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Abstract: The role of commercially available Ammonium chloride in organic synthesis can not be understated.
This review summarizes the versatile synthetic applications of Ammonium chloride in different chemical
transformations. Reactions include Claisen rearrangement, Ullmann coupling, thia-Michael addition, three-
component synthesis of dihydropyrimidinones, imidazo[1,2-a]pyridines, tetrahydrobenzo[a]xanthene-11-ones,
benzoxazines, iminooxazolines, imidazo[1,2-a]pyrimidines, spirochromenes, spiroacridines, four-component
synthesis of dipeptides, pyrrolo[3,4-b]pyridine-5-ones, crossed-aldol condensation, condensation of carbonyl
compounds and indoles, synthesis of quinoxalines, arylbenzothiazoles, bishenzothiazoles, reduction, and
oxidation. Application of this catalyst allows mild and highly selective transformation and synthesis in a facile
and environmentally friendly manner. Moreover, Ammonium chloride is an inexpensive and easily available

catalyst, which acts under neutral conditons.
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Recent progress of ammonium chloride as catalyst in organic synthesis

I.  Introduction

In the past decade, the chemistry of Ammonium chloride has experienced a rapid development. This
growing interest in Ammonium chloride is mainly because of its mild, highly selective properties,
environmentally benign character, commercial availability and cost effectiveness. Ammonium chloride is used
as fertilizers in crops, an ingredient in fireworks, as a flux in preparing metals to be tin coated, galvanized or
soldered. It is used as a expectorant in cough medicine, used as a systematic acidifying agent in treatment of
severe metabolic alkalosis, used to maintain the urine at an acid pH in the treatment of some urinary-tract
disordered and treatment on human polymorphonuclear leucocyte iodination.™ It is used as food additives, as
feed supplementary cattle and an ingredient in nutritive media for yeasts and many microorganism. It has an
application as an electrolyte in zinc-carbon batteries, in hair shampoo, in the textile and leather industry. In
laboratory it is used to prepare eutective mixture’ in cooling baths, used to prepare buffer solutions and also
mostly used as catalysts for different chemical reactions. Ammonium chloride and Ammonium based chloride
compounds'® are now being routinely used in organic synthesis as homogeneous as well as heterogeneous acid
catalysts for various selective transformations of simple and complex molecules. The purpose of the present
review is to summarize the utility of Ammonium chloride with emphasis on recent synthetic applications;
Literature coverage is through till 2013.

I1.  General Information And Structural Features Of Ammonium Chloride
Ammonium chloride is white crystalline solid having the following physical properties™
Molecular formula - NH,CI

Molar weight : 53.49 g/mole

Odor : odorless

Melting point : 338 °C (decomposes)

Boiling point :520°C

Solubility in water 297 g/L (0 °C), 372 g/L (20 °C), 773 g/L (100 °C)

Solubility in alcohol :69g/L (19 °C)
pH (1% solution/water) :5.5 (acidic)

Density : 1.5274 glcm?®
Refractive index (np) :1.642
Specific gravity : 1.53 (water =1)

Figure 1A shows crystalline state of Ammonium chloride. It is hydroscopic and thus highly soluble in water and
figure 1B shows the structure of Ammonium chloride where four hydrogen in ammonium ion around the central
nitrogen atom must be placed at the four corners of a regular tetrahedron. Aqueous solutions of Ammonium
chloride is mildly acidic. It serves as an excellent source of acid and used in various acid catalyzed reactions. It
is easy to measure and safe to use.

Figure 1A Figure 1B

1. Claisen Rearrangement
Ammonium chloride was reported to catalyze aliphatic Claisen rearrangement by Rallis et al. Thus,
when allyl 3-allyoxy-2-butenoate 1 and crotyl 3-crotyloxy-2-butenoate 2 was heated separately at 150 °C for 10
minutes, the rearrangement accelerates to a small degree by heterogenous catalysis of Ammonium chloride
(Scheme 1).2 The ethers 1 and 2 gave allyl 2-allyl-3-oxobutanoate 3 and crotyl 2-(1-methyl-2-propenyl)-3-
oxobutanoate 4 respectively in good yield. The intramolecularity of the rearrangement was also demonstrated by
heating a mixture of 1 and 2 in presence of Ammonium chloride. No crossed products were obtained.

