylammonium hydroxide, also known as Triton B
or trimethylbenzylammonium hydroxide, iIs a quaternary ammonium
salt that functions as an organic base.
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Cinnamic acid and Ethyl cinnamate ester
synthesis by Knoevenagel condensation

CHO

One of the simplest and most efficient

Q O
1 1 : :
@ + momco—c__c—ocrens gnd environmentally benign methods for

C
H;

Catalyst Diethylmalonate

Benzaldehyde

COOCH,CH,

COOCH,CH;,

Benzylidendiethylmalonate

@—CHZGH—CDDCHECHa

Cinnarmyl sthyl ester

@—CH — CH—COOH
Cinnamic acid

Catalyst: Mg-Al or Mg-Al + Ln{Ln= Dy, Gd) or Li-Al

cinnamic acid synthesis is based on
the Knoevenagel condensation of
diethylmalonate with benzaldehyde
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Cinnamic acid synthesis by Perkin reaction

v The Perkin reaction is an organic reaction developed by English
chemist William Henry Perkin that is used to make cinnamic acids.

v' It gives an a,B-unsaturated aromatic acid or a-substituted B-aryl
acrylic acid by the aldol condensation of an aromatic aldehyde and
an acid anhydride, in the presence of an alkali salt of the acid.

v The alkali salt acts as a base catalyst, and other bases can be used
instead
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Cinnamic acid synthesis by Perkin

reaction

Perkin reaction:

Q + 27N O~

L S
R'" "H O O
aldehyde anhydride

Mechanism: 23243143235

0 O @

,Lh_ k,-,“\‘ﬁ H* \_:Base :,Hﬁﬂ
s e

RE
base o R
heat R2 “”" Hﬂ’f"‘ 4
O (9] C_.‘n
) p-alkoxide intermediate |
Q
0 (.j} j\ ﬁ
~O0oS \*"" V7 \i
20"
H#* \_-:Base
1 o
R \PH -".f"D — DAD R.I,__\_'___,-;"t./"'ah '_..-/':}
A f 0 r:T} > &) g
s -HB
,:T]/ | ase j_

HZ
R1\’f/;l.“" ,-f"’D
l/

OH
o,p-Unsaturated
carboxylic acid

intramolecuiar
acyl substiution
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Orphenadrine synthesis

QCHD | Q
Benzaldehyde S0,Cl, HOCH,CH,N(CH,),

CHOH »  CHOCH,CH,N(CH,),

X oo T o

o-Tolylmagnesium bromide Phenyl{o-talyl)methanol Orphenadrine
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Grignard reagents

0

|
C
R~ ™H

Aldehyde

1° alkyl )
2° alkyl
3° alkyl
alkenyl
aryl

1. R"MgX
e ]
2. HyOt

P 1

HEF“H“ R™ R

2° Alcohol Ketone

3° Alcohol

46



Grignard reagents

Reaction 1: The Grignard reagent attacks a carbonyl compound to form an alkoxide salt.

. R o
S T:M‘?_X — _T~7C =Y ether = (|:_0 MgX
3 R

magnesium alkoxide salt

Reaction 2: After the first reaction 1s complete, water or dilute acid is added to protonate the alkoxide and give
the alcohol.

R e —h R
| NS I P i

R’-—(E—Q:_ *MegX - > R'——(|3—Q—H + XMgOH
R R

magnesium alkoxide salt alcohol
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Grignard reagents

R—MgX +

Grignard reagent

R—MgX +

Grignard reagent

R—MgX +

Grignard reagent

N
C=0
/
H
formaldehyde

R’
AN
C=0
X
H
aldehyde

ether

ether

ether

H

Rf—$——0‘+N@X

H

H,0*
—— | R—CH,—OH

primary alcohol

R-J'
H,0* |

- "B R—C—OH

|
H

secondary alcohol

R

H,0* |
—— R——ﬁT—OH
R

tertiary alcohol
48




Grignard reagents

1. Nucleophilic Additions to Carbonyl Compounds

H
R—MegX + \C 0]
1 Mo -
- e
H
formaldehyde
R’
N
R+—MgX + /CZO
H
aldehyde
S
R—MgX + C=0
R"/

ketone

(1) ether solvent
(2) H,0* ’

(1) ether solvent _

(2) H,0"

(1) ether solvent \

R-—C—OH

(2) H,0*

|
H

2° alcohol
R
R é—OH
I
3° alcohol
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Grignard reagents

()
T

2. Nucleophilic Displacement of Epoxides

R_

—MgX +

O

|
~MgX + R —C—OR”

ester
or acid chloride

T\
'CH2 'Cl-l2

ethylene oxide

(1) ether solvent

Y

(2) H0*

(1) ether solvent

e

R
R —(:T—OH
R
37 alcohol

two groups added

(2) H;0*

r

R--CH,CH,—OH

1? alcohol
two groups added
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Converting Alcohols to alkyl halides

3R—OH + PCly —— 3R—Cl + P(OH);
3R—OH + PBry —— 3R—Br + P(OH);
R—OH + PCls —> R—Cl + POCl; + HCI

7P \+ 3IL= 2PF
6R—OH + 2P + 31, — 6R—1 + 2P(OH);

51



Converting Alcohols to alkyl halides

Step 1: PBrj is a strong electrophile. An alcohol displaces bromide ion from PBr; to give an excellent leaving group.

:Br: ‘Br:
ey i e L
R—(‘):” ‘1|:’|—‘,.B.l': — R—(|)—P\:\ + :Br
H :Br: H Br

excellent leaving group

Step 2: Bromide displaces the leaving group to give the alkyl bromide.

