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Inlroduction

t.1. Background of Microwave:

Onee, chemists might have spent days sweating over 2 Bunsen burner,
pleading with a reactive brew to rclease its product, but with the arrival of
combinatorial chemistry, those heady days are long gone, and vasl amavs of
moleeules are generated in g trice, even with compound libiaries coming into sharper
focus. the rate-determining step, especially in the phavmacentieal industry, remains
the seed at which usable quantities of materials can be synthesized. Microwave
irradiation is becoming an increasing popular methiod of heating samples in the
Laboratory, It offers a clean, c¢heap and convenient method of heating which oflen
results in higher vields and shorter reaction times. Despite this popularily, and an
inereusing amount of literature on the subject, microwaves remain an area of
wmystery and magic for many people. The purpose of this part is to provide uscful
details concerning the application of microwsves in chemical reaclion. The pioneers
of the application of microwaves into more canonic synthesis thought that it could
produce similar effeets in assisling the reactions carried out in rescarch Laboratories.
In most cases it was proved that reaclions were saving a great deal of time!.
Regardless of the mechanism of action of microwaves on the chemical systems, this
part will deul with a fow points that seem in o peeuliur way to characterize the use of
microwaves in carrving oul chemical reactions and this technigue that is scl Lo
revolutionize  synthesis has moved to the {ore {ront of chemical research:
microwave assisted organic synthesis (MAOS¥5. While [ire 15 now rarcly used in
synthetic chemistry, it was not until Bunscn invenled the burner that the energy from
this heat source could be apptied to a reaction vessel in a focused mauncr. The
Bunsen burner was later superseded by the isomantle, oil bath or hot plate as a
source of applying heal to a.chemmeal ceaction. Microwave chemistry has been
around for decades. 1n the 1960, Physical chemists used domestic microwave ovens
to give thelr reaclion syslems a temperature kick and microwave-generuled polymers
were atl in the range in 1967, By the early 1980. several chemists were bringing
domestic ovens in the laboratory, and in the mid-1960;, groups led by Richard Gedye

(Luurentian Universitv, Sudbmy, ON), Goerge Majetich {(Universily of Georgia,
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Atlanta), Ravmond Giguere (Mercer University, Atlanta, GA), Rajender Varma (Sam
Heouston state Universily, Huntsvile, TX), and others have found thal microwaves
can uecelerule, boost the yield, and initiate otherwise impossible reactions. To datc
~ 1500 microwave chemistry papers have been published. However. sinee Lthe late
1000, the number of publications related to MAOS lias increased dramatically to o
poinl where in a few years; most chemisls will probably use guick bursts of
microwme energy tn heat and drive ¢hemical reactions 6. But as Pino Pilotll of
Personal Chemistry {Upsala, Sweden) points out, many would-be microwaves were
put off by spurious results. “There is no way one can gel reproducible results using a
normal domestic microwave oven, because you can get interfercnees between the
microwaves” he explains. “Parts of the plate are heated very I:ﬂkl(‘h, others at the
lemperilwie you are hopping for, while alher regions are not heated at all. The
nccasional excellent resulls were task force by the caplosions and lack of
repraducibility”™ Most reaction rates arc aceelerated by increasing temperature thul is
hased on the weli-known “rule of thuml’ that for every 10°C increase in temperature,
the rate is approaimately doubled. The maximum temiperature of a reaction is usually
Lhe Boiling point of the solvent. Bul in @ closed microwave vessel, the temperulure of

the mixture can be raised further, so. the reaction rale increases accordingly,

As ol 2007, many of the top phuarmacculical. agrochemical and
biulechuology companies are already using MAOS as a forefront methodology tor
librarv synthesis and lead oplimization as they rcalize the abilily of the enabling
lzchnology to speed chemical reaclions. Not only mierowaves are somelimes able to
reduce chemical reaction times trom hours to minutes, but they are also known to
reduce side reuctions, increase vields and improve reproducibilily. Almost all type of
organte reaction reguiring healing or thermal condition can be performed using
microwave radiation. Microwave dicleetric heating is dependent on the ability of a
snlvent or matrix Lo absarh microwave energy and to convert il inlo heat 5 ¢, The

matrix ubsorbs Lhe radiation by tivo mechanism: dipole polarization and conduction,

When irradiated with microwave frequencies, the ions or dipole of the
sample align in the applied electric field. As the applied [icld oscilales. the dipole or
ion field atlempts 1o realign itself with the allernating cleciric ficld and, in the
process, enargy is lost in from of heat through wolecular triction and dicleetoie Joss.
A mount of heal generated by this process is dircetly eelated to the ability of the

matrix to align itself with the frequeney ol the applied field. (f the dipole doses not
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have time to realign, or reorients too quickly wilh the applicd field, no heating
oceurs, The alloculed mictowave frequency of 2.45 GHz used in all commercial
svslems lies between thess hwo extremes and gives the moleeular dipale ime to align
in the tield, but not to tollow the alternating Hicld preciscly. Microwave Irradiation
produces clicient internal heating (fn site heating), resulting in even healing
throughaut the sample, as compared with the well licat transter thal gccenrs when an
nil bath is applied as an energy source. Consequently, the tendency for the initiation
of builing 15 reduced, and superheating above the boiling poinl of the solvent is
possilie cven at atmospheric pressure. Superhealing can be generatad rapidly in
closed microwave-transparenl vessels to temperatures as high as 100°C above Lhe

norinal boiling poinl of a particular solvent.

It is this combination of rapid microwave heating and scaled vessel
lechnolopy that is responsible for most of the obscerved rate enhancements seen in
MOAS. It is possible, however, that macroscopic ar microscopic hotpots resulting
from selective healing of speciflic reagents or catalysts can develop, leading lo even
faslor conversions and the realization of chemistries that cannot be conducted by
conventional heating, the current trend clearly is to use dedicated instruments for
chemical svnthesis™®. Most of today’s commercially wvailable microwave reactors
foature huild-in magnetic stirrers, dircet temperature contral of the reaction misture
witlt the aid of [ibre optic probes of infriared sensors and software thul enables onling
lemperalure/pressure control by regulation of microwave output power, As ol 2006,
suppliers of microwave inslrumentation for organic synthesis have also maoved
towards combinatorial /high-throughput platforing, addressing the needs of the dimg

discovery industryy.

The bottlencck of parallel synthesis is typically optimization of reaction
conditions to aftord the desired producls in suilable yiclds and purities. Since many
reaction  sequences cequire a heating step for extended time periods, thesc
optimization are often diflicult and Lme-consuming. Microwave-assisted heating has
been shown to be an invaluable optimization melhod since (L reduces reaction times
dramatically, typicelly {rom days or hours to minutes or scconds?. Many reaction
parameters can be evaloated ina fow days to optimize the desired rupidly using the
new lechnology, either in a parallel or sequential mode. Several large pharmaceuticai

companies have reported dramatic productivity increases in switching from
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convenlional svnthesis to MAOSw13 although the inifal investment cosls are
considerahle; the dramatically increased efficiency of the microwave approach allows
a return of ivestmoent in a short time pan.

1.2, IDMverse reaction:

Wilh lhese machines becoming more common to industry wnd
academin. the number of microwave reaclion is growing. This not only allows them
lo genceate interesting products wnd to demonstrate that it is possible to use
microwave heating to intcrconverl aleohols and alkenes, but il also allows them to
avold volatile orgunie solvents and aeid catalysls, adding to microwaving's green
eredentinls, Controlling the stereochemical oulcome of a drug synthesis iy erocial
heeanse many materials either have harardous izomers or are less effective medicines
a5 isomeric wixlures. Microwave — assisted organic synthesis works in two wiys:

{a) Microwave syntheses in Liquid Media and

(b) Microwave svntheses in Solid media

1.2.1 Microwave Syntheses in Liquid Media:

General Remarks: Any dipolar solvent with relatively low molecular
weight will tend to display a capocily for heating under microwave irradiation, ¥any
solvents are not only heated but display a capacily for superheating. This has been
investigated hv a number of authors'®, and a model proposed for the behavior based
on the mechanism of nucleate bubble formation which 1s required for hoiling.
Superheating, which may result in boiling poeints being raised by up to 20°C above
their conventionu! value under microwave irradialion, 18 widely believed to be
iesponsible for the rate and yield inereases which accompany many liquid phase
reaclions,

1.2.2 Microwave synthescs in Solids Media:

Goeneral Remarks: In addition to the physical changes indeed In ceramic

materials, the microwave dicleetrie losses of many solid compounds may be vsed to

provide suflicient heat to drive chemical changes.

1.3 Microwave Heating:

A chemisl scems Lhat microwave ovens are ‘tuned’ so that water molecules
absorb microwaves inlo rotational energy lovels. and this causes molecular motion,
and thus heating. This common migsunderstanding comes from in [ailure to realize

that while waler has quantized rotational encrgy levels in the microwave region, in
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the liquid phase, the quanlization rotational level is, for all pructical purpose. non-
existent. The casiest way to visualize the mechunisin of microwave heating is to
picture a microwave for what il 1s a high frequency oscillating electric and mugnetie
field. Anyihing thal may be electricaliv or magnetically polirized by this “oscillating’
Geld will he affected to some extent. Two principal heating methods exist:-dipolar

polarization and conduclive healing'™

Aicrowave eneray is therefore similar 1o thal lransported by infrared or
visihle or ultraviolet waves und all follow the same laws. The frequencics af
microwaves range from 300 MHz to 30 GHz (1-0.01 em wavelength), 2.45 Gliz (12.3
em wavelength) is a frequency atlolted by an international Commission for domeslic
or industrial ovens!®. Microwaves represent a non ionizing radiation, which
in[lucuees molecular motions such as ion migration or dipeole rotation, hut not
allernating the molecular structurce. In 2.45 GHz microwaves the oscillation of the
electrie tield of the rudialion ocours 4.9 x 10¢ times per second: the time scales n
which the [icld changes is about the same as the response time {relaxation time) of
permanent dipoles present in most orgame and inorganic molecnless. This fact
vepresents a fundamental characteristic for an efficient interaction belween the
electromugnelic ficld of mierowaves and a chemical system. The absorption of
microwaves causes 4 very rapid change of temperature of reagents, sulvenls, and
products conlaining salt. Moreover in the case of solutions containing salt or strong
acids and bascs Lhe eneryy can also be dissipated through fenic conduction, causing
heating or overheating of lhe solvent (together with a possible increase of the

pressure, when the reaction is carried out 1n close vessels).

1.4.1 Dipolar polarization:

Fora molecule in a polar liquid such as waler {methanal, ethanal, THF, ete),
there are intermateceular forees which give molecule in motion some inertia. Under a
very high [requeney electric field, the polar molecule will altempt to follow the ficld,
hut intermolecular inertia stops any significant motion before the field has received,
and no nel motion results. If the fraquency of field oscillution is very low, then the
molecules will be polarized uniformly and no random motion results. In Uw
intermediate case, the Mrequency of the fieid will be such thal the moleeules will be
almost, but no quite, able o keep in phase with the field polarity. In the coase, Lhe

random molion resulting as molecules jostle to altept in vain to follow the field is
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the heating we obscrve in lhe sample. It is interesting to note thal whilst the
efficieney of inicrowave ahsorbance varies noticeally with frequency for any liquid,
the frequency of a domestic microwave oven (2.45 GHz) is not selected so thal it is at

the maximum absorbency tor water (sommething like 10GHz).

1.4.2 Interfacial polarizalion:

This mechanism is important for systems comprised of conducting inclusions
in a sceond, non-conducting material. An caample would be a dispersion ol melul
particles in, say, sulpher is microwave transparent and metals reflect microwaves yet,
euriously, the combination forms an extremely good microwave absorbing material
(So good, m lacl, that interfacial polarization cffeels are reputed to be the basis of
‘stealth’ radar absorbent maleriuls). Inlerfacial polarization is an effecl which s very
difficult to treal in o simple manner, and is most casily viewed as a combination of
lhe conduction and dipolar polarization clfects. For a (non-superconducting) mclal,
there will always be a very thin surface laver in which some of the incident
microwaves are atlennated, and in which induced currents will give rise to heating.
For a bulk metal this heating effeel is so small as to be irrelevant, but in powders this
surface laver mukes up o farge proportion of the material. However, the polarization
induced in the metal {s also subject to the properties of the surrounding medium — 0
simple terms, it indueces a “drag’ on the polarization of the metallic inclusions —
making 1l less cffcctive than it might otherwise be. Under these circumstances, the
palarization of the metallic particles does not take place inslantaneously, but lags
hehind the induced field, as for the polar molecule in the dipolar polirization
mechanism. Hence. the frequency dependence of the sample’s heating properties is
similar to that of the dipolar polarization mechanism, despite being duc W a

concduclion mechanism.

1.5.1 Conductive heating:

If we irradiate an clectrical conductor or semiconduclor with microwave
cniergy. any mohile charge carriers (cleelron, lon ete) move relatively easily through
the muterial under the inlluenee of the electric ffeld. These induccd currents heat the
sample. owing to electrical resistance. If the sample is 2 metaliic conductor, most of
the microwave energy is reflecled with celatively little energy penctrating eyond a

[ew microns into the surface. However, colossal surface voltages may still be induced,
o .
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and these are responsible fur the dramatic efectrical discharges that are observed

when a metul is placed ina microwave oven.

Conductive heating cun be demonstrated in 4 domestic microwave oven hy
using malerials such as copper oxide or carbon. One should he aware, however, Lhat
lhese materials become very hol, very quickly, and that the cleelrical potentials
indneed in the mulerials can sometimes lead to dramalic (hut otherwise harmless)
cleetrical discharge. Alternatively, il pure water is heated in a microwave oven where
the polarization of a ditule salt solution is heated. In the latter case, both dipolar

polarization and conductive immechanisms contribute to the heating effecl.

1.5.2 Conduclion Mechanisns:

For a very good conduclor, complete polarization may be achieved in
approximately 10-% second, indicating that under Wie influence of a 245 Glz
microwave. Lhe conducting electrons move precisely in phase with the (ield. Thus. if
anc takes pure water and hcals it in a microwave oven, where the polarization
mechanism dominales, we find that the heating rate is significantly less then when
ane takes Wi sume volume of water and add sall. In the latter case, both mechanisms

accur, and confribute to the healing clfect.

