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Abstract: The hydrophobic effect can result in different selectivities and rate accelerations, making water
a helpful solvent in chemical and biochemical reactions that are also benign to the environment. In light of
these compelling advantages, which include those associated with green chemistry, water ought to replace
more conventional solvents in the synthesis of chemicals. Because of this, the purpose of this article is to
make an effort toward presenting a thorough profile of the synthetic value of water in organic synthesis.
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1. Introduction:

The majority of chemical reactions used
to create compounds, such as medicines,
are often carried out in the solution phase.
This is also true for any type of study to
create new compounds.Earlier days the
solution phase was solvents, generally
Volatile Organic Solvents (VOCs) which
were posing environmental issues.
Researchers even worked on Microwave
assisted reactions for carrying out the
reactions [1].

Researchers also started working on

supercritical carbon dioxide which
becomes liquid under pressure, however
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that also posed problems as it will release
green-house gas if it’s not completely
reused and contained. As a result, a lot of
attention was turned to water to be used
as solvent for chemical reactions where
biochemical reactions are performed in
nature.

Water is a greener solvent as it is
environmentally benign, hence it as
solvent for most of the reactions.
Further, taking into consideration of
the temperature and pressure conditions
present in the earth layer, water can form
a significant role in the crystal growth
and synthesis of minerals. The invention
of advanced equipment’s particularly
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reactor vessels toward the start of
thirties led to the research activities
involving aqueous solutions and water
under medium temperatures and high
pressures. Hydrothermal processes were
dynamically carried out by different
research groups. [2-4]. “Hydrothermal”
for many years to explain the reactions
which has taken place at increased
pressure and temperature in water.

A few specific reactions have recently
been induced using a variety of non-
aqueous solvents. G. Demazeau et al.
[5] proposed the term “Solvothermal
reactions” to describe these non-aqueous
reactions in a way that is universal
and independent of the type of solvent
used. “Reaction or a transformation of
reactive in a closed system, in presence
of a solvent at a temperature higher than
its boiling point” is how solvothermal
reactions are defined. Solvothermal
reactions can also be conducted in
subcritical or supercritical environments.
Materials sciences have improvised these
processes, using aqueous or non-aqueous
solutions in a variety of media.

2. Materials Methods Apparatus

The materials employed under aqueous
conditions requests a pressure vessel
equipped for holding the extremely
corroding solvent at increased pressure
and temperature which facilitates the
synthesis, able to control, and for
recording the pressure and temperature.
The most difficult task in hydrothermal
associated reactions relies on the
construction of hydrothermal apparatus
popularly known as autoclaves [6].

A perfect hydrothermal autoclave ought
to have the accompanying features [7].
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a) Inactive towardsoxidizing agents,
bases, and acids.

b) Simple to assemble and dissemble

c) To get the appropriate pressure and
temperature, it should be long enough.
d) In order to prevent fabrication or
treatment after each experimental run,
the material should be strong enough
to support high temperature and high
pressure studies for an extended period
of time.

Morey autoclaves

The most prevalent equipment used
for hydrothermal growth is the Morey
autoclaves. The typical Morey autoclaves
used have internal diameters of 2.5 cm
and lengths of 10 to 20 cm.The initial
difficulties experienced by Morey and
his coworkers were eventually eased
by Morey [8] in which the closure was
prepared by Bridgman, unsupported
region seal gasket composed of silver or
copper.

Compression is used to achieve the
sealing when the prime nut or fixing nut
is tightened.Giving an axial hole along
the closure nut can allow the pressure
to be measured and controlled during a
trial.

A thermocouple is placed inside the
wall closure and brought into contact
with the sample furnace such that the
entire Morey autoclave and closure are
contained within the furnace’s element.