:Br: :Br:

L . o F/
/*R;?—.Pi\ — Br—R + :O—P:\
Br H Br H  Br

leaving group
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Converting Alcohols to alkyl halides

0
|

R—OH + CI—S—ClI

- c,

.o\, N -
R—O:__S—0 —> R—O—S
/ Ny’

. T N
H ! H Cl
thionyl chloride
fﬁ-O :6:'7
R™ >S=0, — Ri - S=0
Cl Cl
chlorosulfite ester ion pair

heat ,
> R—Cl + SO,
O:
Vi
\ —_ R—O—S§: —
A +5 \
g C
& Cla
-'0'. .
@, Rx %(}:0
“Cl

+ HCI

O:

. 7
R—O—S:
e \
Cl

chlorosulfite ester

+ HCI
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Converting Alcohols to alkyl halides

The Malonic Ester Synthesis: Mechanism

In step 1, the CH30@ acts as a base to remove the most acidic proton (on C,) to make an

enolate
(\
o 0 0O O Na®
MEOM OMe — [MeO” I >X""OMe -~ Meo)\I/U\
" H @2 H
H Na
o) enolate enofare
CH,0 N2 (resonance form) (resonance form)
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!'_ Drug Synthesis

Hypoglycaemic drugs



Tolbutamide Synthesis

HBG@—SOENHE + cicogb.H Y9, Hﬁ—@—soﬂmmoo%ﬁ

4-Methylbenzenesulfonamide Ethyl chloro formate Ethyl tosylcarbamate
CH, *
J—CEHEDH NH,—(CH,),CH,
N Butylamine

SO,~NH-G-NH(CH,) CH,
o)

Tolbutamide



Tolbutamide synthesis

CH
CH, 3
CISD H NH,
—_——
—H O —HClI
S50,Cl §ONH,
Toluene 4-Methylbenzene-1- 4-Methylbenzenesulfonamide
sulphonyl chloride
CICOOC,H, Pyridine
Ethyl o
HCI
chloro formate
Y
CH
3 CH,
/
_, CH,(CH,)NH,
—C,H_OH ™

SO,~NH-C-NH(CH,),CH,

SO,~NH-COOC,H,

O
Tolbutamide Ethyl-N-p-tolyl sulphonyl
carbamate



ﬁ Tolbutamide synthesis

Vi == VY/ILI\W\. V] - ¥
HO ™ cl B0~ el HEE};S ~cl L



Chloroproamide synthesis

- »

O

Ve
GI—©7 SONH, + G NS (CH,),CH,

Fropyl iIsocyanate
4-Chlorobenzenesulphonamide

m—@—SDENHGDNH{CHE}ECHB

Chloropropamide



Chloroproamide synthesis

Cl
CISD H NH,
—H ,0 —HCI
S0,Cl SO,NH,
Chlorobenzene 4-Chlorobenzene-1- 4-Chlorobenzene sulphonamide

sulphonyl chloride
CICOOC_H, | Pyridine

Ethyl chloro formate | —HCI
Cl
Cl
4 CH4(CH,);NH,
—-C,H.OH

SO,-NH-COOC,H,
8EZIE—NH—II’I:—MH{EHE}EEH3
9] Ethyl-N-p-chloro sulphonyl
Chloropropamide carbamate



:lf|j—H (|21 :-t|'}—H r|:1 'iﬁr—H (|:1
R—C=G_$=G— R—C=E}—|S—i£}? « R—C—0—5—0
b A
Cl i Cl Cl |
e
4
Q '?ITH r|:|} cﬁr 1|:|:- + HCl

R—C E} 5 Cl' m Kl —0—5Cl o~ FRyC30—5—Cl
| a chlorosulfite anhydride

Cl
gy O On O (0}
-l e} |
R—C—0—S—C — R—l;‘?—kh(;_“l 75—=CI > R CEC] + S0, + CI-
. -

C]—_-' C].



Tolazamide synthesis

CH, CH, CH,
CISO_H NH,
—_— T ——»
-H,O —HCI
SO,CI SO,NH,
Toluene 4-Methylbenzene—1— 4-Methylbenzene sulphonamide
sulphonyl chloride
CICOOCH, | Pyridine
Methylchloro | —HCI
formate
H,C
CH,
SO,NHCONH N Aminolysis
—CH;0H SO,~NH-COOCH,
. Methyl-N-p-tolyl sulphonyl
Tolazamide

carbamate



Acetohexamide synthesis

COCH; COCH; C:
CISDBH |«.,||_|3
—Hzﬂ “Hol
Acetophenone SO.CI SO,NH,
4-Acetylbenzene-1- 4-Acetylbenzene sulphonamide
sulphonyl chloride
Pyridi
CICOOCHg | Y ome
COCH3 Ethyl chloro formate —HCI
COCH4

-0

Aminolysis
SO;NHCONH —C,H-OH

Acetohexamide

S0O,-NH-COOC,H;
Ethyl-N-p-acetylsulphonyl
carbamate



Glibenclamide synthesis

e CONH(CH
OCH, Condensatlon (Dcﬂz
NH5(CHy), A E
—HCI
5- Chloru-E-methoxybenzoyl chloride Phenyl ethylamine E
CISOgzH
-H,0
CONH(CH
CONH(CHE)E_@S,OENHE NH, (CHg), @—SOECI
DCH3 —HClI DCHS
cl Cl
+
CONH(CH3), —@—SOENHCON H—<:>
szczo o a0t OCH;
Isocyanatocyclohexane cl