Iv. Ullmann Coupling Reaction
Heng et al. reported that Ammonium chloride could promote palladium-catalyzed Ullmann coupling of
aryl bromides in water. A mixture of various aromatic bromides, Pd/C, zinc, Ammonium chloride and water was
stirred at room tempature for 24-72 hrs. yielding diphenyls 5 in 48-67% vyield (Scheme 2).* In absence of
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Ammonium chloride, coupling of aryl bromides mediated by Pd/C and zinc the product 5 was obtained in very
poor yield (17%; when R= Me). In the first step of the mechanism NH,CL react with H,O yielding H*, which
then afforded H, by reacting with Zn. In presence of H,, Pd(0) reacts with aryl bromide or H, to give
intermidiate 6 (ArPdBr) and intermidiate 7 [Pd®*(H"),], respectively. Intermidiate 6 reacted with another ArBr to
afford the intermidiate 8 and PdBr,. Intermidiate 8 then underwent reductive elimination to release 5 and
regenerate the active Pd(0) species. PdBr, could also react with H, to regenerate the active Pd(0) species. In the
meantime, aryl bromide could be reduced by intermidiate 7 to give ArH.

R R R = R
" NH,CI, 150°C, 10 min R O/;L( .
O / O ' *W —_—

YO H
CHs O, s CHs O. ) CHs O, _,
1: R= H; R'=allyl Yield of 3: 68%
2: R= Me; Rl= crotyl Yield of 4: 87%

Scheme 1
Pd/C, Zn, NH,CI, H,0, rt, 24-72 h
() -
55-67% R R

R

5
R=H, Me, OMe, NMe,, OH

NH,.Cl + H,0 — NH,OH + H" + CI’

Zn + 2H' —> H, + zn*

H>
2Pd (0) —~ » + Pd?(H
ATBr ArPdBr Pd™'(H ),

6 7
_ABr ArPdAr +  PdBr,
Pd (0) 8
Reductive elimination
8 » Ar— Ar + Pd (0)

5
PdBr, _H2 o py (0) + 2HBr

7
ArBr ——— ArH + HPdBr : HPdBr ——» Pd (0) + HBr

Scheme 2

V. Thia-Michael Addition Reaction
“Thia-Michael addition of thiols to a,B-unsaturated ketones such as chalcones was accomplished in
presence of saturated Ammonium chloride in water at room temperature to obtain the corresponding 1,4 adducts
9 in good to excellent yields (Scheme 3).* No by-products resulting from the undesired 1,2-addition and/or bis-
addition side reaction were observed. Chalcone derivatives carrying either electron-donating or electron-
withdrawing groups did not affect either the yield of the product or the rate of the reaction. This method can also
be used to produce 10 from thiols and B-nitrostyrenes.

VI.  Multi-Component Reaction
Multicomponent reactions (MCRs), using three or more reactants in a one-pot synthesis to give a single
product, has gained synthesis of complicated molecules can be achieved in a fast, efficient, and time-saving
manner without the isolation of any intermediates. As a result, it requires minimum effort, which minimizes the
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environmental loading and is an acceptable form of green chemistry. These important three- or four-component
reactions have efficiently been performed using Ammonium chloride as catalyst.

0 O SR

7 NH,CI, H,0, 1t, 3h
X Y + RSH > X C O Y

80-91%

X=H, p-MeO, p-Cl
Y=H, p-MeO, p-Cl, p-NO,, p-NC
R= C6H5, 0'H2NC6H4

SR
NH,CI, H,0, rt, 3 h
NO
A NO2 4 RsH > Ar)v 2

Scheme 3

VLI Three-component reaction

Three-component reactions of various organic compounds represent a very important class of reactions
for forming biologically active heterocyclic compounds. Dihydropyrimidines show antiviral, antitumor,
antibacterial activities,” imidazo[1,2-a]pyridines find applications as anticytomegalo-zoster and antivaricella-
zoster virus,*** analgesic, anti-inflammatory and antipyretic agents,?" benzo[a]xanthenes have been used as
anti-inflammatory agents,”® and in photodynamic therapy.”® iminobenzoxazine®" and iminooxazoline®*®
derivatives are very important in the field off pharmaceuticals. Imidazo[1,2-a]pyrimidines®® are medicinally
important compounds. Spirochromenes and spiroacridines exhibit spasmolitic, diuretic, anticoagulant,
anticancer and antianaphylactic activities.'®* this is because the synthesis of complicated heterocycles has
presently gained tremendous importance. These important heterocycles have efficiently been synthesized using
ammonium chloride as catalyst.