1.5.3 Diclectric heating:

Microwave heuling arises from the ability of somce hquids and selids to
transform the absorbed clectromagnetic encrgy into heat: the heating etfect
originales fram the microwave clectric field which forees dipoles to rolale and ions to
migrate and form a slower response of dipoles and ions follow the rapid reversul of
the eleetric field. The ability of a material to increase ils lemperature under
microwave al a given frequency and temperature is referred to the dissipation [ucton.
defined as tan A= /e, wheree” Is Lhe dielectric loss factor, related Lo the cfficienecy
of a medinm to convert microwave cnergy into heat, whilee 15 Lhe diclectric constant
and measures the ahility of a4 inoleeule Wo be polarized by an electrie field. In the case
of water, e 1s relatively high ot low Trequency but rapidly drops to zere above 30
{iHz. while<” shows a purabolic profile reaching a masimum al aroond 20 GHz. The
frequency ol 2.45 GHz, chosen for practical purpuses, represents a compromise both
ta minimize the drop of the dielectric constant with the increasing frequency and to

maximize the penetration depth of the radiation: in short, to maximize the heating
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rate of an ahsorbing mass of water#e=, This choice has also a historical valeney, sinee
it is related Lo Lhe provious domestic application of microwaves toward water either
in defrosting or cooking tood. This [requency can he suecesstully applicd also Lo heal
shiort-chain aliphulic aleohols22,

1.6 Waves in a square box:

Unfortunately, microwaves can not he treated in guile the same way as a
heating mantle, beecause of their long wavelenglh (12,2 cm for a domestic oven). In
any microwave oven, the microwaves are retained by the metal walls and Lthere is
interference of the waves as they are reflected off the sides of the oven. At some
poinls the waves add tngether to give high intensity standing waves anti and at other
points thev cancel out (nodes), You can demonstrate this by using a nuerowave oven
that has had ils turntable removed. Place a large plate of evenly spaced
marshmallows in the microwave and heal for ea 30s. Several of the marshmallows
tripla in size and arc tog hot Lo touch, while some remain at roomn temperatore and
are unatlered in size, Alternatively, usc a picce of filter paper wetted with coball
chloride selution. This compound i3 pink when surrounded by waler molecules and
blue when they are moved, e.g. by heating, and the cobalt chloride paper is dricd oul

much wmore rapidly at the unlinodes than at the nodes.

Although it is possible to modify a domestic oven {oc chemical syntheses, the
wave nature of microwaves means thal highly reproducible work requires slightly
more sophisticaled microwave applicators, In a well-designed system, energy can he
imparted directly and clficienlly into the reaction components, with litlle energy lost

lhrough reflections or through heating Lhe reaclion vessel

1.6.1 The Microwave Oven:

The heart of the oven s the magnetron an oscillator that couverls high voltage
pulse inlo a pulse of microwave power. The mucrowave enters a waveguide, whose
reflective walls allow the trunsmission of the radiation from the magnetron into Lhe
cavilv., The cavily is a sort of box and is the part of the oven where microwaves
interact with the chemical system. A microwave oven is conslrucled to deliver a
preset froquency (2.45 Gliz in mosl cases) and power: a control unit regulates the
power value introduced into microwave system is 600-700 walts: in 6 min

irradiation. upproximately 43000 cal are delivered into the cavity.
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Under microwave irradialion bwo main probletns arise: the unitormity of Uic
absorption and the reflection of the waves. The microwave energy travels o a bean:
eseaping rom the guide the wave is deviated by the cireulator (Lhis works similar to a
round about) into the cavity, the cavity walls refleet the beam, until it hits the sumple
and is absorbed. To increase the probability of interaction belween thie sample and
the wave. lo maximize absorption, the sample is pul on rolaling glass disk. Te absorb
the excess microwaves a beaker of waler s placed inside the eavity, which acts as a
dummy load. This way the magnetron (and also the operator) is protecled from the
rellecled power.

'y carry out chicmical reaclion the cavity of domestic micrawave ovens
eusily be modified: a hole in the top often accommodates a reflux eondenser for
working at room pressurc, Otherwise it is common to work in beakers willi lugh
willls, Loped only by a4 wateh glass or in flasks with a funnel placed in the neck. Since
glass practically does not absorh microwaves, the upper part of the gliss conlainer.
not in condacl with solvents, remains conl during irradiation and aels as condenser

for the vapaors 25,

1.6.2 The Behavior of the solvent:

‘Together with the ahility Lo dissolve reagents and produets, a solvent under
microwave can plav a more active vole. The aceeleration of a cheinical reaclion under
microwaves depends on the dielectric propertics of the solvent, Solvents are able to
directly ahsorb microwave increasc lhe reaction rate of the dissolved reagents.
Solvent. such as hydrocarbons, that cannot absorb microwaves Lhemselves, can be
indirectly heated under microwaves, only when in the presence of materials able to
nleracl with the radiation. Polar solvents ot low molceular weight and high dielectric
constant irradiated by nucrowaves increase their temperature very rapidly, reaching
hoiling point in a short time. In this class of solvents the rate of a given reaction is
more cihauced. Typicat solvents widely employed in microwave chemisley are water,
methanol, ethanol, and acctone. Dimelhyl formamide 1s also used as useful solvent
for operating under microwaves. It is completely miscible with water, is a good
salvenl for polar and less polar solutes, has a bigh boiling point, allowing the use of

open vessels in carrving out chemical reactions.
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A phenomenon frequently observed when microwaves are applied to chemical
processes iy e overhealing of the solvent, In the presence of microwaves, common
solvents are found to boil at higher temperatures: for water the difference 1s about
50C, 19%C tor methanol, up lo 26YC was Lhe difference measored for tetrabvdrotfuran
and acctonitrile. These difterences were explained with the ditferent mode of encrey
supply. The transfer of heat from an clectrical bath Lo the golution inside the vessel
(lraditionul healing”, 18 affected by the imperfections of the glass surface, which
activate the boiling. Driven by this activation the solvent boils ut a lower temperature
and, according to this view, the boiling lemperatures. as they arce reported for most
solvenls, could e underestimated. This activation is ahsent in the presence of
microwaves: the radiation reaches the bullk of the solvent directly and the transter of
energy is 1o longer mediated by the vessel sucfuce. dMany authors suggested that the
bolling lemperature measured in this way should be "true’, reftecting real

intermolecular interactions existing inside the liguid phise 23,

This phenomenon was suggested as responsible for the higher reaction rates
observed under microwuves 11 most cases, Tn Tact, since cach 1020 temperature
increase causes the reaction rate to double, it can easily be understood how chemical

reactions can be speeded up in the prescuce of micrnvaves.

It overheating may be observed in open vesscls, in closed vesscls Lhis
phenomenon can lead o an inercase of Lthe pressuce of Lhe system, Especially with
low hoiling solvents and in the presence of large volumes in low-capacity vessels,
there is o risk of eaplosion. The rapid increase of temperalure under microwas 6§ can
cause a quick increase of the internal pressure, which can be potentially dangerous in
the ubsence of a sifely appuratus. The developmenl of high pressures and e
necessity to nse specialized Teflon vessels represent major limitations of microwaves

in chemical svstems 2.

An abvious solution to these prablems is to operate In open vessels at room
pressure, avoiding closed reactors. An additional suggestion could be the use of
limited amounts of solvent, just enough o prepare o slurry reacling mixlurce: the
dissolution of the solid and title achievement of a homogeneous system occurs at the
reaction temperature.
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1.6.3 Materials and Microwaves:

An fmpoelant problem in microwave application to chemical reaclions 15
related to the nature of the solid material presenl in dilferent modes inside the
avstern crossed by the radiation. These can be pacl of the chemical system: solvent,

redgents, products aud calalystis: or be part of the apparatus and oven.

Materials can be divided into three broad eategories: malerials which reflect
microwaves; materiuls  which arc crossed by the microwaves, without being
dbsorbed; materials which absorb the radiation and are theretore, able to sturl the
heating or to activate 4 chemical reaction. Many malerials are practically transparent
(gquartz) and can be penelraled by the radiation: somme others materials, such as
metals, reflleet the radiation: other materials, such as dicleelrics, interact with
microwaves to different eslents®s. Chemical reactors must be transparent to
micrownes and are made of “letlon or poly (cthylene); glass 1s also a suitable
material, especially for high temperalure reaclions, but it is nnot completely

Lransparcnl 1o miucrowaves.

A particular problein in Lhis context is the measurement of the temperature,
which cannot be obtained nsing conventional instruments, such as wercury
thermometers or moetal thermocouples. The temperatures can be measured by
thermal imdicalors or indireetly by the melting of suitable: glass fiber thermocouples

are sugpested,

Mechanical stivrers, made of Tetflon and glass, are preferred to a magnetic bar.
In most cases, hiowever, stirring is not necessary to homogenize the distribution of

heat, since microwaves can reach the bulk of even a slurry mass direetly 26,

Materials thalt absorh microwaves can dispiay diffterent rates of heating,
according 1o Lheir composition and the dimension of their particles, when solids sl
The inclusion of such materials in Uie fonm of powder ar fibers within the mass of
palymer can improve microwave absorption and locally raise tile, temperature, thus
increasing the hardening or improving the compaction of polymeric materials,

indirectly acting as an adhesive.
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1.6.4 The type of chemical reactions:

The effect of microwaves on chemical reactions 1s generally evalualed by
comparimg the lime needed to obtam a given yield of the Anal products with respect
to traditional heating. [n most examples reported in the lteraturc7-2» the amount of
reagents emploved in these Lests ranges from g fow milligrams to a few grams. The
reaction vessel is simply kept in the oven for o preset time, following most of the

details described alxove.

One of Lthe most interesting problems that mater technology should solve is
the possibility of scaling-up the processes under microwaves. For this purpose flus
reactors have been suggested, The reagents pass inlo the oven conlinuously thiough
a scrpenliie at such a rate that cach portion of the mass absorbs a fixed amount of
microwave energy. Power levels can be modulated through the microwave Output: at
a fixed power of the oven tor varying tiines; or for a fixed time by varving palterns of

on-oll cyeles #,

Reactions which benetit maore from the presence of microwaves are obviously
those which have low rates under tradilional condibions®'- 33, The reactions examined
represent a large variety, ranging from hydrolvsis of nitriles, amides and esters, to
the formation of csters and clthers oxidalion and hydrogenations; rearvangements

and polymerizations, ete 34-35,

The Thals-Alder reaclinn represents a good model to study the effect of
microwaves 91 the carbonyl growp, besides being important in driving the reaction,
acts a5 2 antenna towards the radiation. The reaction is rapid when the starting diene
15 cleetron-rich and Lhe dignophile is electron-poor; when diennphiles lack of
activating groups the reactions requires a high temperature (> 300'C). The seaclion
hetween antracene and maleic anhydride is a classical example of thiss®.

Esters and nitriles are hydrolveed very slowly either in basic or acidic medium
under traditional conditions. Hydrolysis of these compounds ofters a t}:q}icai example
ot application of microwaves. A positive role is played in this case by the presence of

sliong acids ar bases thal increasc the heating rate under microwave wwradiation.

Etherification is a reaction largely studied under microwaves, The rate ot
etherification of benzoic acld was found to be increased under microwaves and the
merease 1% a function of the length of the hvdrocarbon chain of the aleohel. It must

be pointed out that the botling poinl of the alcohol also increascs: igher

L 170 104



lemperalures of the ceaction can therefore also be used in the traditienal method: as
a consequence in this case the comparison between the two techniques is no longer
homogeneous 4.

In the case of the Willlamson reaction to form ethers between alkoxydes and

alkyl chlorides the ratio between subslilution and climination did nol chiange 5=

On the contrary in the case of the sulphonation of naphtalene, the substitution
in posilion 2 preferentially oceurs under microwaves al temperature higher than
13070 while under traditional heating the tihal produet contains almost equimaolar of

1 and 2 naphtalene-sulfonic acids at temperature lower than 1300057,

Polvmer chemistry will probably benefit greatlv from the application of
microwaves: in fact the presence of polar groups in the starting materials particulacly
favours the absorption of microwaves, allowing rapid and controlled svnthesis,
hardening and curing of the final productsse In these systems, different modes of
cnergy supply can doive a reaclion dillerently: c.g. in the case ol cpoxy 1esins, sharl
impatlses favour sel-polymenzation, whereas Inonger impulses of microwaves allow

the reaction with amines.

The nse of solid materials for the so-called dry-chemistry or without solvent
appears very interesting and represents a new frontier for chemistiv under

NTIC PO RS 1940,

Maoreover the experimental conditions adopted in these cases simplify the
chomient syslem, due o the absencee ol sobvenl and the problems related to il such as
loss for cvaporation or pressure inerease in closed vessels, According to this
methodolegy the reagents are dispersed on the surface of an inorganic and insoluble
support, such as sibica gell ulumine, commereial bentonite and other osides or
silicates. Kept thus in elose proximity on a large surfice, the reagents are irradiated
by microwaves in the ahsence of solvents and the reaction is very efliciently driven,
At the cud of the reaction the {inal products cin samply he washed by o solvent and
processed as usual. An acetylenic aleohol adsorbed on montmerilionite undergoes
g2% rcarrangeiicnl under microwaves, while, under conventionat heating at the
sarie lemperature and for the saine time, gives only a trace of the final productaraz,

In somc cases the vield of the reaction 1s allected by the palure of Lthe

inurganic supporl. The influence of microwaves was demonstrated when the
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pinacol/pinacnlone rearrangement takes ptace in the presence of a chorged
phyllosilicate: moreover the conversion yield clearly depends on the nature of the
inler Tayer cation of the solid support.

In addition to the benelit of suving solvents, a salient fexlure of this
melhodaotogy s the selectivity of some reactions, such as those concerning protection
and deprotection of functional groups. A neat sclectivity was found in deacetylalion
of alkyl and aryl esters or among Lthe diffcrent positions in the steroid nucleus of 4
Lile acid methvl ester: in this last case. the different options are obtained simply by

regulating the time of irradiation of the substrate dispersed on aluininas,

Using ¢layien, Le. clay-ivon (111} nitrate in the solid state, aleohols are readily
oxidized in high viekds to the corresponding carbonyl compounds. Sulphides can be
axidized Lo sulphoxides or 1o sulphones using sodium periodate on silica gel: under
microwaves selectivity can be obtained by simply changing the ratio between
reagents to oxidant. Another example of reaction carded on a solid support 15 the
condensation between 1-bromooclane and polassiom acelate. These reaclants do not
display any property o absorh microwaves. On the contrary potassium acetate
dispersed on alumina reaches 300¢C in 3 min under wicrowaves: this specilic

activalion makes the reaction rapid: in this respect silica was tound less efficient.

A very inleresling Gicld {or the application of microwaves is the synthesis of
radiopharmaceuticals or labeled drugs, espeelally whoen very short hali-life posiiron
emitlers are employved. With isotopes such as 1220C, (3.0 min), 11°C (20 min),
18eC{110 win) Lhe guin of even a few minules in the reaction time could he of
extreme importance for the fnal activity. The reaclions ol commaon rudicisciopes are
also improved in the presence of microwaves: reaction times as well a5 exposure to

Lhe radivaclive emissions and Lhe risks of possible coritaminalions are redoged44 -45,

1.7 Mierowaves in the laboratory

For microwaves to be used as a practical heating method in the laboratory, or
in industrv, there have to be good reasons for choosing them over existing
lechnology, Studics over the past decade have uneovered several reasons why

microwave heating can be advantageous.

Fag E5 ol Lo




1.7.1 Superheating

Consider heating water in 2 round-hottomed flask by a heating mantle. Heat is
slowly transferred from the glass to the core by conveelion, and boiling occurs when
bubbles of vapours [orm al a nucleation site, a particke or a surface, Because we are
heating from the outside, if the core of the water may be as much ay 5°C cooler than

the edge, even at the boiling point.