Glibenclamide
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synthesis

Cl cl cl %
CO, under
reduced pressure Methylation SOCI,
> _ ——
COQH COCH ope
OH OH CH, OCH,
4-Chlorophenol 5-Chloro-2-methoxybenzoyl

chloride
|

11



synthesis

HENHZGHEG—Q + CISO,CI —— > H,NH,CH,C Gsogcl

2-Phenylethanamine  Chloro sulphonyl chloride
NHEl —HCI

HENHEGHEG@SDENHE + CICOCI
H,NH,CH,C @—SDQNHGDGI

<0

HoNH,CH,C @—SDENHGDNH @
Il

12



synthesis

Cl
. HoNH,CH,C @— SDENHGDNH—O
COCI I
OCH
| _Hl
ci
CONHCH,CH, @sogm HCONH @

OCH,

Glibenclamide

13



MeerweinPonndorf Verley

The MeerweinPonndorf Verley (MPV) reduction in organic
chemistry is the reduction of ketones and aldehydes to their
corresponding alcohols utilizing aluminium alkoxide catalysis
In the presence of a sacrificial alcohol

The advantages of the MPV reduction lie in its high
chemoselectivity, and its use of a cheap environmentally
friendly metal catalyst

Al(i-PrO); / heat
OH O Oppenauer oxidation O OH

/K N = = )k + L
R{ "R, MsC CH; Meerwein-Ponndorf-Verley reduction R{" 'R, H3sC 'CH,

14



Fries rearrangement

The Fries rearrangement is a rearrangement reaction of a
phenolic ester to a hydroxy aryl ketone by catalysis of Lewis
acids.
v" It involves migration of an acyl group of phenol ester to

the aryl ring.
v" The reaction is ortho and para selective and one of the two
products can be favoured by changing reaction conditions, such
as temperature and solvent.

N OH O

Al Cl | Cl
C| ‘\ CI/AI R
>37O K

5 g = 5

(@]
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Glipizide synthesis

Ng__-COOH CDNH(CHz)z©
| j/ . HEN(HEDJE—Q C/E j/
T
B 2

Phenyl ethylamine

5-Methylpyrazine-2- “H.O
carboxylic acid 2| CISOsH
CONH(CHs), SO,NH,
/[ j/ CONH(CH5)5 SO.CI
HyC — /( ]/
|socyanatocyclohexane

l NaOH

NTCONHCHECHEA@—SOENHGDNH@
N

Glipizide 16



synthesis

[”:|I
R—OH + ClI—S—CI
cl B,
m—?kjvfd = mj?—?—c
H ! H Cl
thionyl chloride
( O: ) HOH ¥ .
R™ >S=0. — Rt _S=0O
Cl Cl
chlorosulfite ester ion pair

heat
> R—Cl + SO,
O:
.
—> R—O0—§" -
+|J§. \
g C
& Cl
-'0'. .
(fast) R.\ \'S:Q:
Cl

+ HCI

O:

. P
R—O—S:
e \
Cl

chlorosulfite ester

+ HCI

17



ArH —= AfNO,—= AfNH—=

= ArOH
R L Ad
1. HBF,
2. heat =~ ArE
+ CuCl :
Ar—N=N: = Ar(C]
Aryl
diazoninm = ArBr
10n
CuCN _
= ArCIN
H;P':'E or
CHiCH,OH ArH

Schiemann
reaction

Sandmeyer
reactions

17



!'_ Drug Synthesis

Local Anaesthetics drugs



Benzocaine Synthesis

CH, COOH

\CH3
HND3EHESD4 P{I'nﬂn'::i‘:1
TR (O)
MNitration -
Toluene
NO, NO,

CH:OH/|_yy
H,SO,

: ; [H]
H,5N COOC,H, S ncl

Benzocaine

COOC,H,

NO,



Butamben synthesis

CH, COOH
HNO,/H, SCI P{MnD
Nitration
Toluene
CDD-(CHZ}ECHE n‘;‘D':Z:i{"CHE}3I[3H3

-+

H

CH,CH,CH.,CH,OH
O,N COOH —— 2 2% _SnHCl
? A [H]

4-Nitrobenzoic acid

NO NH2
Butamben






Procaine synthesis

H C_H
725 LHD / 2''5
H-N COOH + OHCH,CH,N 2 COOCH.,CH-N
’ O A HEN@ 27 2 INC,H,

4-Aminobenzoic acid 2-(N N-diethylamino)ethanol Procaine

CoH —HCl A CoHs
— >—CDDCH CH,Cl + HN —/ 2 ° - _< >_ /
HoN 2CH,CI + e, Under educe T HoN DDDCHQCHENKCEHE

2-Chloroethyl 4-amino benzoate Diethylamine ~ PTesstre Procaine



Procaine synthesis

C2Hs :
HOCH,CH,CI  + HN ,: Condensation OHCH,CH,N(C,H:)-
C,H —HCl An; :
2-Chloroethanol 2's 2-(Diethylamino)ethanol
Diethylamine

0
I
—HCl lr::zm _@_C_CI

CEHﬁ
—Q—E —OCH,CH, N/
\H:EHE
[H]

SnfHC]

ECEHE
N COOCH,CH N“x
C,Hg

Procaine



:lf|j—H (|21 :-t|'}—H r|:1 'iﬁr—H (|:1
R—C=G_$=G— R—C=E}—|S—i£}? « R—C—0—5—0
b A
Cl i Cl Cl |
e
4
Q '?ITH r|:|} cﬁr 1|:|:- + HCl

R—C E} 5 Cl' m Kl —0—5Cl o~ FRyC30—5—Cl
| a chlorosulfite anhydride

Cl
gy O On O (0}
-l e} |
R—C—0—S—C — R—l;‘?—kh(;_“l 75—=CI > R CEC] + S0, + CI-
. -

C]—_-' C].