VILILL Synthesis Of Dihydropyrimidinones

Shaabani and coauthors reported an efficient one-pot, three component, Biginelli type synthesis of 3,4-
dihydropyrimidin-2-(1H)-ones 11 under solvent-free conditions from aromatic or aliphatic aldehydes, 1,3-
dicarbonyl compounds and urea or thiourea at 100 °C using Ammonium chloride as catalyst (Scheme 4).*?
Aliphatic aldehydes which normally show extremely low yields in Biginelli reactions,*® gave relatively higher
yields of the dihydropyrimidines in presence of Ammonium chloride. Aromatic aldehydes containing either
electron-donating or -withdrawing groups underwent the conversion smoothly, giving moderate to excellent
yields of 11. Compared with the other methods for multicomponent synthesis of 3,4-dihydropyrimidin-2-(1H)-
ones, this new method using Ammonium chloride offers better yields, shorter reaction times and economic
viability.

o R
o o X )
NH,CI, 100°C,3h R NH
1 L —
RicHo + » N I o + HZNJKNHZ > /itf\/k
65-92% RN X
R;= Alkyl, Aryl X=0,S
R’= Alkyl-0, Alkyl 11

R3= Methyl, Phenyl, 2-thienyl

Scheme 4
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VILLIL Synthesis Of Imidazo[1,2-a]pyridines
Shaabani et al. showed that a series of imidazo[1,2-a]pyridine 12 could be synthesized effectively in 3
hrs. at room temperature by Ammonium chloride catalyzed one-pot, three component Groebke condensation
reaction of aromatic aldehydes, isocyanides, and 2-aminopyridines in methanol in 67-96% yield (Scheme 5).%

NH2 O
Ne
N e s H NH4CI,CH3OH,rt,3h> w
X + N >
%/ 67-96% z N Y
Y -
12

X1: CH, N; Y=H, Me, Br
R™= Cyclohexyl, t-butyl
Z=H, Me, MeO, NO,, CI

Scheme 5

Replacing 2-aminopyridine with 2-aminopyrazine afforded 3-aminoimidazo[1,2-a]pyrazine in presence
of Ammonium chloride in good yields. Methanol was found to be the best solvent for this reaction. Aromatic
aldehydes containing electron withdrawing or electron-donating substituents, gave the product 12 in good yield.

VILLII. Synthesis Of Tetrahydrobenzo[a]xanthene-11-ones

Foroughifar and his group reported a one-pot multicomponent reaction of aldehydes, dimedones, and 2-
naphthols for the preparation of 12-alkyl- or 12-alkyl-8,9,10,12-tetrahydrobenzo[«]-xanthene-11-ones 13 using
Ammonium chloride as catalyst under solvent-free conditions at 120 °c (Scheme 6)."* Various aromatic
aldehydes bearing electron withdrawing groups (such as nitro, halide) and electron-releasing groups (such as
methyl, methoxy) showed equal ease towards the product 13. Aliphatic aldehydes also gave the expected
product in good yields. When 2-naphthol was replaced by 6-bromo-2-naphthol or 2,7-naphtholenediol under
similar conditions the corresponding tetrahydrobenzo[«]xanthene-11-ones 13 was obtained in good to excellent
yields.