Microwaves, on the other hand, heat the water dircetly and almosl uniformly,
Under these conditions, the core is hotter than the outside because of surface conling
(oflen incorcectly evpressed as heating from the inside-out), so that when the
nueleation sites in the glass are hot enough to allow boiling, the core 1s some 5°C
hotter, Thus by using nuecrowaves, we can raise the cffective boiling point of water by
as much as 3C, an effect known as superheating. (The reason why people are seolded
as they add colfee to a cup of mucrowave-heated milk is that the against of enftee

provide nucleation sites on which bubbles form explosively)

Salvents such as tetrazbvdroturan or acetonitrile (enthanitrile) exhibit
superheating levels of up to 40°C. From a chemical perspective this is important. It
we consider that, for an average reaction, o 1020 rise doubles the reaction rate, and

then simply using microwaves to heat a reaction can speed it up appreciably.

1.7.2 Sclective heating

An important alteibule of microwave heating is the abilily to pul encigy
directly into the reaction eomponents, or to heat selectively one reaction component.
Consider. Jor example, Lhe direet synlhesis of metal sulphides and selenides. To
synthesize these materials, which are used as energy storage devices and as
senviconduciors, takes several days by conventional methods. The former involves
mixing sulphur and the metal, both in powder form, and heating them in a scaled
tube. The problem is thal sulphur vaporizes as it warms up, and if the temperature
gets too high or rises too guickly, the pressure of the sulphur vapor will blow the tube
a part. To avoid this, the mivture 15 heated slowly and cauticusly, even though this
means it may take a week or more for the ingredients to combine and form the metal
sulphide. Microwaves, on the other hand, may be used to heat the mixture rupadly,
and without fear of an cxplosion, because microwaves heat only the metal and not

the sulphur. Sulplhur vapor recondenses in the cool purls of the lube before Nowing
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hack to the hot metal. Instead of taking days, the reaction is complete in 15 minutes.
This is also a visually stunming reaction because the microwaves stimulute a plasma

glow in the shulphur vapor.

1.7.3 Green Advantages

While microwaves are both financially and encrgetically expensive to produce,
the efficiency with which they can be used makes them an atfractive 'green’
allernative to other forms of heating. Moreover, in recent vears there has been a drive
within the chemical industry to reduce both the produclion of waste products and the
use of solvenls, Waste products cquate with wasted resources, and solvenls can be
toxic, flammable, and expensive to dispose ofl Microwave chemistry provides a
cleaner alternative. this ime by exploiting the ability of microwaves to heat Lhe
reaclants directly. Using only a minimum amount of solvent. the reaclants are
absorbed into o sponge-like support matenal {clays, aluminas, zeolites ete.). The
reactunts are then healed direetly with microwaves to generate the products, which
arg then cxtracted, again with a minimum amount of solvent. Because micrawave
heating s cssentially unilorm Lhroughoul the material. there is no time lost waiting
[or thermal conduction 1o heat the sample and consequently, reaction times are often

measured in minutes or even secnnids,

A green” approach has been adopted by Chris Strauss, at the Commonwealth
Scientific and Industrial Research Organization (CSIRO) in Australia. Strauss and his
teamn carry oul organic reactions in supercritical water - water at higle pressures and
clevuted temperatures - instead of organic solvents. Under these conditions, the
properties of water change markedly from those that we encounter under ambient
condilions, and it acls as an excellent organic solvent. The advantage is that the
sotvent 1s non-llanmitble, and when the reaction 15 completed, the waste solvent may
lre disposed of down the lahoratery drains,

The microwave chemistry is more than an academic inlerest has been
demonstrated recently by the Dow Chenieal Company i the US, faced with tighter
regilation of emission from an existing down or cleaning it up. By switching to a
GukW nuciowarve-based process, the plant has reduced its production of waste and

unwanted by products, with increasing productivity and reducing energy costs.
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1.8 Application of Microwave oven in organic chemisiry:

The popularity of microwave hearling for organic synthesis has increased to
the exlenl that it now forms the basis of a number of commercial systems, and has
even made its way into undergraduate laboratory courses. Microwave ovens provide
a clean and cheap alternative to conventional oil baths. Most conveniently, reactions
may he run at atmospheric pressure in retlux systems in ovens which have heen
modified to accept an appropriale condenser. As previously discussed, dipolar
solvents are cssential in microwave healing. and it is often necessary to adapt solvent
svatems in synthetic reactions to accommodate these substituting solvent systems for
microwave synthesis, It is often the case that higher boiling poiat sohvents are used.

By doing this, it has been possible to enbance the efficiency of a number of synitheses.

1.9 Productivity Increase:

The bottleneck ol puarallel synthesis 15 Wypieally oplimization of reaction
conditions 1o aflord the desired produets in suitable yvields and purities. Since many
reaction sequences require s heating step for extended time periods, thesce

oplimizations arc ollen difficult and time consuming.

Microwave-assisted heating has been shown to be an invaluable optimization
moethod sinee it reduces reaction me draenatically, typically from days or howrs to
minutes or seconds. Many reaction parameters can be evaluated in a few davs to
uptimize the desire chemistry, Compound libravty can then be svnlhesized rapidly

using the new technology, either in 4 parallel or sequential mode.

Several large pharmacentical companies have reported dramatic producthity
inereases in swilching [vom conventional syulhesis lo MAOS, Although the imitial
investment costs are considerable, the dramatically increazed efficiency of the
wicrowave approach allows o orelurn of investment inoa shodt Lime span. This has
prompted several pharmaceutical companies to install multiple microwave reactors
i their R&D laboritorics, in some eases even eliminaling o1l baths and healing

mantles from their inhoratories.

The success stories of MAOS in the drug discovery process are manitold and
have been documented in several reeent article involving largel and lead discovery,
lead optimization and drug development. With the most recent advance tn reactor

leclmelogics such as conlinuous (ow microwave systems, even process chemists are
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now Laking MAOS serionsly. Chemistry applications have ranged from conventional
solution phase synthesis to protocols involving polymer-supported reagents or
scavengers, in addition to solid or [luorous phasc lcchnigues. Mosl recenlly,
microwaves have ulso been used to speed up biochemical processes such as
palymerase chain reaction or enzyme-mediated protein mapping. Therefore, the [ull

seope and potential of this techinology inay not yet have been realiced,

1.10 Ohstacles to acceptance of the technology:

Given the advantages of microwave svnthesis, 11 might be thought surprising
that notl everybady is using it, One of the possible reasons for this could be mental
inertia, as the use of this new technology requires a change in the chemist's mindset,
uhandoning the truditional favorite’s tools of the trade such as heating mantle, oil
haths or hot plates.

Anothier faclor thal is certainly holding the field hack is prices. The cheapest af
the new peneration of microwave reactors currently sells for about US$zo,000,
which is beyond the buying power of many labaralories. More claborate systems
geurcd lowards Lhe druy discovery industry that have integrated antomation and
ligquid handing capahilities, database and electronic laboratory functionalilies or an
added  seale-up oplion imvolving continuous flow cells are considerably more
cxpensive. Despite this fact, it is eclear that microwave synthesis is an cnabling
technology for every academie and industaal laboratory. They will truly become the
Bunsen burner of the 2ist century, The Lime (or microwvave svathesis certainly has
arrived.

1,11 Preface of a Microwave (hven:

A microwave oven, or werowuvedt, s o kitchen apphance employing
microwave radiation primarily to cook or heat food. Microwave ovens have
revalutionized eonking since their use became widespread in the 1970s.

1. History

2. Descriptions

3. Lfficiency

4. Salcly and conlroversy

4.1 Acule daneers
4.2 Controversial hazards

4.2, Radiulion

o 1% o1 10



1.11.1 Ilistory

Cooking lood with microwaves was discovered by Perey Spencer while
huilding magnetrons for radar sets at Raytheon, He was working on active radar =et
when he noticed a strange sensalion, and saw that a peanut candy bar he had in his
pocket started to melt. Although he was not the {irsl to notice this phenomenon, as
the holder of 120 putenls, Spencer was no stranger to discovery and experiment, and
realized what was happening. The first food to be deliberately cocked with
microwaves was popeorn, and the second was an cgg (which exploded in the face of

ane of the experimenters).

In 1946 Raytheon patented the microwave cooking process and in 1947, the
company built the first microwave oven, the Radarange. It was almost 6 feet {1.8 m1)
1all and weighed 750 pounds (340 kgl 1t was water-cooled and produced 5000
wiatts, #hout three times the amounl of radiation produced by microwave ovens
today. An carly conunercial moded introdueed in 1954 generated 1600 watts. In 1965

Raytheon acquired Amana, which introduced the first popular heme model

In the 19608, Litton bought Studebaker’s Franklin Manulacluring assels,
which had been wmanufacturing magnelrons and building and selling microwave
ovensg similar to the Radarange. Litton then developed a pew conbiguration of the
microwave, the shorl, wide shape that is now commaon. The magnetron feed was also

unigue. This resulted inan oven that could survive a no-load condition indelinilely.

1.11.2 Deseription
A microwave oven consists of:
L A mugnelron.
2, A magnetron control eireuil (usually wilth a micrecontroller),

A waveguide, and

-

4. A cooking chamber -

A microwave oven works by passing microwave radiation, usually at a frequency
of 2450 Mz {3 wavelength of 12.24 em)}, through the Tood. Water, fal, and sugar
molecutes in the food absorb energy from the microwave beam in a process called
dieleetric healing. Most molecules are electric dipoles, meaning that they have a
positive charpe at one end and a negative chavge at the other, and therelore vibrale as
they try to align themsclves with the allernating electric field induced by the

microwave beam. This molecular movement creates heat. Microwive healing is mosl
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efficient on lquid water, and much less so on lats, sugars, and frozen water.
Microwave heating is someclimes incorrectly explained as resonance of waler
molecules, which enly occurs at much higher trequencies, in the lens of gigahertz.

Maost microwave ovens allow the user o choose between several power levels,
including one or more defrosting levels. In most ovens, however, there is no change
in the inlensity of the microwsave radiation; instead, Lhe magnelran is turned on and
off in cyeles of several seconds at a time. This can actually be observed when micro
waving airy toods like Krembos: il blows up during heating phases, while it deflales

when the magnelean s lurned off.

The cooking chamber itself is a Furaday cage enclosurc to prevent the
microwaves escaping into the surroundings. The even door is usnally a glass panel
for easy viewing. bul has a laver of conduetive mesh to maintain the shielding. Sinee
the mesh width is mueh less than the wuvelength of 12 em, the microwave radiation
can not pass through the door. while visible light (with a much shorter wavelength)

Can.

Prodessional chels generally find microwave ovens to be of limited uselutness,
Ou the unlike the people who are lacking in free time, or not comlortable with their
skills. A variant of the convenlional microwave is the convection microwave, A
convection nucrowave s a comhbination of a standard micrawave and a conveetion

h N,

1.11.3 Efficicnoey

A microwave nven does not convert all electrical energy into microwaves. A
typical consuincr microwave oven consumes 1100 W but delivers only 700 W oof
micrawave power. The remaining 400 W are dissipated as heat by components of the
oven, The main souree of eneryy loss 1s the magnetron tube, whieh is much less than
100% efficient al generaling microwave output from the power source. Lesscr
amounts of power are consumed by the oven lamp, AC power transtormer losscs,
nutgneleon cooling fan, food turntable motor and control ciccuits, This waste heat
dnes not end up in the food bul is mostly expelied from the cooling vents on the oven

and heats the air in the kilchen.
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Of the microwave power that the oven generates, about 77% is typically used
to heat, compared with 10% Lo 60% in conventional pvens. {Data collected by boiling

willer in mucrowaye and measuring temperature change).

1.11.4 Safely and controversy; Acute dangers:

Liquids, when heated in a microwave uven in a container with a smaooth
surtace, can superheat; thal is, reach temperatures that are a fow degrees celsius
above their normal haoiling point without actually boeiling. The boiling process can
slart explosively when the liguid is disturbed, such as when the aperator grabs hold

of the container to take it out of the oven, which can result in severe burns.

Tin foil, aluminivm foil, ceramics decorated with metal, and products
containing other metals can cause sparks when they are nsed In a microwave. Micro
waving small, smoath, solid metal ohjects without pointed ends (for cxample. a
spoon) ean sometimes be safe, and usually docs not produce sparking (putting a
spoon into a liguid also helps prevent superheating). Forks, however, will readily
praduce sparks when placed in the microwave. This is because while it acts as an
antenna, absorbing microwave radiotion just like other metal objects such as the
spoon, e poinled ends of the fork wiil act to concentrate the clectric ficld formed at
the tips. This has the eftect of cxeceding Lthe dielectric breakdown gradient of air,
about 3 megavolts per meter (3=106V/m), causing sparks to form. This effect s

direelly analogous to the effect of 5t. Elmo's tire.

The formation of sparks on shinrp inelal cbicets may be prevented by placing
the utensil in gome fooed or liguid while in the microwave, as this has the elleel of
preferentially conductively dissipating the charge before the electrie fields can build
tr the point where they exceed the breakdown value of air. Any tune diclectric
hreakdown occurs in air, some ozone und nilrogen oxides are formed, both of which
are lovic, Finally, as mentioned previously, any metal or conduclive abject placed
inta the microwave will acl as an antenna, and its electrons will thus be thrashed
hack and forth throngh the object (4 high frequency alicrnating earrent) causing
some nhmic heating to ocenr. The extent of this healing eftecl will vary depending on

the size, shape and conductivity ot the object.
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1.11.5 A microwave oven with a metal shelf

Several microwave fires have been noted where Chinesc takeout boxes witls a
mclul handle are micro winved. and also where "homemade”™ microwave popeorn hags
hawve heen sealed using a metal staple, which is then heated and sets fire to the bag.
This type of accident can posc a dangerous sitvalion beecause of the extremcly
tammalble micture of popeorn and ail in the bag. Thus, it is good practice to remove
any metal utensils or metal containing objects from o microwave oven belore
operating it, as the behavior of these objects when immersed in a sleong microwasc

racdialion [eld 1s unpredictable.

It is a common myth that metallic kitehen cyquipment, like kilchen forks and
knives, can somchow repel the microwaves hack into the magnetron and cause it to

catch fire. This is highly unlikely.

i.11,6 Controversial hazards; Radiation:

Microwave ovens produccd afler 1971 must mecel the Food and Drug
Administration safely requirements for radiation leakage; less than 5 mW/cm? at
approximately twvo inches from the surface of the oven. This is far below the eaposure
level that s currently considered to be harmful to homan health. The radiation
produced by a microwave oven is non-ionizing. As such, it does not have the same

cancer risks associated with wnizing radiation suel as X-rays and ultraviolel hehl.