Tetracaine synthesis

HoN O COOH  +  Br(CHg)3-CH3 — > CH3(CH)afiN 4@ COOH
—HBr

4-Aminobenzoic acid Bromo butane
(i) DH—CHECHE—CI _HED
. —HCI
(i) HN{EHE}2
O

[ ,CH;
CHa(CHo)s NH— C —OCH;CHoN {_
CHj

Tetracaine



Tetracaine synthesis

CH3(CH,)sBr
H,N COOH - CH3(CH,)sNH COOH

4-Aminobenzoic acid

H" | OH-CH,CH,—N(CH3),
—H,0

0
|| /,CH3
CH-(CH-)-NH C —0OCH-CH-N
3(CHy)s N
Tetracaine



Binoxinate synthesis

HO H,C(H,C),0

GHy(CH,),Br oo
O.N COOH > O,N
2 —_HBr 3

3-Hydroxy-4-nitrobenzoic acid

l OHCH,CH,N(C,Hj),
H,C(H,C);0 H,C(H,C),0

Y Tin / HCI .
H,N l,\ / COOCH,CH,N(C,Hg), —=* H] O.N \\ / COOCH,CH,N(C.Hg),

Binoxinate

10



Propoxycaine synthesis

OH

O,N COOH

2-Hydroxy-4-nitrobenzoic acid

Br(CH,),CHs
P =

Alkylation
—HBr

O(CH,),CH4

05N COOH

_Hzgl OH(CH2)2N(C2Hs),

O(CH5),CH4
05N COO(CH;);N(C,Hs),
[HI lSr‘u‘rHC|
O(CH,),CH4
H,N COO(CH5),N(C5Hg)s

Fropoxycaine

11



Proparacaine synthesis

HO COOH + Br(CH,),CH,
— CHE—{CHE}E—D
1-Bromopropane

H-N
. 2 HEN
J-Amino-4-hydroxy
benzoic acid
CH3;—(CH,),-0

HoN

COOH + OH(CH5),N(C5Hs)>
2-(Diethylamino) ethanol

l Esternfication

C,oH
Vack:

COOCH;CHN
CoHs

Proparacaine

12



Bupivacaine synthesis

CH, 0 N CHy S
. e > ¥
. N Condensation N
'S Alpha-picolinic acid NaOH CHsy

Hs

2,6-Dimethyl aniline In xylene, N-alkylation
—HBr | CH,(CH,),Br

: _(j HCL, Q NH-CO —(j
NH-CO —T,

ECHE}E.CHE.

{CHQ 1CH4
Bupivacaine

13



Bupivacaine synthesis

base C NHz
- 5 j
L I | Y
-':"I".I"--"I:ZEIEH ] | o |::| t
Hicobnic acid Ethyl chlonafoemala mixad scid anhwdrids 2, B-xyliclirm
- .
H H o H
& ,L z r-Bul = LN L
.-T-. ---. ;l -‘_I. | € 'E:'H ﬂT l M -.Tr. h | =
. ‘--. pyTiginim 558 amige

14



Cyclomethycaine synthesis

OH
D-Alk lati O/ \@L
yla |{:-n CDCI_IH
COOH 4-Cyclohexyloxy benzoic acid
4-Hydroxybenzoic acid
y y leCIM[:I2

SHO\
CocCl
Vr 4
Estenfication HDCH -CH EH —N
H,50,

CH,

0
Il
GD@C—DCHECHECHE_N: Y H,S0,

CH,
Cyclomethycaine sulphate

15



Cyclomethycaine synthesis

CI@ED Cl +HOC HE-'[':.HEPC.‘-HE_"'I

4-Chlorobenzoyl chloride i_Hm CH
3

3-(2-Methylpiperidine Jpropanol-1-ol

@—CDDEH CH,CH—N \

I}O—ENE

H H,S0,

||
Qo@—c—GCHECHECHE_N’ ) H,50

CH,

—NacCl

Cyclomethycaine sulphate

16
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Phenol reactions

»

SERTRRIRTYS WY SPISLnomioe A (1Rl SIC I e PERREITECE TR R e
e R ~LEARNING CHART OF PHENOL (A TO z) i Sl
2oy By PO cations Hucl ¥ .y
ivonset Proviems o Ol [ Pnprlﬂon of Phonol I COOH S ” rwon of Phenol J

a ' OH
~ SOCOCH. Jea
(Aspicn) ) Oil HNO, NG Ry
HCI 1 > + =
§| cH,coc!
i or o'
‘ et H | Conc. HNO, , 54 s-irsniuopnenol (PICRIC ACID)
v " { @OH SO,H
> —;—’Naz;‘: W ~~~~COOH [Beincs, @
Benzene Sutphonic ac»d (1) NaOH conc. H
(2) €O, H H,SO0, =
N,CI Br, water <
NaNO, ' OH OH 8
TeHa CHCI, + aq . NaOH CHO
é ﬁ H.
Reimer iemann
foioas c o O-H naciiona
ksl | H,O" Na/NaOH :
. CH, 50-90°C Ll ONa

(CUMENE HYDROPEROXIDE)

Test of phenolic
OH group

1@ 6C,H,OH + FeCl, —_y [Fe(C,HO, # 3HCI + 3H"
A Loy et L neutral sol, (U S violet complex "
A143) . thormanrﬂme ‘-._v,:

1 Hakay
i . e H-som_ °"

.|‘,

Wumm

M-)Rod colour

|

OR
[ carsouic acio |

2Zn dust l Na,Cr,0pH"

!
@ +200

(1) 0,
(2)Zn + H,0 )\
‘ 8
: ?HO ( onmumlg“
CHO .

pr s

[ naOH, SO TN
@°“° X=CI, Br, 1. SO;R o

0
Il Il 0
(R-C),0 Or R—C-L o_g

HO—@—N =N ~Ph (Coupling reaction)
| CCl+ NaOH @: ks

PhN,CI
mild basic

H Ni
O—OH (c.wu:nmam)




i Phenol reactions

The direct formylation of aromatic compounds can be
accomplished by various methods such as the :

1) Gattermann reaction

2) Gattermann—Koch reaction

3) Vilsmeier—Haack reaction

4) Duff reaction

5) Reimer-Tiemann reaction



The Gatterman—Koch Formylation:
Synthesis of Benzaldehydes

Formylation can be accomplished by using a high-pressure mixture of
carbon monoxide and HCI together with a catalyst consisting of a
mixture of cuprous chloride (CuCl) and aluminum chloride.