0]
OH NH,CI, neat, 120 °C, 8-40 min
x + RCHO + >
0 71-94%

X=H, Br, OH

R= Phenyl, aryl, alkyl, cinnamyl

Scheme 6
VILLIV. Synthesis Of Benzoxazines

Bonne and his groups synthesized 4-imino-4H-3,1-benzoxazines 17 in presence of Ammonium
chloride in good to excellent yields using a three component reaction sequence. Heating a toluene solution of an
isonitrile 14, an amine 15, and an aldehyde 16 in presence of a stoichiometric amount of Ammonium chloride at
60 °C for 12 hrs. produced 17 in 53-91% yield (Scheme 7).** Although, the reaction takes place at room
temperature but the yield is low and requires longer times. A plausible reaction mechanism that accounts for the
preparation of 17 was shown in scheme 7. Thus, condensation of 15 and 16 gave the iminium 18, which reacted
with isonitrile 14 to afford the nitrilium intermediate 19. Trapping of the latter by the internal amide oxygen
produced the 4-iminobenzoxazine 17. Formation of quinazolin-4-ones 20, which could result from the
nucleophilic addition of amide nitrogen to the nitrilium intermidiate, was not observed.
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o) NRy
NHR; R3R,NH (15) NH,CI, toluene, 60°C, 12 h‘ X 0
X + + » N/J\r NR2R3
53-91%
NC R,CHO (16) 0 L
2
14 17
RN
kNH
@
15 +16 ——>» /[l —>» X @
Ry N
N _NRzR,
18 19 Mg
Ry
0
NR; NR;

X N/J\( NR,R; 0
X
R, N/)\/ NR2R3
20

Scheme 7

VILV. Synthesis Of Iminooxazolines
A new three-component synthesis of 5-iminooxazolines 24 starting from aldehydes, amines,,
and a, a-disubstituted-a-isocyanoacetamides using Ammonium chloride were developed by Pirali et al. Thus,
when heptanal 21 morpholine 22, and a-isocyanoacetamide 23 were refluxed at 60 °C in toluene using
Ammonium chloride 24 was obtained in 62% yield (Scheme 8)."> Condensation of 21 and 22 gave the iminium
ion 25, which reacted with isonitrile 23 to afford the nitrilium intermidiate 26. Trapping of the latter by the

internal amide oxygen produced 24.
O
NH,CI, toluene [ j
N

0]
o] O
CN 60°C
JR R [] + %N/\COOMe—> o
H” > nCgHys N H CeHis

62%

,\',75 N COOMe
21 22 23 24

)
NH,

(0]
© [ j O-cyclilization
[ j 23
@ N
N

—_—>
o)
i o N2
H” > nCqHys % H/\ COOMe

25 26
Scheme 8
VI.LVL Synthesis Of Imidazo[1,2-a]Pyrimidines

Parchinsky et al.™® reported that various novel imidazo[1,2-a]pyrimidines 28 were synthesized in 49-
60% yield via a multicomponent reaction of 2-aminopyrimidine, aromatic aldehyde, and isonitrile in presence of
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Ammonium chloride in refluxing toluene (Scheme 9). The use of a nonpolar solvent instead of polar solvents
like methanol, suppresses formation of multiple products.

N ) =N
/ @ o NHLCI, toluene, reflux, 30 h <: -
C N>_ e Rl)J\ H + RN=C >\ N>\ \
= =

27 )/k Ry

49-66%
HN,

+ R2
27 | NH,4 28

N
7 NN * N . H
<;N>_ HH—>/ \>—+I\f \ CN H
y—>

7\

_ H—5—2 (=N '
Ri N \R' OO =N \ N>/\N H
D Y o\ <R

DNY N,
RS Ry
Scheme 9
VLI VIL Synthesis Of Spirochromenes And Spiroacridines

Dabiri et al."” reported that various novel functionalized spirocromenes 32 and 34 were synthesized in
good to excellent yields via a multicomponent reaction of isatin 30 or acenapthoquinone 33, an activated
methylene reagent 31 and 1,3-dicarbonyl compounds 29 in presence of catalytic amount of Ammonium chloride
in water at 80 °C (Scheme 10). The most probable mechanism of this reaction include a fast Knoevenagel
condensation between isatin and CH-acidic malononitrile/ethyl cyanoacetate in presence of Ammonium chloride
in water in the first step and a Michael addition of diketones to the unsaturated nitrile, the product of
knoevenagel condensation, in the second step and then the cycloaddition of the hydroxyl group to the cyano
moiety to form the desired product. When benzyl cyanide was treated as a substitute of malononitrile or ethyl
cyanoacetate in this reaction under similar conditions spiroacridine derivatives were produced with prolonged
reaction times.