1.11.7 Home Microwave Oven Suitable

The discession on the use of microwave unils specially designed for synthesis
use, which are often quite expensive, becomes rather heated at tiines. Unmodified
home microwave units are suitable in some cases. However, simple modifications
{for emmplé. a reflua condenser) can beighlen the salely factor. High-pressure
chemistry should only be carried out in special reactors with a microwave oven
specifically designed for this purpese. A further point In favor of using the more
expensive apparatus is the question of reproducihility, sincee only these specialized
machines ¢an achieve good field homogeneity and in some cases can even he directed
o Lhe reaclion vessel.

1.12 Microwase chemmistry

Microwave chemistry is the science of applying microwave irradiation to
chemical reachions++, Microwaves acl as high frequencey cleetrie ficlds and will
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renerally heat anything with a mobile clectric charge. Polar solvents are heated as
their component moleeules are foreed to rolale wilth the ficld and losc encrgy in
callisions. Semu conducting and condueting samples heat when ions or clectrons
within them form an electric current and energy 15 lost due to the electrical resistance
of the material. Heating a reaction ar chemical reactor by microwave radiation (as
seen in a domestic microwave oven) has 8 number of advantages over conventiona
heating;

1. 'The heat is formed directly and rapidly in the sample.

2. Inergy is not wasted in heating furnaces or oil baths,

2, The entice volume of the reactor can be heated (virtuallyd wniformly.

4. Selected volumes of the sample (including microscopic regions) can be

seleelively hieated.

Conventional heating usnally involves the use of a furnace or oil bath that
heats the walls of the reactor by convection or conduction. The core of the sample
takes much longer to achieve the larget lemperature (Pacticularty when healing a
large sample of coramic bricks, for example, Rapid and homogencous heating has Lhe
following benefits:

1. Reaclion rale acecleralion
2. Milder reaction conditions
4. Higler chemical vield

4. Lower energy usage

Sume of these effects are derived from superheating or hot spots, well known
effects in micro waving,. Scelective heating 18 particularly important in the microwave
heating of supported metal catalvsts. A specitie application in symthetic chemistry is
in the microwave heating of a binary system compriging a polar solvenl and u polar
solvenl obluin diffcrent lomperatures. Applied in a phase transter reaction a water
phase reaches o lemperature of 106°C while i chlorotorm phase would rvetain a
temperatore of 50°C, Microwave chemisley s parlicularly clfeelive in diy media
readelions.

1.13 Microwave Synthesis

I has long been known that molecules undergo  excitation  with

cleclromagnelic radiation. This efleel 1s utilized in household microwave ovens to

heal up [ood. However, chemists have only been uwsing mnicrowaves as a reaction
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methodalogy for a few years. Some of the first examples gave amarzing results, which

led Lo u food ol interest in this novel technigue.

The water motecule is the target for microwasve ovens in the home; like any
other molecude with a dipole, it absorbs microwave radiation. Mierowave radiation is
eonverled into heat with high efficieney. so that "supercheating” (external link)
hecomes possible at ambient pressure. Enormous accelerations in reaction time can
be achieved, if superheating is performed in elosed vessels under high pressure; a
reaction Lhal lakes soveral hours under conventional conditions eun be compleled

over the course of minntes.

1.1:3.1 Thermal vs. Non- thermal Effects

lixcitation with microwave radiation results in the molecules aligning their
dipoles within the external field. Strong agitation, provided by the reorientation of
maolecules, in phase with the electrieal Geld cacilalion, causes an intense mternal
heating, The question of whether a non-thermal process is operating can be
answered simply by comparing the reaction rates between Lhe cascs where Lhe
reaction 1s carried out under irradiation versus under conventional heating. In fact,
non-thermal effeet has been found in the majority of reactions, and the aceeleration
is attributed to seperhealing alone. IL s clear, though, thal neon-thermal cffects do
play a role in some reactions.

L.13.2 Microwave cifect

The phrase microwave effect is a term that is applied to a range of
nbhservations tn microwave chemistry, There are lwo gencral classes of microwave
eflecls:

1. Specitic microwave cffects,

2. Noun-thermal micrinvave effects.

A recent review has proposed this definition4? and examples af microwave

effects in organic chemistey have been surnmarizaed+®,

Spceilic microwave cffects are those effects that cannot be (easily) emulated
through conventional heating methods. Examples include: (i) seleclive heating of
specific reaction components, {1i) rapid heating rates and temperature gradicnts, {iii)

the climination of wall cllcels, and (iv) the superheating of solvents. Microwsave-
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specitic effects tend not to be controversial and invoke "eonventional” explanations
(i.c. kinctic ¢ifecls) (or Lhe observed effcels.

1.13.3 Non-thermal microwave effect

Non-thermal microwave ¢ffecls have been in order o explain unuseal
abservations in mierowave chemistry, As the name suggests, the effects are supposed
not to require the transfer of microwave energy into thermal energy. [nstead, the
microwave energy itself directly couples to cocrgy modes withun Lthe molceule or
lattice. Non-thermal effects in liguids are almost certainly non-existents?<#, as the
time for cnergy redisteibulion between molecules in a liguid is much less than the
period of 4 microwave oscillation. A recent review has illustrated this in application
to orgamic chenuslry, though clearly supporls the existenee of non-thermal effects
[3]. It has been shown that such non-thermal eftects exist in the reaction of
O + HCI(DCl) — OH{OD) + Cl in the gas phase and the authors suggest that some
mechanists may also be present in the condensed phasest. Non-thermal effects in
salids are still parl of an angoing debate. It s likely that, through focusing of electric
flelds st particle interfaces, microwaves causc plasma [ormalion and cuhance
diffusion in solids via second-order etfectsses2, As a result, they mayv enhance solid-
state sintering processes. Debates are still raging (Januiry 20006 about non-thermal

¢llects of microwaves that have been reported in solid-state phasce transitionssa,

2.1 Preface of Pyrazoles & Pyrazolines:

Pyraznlines are live moember helerocyelic compounds conlaining 2 adjacent
nitrogen atoms and they are aliphutic in charaeter possessing a double bond in the
ring. According to the position of the double hond, there are three Lpes of

pyrazolines.

{2 {2)
N N 7 HN
A\ \ \
N HN HN
| -pyrazoline 2-pyrazoline 3-pyrazoline
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1-Pyrazeline are unstable and in many cases these compounds irreversibly
soinerizes b 2-Pyrazoliness*, These are also not very imporiant from the practical
point of view,

3-Pyrazolines are due to the absence of effective practical importance.

2-Pyrazolines are of the greatest theorelieal and practical unportance. 1- and
2- a1yl substituted 2-pyrazolines exhibit interesting reactivities and spectral

propertios due to the presence of extended conjugated systemn.

A second donble bond in the ring produced Pyrazoles which are aromatic
heteroeyelic compounds and are also important as such. There have been some
notable advanees in reccnl years 1 the chemistry of pyrazole Wypes of heleroeveles.,
‘These are reflected in the monographs on pyrazoles, pyrazolines and related

L'UlTl[JU'LII]dH,

Pyrazole
From the literature it is seen that the development of pyrazoline chemistry
purallcled that of pyrazoles. Because of the close structnral relationship, it has
hecome a practice to treat the pyrazolines as a chemical sub-unil of the pyrazoles.
Thal is why: it is the objective of the present review to treat them collectively. For the

sake of convenience details ahout pvraroles are avoided.

2.2 Importance of Pyrazolines and Pyrazoles.

2-Pyrazaolienes and pyrazoles have a wide spectrum of utilily in every sphere of
human life. In pruetical ficld, some of the compounds have been used as medicine,
where us other may be cited to demnnstrate their outstanding industrial importance.

2.2.1 Physiological Applications

Many pyrazoline and pyrazole derivatives have been extensively used as
physiologically active substunees, Certain f-dialkylamiocthy] and [3-piperidinoethyl-
1, 5-diaryl-2- pyrazolines have been foundss to be usetul as relatively nontoxic loecal
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anaesthetics, Sullonyl wrcu derivatives of pyrazole have been founds to show
anlidiabetic activity, Some pyridino derivatives for example, pyragolo (3. 4-U)

pyridine derivatives (I} act?™ on the central nervous svstem Lo produce trangquilizing

and anticonvulsant effect.

L

n
M ,\'"’//
14
R,RrR' = alkvl, evcloslkyl phenvl
R-=H, alkv b, phens |
R = alkyvl. phenvl, alkox:y

10

Certain  pyruzole  and  pyrazoline  eg.,  3.4-diphenyvb-1H-pyrazole-1-

propanamine (I} and its derivatives liwve been [ound 1o show antidepressants
aclivity.

Pl Py
N
7
{Ell_[lﬁl
NRR'

R =H R'=H,Mz¢

R = R'=M¢. Et

{113

Scveral 1-substituted-g-amino pyrazole derivatives have been largely used as

antipyretiete ageuls. On the other hand some olher derivatives have anti-
inflammatocy™ aclivily.
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Pivruzole dicarboxylic acid derivalives (111) have excellent anlimnestic?
aclivily. Some 3-amino pyrazoles have been fonnd to be very much effective against
allergy and also show virucidalé? activity in mice and human being.

MeNDCO

MeNHCO ]

R
Me, Et. Prand CH :CHCIL,
(111
Several s-coarhoxvlic acid derivatives (IV) are effective as antigout® agenls

and a number of other derivatives have boen widely used as antihallation®™ agents.

R =

Azolyhnethyil amine derivalives of pyrazoles have shown microbiocidal®s activity. 1-

pyrazole carboxylic acid derivative (V) showed

R °

R0 ,C .

R

H.hMe
Pyridyl. chicnyl, I'h

- =
I I

R - H.alkyl, Halo
R = H,alkyl
{1V )

Significant hypaoglycemic activity, Preliminary clinical studies on adult human

dinbelics indicated this compound to be & most satisfactory, potent, oral

hypoghyeemic agentst,
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(T)NPHCPh]g—4<i:::>F——Sﬂguﬁ{RB

R.R', R™=H, Me. Ft
R = Cyclohexyl carbonyl
i)

A large number of amino pyrazoles and pyrazolines exhibited antispasmodic,
amebecidal and antithromboticd? activity. Several olher aming derivaties e.g. L-aryl-
a-amino-2-pyrazoline (VI and its derivaties have been tound to show archidonict®
aclivities and show exeellent promise in chemotherapy und revolutionized the whole

field of medicine.

R.RRT.ORLRY . RL RO R, RY =11, alky!
(V1)

Seseral  1-phenyl-5-salicyloylimino pyrazoles eg, N (1-phenyl-3-methyl

pyrazole-g-avl) salicylamide (VIT) can be used as analgesic®,

|
\ / NH—(C \/ / Me
N—N
OH ph/
(V1)
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Bosides these, u uumber of chemists, Dbiochemists pharmacologists.
bacterialogists and innumcrable industrial seienlists have elearly demonstruted the

tremendous applications of pyrazole and pyrazoline derivaties in various {iclds.
2.2.2 Industrial Applications

Pyruzole and 2-pyrazoline derivaties e.g., (VIII) have been calensively used as

[luoreseent brighteners and electro photographic malerials™,

(CR'=CH), R?

12 N
N
!
R =p-MecO-CyH,-
R'=ph
RE=p-M e sN-Cul -
RY = Me
R* =1
n =1
{(VIIT)
. Several 2-pyrasoline derivatives can be used as whitening agent, cleclro

phatographic charge transport agents?, corrosion inhibilor™, and bleaching agents

3. 5-triarvl-2-pyrazolines have been shown to be effective scintitlation

4

for Lextiles™,
solutesra s, These tyvpes of compounds have a light producing ability and show a
stall degree of self quenchings1,

Certain pyrazoline derivalives have been used as lubricaling oil antioxidants?,
and others have been used as antioxidants [or natural rubber7. Potential high

volume uses for fluorescenl pyrazolines are as water soluble bleaches?#-79,

1, g-dichloroacetyl-5 methvl-z-pyrazolines and pyrazoles are emploved to
some extent in the control of mites, spiders and other insects of that type bul their
chicf use is as Mngicidest®. Several 1- and 4-benzoyl pyrazoles, for example,
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1-benzovl-a-methyl-5-arvi-q (N-substituted p-sulfamyl benzone azn) pyrazole (IX)

and its derivatives exhibited etfective baclericidal activinyd2-84,

|
2 NHOES———<C::>}———N N "

N
N

. |
TO
Th

E =1, Br. Me. Lt

R'=H, AC

(1X)

Some other derivailives of pyrazolines and pyrazoles liove largely been used as

insecticides®, and varigous amino derivatives have been successfully used as

herhicidests,
CM e,
N
EOCHN ]\|
Cl O
I
R.R'= alkoxy.allyloxy
(X}

1-Acetyl-3-fluoroaryl-5-phevnyl /lurvl-qH-4. 5-pyrazolines can be used as
antitertility agents#t, Halogenated-1-hydroxy pyrazoles (XI) can he used as effective
poslicides. These classes of compounds are also very powerful inseclicides and
acaricidest?, which kill mites and ticks and arc used in USA fargely nn the southern

colion, vegetables and citrus corps.
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R.R',R" = H,alkv]
b4 = hualogen
(X 1)

A number of azopyrazoles and pyrazolines e.g. (XII) arc extensively used as
pigments®, These clusses of compannds can also be used as various types of dyes

and coloring materials, These compounds are used as disperse dye.

Rf)zii—'—QiN = N COLR'

Ho-" )
N
[*h
R = PhOCH,CH,
R'=CH;
(X11)

These dyes have exeellent light fastness and colalively better wash fastness
lhan usual disperse dves. These compounds can also be uscd Lo dyve polyester
tibers®, aud for printing of various other teatile. These can alse be used as dye for
jot printing inksvey2, and in dishwashing detergents containing bleaches with colour
sLubilily. Some of these dyes ean be usced waler based jet printing inks and others can
he nsed as tond dyess,

Other industrial vse includes catalyst {or curing of acvvlic adhesives#, and as

coaling Mo corrosinn-resistunce and paintahilityes,
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Beside these, many olher industrial importance of pyrazoline and pyrazole

derivative lias been demonstrated.

2.3 Stroclure and Physical Propertics of Pyrazolines and Pyrazoles.

2.3.1 Structure and Physical Properties.

a-pyrazaline iscll is a liquid, b, p. 1444C. Tt is yellowish in color and has
characteristic sweel smedl,

The ring svstem is not pluner, N-1, K-2 and C-3 are in one plane where as C-4
and C-5 is in another plunc. The behaviors of these compounds are consistent with
the prescuce of extended conjugation as in the case of 1, 3-diaryl derivatives.
Substitution in 1- and 3-posilions dramatically changes the properties of the systems

by further extending conjugation. Therefore, the cliromophoric system is responsible

]
W
|

H
for all types of properties of 2-pyrazolines. Aryl substituted z2-pyrazolines arc

luminescent componnds due to the presence of the chromophoric system.

I*h | N N G Phy

Pvrazole itself is a highly cryslelline, colourless solid, melts at 70°C and boils
at 187-1880C. ILis soluble in water but almost insoluble in petrolemmn ether. It has a
peculiarly penetrating sweetish sinell unlike most amines.