This mixture generates the formyl cation, possibly through a small
concentration of formyl chloride.

Gattermann-Koch Formylation:

CHO
A0S COIHCL | | @
LLH = Lewis acid / carrier Ll“m_ x;::]
1 atm or .
R = alkyl high pressure Aromatic aldehyde




The Gatterman Formylation:
Synthesis of Benzaldehydes

The scope of the Gattermann-Koch reaction in terms of suitable
substrates is also limited, since it is mostly restricted to alkylbenzenes.

Gattermann introduced a modification where HCN is mixed with HCI
In the presence of ZnCl, to formylate phenols, phenolic ethers and
heteroaromatic compounds (e.g., pyrroles and indoles).

This modification is called the Gattermann formylation (or
Gattermann synthesis)

Gattermann Formylation:

CHO
HCHN / HCI
rf Lewis acid R
e or . AT -
Zn(CN) / HC ~
R = alkyl, Aromatic aldehyde

O-alkyl, OH



The Gatterman Formylation:
Synthesis of Benzaldehydes

v The main drawback of the Gattermann formylation was that it
called for the use of anhydrous HCN, which is a very toxic compound.

v To avoid the handling of HCN, R. Adams generated it in situ along
with ZnCl, by reacting Zn(CN), with HCI in the presence of the
aromatic substrate (Adams modification).

v' Other modifications used NaCN and CNBr successfully instead of
HCN. Cyanogen bromide is hydrolyzed to release hydrogen
cyanide and hypobromous acid

(CN)Br + H,O0 — HCN + HOBr

v A serious limitation of both title reactions is that they cannot be
used for the formylation of aromatic amines due to numerous side
reactions.




Phenol reactions
Vilsmeler—Haack reaction

v The Vilsmeier—Haack reaction (also called the Vilsmeier reaction)
IS the chemical reaction of a substituted amide with phosphorus
oxychloride and an electron-rich arene to produce
an aryl aldehyde or ketone

Vilsmeier-Haack formylation: EDG
| RT EDG
Rl H . R" HEO (’/ \> I[:[.{G N=R? ,f’fr|_'*~:m »
N acid chloride /Ol — ? \Y O .- Hz0 Y w—C
N—, , = E N Z\ = (\ - ¢ e S \
J ' solvent . Cl solvent \  Cl L H
R - R& r Substituted
M, N-disubstituted Vilsmeier reagent iminium salt benzaldehyde
formamide 5 .
R xR ] ¢ y v
3 _@5 — . :
Ry %R 7= Sobvontal + b PN X A ¢
g H R4 R™W_if HE__?:_ N=REL2 RE- // 0
OHC R* = . ! » W/ k b A
o, B-Unsaturated then HyggPiy Sovent o R Heteroaromatic
! aldehyde iminium salt aldehyde

R'2 = alkyl, aryl: acid chloride: POCl3, SOCIly, COCls, (COCI)o., PhsPBra, 2 4 6-trichloro-1,3,5-triazine; solvent: DCM, DMF, POCl5;
EDG = OH, O-alkyl, O-aryl, NR,; R** =H, alkyl, aryl; R® = alkyl, aryl; X = O, NR, CH,, CR,; ¥ = O, S, NR, NH; R® = H, alkyl, aryl



Phenol reactions
Vilsmeler—Haack reaction

v The Vilsmeier—Haack reaction (also called the Vilsmeier reaction)
IS the chemical reaction of a substituted amide with phosphorus
oxychloride and an electron-rich arene to produce
an aryl aldehyde or ketone

Mechanism: ***'#41
: . . a . T J | 4
Formation of the Vilsmeier reagent (an equilibrium mixture of iminium salts): R! HE R,NCHO R ;__H o
@N:< Cl & —— &J'N:\ Cl
K T R@ Mo R' o & g¢  oPOCL R2  Cl
R2 NTJ‘/\EL:;FI’: - ﬁ:N:{ Q?XCI ol RE_N_{’ Vllsmmeireagenl
Ac| 0=P-Cl ON:(\ GPDC'Z CN=( Q
Cl R? RZ O-P-Cl
Electrophilic aromatic substitution of the electron-rich aromatic substrate followed by hydrolysis: 09
O - 5 - 1
R' CI H NRLE‘ RE‘%B H, R EDG _Hc H S
AN\ SeAr o N\A % HCL o 7/ \) HO_ CNf’ 71\ -HNRIR? C:FA%V
RV o N\l naaw Cf \_‘_f’ PT. ©° ‘r:;. Y\ EDG
¢ Substituted
EDG > EDG EDG H
oc| iminium salt benzaldehyde




Phenol reactions
Reimer=Tiemann reaction

v The Reimer—Tiemann reaction is a chemical reaction used for
the ortho-formylation of phenols; with the simplest example
being the conversion of phenol to salicylaldehyde.

v The Reimer-Tiemann reaction can be altered to yield phenolic
acids by substituting the chloroform with carbon
tetrachloride. For instance, the altered reaction with phenol would
yield salicylic acid rather than the expected
product, salicylaldehyde OH

OH O
CHCl3
H
T aKoH
OH OH O
CCl,
KOH



Phenol reactions

Reimer=Tiemann reaction

OH ONa
CCl
NaOH 3
==,
CC| 340K
ONa ONa
INaOH COOH NaOH COONa
~3NaCl -H,0
-2NaCI dll HCI
ONa
COOH

salicylic acid

OH i O Na'
CHCI,

CHCL, + aq NaOH
- —>

Intermediate

l.‘iuﬂl i

O Na'

OH
CHO CHO
M

Salicylaldehyde

10



The Friedel-Crafts acylation

v In the presence of aluminum chloride, an acyl chloride reacts with
benzene (or an activated benzene derivative) to give a phenyl ketone:
an acylbenzene.

v The Friedel-Crafts acylation is analogous to the Friedel-Crafts
alkylation, except that the reagent is an acyl chloride instead of an
alkyl halide and the product is an acylbenzene (a “phenone”) instead

of an alkylbenzene.