0 ) 0 NH,CI (20 mol%), HO
R 80 °C, 10-15 min
L + 0 4+ NCTX >
R i 0 H 70-96%
R™ 29 30 31
R'=H, Me R2=H, F X= CN, CO,Et
0 0 O

. NH4C| (20 mOl%), Hzo

N 80 °C, 10-15 min
R + NCTX >
0 70-96%

R
29 33 31 34
R'=H, Me X=CN, CO,Et
Scheme 10
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VLI Ugi Four-Component Reaction
The Ugi reaction'®® is a four-component reaction of a ketone or aldehyde, an amine, an isocyanide and
a carboxylic acid to rapidly prepare a-aminoacyl amide derivatives. The Ugi reaction products can exemplify a
wide variety of substitution patterns, and constitute peptidomimetics that have potential pharmaceutical
applications viz. Crixivan,"® a protease inhibitor used as a component of highly active antiretroviral therapy
(HAART) to treat HIV infection and AIDS, Lidocaine®® and bupivacaine'® a caine-type anesthetics, in

conjugation with the enabling technologies such as high-throughput screening and combinatorial chemistry.

VLILL Synthesis Of Dipeptides

Cristau et al. reported a Ugi four-component reaction promoted by Ammonium chloride in aprotic
solvent. Thus, stirring a mixture of an aldehyde, amine, 3-hydroxyphenyl acetic acid, isonitrile and Ammonium
chloride in dry toluene at 60 °C for specified time afforded dipeptide amide 35 in good yield (Scheme 11).*

Ammonium chloride promoted synthesi of dipeptides 36 using Ugi four-component reaction was also
reported by Bonne and his coworkers. Morpholine, heptanal, potassium 2-isocyano-3-phenylpropanoate and
Ammonium chloride were stirred in toluene at room temperature for 18 hrs. producing the dipeptide in 90%
yield as a mixture of two diastereoisomers (Scheme 12).%

NO,
F
NO, R® O
OH
RlcHo F NH,CI, toluene, 60 °C Hom N%H COOR
+ + - 1
O R
[ RONH, 43-71%
i COOH NC~ > COOR 35
n=1,2

R= Me, Et: R= n-CgHs3, Ph, Co,H,NHBOC, i-Pr
R%= n-C4Ho, aryl, benzyl, i-Pr

Scheme 11

o) COOK NH,CI, toluene, rt O/\ 0  Bn (\O
[H] + CgHyCHO + NC)\Bn 18h > K/N\HLH)WN\)

90% CeHis 0
36
Scheme 12
VLILIL Synthesis Of Pyrrolo[3,4-b]Pyridine-5-Ones

Janvier and his group reported a one-pot Ugi four-component synthesis of pyrrolo[3,4-b]pyridine-5-
ones 40 using Ammonium chloride. A solution of an aldehyde, an amine, and an isonitrile 37 was stirred in
presence of Ammonium chloride at room temperature, giving oxazole 39 through imine intermidiate 38.
Subsequently, treatment of acyl chloride gave the product 40 in good yield (Scheme 13).2* Ammonium chloride
provided a proton source that is able to form hydrogen bond with 38 favoring subsequent nucleophilic attack of
isonitrile.

VII.  Condensation Reaction
Cross-aldol condensation of aldehydes with ketones is an important reaction for the synthesis of o,p-
unsaturated carbonyl compounds, which are known to show diverse biological activities.?”*® These types of
compounds are used as intermediates for synthesis of various pharmaceuticals, agrochemicals and perfumes.?*®
On the other hand condensation of carbonyls and indoles give diindolylmethanes that show a wide variety of
biological activities.?* It was found that Ammonium chloride effectively catalyses both types reactions.
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. @
RICHO + RANH, + ‘NW)LX