The pyrazole ring, like other nitrogen containing helerocyeles, can be

represenled as.

N N
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The pyrazole ring is present in two different environments in the erystal and
average molecular dimensions from the X-ray data have been calculatedy, The C-C
bond in the ring is shorter than the normal benzoid bond (1.395:A°). The resonance
energy {294 keal/mole), caleulaled from the heat of eombustion data is however
lower thun that of benzene (26 keal/mole). The chicinical reactions of pyrazoles are
consistent with the presence of a greal deal of aromatie character. By substilution
reaction the geomelry of pyrazolines is distorted but that of pyrazoles is not. 5o

pyrazole is an ideal system for many chemical and speelroscopic investigations.

H\ P34 /H

—
|_42/ \_35
H——C
T /:ﬁ

151 N
||_1u
H

Fig, I: Mcan bond leangth (Aﬂ) in pyrazale

Table 1: Boiling point and pKa values of nitrogen heterocyelic ecompounds

Compound Boiling point ©C at 760 mm. | Basic pKa | Acidie pKa
Pyridine 115 5.6 -
Pyrrole 130-121 -0.8 17.5
2-Pyrazoline 144 - -
Pyrazole 187 2.5 14
1-Methl pyrazoie 127 2.1 -

The boiling point of pyrazole (187¢C) is much higher compared to pyridine
(1150C) and 2-pyrazoline (1444C) duc 1o hydrogen bonding.

The solubilities of pyrazole at 25°C in water, benzenc. and cyclohexane
{expressed as gm/100 gm of solvent) arce 130, 18 and 477, In general, however an
increase in molecular weipght lowers the solubility in water and raiscs that in benwene.
Refractive indices of alkyipyrazoles lie in the range 1.46 - 1.48 and specific gravities

lie hetween 0.80-1.0298,
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2.3.2. Spcctral Properties
The advent of ultraviolet and inlrared spectroscopy has made determination
of pyrazoline and pvrazole structures a relatively simple matier due to very

characteristic absorption patterns of these compounds.,

Simple 2-pyrazolines show o maximum at 240-244 nmv which (s
significantly affected by substitution at 1-or 3-position duc o extended conjugation.
When Lhe 1-position of pyraroline is substituted by a benzene ring a second
maximum appears at aboul 280 nm** besides the original maximum. This new
maximummn is gencrally substitution stable but shifts to 354 mm on introduction of a
seeond beuzene ring at position 37, Addition of a third benzene ring at position 5 of
the pyrazaline ring causes nol wllernation in the established speetral patlern'™®, In
contrast to the relalively stable 254 nm band, the maximun in the 240 mm region of
1. 3, 5- triaryl-2- pyrazoline is very sensitive to changes in substitulion on any of the

attached svstems.

The speelru of several 3-carbalkoxy-z-pyragzolines wilh no substitution at
position L have also been recorded'®, These compounds showed a maximum at 2g2-
2g6 mm. The spectrum  of  methyl-2-pyrazoline-3-carboxylate  showed  a

hvpsochromic shift to 288 nm in hydrochloric acid solution'=4,

13- pvrazalines which has a benzene ring in conjugation with the double bond

showsst g strong maximuen al aboul 229 nm and a weaker one tat 288 nn.

The ultraviolet absorption speclra of pyrazoles have been well-studied.
Unsubstituted pyrasoles showes an absorption maximum at 211 nm. Alkyt pyrasoles
show selective absorption with & maximum in Lhe region 210- 225 nm. The small
Bathochiomic cifeet of alkvl substituents as a rule docs not exceed 2-3 nm. The
maxima tor al arvl pyrazoles lics between 250-280 nm. The introduction of such
chromophoric group as -NO,. -COR, -CHO, -COOEL into alkyl pyraznles results in a
bathochromice shifl of Lhe order of 23-40 mm©s,

Alarge number of infra-red speetra of pyrazolines and pyraroles are avatlable
in the literature and in eonnnercial collections, As these data have been acewnulated,
various workers have sought for "Group frequency” correlations, relaling Uhe

appearance of absorption bands al parlicular {requencies with the presence in the
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moleeule of given structural units. A number of uscful assignments have heen

obtained in this way,
LY

The N-H stretehing and carbou-nitrogen double hond stretching absorptions
are important in the e, speetra of pyrazolines and pyrazoles, Most of the remaining
group frequencies are af litlle value, The K-N ahsorption is weak i.e., but strong and

casily delecied in the Raman spectra.

The infra-red spectra of 2-pyrazolines wilth ap unsubstituted 1-position
showo? an N-1{ stretehing frequencey as a shacp. casily recognized band in the range
3400-3485 em. In mosl non polar solvents, the intensity is high bul in polar
solvents where hydrogen bonding is possible, the absorption band is broad.
Pyrazolines with no aromalic substiluent at position 3 show'® a strong C=Nghand at
1364-1570 ¢m-t, In 1, 3, s-triaryl-2-pyrazolines a single mlense band due to hoth C-
=N and aromatic ring {requencies is observed 1580-1600 em and is indicative of
considerable interaction'™?2 hetween the two mT-systems. A similar cofmbination has
been observed in the case of 3, 3-bis-1-phenyl-2 — pyrazoliney,

Infra-red speclra of pyrazoles in the crystalline form and in concentraled
solulion show an absomption bund corresponding Lo the N-H group in the region.
3100-3500 cmt, the breadth of the band suggesting associationte, An intense band
at 1502 em is altribuled Lo C=K and weak bands at 1552 emt and 1658 i o C=Cme,

Nuclear magnetic resonance spectra of pyrazolines and pyrasoles are
considerably of more vulue. These have quite chavacteristic teatures and struclural
assiznments are easily done {romn Lhe chemical shifts and integrated intensities.
Analvsis is facilitated hv the absence of any strong coupling. 1,2.5-Triavvl-2-
pyrazolines show characlerislic signals, a mudtiplet at 3.22 ppm tfor methylene

protons at position 4 and o doublet at 5.25 ppm lor melhine praton at position 52,

For unsubstiluled pyracole in D20 C-H resonance appears as two peaks, the
larger, being a doublet at about 7.30 ppm is ussigned lo the 3-proton white the
sinaller peak, o teiplel al 6.0 ppn, is assigned to the protons at position 413,

2. Sources of Pyrazolines and Pyraczoles

Pyrazoline itself or compounds eonlaining pyrazoline ring are not available in
nature, These are purcly synlhelic compounds. On the other hand, compounds

conliaining pyrazole ring are widely distributed in nature.
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Unlil 19534. the pyrazole ring was believed to be unknown in nature. In 1954,

however, the tivst natural pyrazole derivative was isolated by Knsuge and Okedat.

These aulhors isolated 3-n-nonylpyrazole (XVII) from Houlluynia eordate (a

plant of the "piperacae” family from Lropical Asia) and observed its antimicrobial
activity.

A pyrazolic amina acid, levo-f- (1-pyrazolyl) alanine (XVITI), has been
isolaled™s from watermelon seeds. These were the only naturally oceurring pyrazole
derivatives at that time und it was interesting to compare their racily with the
isomeric imidazole ring. Other sources of pyrazole derivatives have heen reported
recently.

(D2 CH

N N
N N
1 CHLCHCOOH
NH -
(X V) (X VI11)

2.5 Syntheses of Pyrazolines and Pyrazoles.

2.5.1 Syntheses of Pyrazolines

Svalhelic approaches to the pyrazolines have generally been based on a
limited number of reaction types, The most ohvious route that of pyrazole reduction
has not baen widely applied and is only of historical interest. This is because the
pyrazoline ring can be generated directly and in miny instances, with no alternative
hy praduct. The dehvdrogenalion of pyrazolidines has atso been used to a limiled

extent. This reaction has assumed importance only in fused ring systems.

The initial reporl of pyrazoline synthesis oecurred in 1885 whea Knorr and
Blank'® described the slow reduction of 1.3-diphenyl-g-methyl pyrazole with sodium
in and when it reacted with nilrous acid in heated hydrochlorie weid, a Dlue green
colour was produced. The nitrous acld reaclion was later used as the basis for the

"Knorr pyrazoline 1esl” which has heen used diagonstically. Pyrazoline itself was first
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synthesized by Curtius and wirshing”, wha obtained it in less than 0% vield from

the spontaneous reaction of acrotein and hydrazine.

2.5.1.1 Aryl hydrazine based synthescs.

In 1887 fisher and Knovenagel'® veported that pheny] -hydrazine ind acrolein
redclion to vield 20-20% of 2 compound, melting at 51-320C und bailing al 273-747C
with no decomposition (Scheme 1), This subslanee was classed as pyrazoline because
ot a positive Knorr reaclion.

CH,

2! i2)

(H.=—— CH CHO 4+ -

(.:.H_'q

2,5.1.1.1 Condensalion of hvdrazines with af-unsaturated carbonyl compounds,

Aromatic hydrazines condense with aff-unsaturated carbonyl compounds Lo
yield pyrazolines under o wide variety of experiinenlal conditions, such as reaction in
methanol, ethanol, and diethyl cther ul room and clevated temperaturasv?. The
reaclion has also been carried ont in sulphuric acidie and, relluxing benzene and
xyvlense), Pyrasolines with thienyl, thiazolvl and furlyl substitutents have also been
abtained by using shorter reaction Lincs, and at shghtly clevated temperature with
elacial accetic acid as solvent. Dichaleones reacted with phenylhydrazine in acidic

condition to produce dipyrazoline'= [Scheme 2]
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Scheme 2
It has been reporledst that kelones wilh terminal unsaluralion react wilh great
ease to produce pyvrazolines without catalytic assistance. The case of this reaclion
uppears to be duc to the tavorable steric arrangement of the intermediate
hydrazones. It may be mentioned here that the reaction path has also been Gurly well
established. lsomeric Ketones lead to the same pyrazolines due to the tfavorable

arrangement of intermediate hydrazones'=:, (scheme 3)
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I is necessary to add that aldehydes with terminal vnsuturalion do nat
undergo hydrazine eyvelization eading to pyrazoline formation with any great facility,
such as acrolein yields sizeable quantities of hydrazone belore conversion to 1-

phenyl-z-parezoline'#s, Eaen there are reports that ketones behave similarlyt2,
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2.5.1.1.2 Addilion of Hydrazines lo a-Unsaturated Nitriles

An inleresting variation ol the reaction between unsaturated compounds and
arylhydruzines is the synthesis of 1-aryl-3-mmine-2-pyrazolines from uff- unsuturated
nitriles'26 (Scheme 4). This reaction has been carried out with sodium in ethanol and

requircd exlended reaction time.

I
- ; H
NHNEH " ~ \RCJ//N
v Il N
Chl (!JH
N cH Na/EtOH - ||
I reflux. 24 h CH,
C, C
NH, ‘
Pk
Ho _ _~H==C NI
N | /
I LN
CH, e
|
C|

)
Scheme 4

2.5.1.1,3 Condensalion of Hydrazines with f-Substituted Kelones

Various types ol [(-substituted ketones have also served as pyrazoline
precursors as a variation of the hasic reaction. These include Mannich bases of many
varieties, e.g., f-bromo-'27, B-chlovo-18, -hivdrosy ketones and [- seleno cthersio,
The reaclion has been carried out in acetic acid at refllux or elevated temperalures
alone or in comnbination with hydrochloric aeid. Both 2N sulphurie acid and 3%
sodium hydroxide have also been used 1. This reaction has been carried out for 60 h
al 100°Cw, Quantitalive yields of 1,3,5-triaryl-z-pyrazolines were obtained from

pheny! hydrazine und 1,3-diphenyl-3-bromo-propene-3-onciss,
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2.5.1.1.4 Condensation of Hydrazines with Oxiranes and Ariridine
Small ring compounds such as subsliluted aziridines and oxiranes reacl
reudily with phenylliydrazine to {orin 1-phenyl-4-hydroxy or 4-ulkylamino-2-

pyrazoline, usually with additional 3,5- substilutionss.

2.5.1.2 Aliphatic Hydrazince Based Syntheses

2,5.0.2.1 Condensation with Ap-Unsaturated Carbonyl Compounds

Condition for the veaction of hydrarine and ils aliphatic derivative with afi-
unsaturaled carbonyl compounds are as varied as those using arylhydrazines. These
reaclions ave generally less vigorous and the reaction times are shorter. Elhunol has
heen uscd cxtensively as the solvent either us such or in the presence of sodium
acclaten at temperature ranging from ambicnt to retluxi#s, and using reaction limes
hetween 5 min and 24 h. Methanol has also been used as solvent in the same way.
The reaclion has also been performed under acidic or basic conditions in agucous

media usuatly al room temperature but nccasionally under cooling or at reflox'a,

2.5.1.2.2 Condensation with B- Substiluted Ketones and B-Epoxy Ketones

Formation of phyrazolines from hydrazines or simple aliphatic hydrazines and
B-substituted kelones has nat been carried out frequently. Tn those cases sludied,
either neutral or hasic condilions prevail and reaction time varied greatly. Mannich
bases have been  used's  occasionally. The Mannich  base  derived  from
actvleyelopropane and dimethyl amine did not form a pyvrazoline but the related vinyl

cyclopropylketone did ™,

2. 5.1.2.3 Addition o Ap-Unsaturated Nitriles
Nitriles wilh afi-unsaturation react with hvdrazine in a manmer similar Lo
phenyvlhydrazine 1o produce 1H-g-amino-2-pyrazolines.  Alkoxide  catulysis.

anhydrous media and extended ecaction times are uscds+.

2.5.1.3 Cyvclizalion Based Synlheses
Several kelasine have undergone acid catalyzed rcarrangement to produec
prrazolines, This reaction {irsl deseribed by Curlius and Fosterling'#. 15 an unusual

example of intramolecular addition. Typical catalvst for the reaclions are maleic and

o T4, IR




thioevanic acids®e, and stannic chlorides, IU has also becn found that acetone
dzines cvelized when reacled with methylmagoesium bromide (Scheme 5)

CH

a

~ CH
Hal R 11;C R
C=—N—nN==C +  CH:MgRr ——— ; X
e TSCH; ‘ ;€ "

|
H
Scheme 5

12,5, 1.4 Miscllaneous llydraczine Based Syntheses

It is known from the preceding discussion lhat the common 2-pyrazoline
synthesis imvolves condensation of carbonyl compounds with a hydrazine derivative
and that this is followed by either addition to a carbon-carbon double bond or
reaction with a substituent Lo the earbonyl group, Pyrazolines have also been formed

Iy a farmal reversal of this sequence!s (scheme 6)

0 0O
| N0
Ph— (== CHoCHyNHr—CH; 0l HONY e ph— C— CHyCH—NL
H . Cold CH-
HOAC
MeOH
211
0
M)
P G CHyCH—N7
2 2 S
C'H;

Scheme - 6

2.5.1.5 Aliphatc Diazocompound Based Synlheses

Diazomcthaue reacts with dimetly] formate producing guantitative vields of
4, 5-dicarbomethoxy-2-pyrazoling3. Highly reaclive and unstable idazoalkanes like
diazomethane, cthane. propane and cyclobutane are quite volatile and in pyrazolinc
syntheses are invariably reacled with unsaturated compounds at temperalurcs
ranging [rom ambient to 4¢C#4, Reaction times vury greatly, depending o some
gxlent upon the nucleophilic structure, and range from instantancous to several days.