Following the trial, the entire apparatus
is immersed in water, splashed with air,
and the closure seal is broken. The Morey
autoclaves in the current work, shown in
Fig. 1 and 2, were made of SS316 steel.
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Fig 1: Morey Autoclave.
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Fig 2: Schematic diagram of Morey
autoclave

Liners

As early as 1851 AD, De Senarmont used
the glass tube as a liner for the production

of sulphides, sulfates, and carbonates,
sulfates, and sulfides. [9]

Noble metals or other appropriate metal
coating is outfitted for autoclaves like
Bridgman and Morey (flat plate). The
main problem associated in designing the
lining that it should be free of ridges or in-
holes, cracks, and itshould be sharpenedto
approach reflect finish. Noble metals
are used for the Tuttle cold-cone-seal
autoclaves capsules. The liners are filled
to the necessary percentage and sealed.
Since the autoclave’s inner wall and the
space between the liners are both filled
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to a similar percentage or slightly above
that level, a pressure balance is made
possible and the liner produces almost no
pressure.The liner may burst as a result
of the strain irregularity. Teflon beakers
or liners are the most cost-effective and
commonly used because they facilitate
the growth of high virtue crystals in
solutions of extremely corrosive media
at lower temperatures and pressure.The
liner may burst as a result of the strain
irregularity. Teflon beakers or liners are
the most cost-effective and commonly
used because they facilitate the growth
of high virtue crystals in solutions of
extremely corrosive media at lower
temperatures and pressure.

Teflon liners or containers must fit
precisely within the autoclave without
leaving any room, or else a technique for
controlling the pressure will probably
need to be used. Since the Teflon liner and
cap cannot be soldered, slightly greater
pressures of close to 1 to 2 percent fill
outside the Teflon liners are preferred.

3. Synthetic utility of Solvothermal
reactions

By raising the pressure, certain reactions
that would otherwise go more slowly
under normal conditions might speed
up. You can achieve this by heating
the reactants in a sealed environment.
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Solvothermal reactions are interesting
because they have the potential to produce
environmentally  friendly  reaction
conditions by reducing the weight of
organic solvent discharge.Heterogeneous
chemical reactions that take place at
solid-liquid or solid-liquid-gas interfaces
at higher temperatures and pressures are
included in the solvothermal process.

We have so far carried out a few reactions
under  solvothermal  conditions.By
heating the amide with liquid ammonia
in a sealed glass tube at water bath
temperature for 10 to 12 hours (Scheme
1), Rai et al. successfully converted the
lactone to amide for the first time in 1986
[10]. In recent years, lactones have been
converted to amides via nickel-catalyzed
processes. [11]

liquor NH,4

sealed tube

Scheme 1

This prompted our group to carry
out intramolecularl,3-dipolar
cycloaddition of oxime with olefins to
tetrahydrofuranoisoxazolidinesby means
of nitrone intermediate successfully in a
sealed tube at 100°C employing benzene
as the solvent (Scheme 2) [12].

This ring closure proceeded stereo
specifically to generate three adjacent
stereochemical centres.The iridium-
catalyzed intramolecular chemo- and
enantioselective N-allylation of oximes
has been reported recently. [13]
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Scheme 2
Transformation of aldehyde

semicarbazones to bishydrazones by
thermolysis under high pressure was
accomplished using ethanol as solvent
with 90-95% yield (Scheme 3)[14]. This
transformation of semicarbazones to
bishydrazones (azine) presumably occurs
via the elimination of bisurea from two
moecules of semicarbazones (Scheme
4).Earlier bishyradzones synthesis was
reported by other methods. [15]

sealed tube
Ar-CH=N-NHCONH, — 3 Ar-CH=N-N=CH-Ar

Scheme 3

+
Ar-CH=N-NHCONH, AI-CH:N-(II\:IHCONHZ

R Ar-CH=N-NHCONH,

Ar—CHTi\I -NHCONH,

Scheme 4

Ar-CH=N-N=CH-Ar Ar-CH=N- CONH2

H NH-NHCONH,
H,NCONHNHCONH,

Thiocarbonyl-containing ~ compounds
are adaptable synthetic intermediates
with numerous uses in the production of
complicated natural products. [16]

Despite the fact that there are
numerous reagents for thionation of
esters or amides, they have significant

drawbacks. Lawesson’s reagent,
hydrogen sulfide, phosphorous
pentasulfide, = hexamethyldisilathiane,
R,OBF,/NaSH, R,PSX, (EtAl),S,

b1s(tricyc10hexylstannyl)sulfldeiboron
trichloride, thiourea etc. are some of the
differentthionatingreagents. Forexample,
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many of these reagents require prolonged
reaction durations, high temperatures, or
harsh reaction conditions to be successful.
Additionally, they frequently require
painful chromatograms to separate used
reagents from desired products.