NH,CI, 1t

ITIRZ 37
Rl) H" from
38 NH,

Scheme 13

VILI Crossed-Aldol Condensation Reaction
Teimouri and co-workers have reported that Ammonium chloride acts as an excellent catalyst for the
cross-aldol condensation reaction. Thus, when cycloalkanones and various aromatic aldehydes were refluxed in
ethanol in presence of Ammonium chloride for 3.5-5 h., o,a/-bis(arylmethylene)cycloalkanones 41, was
furnished in excellent yields (Scheme 14).%°* Fufuraldehyde and cinnamaldehyde also gives excellent yields of
the corresponding condensation products. Microwave irradiation method®® for the synthesis of the similar type
of compounds using ammonium chloride has also been reported in very short time.

O )

NH,4CI, EtOH, reflux, 3.5-5 h Ar- N Z>Ar

2ArCHO + >
. 81-93% N

n=1,0 41
Ar= phenyl, furyl, aryl and cinnamyl

Scheme 14

VILIL Condensation Of Carbonyl Compounds And Indoles
Ammonium chloride was utilized by Azizian and his groups to condense carbonyl compounds with
indoles for the synthesis of diindolylmethanes 42 under solvent-free conditions. Thus, when a mixture of
carbonyl compound, indole and Ammonium chloride was heated with stirring at 90 °C, 42 was formed in good
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to excellent yield (Scheme 15).2° Aromatic and heteroaromatic aldehydes as well as cinnamaldehyde also gave
excellent yields. However, aliphatic aldehydes such as acetaldehyde and butaraldehyde gave somewhat lower
yields due to rapid evaporation at 90 °C. Both aliphatic and aromatic ketones required increasingly more time
for completion of the reaction and their yields were relatively low due to steric crowding in the resulting
diindolylmethanes.

R2 R
@ 0 NH,CI, neat, 90 °C, 2-4 h Q ‘ ‘ /@
+ >
N R R? 70-96% N N/k )\N =
H R 0 H Rt H
R1=Hor Me 42
Scheme 15
VIII. Formation Of Nitrogen Heterocycle
VIILL Synthesis Of Quinoxalines

Quinoxalines, well known for their wide spectrum of biological activities?’*® ranging from

antihelmintic, anticancer, antimicrobial, to antibacterial antiinflamatory and antidepressant, was synthesized
effectively by Darabi et al. by the direct condensation of various benzene-1,2-diamines and 1,2-dicarbonyl
compounds in excellent yields (95-100%) at room temperature using Ammonium chloride in methanol as a
mild, eco-friendly acid free and metal free catalyst (Scheme 16).%

/O:NHz O. _R' NH,CI, MeOH, rt, 5-240 min /@: I
+
R NH, OI 1 94-100%

R

R=H, Me, NO,, CI
R'= alkyl, aryl

+
NH4C| NH4 + CI_

N HO
H-NH;

O'A wr 1
BN =

\§ Hz.’\.':©\ jfj\ + NH,CI
-

1 s

-H,0 HN)‘ :NH  oNH,Cl  CH,N+ +NH,CI”

< -
(—4—

R

)
er
o)

Scheme 16
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VIILIL Synthesis Of Arylbenzothiazoles And Bisbenzothiazoles
Maleki et al. synthesized 2-arylbenzothiazoles,”*° a class of potent antitumor compounds by the simple
condensation of 2-aminothiophenol with aromatic aldehydes at room tempeture using Ammonium chloride as
catalyst and benign methanol-water as the reaction medium (Scheme 17).* The reaction stopped at the
benzothiazoline derivative when carried out under nitrogen atmosphere thus proving that aerial oxygen is
absolutely essential for the oxidation step.

MeOH/H,0

NHCI NH, + CI°

o- -ﬂ'\'as cl
A)J\j H, H

N
X O e O
SH

SH SH
-H,0
B
N H
N NH,CI/O, (air) N R SO
>— Re—" >< - R
S S H
SH
Scheme 17
IX. Reductive Transformation Of Organic Substrates
IX.1. Reduction Of Aromatic Nitro Compounds To Aromatic Amines

Ammonium chloride was used for the ultrasound-promoted highly efficient chemoselective reduction of
aromatic nitro compounds to the corresponding amine compounds in 56-90% vyield. For example, 6-nitro
chrysene 43 was reduced to the 6-amino chrysene 44 in 86% vyield in presence of samarium metal and
Ammonium chloride in methanol under ultrasonication at room temperature (Scheme 18).3* In absence of
Ammonium chloride the reduction did not take place, inspite of keeping all other conditions identical. The

reduction sensitive groups, viz. bromo, cyano, ester, unsaturated bond and heterocyclic ring remained unaffected
during this transformation.