Etliyl ether is the most common solvent bul methylene chloride. chlorotorm,
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tetrahydrofuran and ether-benzene niixture have also been used'ss. Compounds of

srealor stabiline and lower volatility than dinzomcethane and its congeners, e.g.
phenyldiazomelhane, diphenyvldiazonicthane. the diazocsters and amides and
diazoacclones react at higher lemperatures, generally between ambient and 115°C.
Ethyl diazoscetate has been reported to react o vigorously with dicthy] fumerate that
cooling is required to control that reaction, Phenyl diazomelhane also react ul low
temperatures with hoth diethyl fumerate and maleale'®, The reaction time varies
widely and various solvents have been used such as aleohol, methanol-sulphurie acid

mivture, methanol-cthylether mixture and petrolenm ether#. (Scheme 7)

HiC  CO,CH; e
NS T HiCO,C CO,CH;

o
/N

HCl | B0

"0.CHy
H,C COCH;

1

I—ICUJ_:I
TUEOAL A

H,C

Scheme 7
Fratr this reaction it is concluded that 1-pyrazolines are general intermediates

and are stuble, only when they eannot rearrange into eonjugated isomers.
Kecent mmelhod for the preparation of pyrazoline invelves the reaction of

dinzomethane with acvlamino cinnamates'#®. 1n this reaction diazomethane reacted

with methvl-2 —acetimidn or benzimido cinnamates to give 2-pyrazolines.
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2.5.1.6 Miscellaneous Pyrazoline Syntheses,

Among aother pyrazoline synthescs the most important one had been hy
pyrazole reduction. Addition of hydrogen to a single double bond is casily effected.
The reduction is calalyeed by palladimm on barium sulphale at 180C. At higher
temperatures further reduction ensucsy, The sodium-ethanol couple has also been

used 395 but in many instances reductive cleavage oceurred.

Recently, reaction of 1-phenyl-3-methyl-5-amino pyrasole with salieylic acid
to produce 1-phenyl-g-salicyloylimine pyrazolines has beon reportedro. Aryl
diszonium salls reacted undar highly alkuline conditions with 3-acetylbutyrolaclone

viclding 1-arvl-g-arvlazo-2-pyrazolings in low yieldss,

A most recent method of pyrazoline syntheses involves the reaction ot
up-unsalurated azo compounds wilh diphenyl nitrile aminets2, The reaclion has been
carried out in benzence for 24 h at room temperature with g7% yvield {(Scheme 8}

IPh

Lemrene I% h\

e

MeaCHN=NCR=CH,+  PhCCF= NNPh— =
WEL A eCHIN=N N

By

Scheme 8

2.5.2 Syntheses of Pyrazoles

The parent pyvrazole was obtained l[or the first time by Buchner:ss in 1884 on
heating pyrazole 3. 4. 5-tricarboxvlic acid at 230-240¢C. By similar procedure
pyrazole was prepared from pyrazole 3. 5-dicarboxylic acid and from its silver sall.
Pyrazole also was formed tfrom pyrazole - 3 and 4 - carboxylic acid and also from

3, 4.-dicarboxylic acid.

2.5.2.1 Synthesis of Pyrazole Derivalives from p-Dicarbonyl
Compounds and Lheir Functional Derivatives.

The synthesis of pyrazole from f-dicarbonyl compounds and hvdrazines is the
most widely used and generul method for pvrazole synthesis. The reaction of
metlivlhvdrazine with sodium salt of formyl acclone produced a mixture of two
ispmeric pyrazoles' (Scheme g). Both the, dimethyl-pyrazoles were liguid at room
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temperature {b.p. 146°C & 1500C) but thev could easily be identify from their

different boiling and from the melting points of their picrates (137 and 170"C).

. ,:f'H;
” . - Ny + — PR b - -+ Q

|
CHa Cll

Scheme g

Benzovl acelone reacts with phenyvlhydrazine to give a monophenyl
hyvdrazone. which on heating or treatment with acid or with hydrogen chlorides in
pyvridine producesss 3-methyl-1, 5-diphenyl pyrazole (Scheme 10)

Q Q 0
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7
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J CH;
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M

|
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Schemece [0

2. 5.2,.2 Syntheses from Acetylenie Carbonyl Compounds,

The svnthesis of pyrazole from acelylenic carbonyl compounds bas nol been
widely employed Decause the starting materfals are not rcadily available. When
hydrazine itself is emploved in this reaction pyrasoles are produced directly. When a
substituted hydrazine is employed. the two isomeric pyrazoles's are obtained. The
reaction between methvlhydrazine and phenylpropioaldehyde produced a single

product, 1-methyl-5-phenyl pyrazole.
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2.5.2.3. Syniheses by Ring Closure

The syntheses of pyrazoles from acylhydrazones of B-dicarbonyl compounds is
of inleresl Lhat it invelves the ring closuce between carbon atoms 4 and 5 of the
pveazole  ming.  Thus  the  reaction  of  t-aroyl-1-pheny]  hyvdrazones  of
benzaviacetaldehyde in the presence of aleoholic sodium hydroxide produced 4-

benzovi-1, 5-dipheny] pyrazolets? (Scheme 11).

7 L}
[ I
Pl —(, —Clis —C O Ph—=
| T
I’h—(ﬁ—l‘il—N -H20 Pl rq/"
|
£} Ih Iy

Scheme 11
2.5.2.4 Syntheses from 1, 2, g3-tricarbonyl Compounds
Compounds containing three adjoining carbonyl groups eeacl with hydrazine
to vield q-hydroay pyrazoles. Thus, pentane 2, 3, 4-lrione produced 4-hydroxy- 3.5
dimoethy] pyvrazoles (Scheme 12)

H{)
D(J(f 0 0 0

H
”bc_'ﬂ—ﬂi CH;— Hst‘—g—y—&-H{:H;N—"H*‘—v

Scheme 12
2.5.2,5 Syntheses from Aliphatic Diazo Componnds with Acetyvlene Dervivative
Aliphatic diazo compounds reacl readily with acetylene derivalives to yvield
pyriazoles. The reaction has wsually been curvied out at room temperature o a
convenient solvent. The most commonly used diazo compounds, are diazomethane
and cthyl diazoacetates (Scheme 13} compounds containing the -CH=C-I1al or the-
CH=C-KO, groups also react wilh aliphatic diazo eompeounds to vicld dircetly the

corresponding pyrazole with loss of hydrogen halide or nitrous acid.

R— CH;Ns + R'—C=(C— X ———

Sclicmie 13
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The dircetion of addilion of the diazo compound to the hulo-viny] compounds
i5 detenmined by the group joined to the double bond (usually carbonyl ar

carboethoxy!) (Scheme 14)

l
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CHoNy +CHCI==CH—C—ClH;—> NjElaleie W,
HCOC < 11,0007 S

r\I

M H
Sehemoe 14

Fthyl dizzoacetale and diazoketone react with f-carbonyl compounds and

with PB-ketoesters in presence of dilute alkali to vield pyrazoles according to the

{ullowing reaction's® (Seheme 15)

Q
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R ¢ —R
[
—nr! : fo
R—C—CIIN, 4 jn : S L N
CHF—C—R* Rh_i” "|“~
{_Ll SI

Scheme 15
Hvdrazone produced from aromatic diazo compounds and  carbonyl
compounds with an aclive B-hydrogen react with -dicarbonyl derivatives (e.g., phenl

acetoacetates) producing pyrasoless (Scheme 16)
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Scheme 16
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2.5.2.6 Synlheses (rom hydrozonic halides
One of the more general svntheses of the pyrazole ring utilizes the reaction of
hvdrazonic halides with activated methylene compounds in their salt form. Various

substituted pyrazoles have been obtained!®® by this reaction (Schenie 17)

Rr——( —H u] ]
I H | - + Hall + 1,0
. i
N\ 0 i !
N FI
1
A r

Scheme 17
The use of enainines Lo give pyvrazoles in syntehses with hyvdrozonic halides is
also of value, The importance of the method is that it ollcrs. generally in high vields,
compounds (Such as 4-alkylpyrazoles) that are not easily obtained by other methods,
Enamines from aliphatie, arylaliphatic, and alicyelic ketones and from aliphatic
aldehydes react™ with hydrazonic hulides according to the general scheme show

helow (Schemie 18)

|
R——(——tg]  CHR + )
I + | . +  NH,.Hal
CO—

N
. |

NH N

| AN

Ar

Schome 18
2.5.2,.7 Syntheses from aldehyde arylhydrazones of - ketoeslers.
Arvl hydrazones of aliphantic and arcimalic aldehydes condense with 3-
ketoesters in presence of anhydrous zine chloride al temmperatures ranging from
1200C by 1400C 1o vield the esters of pyrazole-g4-carhoxylic acids® (Scheme 15). The
intermediate steps in this reaction are not known and the nature ol the osmdation

step has not been elarified.
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2.5.2.8 Sytheses from epoxides and from ethylene imine derivatives,
Epoxides of af-unsaturated ketones react with hvdrarine and pheny
hydrazine vielding pyraroles2, From Lhe reaclion with hydrazine it has heen
possible sometime to obtain 4-hydroxy pyrazolines, which are converted laler inlo
pyrazoles on frcatment with  acctic acid or with  aleoholic  alkalies.  With

phenylhydrazine, 1-phenyl pyrazoles are direclly obluinedss,

2.5.2,9 Synthese from pyrazolines by oxidation or other reactions,

Couversion of pyrazolines to pyrazoles can be accomplished in several
ditferent wavs. Thesc include oxidution, dehydrogenation and elimination reactions.
A variety ot oxidizing agents have heen used 1o converl pyruzolines®s to pyrazoles.
Amaong the osidizing ugeuls, those frequently used are bromine in chloroferm, lTead
tetracetate in acetic aeid, potassiom permanganale, nitoie acid, chromie acid and

manganese dioxide have been uscdss,

3.1 Preface of Hydrazine & its derivatives:

In the past century, hydrazine'4, an imporlant intermediate in the synthesis
of eountless cheimieals with N-N bonds, has grown into a major induslrial coinmadity
with a wide range of uses. it is used as a fuel in rocket propulsion, as a hoiler feed
water  deosvgenating  agent, and in the manufaclure of foamed plastics,
pharmacenticals, and hiodegradable pesticides and herbicides, to name just a (ow
uses, Since the st edition of fHydrazine aond Its Derivalives: Preparation,
Properties, Applications was published in 1984, there has been considerable
developrient in this field and many new aspeets aof hydrazine chemistiy and

applications have evolved.
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Hydrazine is a chemical compound with formulu N2H4 uscd as a rocket fuel.
Hvdrazine is a liquid with weak basic properlics similar to ammonia, Due to the
alpha effect the nucleophilicity is much stronger than that of ammaonia, which makes
il wore reactive, TLean be made by oxidizing aminonia with sodium by pochlonte (1he
Raschig process). [t is a monopropellunt rockel fuel.

Hydrazine derivatives 1.1-dimethyvlhydrazine and 1,2-dimethylhydrazine, in which
lwo of the hvdrogen atoms are substituted with methyl groups, are also described as
hvdrazines. 1,1-Dimethylhydrazine is uscd 1o make hypergolic {self-igniting)

hipropeitant rocket fuels,

3.2 Health effects

Breathing hvdrazines muy cuusc coughing and irritation of the throat and
lungs, lremors, or seizures, Breathing hydrazines for long periods may cause liver
and kidney damage, as well as serious ctfleels an reproductive nrgans. Eating or
drinking smull amounis of hydrazines may case nausea, vomiting, uncontrolled
shaking, inflammation of the nerves, drowsiness, or coma. Hydrazine is found in
chewing tobaceo and cigarcttes. Tumors have been seen in many organs of animals
that were caposed to hvdrazines by ingestion or breathing, but most lumors have
been found in the Jungs, blood vesscls, or colon. Lz2-Dinethylhvdrazine has caused
colon cancer in laboratory animals following a single exposure. The Departiment of
Health and Human Services (DHISY has determined that hydrazine and 1,1-
dimethylhydrazine are known carcinogens. The International Ageney tor Research on
Cancer (1ARC) has determined that hydrazine, 1,1-dimethylhvdrazine, and 1,2-
dimcthylhvdrarine are possible human carcinogens. The Environmental Proteclion
Ageney (EPAY hus delermined that hydrazine, 1,1-dimethylhydrazine, and 1.2-
dimethylhydrazine!®s are probuble human carcinogens. Thie American Conlerence of
(zovernmental Industrial Hygienists (ACGIH) currently lists hydrazine and 1,1-
dimethylhydruzine as suspecled carcinogens., but has recently recommended that the
listing of hydrazine be changed to thal of animal carcinogen, not likely to cause
caneer Lo people under normal cxposure conditions. ‘The False Morel contains the
chemical gvromitrin, which is metabolized inlo monometbyl hydrazine ingide the
body. Consequently, the toxie elfects of Lhis mushropm arc the same as with

hvdrazine poisomng.
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3.3 Use

Hydrazine (anhydrous or as the hyvdrate) bas nunmicrous commereial uses, The
prncipat current use for hvdrazine s as an mnlermediate in the production of
agricultural chemicals such as maleic hydraride. It is also used as an intermediate in
the manufacture ot chemical blowing agents which are used in the produclion of
plaslics such as vimy]l (looring and aulomolive foam cushioning, as a corrosion
inhibitor and water treatment agent, a5 a rocket propellant, and, to a lesser extent, as
a reducing agent, in nuclear fuel reprocessing. as o polymerizalion calalyst. as a
scavenger Tor gases, and several other vses, 1t has also been used as a medication for
sickle cell disease and cancer, From the late 10505 through the 1960s the primary usc
ol hydeazine was as a rockel propellanl. In 1964, 72% of the hydrazine consumed in
the Uniled States was used for this purpose. By 1082, other commercial uses
dominated the market, 40% of the hydrazine consumed was used in agrieullural
chemicals, aboul 23% lor blowing agents, 153% as a eorrosion inhibitor in boiler water
and anly 3% acrospace propellant'd® (Budavari et al. 1989; Fajen and MeCammon
1988: HSDB 1995; Schmidt 1988; WHO 1987).1,1-Dimethylhydrazine is used mainly
de it component of jet and rocket fucls. Other uses inelude an adsocbenl {or aeid
aases, a stabilizer for plant growth regulators, an intermediate for arganic chemical
gynthesis, and in photography. 1,2-Dimethylhydrazine is used only as a research
chicinica]l and has no known commercial uses (ACGTH 1901a; Budavari ¢t al. 1089:

HSI31% 19957,

3.4 Properties

W
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The structure formula of Hydrazine