Friedel-Crafts acylation 0
[J- C
AlCI s “‘ e R
2 3 |
ﬂ\ + I{—{ —(ClI T '/ + HCI
benzene acyl halide an acylbenzene

(a phenyl ketone)

11



The Friedel-Crafts acylation

Friedel-Crafts acylation is an electrophilic aromatic substitution with an acylium ion acting as the electrophile.

Step 1: Formation of an acylium ion.

G

(e} | B o
| T~ [ : .4 o +
R—C—CI: + AICl, == R—C—CI—AICl; = -AICl, + [R—C=0, +=— R—C=07]
p o
acyl chloride complex acylium ion

Steps 2 and 3: Electrophilic attack forms a sigma complex, and loss of a proton regenerates the aromatic system.

B 0 0 -
0 I I clj
|| 6 O c -

- (+) S
C E R e C‘“‘m
____f| . H ) H-—1Cl—AICL R + AIClL
R (+) (+) + HCI
| H H

sigma complex sigma complex acylbenzene

Step 4: Complexation of the product. The product complex must be hydrolyzed (by water) to release the free acylbenzene.

_AICI,

I

" Chs
o -
I\ |

CI"\-\.
~ O

product complex

I
C

free acylbenzene

excess H,0

=————: + aluminum salts

acylbenzens

12



The Friedel-Crafts acylation

v Friedel-Crafts acylation overcomes two of the three limitations of the
alkylation:

1) The acylium ion is resonance-stabilized, so that no rearrangements
occur;

2) and the acylbenzene product is deactivated, so that no further
reaction occurs.

3) Like the alkylation, however, the acylation fails with strongly
deactivated aromatic rings

13



The Friedel-Crafts acylation

Alkylation

The alkylation cannot be used with strongly deactivated
deriv Elll‘l.- es.

The I::arhnq:ﬂlmm mmlw:d in the a!k}'latmn ma}r
rearrange.

Polyalkylation 1s n:ummnnlj,.r a pmhlem

Acylation

Also true: Only benzene, halobenzenes, and activated derivatives
are *.uﬂabha

Eewnance—qt&bt lj.rm:l. acylium ions are not prone to rearrangement.

The acylation forms a deactivated acylbenzene, which does nm n:zu:[ further.

14



Acid-Catalyzed Alpha Halogenation

The a halogenation of ketones can also be catalyzed by acid. One of the most effective
procedures is to dissolve the ketone in acetic acid, which serves as both the solvent and
the acid catalyst. In contrast with basic halogenation, acidic halogenation can selec-

tively replace just one hydrogen or more than one, depending on the amount of the
halogen added.

| ]
C—CH, C—CH,Br
CH,COOH
©/ + B, —— ©/ + HBr
acetophenone a-bromoacetophenone
(70%)
0 0

!
C—=—CH, C—CHCI,
CH,COOH i

acetophenone a.-dichloroacetophenone

15



Acid-Catalyzed Alpha Halogenation

Acid-catalyzed halogenation results when the enol form of the carbonyl compound serves as a nucleophile to attack the
halogen (a strong electrophile). Deprotonation gives the a-haloketone.

Step 1: The enol attacks the halogen. Step 2: Deprotonation.
____.a-""--_- __h'xx
+3 - r / o - r
H—03 | —~x—x H_D:% T o ‘T . D\\% T
s
c=c —— C—C— <« c—Cc—| — C—C— + H—X

7 ™~ e | 7 | | e |

enol halogen carbocation intermediate a-haloketone

Unlike ketones, aldehydes are easily oxidized, and halogens are strong oxidizing agents.
Attempted halogenation of aldehydes usually results in oxidation to carboxylic acids.

] 1
R—C—H + X, + HO —> R—C—OH + 2H—X
aldehyde acid

16



Epichlorohydrin Synthesis

Epichlorohydrin is traditionally manufactured from allyl
chloride in two steps, beginning with the addition of hypochlorous

acid, which affords a mixture of two isomeric alcohols
Cl
Ho\)\/m

A~ + HOCl —— &
CI\)\/CI

In the second step, this mixture is treated with base to give
the epoxide: ¢,
HD\/J\/CI
O + NaOH — P> g1 + NaCl + H0

ch_A__cl

17



Fries rearrangement

The conversion of phenolic esters to the corresponding ortho
and/or para substituted phenolic ketones and aldehydes, in
the presence of Lewis or Bronsted acids is called the Fries
rearrangement.

v" The Fries rearrangement has the following general features:
1) usually it is carried out by heating the phenolic ester to
high temperatures (80-180 °C) in the presence of at least one
equivalent of Lewis acid or Bronsted acid (e.g., HF, HCIO4,
PPA)

v" the Friedel-Crafts acylation of phenols is usually a two-step
process: formation of a phenolic ester followed by a Fries
rearrangement

18



Fries rearrangement

phenolic ester

R‘l

_‘_
@) ,/\—»
RZ

phenolic ester

Lewis or Brénsted acid

or solid acid
or
light (h

ortho-Acylated

phenol I

and/or

OH

0~ "R?
para-Acylated
phenol

\_‘_/ OH

O
RZ
ortho-Acylated
phenol

19



Fries rearrangement

The Fries rearrangement is a rearrangement reaction of a
phenolic ester to a hydroxy aryl ketone by catalysis of Lewis
acids.
v" It involves migration of an acyl group of phenol ester to

the aryl ring.
v" The reaction is ortho and para selective and one of the two
products can be favored by changing reaction conditions, such
as temperature and solvent.