‘O SM/NH4CI, MeOH, US, rt, 10 min ‘O‘O
‘O 86%

NO, NH,

43 44
Scheme 18

Similar type of chemoselective reduction of aryl nitro compounds like nitrophenols to corresponding
aminophenols was reported by Sridharan et al.** using zinc and Ammonium chloride in aqueous medium at
room temperature (Scheme 19).
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OH OH
2 2
R NO2  7n NH,CI, H,O-EtOH, it 10 min R NH,

-

38-48%
R! R

R'= H, Me, Et, CHMe,, CO,Me, CI, Br
R’=H, Br

Scheme 19

X1, Reduction Of Azides To Amines Or Amides
Ammonium chloride in combination with zinc was used to reduce alkyl and acyl azides to the
corresponding amines or amides in good to excellent yields (86-98%) at room temperature as well as under
refluxing conditions . Thus, when a mixture of acyl azide 45 and Ammonium chloride in ethyl alcohol and
water, zinc powder was stirred vigorously at room temperature, 46 was formed in 98% yields (Scheme 20).*
Functional groups such as C=C bond, benzyl, esters etc. which were easily destroyed during hydrogenation
could tolerate this method and also no racemisation was observed in case of the reduction of optically active

azides.
Zn/NH,CI, EtOH-H,0, reflux, 10 min
N > NH,
98%

) O

45 46
Scheme 20

XL Reductive Cleavage Of Azo Compounds To Amines
The combination of Ammonium chloride and zinc in methanol was further used by Sridhara et al. for the
reductive cleavage of azo compounds to their corresponding anilines (Scheme 21)*, reaction time being 5-20
minutes at room temperature. The reaction however, did not proceed in absence of Ammonium chloride. Azo
compounds bearing electron donating groups such as OCHs, OH, CHs and electron-withdwraing groups such as
COOH, COCHgs and halogens remained unaffected during the cleavage step.

Zn/NH,CI, MeOH, rt, 5-20 min
O, - SO
Y X Y

X 75-95%
XorY=H, MeO, OH, Me,
COOH, COMeg, halogen
Scheme 21
X. Oxidative Transformation Of Alcohols

An efficient procedure for the oxidation of alcohols with Ammonium chloride in the presence of
catalytic amount of NaBrO; has been developed in the recent years. An optimized protocol, published in
Journal of Chemical Research (S) for the oxidation of secondary alcohol 47 to corresponding ketone 48
(Scheme 22),* consists of the treatment of the alcohol 47 in aqueous acetonitrile with Ammonium chloride and
NaBrO; at 80 °C. This procedure involves a very high degree of selectivity for the oxidation of benzylic alcohol
to aldehydes, without any noticeable overoxidation to carboxylic acids, and high chemoselectivity in presence of
either secondary alcohols or other oxidizable moieties.
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NaBrO4/NH,CI, CHsCN, 80 °C, 4 h
MG—Q """ CHMe, Sl 3 > Me—Q ------ CHMe,
81%

Scheme 22

XI. Conclusion

This review demonstrates an active current interest in synthetic applications of Ammonium chloride as
catalyst.*>*° This growing interest of Ammonium chloride is mainly due to their very useful acidic properties,
combined with benign environmental character, inexpensive and commercial availability. There has been a
major surge of catalytic activity in several areas of the Ammonium chloride chemistry. These areas include the
application of Ammonium chloride catalysts in various organic transformations such as formation of C-C, C-N,
C-0, C-P, C-S and N-H bonds in different synthetically important compounds. We anticipate that these areas of
Ammonium chloride chemistry will continue to attract significant research activity in the future.
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