'aize Sl il




3.5 Disposal

General

Name

Chemical formula

ADpearance
Physical

Farmula weivhl

Melling poinl

Buoiling paint
ensity

Solubiliby

Hydrazine
NoH4q

Colourless ligquid

42.0 amu
274 K(12C)
387 K114 C)
1.01g,/ ml

very soluble

Thermochemistry

AMHoeas

ATHoliguid
AtHosolid
Soliquid, 1 bar
Safety

Ingestion
Inhalation

Skin
Lyes
bore info

LD=so

Hydrazine,

95.35 kd/mol
50,67 lkd fmnl
37.67 k) imol
238.66 J/mol-K
12152 J/mol-K

Extremely Toxic, possibly earcinogenic

Very dangerous—extremely destructive to the upper
1espiratory lracl

Can cise severe burns, can be absorbed into hloodstream
Can cause permanent damage

Hazardous Chemical Database

as low as 2rmg/ke

1,1-dimethvihydrazine, 1.2-dimethylhydrarine, and wastes

containing these chemicals are classified as hazardous wastes by EPA. Generators of

wasle  containing  these conlwminants musl conform 1o EPA regulations  for

treatment, storage, and disposal. Liguid injection or fluidized bed incineration
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methods are acceptable disposal meithods for these wastes., Oxidation of spills of
hvdrazine fucls with sodium or ealeinm hypochlorite or hydrogen peroxide prior to
disposal has been  recommended.  However, incomplele  reaction  of  1.1-
dimelhylhydrazine with hypochlorite leads to formation of several by-products,
including carcinogenic N-nitrosoalkylamines, Osonalion of wastewater containing
hydrazine fuels has heen shown o reduce concentrations of Lhe fucls, their
associated humpurities, and oxidation products to cavironmentally acceptable lovels,
Biodegradation is also an aceeptable treatnent for wastewalers containing hydrazine
wastes (Lrubaker 1088; EPA 1991a; HSDD 1955; Jody et al. 1988; WHO 1987).
According Lo the TRI, about 106,000 pounds of hydrazine and 3,000 pounds ot 11-
dimethylhydrazine were translerred to landfills and/or treatment/disposal facilities
in 1993 {see Scetion 5.2) (TR193 1995).00 this guantity, abont 1,400 pounds af

hydrazine were discharged to publicly owned treatment works.
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4.1 Aim of the present work

It has been already well understond from he previous chapter that the
aromatic derivalives of 2-pyrazoline are extensively used as fluorescenl brighteners
clectrographic materiats, whitening agents, herbicides, fungicides pesticides and
ather biologically active ingredients. On the other hand, lhese eompounds are
synthesized by:  condensation of affi-unsaturated aldchvdes or ketones with
hydrazines and some other allernalive methods of synthesis of 2-pyrazaline
derivalives have been recently reported. It is seen from the lilerature that the
chemica] modification of the z-pyrazoline ring systems has not been done to an
appreeiable extenl. I was planned to develop newer and more convenient methaods
for the dervatizalion of the pyrazolines ring system to produce newer compounds
which may be more important both physiclogically and industrially. Accordingly we
planned to:

1. Synthesize ofi-unsaturated ketones, precursors for the s}m’rlheqm of
aromatic derivatives of pyrazolines under MW irradiation.

2. Synthesize pvrazolines by the reaction of af-unsaturated ketones with
various hvdrazine hydrochlorides under MW irradiation.

3. Compare  AMicrowave Assisted  Organic Synthesis  (MAOS)  wilh
conventional method of synthesis with special interest to ook in to the
reactinn time, vicld and environment friendleness of MAQOS.

4. Determine the steuctures of all the starting materials 23 well as the final
products by chemical and spectroscopic methods,

Show the effective nse of domeslic MW oven,

o
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Expcrimental

5.1 General Experimential methods and Techniques
The gencral technigues and equipment thal have been adopted and
used during this research work arc bricfly deseribed bellow:
5.1.1 Reagenls and Solvents
The reagents and solvents were purilied and dried betore use.
Some were used as such from Lthe bottle. The reagents and solvenls were
of Lthe analylical reagent grade bought either from E. Merck or BIDH.
Acelophenone, acetone, benzene, n-hexane, petrolewm  ether,
ethyl acetate, ethyl aceloacctate, chloroform, absolute alecohol
(Methanol, Ethanol}. isopropanol, ete. were distilled before use.
5.1.2 Purification
a) Benzaldchyde
Reagent prade Dbenrzaldehyde was  trealed with  potassium
carhonate and filtered. The filirale was distilled with a quick-fit
apparatus and colourless fraction distilling at 170-180"C was collected.
h) Methanol

Reagent grade mcthanoel was dried over anhydrous sodium
sulphate before distillation. The traction distilling at 63-64°C was
collected in a quick-fit flask.

¢) Ethanol

Commercially availuble absoluie alcohol was dried and puritied by

lilerature melhode?t. 1t was distilled and the fraction distilling ad
77-784C was collected and stored in a well-stoppered hottle.
d) Dicihyl cther

Commercial grade of diethyl clher was dried over sodium wire in

a reagenl boltle and left overnight betore use.

¢} Petroleum ether

The petrol {motor fuel) collecled from local petrol pump was
distilled and the {raclions between 40-60°C and6o-80¢C were colleeticed

separately.
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) Ethyl acetate

The commercial grade of ethyl acclate was distilled and the

fraclion al 7790 was collected.

¢} Anisaldehyde

Commercial grade anisaldehvde was distilled and the colorless
fraction dislilling at 248-249%C wus colleceted and stored in well-

sloppered bottle.

5.1.3 Separation of reaction Mixtures

The reaction mixtores were separated by Lhe [ollowing methods:

Solvent extraction (Using Separating Funnel)

Scparation by extraction melhod invelved the transfer of a
substance from onc malerial phase in to a second phase, Solvent
extraction meclhod was employed either [or the isolation of dissolved
sulislances from solutions, or {rom solid mivtures or for the removal of
undesired soluble impurilies from mixturcs. Common extraction
solvenls were diethyl ether, benzene, chlorofarm and petroleum ether.
The success of the separation was dependent upon the solubilily of Lhe
substance to be exlracted in that solvent and upon Lhe case with which
the solvent eould be removed from the solute. Diethyl ether, owing lo
its powerflul solvent properties and its boiling point (35°C). was the
most used one during Lhis work, Water, concentrated hyvdrochloric acid

and ammonia were alsn used for this work.

Gravity Filtration (Using Fluicd Filter paper)
Gravity filtration was cowmmonly uscd {or the collection of a solid

material thal was ingoluble in the liguid with which it was associated.

Suction Filtration {(Using Buchner Funnel)

This method was employed for the collection of a solid that has
crystallized from a solvent. Effcctive operation of the suclion (illration
technique depends on the extent of pressure reduction within the fifter

flask.
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5.1.4 Drying of Products

I'he products were driced in oven and in air after separation and
purcilicalion.

5.1.5 Determination of Melting Poinls

In general, a sharp mclting poeint is one of the most characteristic
propertics of a pure organic compound. The mcelling poinls were

determined by Gallen camnp apparatuses,

5.1.6 Chromalopraphic Technique: I'liin Layer Chromatography (TLC)

Thin laver plates {7.5 x 2.5 em) were preparcd by druwing a 0.2
mm film from a suspension of silica gel (Goo, E- Merck) in chloroform
{2:1 w/v) over thoroughly cleaned glass plates. The plales weree dried at
room temperature for 24h. In the present work recnated aluminium
sheets (0.2 mm; E. WMerck) were mainly used for thin laver
chromalographic analysis.

The sample solutions were applicd with glass capillavies at about
1 ¢m from the boltom of the plates. The spotted plates were lhen
immersed vertically in a chromatographic tank conlaining the solvent
in such awav that Lhe spolted mark of the sample remained above the
solvent. The plates were developed with ascending technique and
finally the plates were removed when the solvent front reached about
1.5 cm fram the top of the plules. The plates were allowed to dry and

Tt 18 lhe best and modern separation lechuique. Inflerent
component in a sample can be differentiated and qualitatively
determined simultaneously by this techniguc. In chromatography, two
immiscible phases are hrought on to contract wherein onc phasce is
stationary and the other is mohile, The sample mivture introduced into
the mobile phase undergnes a series of interactions with stationary and
phise. Interaction eaploits differcnces in the physical and chemieal
propertics of Lhe component under the influence of the mobile phase
through the eolumn containing stationary phase. Scparation depends on
the order of increasing interaction with Lthe stalionary phase. The lcast
relarded components clute first and strongly interacted component

elute last.
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5.2 Preparation of Ketones

520 Preparation of Benryvlideneacetophenone 1

Acetophenone (Lzo ml, 0.0t mole) and Benzuldehyde (1.06 ml, mole) were
dissolved in methano! (13.5 ml, 0.42 mole) in two separate conical {lasks. The twao
solutions were mixed quickly und to it freshly prepared sodium hydrovide solution
(10%, 0.68 ml, 0.017 male) was added drop wise. The reaction was carried oul in a
special microwave assisted glass ware, The mixture was put on the microwave oven
in the flask along with a beaker of ice. The microwave was set al 600 Watt and
started. The reaction turned yvellow in colour afler 15 scconds irradiation and
appearced cloudy. But after some seconds il formed a clear solution. The reaction
musture was irradiated for few more minutes and the reaction was monitored by
TLC. TLC linding showed that an irradiation of ahout 5 minutes compleled Lhe
reaction with the enlour turning vellowish orange and the appearance of precipitate
was observed. The roaclion flask was then removed Trom the microwave oven and
was allowed to stand overnight in refrigerator for complete precipilation,

The precipitutes were filtered under suction on @ Buchner tunnel, washed willi
cold waler Lo remove completely any rennuning alkali and dried under vacuum. The
crude produet was reerystallised several times frown wclhanol to give pure

benzylidencacctophenone 1 .(2.20 g, 97.35%), melling point 55-56°C (Lit¥". 536°C)
O \
Benzylideneacetophenone

The UV (Fig. 1) spectrum of the compound 1 had absorption band 214.50 nm
duc lo m—— " lransition of the C=C-C=0 systen,

The TR (Fig. 2) spectrian (nujul) of the compeund 1 had absorption band at
1670 (C=C Stretehing). 1610 (-C=0 stretching), 1595 (Arvmalic hydrocarhon C=C
stretehing) and 760 (C-H deformation) em-t,

The 'H NMR (Fig. 3) spectrum (CDCls) of the compound 1 had signals al

A (ppm): 7.42 (m., 1oH, aromatic), 7.22 {d, 21, cthylene, Z),

Fagu v ul e



The 13C NMR (Fig. 4. 5) spectrum of the compaund 1 had signals ot & (ppm):
188 (earbony] carbon), 144 (ethylene), 132 (Ar C), 130 (Ar C ), 128 (Ar CH), 125 (Ar
CH). 122 {cthylene carbon).
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5.2.2 Preparation of Benzylidencacetone 2

Aqueous sadivm hydroxide solution (10% 0.8ml, 0.02 mole] was added drop
wise 1o o mixture of acetone (L2 ml, 0.02 mole), Benzaldehyde (2.1 1], 0.0198 mole)
and methanol {6.41 ml, 0.2}. The reaction was carried out In a special microwave
assisled glass ware, The mixture appeared cloudy first then after some times formed
light vellow selution. Then the mixlure was put in the Microwave oven wilh one
separate beaker of ice. The microwave was set at 600 Wi and the reaction was
started. The colour changed yellowish after 30 scconds of the irradiation after 1
minute the solution became dark vellow, The reaction was monitored by TLC. In the
end precipilale slarted to appear in the reaction fask. The reaction mixture was

allowed 10 stand overnight in refrigeralor [oc complete precipitation.

The mixlure was filtered under suction on a Buchner funnel, washed with cold
waler lo remove completely any remaining alkali and dried under vaceum. The crude
product  was  erystallised  several times from methanol o give  pure
benzvlidencacetone 2, (3.25 g, 68.5%), melling point q2-43°C (Lit58 420C).

(Z)

X

O

Benzylideneacetone
The UV (Fig. 6) speclrum of the compound 2 had absorption band at 2., 225

nmt due to m—— w1 transition of the C=C-C=0 systcn.
The TR (Fig. 7) spectrum (nujol) of the compound 2 had absorption band al

v [Nujol)iooo (C=0 slreiching). 1590 (aromatic hydroearbon C=C stretching),
1460 (C-1 bending CHa), 1975 {C-H deforming in CHy) and 765 (C-11 deforming out
of the plane) em-t,

The 'H NMR {Fig. 8) spectrum (CDCl;) of the compound 2 had signals at 8
(ppm¥: 718 {m, 514, aromatic), 6.29 (d, 1H, cthylene, ZY 5.9 {d, 1H, ethylene, £}, and
1.57 (5, 3H, melhyl).
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5.2.3 Preparation of Dihenzylidencacelone 3

The mixture of acetone (0.6 ml, 0.01 mole). benzaldehyde (1.7 ml, 0.016 mole}
and methano! (5.0 ml, 0.18 mole) was added drop wise in an aquems solution of
sodium hydroxide (10%, 0.4 ml, ©.01 mole). The mixture appeared cloudy first bul
after some times il changed to a clear solulion. The mixture was then put on the
microwave aven and a separate beaker of ice was put. After selting the microwave at
GO0 Wi, the reaction starled gradually with 15 sceonds duration. The mixture turned
to vellow color alter 30 seconds aud TLC was taken. After 60 sceconds completion of
the reaclion was seen by TLC. Precipitation in the resulling salution started and Lhe

Nask was allowed to sland overnight in refrigerator for complete precipilalion.

The mixture was filtered under suction on a Buchner funnel, washed with cold water
to remave complelely any remaining alkuli and dried under vaceun pump. The crude
product  was recrystallised scveral times from mcthanol te give pure

dibenzvlideneacetone 3 , (2.2 ¢, 05.65%), melting poinl 110-112°C (Lif.*5 1120C).

o

AN

ZEN
N A

D ihenzylidenecaceton e

The UiV (Fig. 09) speetrum of the compound 3 had absorplion band at Ama.
230 nm due to 1——» 7 transilion of the C=C-C=0 system.

The 1R (Fig. 10} speetrum (nujol} of the compound 3 Lind absorption band at
vinax 1662 (C=C stretching), 1600 (C=0 siretching). 15390 (Aromatic hydrocarbon C=C
stretching), and 770 (C-H deformation out of plane) em™.

The ‘*H NMR (TFig. 11) spectrum (CDCly) of the compound 3 had had a
multiplel at § (ppm): 7.28 (m, 10H, Aronalic), 7.5 {(d 2, ethylene, E), 6.67 (d, 2H.

ethylene, £).