N OH O

Al Cl
I
cl’ ‘\ Pld C R
>370 K

5 g = 5

(@]
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Hell-Volhard-Zelinsky Reaction
HVZ reaction

The preparation of a-halo carboxylic acids by treating the corresponding
carboxylic acid with elemental halogen (CI2 or Br2) at elevated
temperatures in the presence of catalytic amounts of red phosphorous (P)
or phosphorous trihalide (PCI3 or PBr3) is known as the Hell-Volhard-
Zelinsky reaction (HVZ reaction).

1 0 R [o]
Rl 0O P or PXs (catalytic) T R2——4
R2——4/ + X—X - - | R . /
o) | halid ct-Halo carboxylic
carboxylic acid pETE OCY N | acid
Az
1
H1‘~ ;;P Ts? r?:;?jlzzt Nuc-H 2_\ ’RP
R, RZ = alkyl, aryl, H; X = Cl, Br; X = Cl, Br HE%—“‘\ - R
H X heat - HX X Nuc
acyl halide c-Halo carboxylic
acid derivative

21



Hell-Volhard-Zelinsky Reaction
HVZ reaction

The preparation of a-halo carboxylic acids by treating the corresponding
carboxylic acid with elemental halogen (CI2 or Br2) at elevated
temperatures in the presence of catalytic amounts of red phosphorous (P)
or phosphorous trihalide (PCI3 or PBr3) is known as the Hell-Volhard-
Zelinsky reaction (HVZ reaction).

. @, 1 re
I, [ 1 2t R O—PX
R1 0 e PLX R PXE ik 2 R1 0
N | 2 / R? ( - HOPX; 2 /
T e R —— | S | e e

H O-H H (O-H H X
carboxylic acid )(é’ tetrahedral intermediate acyl halide
1 @ 1 — 1
th \ H R‘;E{Q" e e RU 0 H,0 Rf N
—X ; N _— 2
H X tautomerization R2 \X / S R }(; N _HX ¥ OH
hydrolysis o-Halo acid

acyl halide enol form a-halo acyl halide

22



i Meerwein Ponndorf Verley (MPV) reduction

The Meerwein Ponndorf Verley (MPV) reduction in organic
chemistry is the reduction of ketones and aldehydes to their
corresponding alcohols utilizing aluminium alkoxide catalysis
In the presence of a sacrificial alcohol

The advantages of the MPV reduction lie in its high
chemoselectivity, and its use of a cheap environmentally
friendly metal catalyst

Al(i-PrO); / heat
OH O Oppenauer oxidation O OH

/K N = = )k + L
R{ "R, MsC CH; Meerwein-Ponndorf-Verley reduction R{" 'R, H3sC 'CH,

23



Converting Carboxylic Acid into Acid Chloride

:lf|j—H (|_“l =?—H (|:1
R—C=0.. ., S=0——=|R—C=0—8§—07 <«
| |
Cl § Cl

/o
{
"'O—H «Cl H O
O A G
R—C—DS|D—?RCDSC1—?
Cl
Oy O 101 9]
|-~ I et |

‘'O—H

R—C—0—S—0"

Cl

cﬁr {ﬁ: +HCl
R—C—0—S—Cl

a chlorosulfite anhydride

R—C—0—S8—Cl —— R—C—0S—Cl

> R—C_  + SO, + CI-

24



1° alkyl )
2° alkyl Cl
3° ﬂ|k'f| r —» R—X — Br
alkenyl I
aryl y Mg Ether
orTHF
R—Mg—X
O OH 0 OH
I 1. RIMoX I‘J: ‘|:|: 1 RMX
H..-" “H-_H 7 H3D+ Hi:‘( ‘H.H,, H.f“ “'-.H,. 7 ch}+ H.—"} 'HH
Hr
Aldehyde 2° Alcohol Ketone 3° Alcohol



Converting alcohol into alkyl halide

0
|

R—OH + CI—S—ClI

- c,

.o\, N -
R—O:__S—0 —> R—O—S
/ Ny’

. T N
H ! H Cl
thionyl chloride
fﬁ-O :6:'7
R™ >S=0, — Ri - S=0
Cl Cl
chlorosulfite ester ion pair

heat ,
> R—Cl + SO,
O:
Vi
\ —_ R—O—S§: —
A +5 \
g C
& Cla
-'0'. .
@, Rx %(}:0
“Cl

+ HCI

O:

. 7
R—O—S:
e \
Cl

chlorosulfite ester

+ HCI
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Blanc chloromethylation

The Blanc chloromethylation (also called the Blanc reaction) is
the chemical reaction of aromatic rings with formaldehyde and
hydrogen chloride catalyzed by zinc chloride or other Lewis acid to
form chloromethyl arenes. hydrogen chloride catalyzed by zinc
chloride or other Lewis acid to form chloromethyl arenes