Because of this, Rai decided to employ
thiourea as a thionating agent to convert
1, 3, 4-oxadiazole into 1, 3, 4-thiadiazole
under solvothermal reaction conditions
(Scheme 5) [17].

A %Ar

thlourea N—N
Ar /<S>\Ar'
Scheme 5

The predicted process for the synthesis
of 2,5 diaryl 1,3,4-thiadiazole entails the
initial attack of thiourea’s sulfur atom
on the nitrogen at positions 2 or 5 of
the compound, assisted by a lone pair
of electrons, followed by a ring opening
reaction to produce the thiouronium salt.
By forming an oxathiadiazepine
derivative, this  thiouronium  salt
undergoes rearrangement to generate
mesomeric oxouronium salt. With the
elimination of the urea molecule, further
ring closure of the oxouronium salt will
result in the synthesis of thiadiazole
(Scheme 6).
N—N

N—|
AFXO%EAF — Ar%('\kAr
Ay, £

RN

N—N
va N\ Ar
. f

N—N
Ar'd/’}}\Ar

0] N—

N
HZNJ\NH2 ' Ar/<s)\Ar I

Scheme 6

Chemistry & Biology Interface

Thiourea’s effectiveness as a reagent for
the solvothermal conversion of esters
or amides into thioesters or thioamide,
respectively, was further demonstrated
by Rai et al (Scheme 7). In a typical
synthesis, equimolar amounts of thiourea
and ester were added to a stainless steel
autoclave of the SS316 Morey type
that had a 30 ml capacity teflon liner. It
produces 85 to 90% of ethylthiobenzoate
during routine workup [18].

/CE
H,N

HN )
NH NH
e 2 2
) Jv; e
OE\

NH2 l
+

HoN

)]\ )]\ - S NH,
OEt HzN Af—%
Et

Scheme 7

Further, the azine derivatives were
reacted with elemental sulphur under
solvothermal condition leading to the
formation of 2,5-diaryl-1,3,4-thiadiazole
derivatives (Scheme 8)[19].

N—N
S
Ar-CHEN-N=CH-Ar et b ArKS»\Ar
JA Ar
n
/ S7 sealed tube NJ w (‘ s > N/‘§H A5 S
\ S\S/é5 ’\‘)NU
“x’ T X
r
N—N SH I
/( \ + HS-SS' -
Ar N8N\
Scheme 8

Rai et al synthesized 2-aryl oxazolines
by the heterocyclization of ethanolamine
and aryl aldehyde under solvothermal
condition (Scheme 9) [20].
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thiourea
ArCHO + HOCH,CH,NH, ~erted-tuha™

A

Scheme 9

It is highlighted in Scheme 10 that a
novel strategy for the synthesis of 2-alkyl
thiazolines that avoids any environmental
pollution involves thionation of the
amide produced by the heterocyclization
of ethanolamine in the presence of a
long chain saturated/unsaturated fatty
acid. The potential method for thiazoline
synthesis is depicted in Scheme 11.

(0] Thiourea R S
o ———
R OH

Scheme 10
oo Yo
HNS¢ O R
)
PN +H2r\/_\OH—> t/“\uj HNT S8 NH
R7OH HN_\s Ho\/l
NH, v
N + HN O R
r’\//\R Hen S><R Hz'2\1><8><NH
S (/NH HoN (o} NH o HO\/,
o Ho _J
W
Scheme 11

Hugo et al[18] .’s effective Meerwin-
Pondroff  reduction-type  procedure
involved reducing carbonyl compounds
utilising secondary alcohols without the
need of a catalyst under super critical
condition.

The decarboxylation of aromatic
carboxylic acid with the hydrocarbons via
directacylation of aromatic hydrocarbons
is a topic covered in a large body of
literature. Acyl halides are typically used
to acylate aromatic rings in the presence
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of Friedel-Crafts catalysts like AICI, [19]
as well as other catalysts like CuC132 and
FeCl,. Aromatic carboxylic acids are
frequently decarboxylated by heating
with copper and quinolone [22], and
there are a good amount of reports for
this kind of reaction as well.