© ZnCl, C|
HCI
CH,0

0 OH “OH ‘
IS e, o C D OH _ . OH
H” H H” H H 7 H
: o

27



H; /catalyst

| catalyst = N1, Pd, or Pt
R—NO, > R—NH,

= practive metal and H*
active metal = Fe, Zn, or Sn

N+-0 N=0: + H'CIT = H i:’} N=0: + Na"CI

Hﬂdlum ﬂllﬂt{'-' “HI'I:IUE ﬂ.ﬂld
T H
d N | .
H— D—N_D + HY = H— D—N_D — H,0 + I\ D —_ if\'Eﬂiil

nitrous acid pmtunated nitrous E!_Cld nitrosonium 1on



H30", warm

CuCl

CuBr

W

CuCN

W

W

HBF,

W

W

H;PO,

H—Ar

W

Ar—OH
Ar—Cl]
Ar—Br
Ar—C=N
Ar—F
Ar—1
Ar—H

Ar—N—N—Ar

Products

phenols

aryl chlorides
aryl bromides
benzonitriles
aryl fluorides
aryl 1odides
(deamination)

azo dyes

29



ArH —= AfNO,—= AfNH—=

= ArOH
R L Ad
1. HBF,
2. heat =~ ArE
+ CuCl :
Ar—N=N: = Ar(C]
Aryl
diazoninm = ArBr
10n
CuCN _
= ArCIN
H;P':'E or
CHiCH,OH ArH

Schiemann
reaction

Sandmeyer
reactions
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Metaraminol synthesis

CoH-CH.CI
cogH,cH, — 71 21

HO CgHsH,CO
1-(3-Hydroxyphenyl)propan-1-one

OH ' _
() Raney Ni,H,

COCH,CH,

Butyl nitnle

CH—CHCH, (i) Pd-Charcoal —=

(i) d-Tartaric acid

OBZ

OH
Metaraminol

CH,

é=NDH

CO
/

32



Metoxamine synthesis

OMe OMe O OMe O

g N Hs CHs
% _— W Butyl nitrite
H N\\
i HCI ©
OMe OMe OMe
1,4-Dimethoxybenzene Propionyl chioride 2. mn-i-om" v Hm propan-1-one N
o ® m
Ramy nickel /Hz

e OH
Hs AQOM’
NH; HC)
OMe PG

di-threo Methoxamine HC dl-erythro Methoxamine di-erythro Methoxamine HCI
(1) (3) (10)



Phenylephrine synthesis

@)
+ CI—‘!—CHZCI —_— COCH,CI
Chloro acety! chloride e
HO Phenol e m- Hydroxy phenyl
acetyl chloride
CH,NH,
Al.isopropoxide in
CHCH_NHCH -
2 3 o isopropanol COCH,NHCH,
OH (Meerwin Pondroff

HO Phenyl ephrine Verley reduction)

HO

34



Phenylephrine synthesis

HO COCH,CI HO COCH,NHCH,
CH,NH,
-HCl

3-Chloro acetyl phenol
\ (i) H,/Catalytic reduction

OH

HO. : CH—CH,NHCH;

(-)Phenylephrine

35



Adrenaline synthesis

O
MI(:I3 ||
0 1
HO " Friedal-Crafts HO C—CH,CI
acylation
—C —CH.,CI >
HO HO
Catechol
Nucleophilic
—HCI| substitution
CH,NH,
OH 0

HO

CH—CH,NHCH, HO C—CH,NHCH,
Raney Ni
-t e
[H]
HO HO

(+)Epinephrine Adrenalone
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Noradrenaline synthesis

‘ﬁ* 0

{:|—{:—CH —Cl NH |

- — CH,CI 2

@ oo HGQC 2 W HO OC—CHENHE

AICI,
HO HO
Catechol Raney-Ni
[H]
OH
|
HO

CH
~

MNoradrenaline

HO
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Dopamine synthesis

H5CO Chloro H,CO
+ HCHO methylation

HCI

H,CO H.CO
*77 Veratrole 3

H,CO CH,CH,NH, H,CO

Raney Ni

S R —

H,CO [F]
3 Homoveratrylamine H,CO
ZHEBr
A1 9_CH,Br
HO CH,CH,NH,
HO

Dopamine

—HCIlKCN

CH,CI

CH.CN
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Quelet reaction

v" The Quelet reaction (also called the Blanc—Quelet reaction) is
an organic coupling reaction in which a phenolic ether reacts with
an aliphatic aldehyde to generate an a-chloroalkyl derivative.

v The Quelet reaction is an example of a larger class of
reaction, electrophilic aromatic substitution.

v' The reaction requires a strong acid catalyst, but both Lewis
acids and Brownsted-Lowry acids can be used in the Quelet
reaction

~0 S0 cl
0O ZnCl,
£ e NA_ST R
R HCI

39
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Dubotamine synthesis

HO CH,CH,NH,
U + O==CH,CH,C —Q—DCH3
HO |

Dopamine ngr 4-(4-Methoxyphenyl)-2-
butanone

F'u:i-ilg,_H5
Reductive amination

HO i CH,CH,NH —(|3H —CHECHEQDCHE

CH,

HO Demethylation
Alc. KOH

CH,

HO CH,CH,NH —?HPCHzCH24©—DH
HCI: :

Dobutamine



reductive amination

v One of the chief values of imines is that the carbon-nitrogen
double bond can be reduced by hydrogen in the presence of a
nickel or other transition metal catalyst to a carbon-nitrogen single
bond.

v" By this two-step reaction, called reductive amination, a primary
amine Is converted to a secondary amine by way of an imine as
Illustrated by the conversion of cyclohexylamine to
dicyclohexylamine.

\ . " A - / /
/ —0 + HyN—( ) N 4 }=“~4—f:: :) — —N—( )
' I —H, 0 \ / \ /
Cyclohexanone  Cyclohexylamine (an imine Dicyclohexylamine
intermediate)
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reductive amination

v It is possible to carry out reductive amination in a single step by
using a reducing agent that is not powerful enough to reduce the
starting aldehyde or ketone, but is strong enough to reduce the
more easily reduced imine that is formed.

v" The reducing agent usually used for this purpose is sodium
cyanoborohydride, NaBH3CN.

H. _CH,

Y NaBH,CN -
+ C[IHNHE -
S MeOH .

Cyclohexanone N-Methylcyclohexylamine

et
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