Under solvothermal conditions, Rai
et al. [23] attempted to carry out the
esterification of carboxylic acid with
alcohols. As a result, it didn’t happen,
but when acetonitrile was used as the
solvent, they produced acetophenone in
a good yield rather than esters.

Decarboxylation  produces  phenyl
radicals that attack the nitrile carbon to
yield imine radicals. This radical pulls
hydrogen from carboxylic acid to make
imine. Isolated imine hydrolyzes to
equivalent ketone (Scheme 12).

0 solvothermal NH

R'-CN —_—

A A

Scheme 12

In a stainless steel SS316 Morey type
autoclave with a 30 ml capacity teflon
liner, equimolar amounts of benzoic acid
and acetonitrile were added and heated
to 100-150 oC for 810 hours. On the
typical workup, the resulting solid product
gave an imine of 85-90%. Acetophenone
is produced about 85% of the time by
acidic hydrolysis of the isolated imine.
Rai et al [24] successfully synthesized
substituted isoxazoles and pyrazoles
from a,a-dioxoketene dithioacetals under
solvothermal conditions. a,-Dioxoketene
dithioacetals and (N/E, NZE)- N7,
N’3-bis (3, 4, 5-substitutedbenzlidene)
malonohydrazide undergoes
heterocyclisation in the presence of
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hydrazine derivatives, at relatively
low temperature and pressure, under
solvothermal conditions, to give the
corresponding pyrazole derivatives.

In a typical synthesis, equimolar
amounts of phenyl hydrazine and, o, o.--
dioxoketene dithioacetals were added to
a stainless steel SS316 general purpose
autoclave that had a Teflon liner with a
30 ml capacity. On the standard workup,
it produced 69-96%.

The expected mechanism for the
formation of pyrazoles involves the
attack of the unsubstituted nitrogen of the
hydrazine derivatives to carbonyl carbon
of the a,o-dioxoketene dithioaetales to
give intermediate adduct, Similarly, in
the case of malonohydrazide, the more
basic nitrogen —NH, attacks carbonyl
carbon to give intermediate adduct. In
both cases, the intermediate adduct passes
intramolecular cyclization to afford
product rather than the regiosomeric
(3-methylthio-pyrazoles) as illustrated in
the Scheme 13.

—_—
NH,

NH2NHR"'
(@]

Rll R' HSR RS

/ \ < V N

R
RS N
Rlll

Scheme 13

Raietal[25]reportedthat3,4,5-substituted

isoxazoles were conveniently prepared By
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by the reaction of o,o-dioxoketene
dithioaetals with hydroxylamine
hydrochloride in the presence the pyridine
as base while 3,5-disubstitued isoxazoles
were prepared from (N'E, N3E) — N,
N3-bis  (3.,4,5-substituted benzlidene)
malonohydrazide and hydroxylamine
hydrochloride = under  solvothermal
conditions.

The expected mechanism for the
synthesis of isoxazoles depend on the
role of the base in these reaction is
limited to release of free NH OH from
its salt and it dose not exert an effect on
a-a-dioxoketen dithioacetals under these
conditions follows the oxime pathway
to yield exclusively the corresponding
5-alkylthio Isoxazoles instead 3-alkylthio
Isoxazoles.

Therefore as shown in Scheme 14, the
mechanism of this reaction is the attack
of the nitrogen of the hydroxylamine
hydrochloride on the carbonyl carbon,
which results in an intermediate adduct
that undergoes intramolecular cyclization
to afford the desired product rather
than the regiosomeric (-3-methylthio-
pyrazoles).

= — %

NHZOH HCI

Ho

o e}

. /O/\ R“)// o
j
Scheme 14

combining anisole and substituted
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benzaldehydes with a salen metal catalyst
and high temperatures and pressures in a
Morey autoclave, Rai et al. [26] suggest
a straightforward approach for the
synthesis of benzhydrol derivatives.

Conclusions

In this paper, the synthetic value of
water in organic synthesis is summarised
and highlighted for the reader. When
conducting organic synthesis, using
water as a solvent lowers the amount
of harmful compounds released into the
atmosphere, which in turn lowers the
amount of pollution produced. This is an
effective example of green chemistry in
action.
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