Pz 31 0l 16




The C NMR (Fig. 12) spectrum (CDCLy) of the compound 3 had & {(ppm):

188.9 {carbunyl earbon), 143 (ethylene earbon), 134 (ethylene carbon), 130 (Ar-C-

cthylenc), 125 (Ar CH).
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5.2.4 Preparation of Benzyvlidene-p-aminoacctophenone 4

p-Aminoacctophenone (1.352 g, 0.01 mole) and benzaldehyde (1.06 ml, 0.01
moleY were dissolved in methanol (13.5 ml, 0.42 moled in two separate conical flasks.
The two solutions were allowed to mix quickly and then treshly prepared sodium
hvdroxide soluton (10%, 0.68 ml, 0.017 mole) was added drop wise to 1L The
reaction was carried out in a speeial microwave assisted glass ware. Then the mialure
was kept on the Microwave oven with a sepurate beaker of ice. The microwave was
set at 600 Wt a1ud the reaction was slarled in15 seconds duration. The colour of the

mixlure Lurned yellow witliinis seconds.

Irradiation was continued for 4 minutes in tolal with intervals {or monitoring
lhe reaction by TLC. TLC when the reaclion was complete as shown in TLC, The
appearance of precipitate was observed in the reaclion mixture and the flask was

allowed L stand overniglit in refrigerator for complele precipitation.

The mixture was [iltered under suction on a Buchner funnel, washed with enld
water to remove completely any remaining alkali and dried under vacuum pump. The
crude  product was cryslallized several times [rom methanol to give pure

hengylidene-p-amincacelophenone 4 , (2.320 g. 96.19%), melting puint 165-1667C.

NH,

2
Benzylidene-p-aminoacetophenone

The UV (Fig. 13) spectrum of the compound 4 had absorption band at w237
nm due to m——> 7 transition ol the C=C-C=0 system.

The TR (Fig. 14) speetrum (KBr) of the compound 4 had absorption band at
v 3352 (-N-H stretching, hydrogen bonded), 1652 (C=0 strelching), 1595
(aromatic hydreocarbon C=C stretching), 15273 {>N-H often too weak to be noticed)
crme
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The *H NMR (Fig. 15. 16) spectrums (CDCly) of the compound 4 had signals at
& {ppm): 7.88-7.78 (m, 5H, aromatic), 7.70 (d, 1H, ethytene, Z), 7.58 (d. 1H. ethylene,
Z), 7.52-7.46 (m, 511, benzena-NHz), 3.35 (5, 2H, aromatic C-NH).

‘The :3C NMR (Fig. 17, 18) spectrum of the compound 4 had signals ot &

(ppm): 171.6 (carbony] carbon), 151.09 (ethylene carban, Z), 143.16 (ethylene carbon-
€O, Z}, 131 (Ar-C-NHz), 130 (Ar-Cl{), 128 {Ar C), 126 (Ar CH), 122-112 (Ar CH).

File Name: NZ01D

Created: 106 (4720106

Jata: Original <

Measuring Mode:  Abs NH;
Scan Speed: I"ast _—

Slit Width: 2.0 Zi

Sampling Interval: 0.3 RBenrylidene.p-aminoacetaphenenc

No,  Wavelength{nm.)  Abs.
] 237.50 3.9999

Fipure: 13

Fog 77 of s



[ all]

"l

wca

son

o .
Henzylidene-p-aminoacetophenone

HZ 10 1Ry MWy 20, [ 14 2

. .__.!.._I-_ .|_|-_..|_|_ B

PR
[ AT qL
(=R [RE T wharkhmind]
T R L H
A L

LEITIN LT g
Fammr Speerl IOEER)

FETH IR

P TR0 i

14

Figuec

LRI




[ Sk A
[ ekl
o= ] J4uh

wag 1 3307 S H 7 93 i 2L 2. . . 3
Ao peiig O Wk e e e e T e T e e e
fHoGTTINE 2
mid €, F o 4 d o . L ~
al &1 Sk P4 |_,I I._ﬂl | | 1.5| [ P I P =
wdl ks kK] 'f-l J:;'_g 1:_';| L J;:.:il:: ! i |3 | |'\-\.| i"J
wm Ac o L] ;_I--I\ . l.-K ¥ - u'.ﬁh- _-.l [ - \ b
St 3 L] - EWy Ol ; \", ]/, \l ”.' | I.- T'f " -
Lk oz o
a il et ——
e Op N 41 T , . ) ) .
! ; ! . ! ; 5 !
Y et VAN U i
.t . T T I',-'--, oy
IlW LZDuGE GnF 5 /'f Voo Y |II I A ..',II Ilr" v ".Jl ,
20LTF 1= - | ’ o ; .'J jﬁll' |: || _.'I ; |l ¥ i |i |II t '
na37apeE el Re[snasos] = o] III,-'_HI-,-;I | .I ; i'.ill | |I ; |[ : L] ‘.
el ! ¥ ! L
el YLOC 331 00w LY FI N .Ir | i , L=|.I
Ao onu- 17 S { | | o ']]I
S 3 S O /
= HI P AL T B IY me-d-suapi£zoag ) JI Ik R
i meeeeo=ss—mmm |} TIURYHT memaoo——zz=T = 1 b f,
g - | | ]
= . S ! J| ; P
e ~aT oo neoutT Fib ::-: /
ri ¢ LIF 11 g ,
. WEN S0 2 3 = il .
g 2a=n Do 2 =z 1 s
“ I 6T aF i
T35 GrlkaST 3 e Cr fo
& SIS N £3U0i -
T4 oahs Glb 1
: 2]
dzT H
F I Ladb™am
£1 4 a1
k2 e | ! Lo |\
aazigeg e, 1e330d D ! '\‘1 - :
0Zp=dp wALE i Lr. l_l-p 3 |L TR T oo a'_ll'- -1
[37cf aun mo e ome iAW T T )
E LGN 07 EERLIS CEASTET R -
— " - — L1 =] ]
Snanddeq LATILSLTAIY - o4 PR ST M PY I R - R

L

ErAL
Abad”
2t 338

m'z

R B T TR - | AR E P L)

bty ik

[n0E  LPURA ST vl CT-LTAW Wraytatg o gl [RATLA[RUY

10




Benvylitenc-p-aminoicc lephicTine

B = I LI I o
— O Ol - LI 7 B = R B L )
— AT L — — F- o o == -
W et D LD L iRl <0 T oo M
[ R TP - = I RS Ty B T
- P 1t e s Sm T I
oLl 1l

Ha

M

[

—

BRI
=

[

1 aagral

sl ata Mgoanneters

RER Leltid o
ExI'] 4
FACCHS 1

reo= du_v1tilaan Hargmeker s

Octu_ [ chils hi

Tarw [ |

I I g 20,
FaAnRIN Sorm Faltaus

A, A6 o

Tl 2P 0E

SR ERT CoC1a ’
5 A1

(Wi d

“HH A450 050 ks
=10Ach 2 15aRM- 17
A L U LT LHE T
it 281z

Cw 7 60 L3.C
[n] [ZH I
TE An,ak

1 LT TR TE T )
—-—-—mme———-z CIRYKCL 1] —2z=m==-mm= =
[ [ 14

F1 1,4l usELC
=L -3 QU o3
BRI LU 1Tt MAF
Fe o= ' usang “acanckes b
0 2ZTRM

ar AJG, 1400124 ¥H2
wll E¥

[t =} C

LE a Jx 1
CE il

FZ 1 22

AN dbel Tlat g A r A1 ERE

oA &0z
=in 1r 0.7
. SRl b
[ Jonza
F2 =]
Trw_w 0 ¢ 130 gondiu

] _b LGP R SCm

TR R L]

Fignure: 16



Enalyz1zol. BCSIC Ler Ohoka D32 Spock om FdIT- 0 e COCLZ Dr 1 I -
= J0 L R T L -l L'l — Lo F~ =
— u w0 = - Tu =l "~ m - T
= ra ' PR I I T o ] T moa -
m. -— ri —_— o = T [T s v s Mo
(3] - M mT r o — - -
' ' _ - [
! Nl _
[ 1 . )
L
+ o

MHa

Densyhidens-p-aminvacetophunme

i,
Ll

.h L
e

.r—_.;:_

___
-_4.. _4_.___%___,__ ___._____4 _A

i aalt ]14n 1 |

T R e g Sy P b e S S AP ST P 1S iy 1 I e by 8 B B W B Iy M B e e i e e A el St el kel e e e s mpe e e e e e o

1, L
" _“m__f.___m__ .__ﬂ“__.uq._;__w___

|
Y

Fas

Lyore L Lt Y2 am2iay
Makl [ =1}
ERRt1 L
[==1 { N} 3

Pl b nikin Simerd,ery

Jate Al el

1 [ER

IR RE R [LECE
ARl I T L
JAEELL I3

[ EEFNE]
ot Pt bt }

h¥ 2%

5 ?

tHI b

[N EE BN 2 Lalbead B2
LT ERFL RN TR 34
L L

Fn EHEARE S
F. LIRRRTEE S
T RN

r WAL B,
A [ EY R TN
Cc C 0XACCnd e

= C=f4H D1 m
L
" sEr
Foangn
IRHEWNTEN N

mmmnammany CRAY FL |7 samesssnssnsn

] L1 e
= S0 AT e

F& = F@icssyin s aniir g

al SRR

=F WA
wh L

sl h

Lk ToeLby

W u

T o
FLORLE N F R TR R

ot} al LU
Fll o 515 puT
<y 1L Hp
A -
By 1

U nor oty n_"_q._. -
W RN A T 5

Figure: 17

Pape 51 ar



K1 :oandt

gl 4T

[N TR v || T wlo-

vl ERE b e :'F I‘IF I.::l‘ Il‘lrl 4t ' I:I‘i ' .:li! 1 I:":L L I:?l |er
Ok _II."J ER 1 - —_——l— - 1 ——d e 1 | [N - -
gt g 1.
¢ ¥ etdal = . '
a7 e T, ‘4 .I‘jI Al Ml .IJ||1 I“b o .-.IF I i]' i l‘l r |”I1. i hl ; IL I
;b e s A il
o e T b I 'l|| A rE '-1 W i 1 Ll Jﬁ ' | l . [ |F 1A RREE IR L p i
b W : i 1 ' 1
M W L ]
LT i p’ |
u 5
a1 i 1 i
oM Lags 1y LD (i
HE 1t -
TolTdrol LANEER e 7
P 0OULIFT Lok angr
a G Eb It
ar a0 Fig
ar oA a- et
= LY e 7] M-"A
" £1H
IR AT
mmarnasmanmdl ‘| IghHW—_ tmm-rEsssmes .
suardraaeouwr-d-auspL AZUag
IR RTE TART s ]
rar - 1
15 LE D I
-t 170
mmsnasmanana= | TFY=-0 == -==-mrm1-m=
=
et C3IEA D & T
35 2AMPERE 3 [t s
Jis CLLIATIGETS iC D
¥ 31 iL
0009 0
EENC N ¥il
P u
PERTA LR I
AlmzIL 3 s TR
o] g0t TREN2 LN
H 51
£3 L |
Fira LI TE
WL "
Rl b ALl d
I ez Hafea ' I & R l\ I
n AlhIM 2 Il ~ P T
el ' | b ’ b |I | R |I
VA g BT L : L .
R i 2 ook oW ERRs RS EFEERLT E e
. Uitz M “ a s SE BEAMEDNE LN o -
L Y ol v - LR N o Lry P E R T I T i | e -
Teny i
oAlAaF 7 S127 el 0T

2o b] WL MR U AL- TR ST SO0 F4SU0 GRT USRSV TR



"=
5.2.5 Preparution of o-Chlorobenzyvlidene-p-aminoacetophenone 3

p-Aming Acelophenone (1.352 g, 0.01 mole) and o-Chloro Benzaldebyde (1.41
ml, 0.01 mole) were dissolved in methanol (13.5 ml, 0.42 mole) in two separate
conical {lasks. The two solulions were mixed quickly in a special microwave assisted
alass ware. Then freshly prepared sodium hydroxide solulion (10%, 0.68 ml. 0.017
mole} was added drop wise to il Then it was kept in the Microwave oven with a
separate Leaker of ice. When NaOU solution had been added drop wise, the mixture
Lecame darlk brawn colored solution. The microwave was sct at 600 Watl and run tor
to 2:00 minules and at on inlerval of 30 seconds TLC was taken The resulting
solution then started to precipitate and was allowed to stand overnight in refrigerator
for conuplete precipitation.

The mixlure was filtered under suctiom on a Buchner fumnel, wushed with cold
water to remove eompletely any remaining alkali and dried under vacuum pump. The
crude product was crystallized several times from inethanol to give purce
o-Chlorobenzvlidene-p-aminocucclophenone 5, (2,76 g, 09.9%), mclting point

170-1719C.

H,N

Cl

iz
o-Chlorobenzylidene-p-aminovacetophenane
The UV (Tig. 19) spectrum of the compound 5 had absorplion band at 2Zmax
230 mn due 1o 1—— 7" transition of the C=C-C=0 system.
The TR (Fig. 20) specteum (KBr) of the compound § had absorplion band at

v 3388 (N-H stretehing hydrogen honded), 1600 (C=0 stretching}, 1505 {aromatic
hvdrocarbon C=C stretehing), 1492 {elhylene C=C stretching), 1271 (C-N stretching),
and 756 (C-Cl stretehing ) cm-.

The 111 NMR (Fig. 21) spectrums (CDCly) of the compound 5 had signals at

5 (ppin): 7.02-7.78 {m, 4H. benzene-NIL). 7.50 (d, 1H, ethyvlene, Z), 7.43 {d, 1H,
ethvlenc. Z), 7.39-7.31 (m, 4H, benzene-Cl), 4.9 (s, 2H, aromatic ¢-N1).

TR F TR T
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5.3 Preparation of Pyrazolines

5.2.11,3.5-Triphenyl-2-pvrazoline 6

Benzvlideneacetophenone  (2.081 g, 0.01 mole} and phenylivdrazine
hydrochloride {(1.446 g, 0.01 mole) were taken in a 50 ml ground joiul flask to which
isoprapanol (12.99 ml. 0.22 mole) was added. The reaclion was carried out in a
special microwave assisted glass ware. Then the mixture was taken on the Microwave
aven and one beaker of ice was also put. The microwave was set al 600 Wt and the
reaclion was started graduoally in 15 sceoads duration. The prugress of the reaction
was followed by TLC (methanol : chloroform 3 1 2). On the starting of the reaclion in
miero wave the colar of the reaction mixture inilially appeared as light yellow and
gradually heating terned the solution Lo orange colour then to deep brown at the cnd
ol L:00 minute.

Heating was continued for more 1:00 minute on MW al 6oo Wt The solution
colar beeame more deep brown and the reaction was [ollowed by TLC. After 3:00
wiinuies, the reaction was found to be complele as shown by TLC.

The resulling solution then started to precipitate and was allowed to stand
avernighl in refrigerator {ur complete precipitation..

Light vellowish crystals were [illcred under suction on a Buchner funnel and
dried under vacuum pump. The erude product was recrystallized form methanol Lo
give pure 1, 3. 5-Triphenyl-2-pyrazoline 6 (3.491 g, 08.09%), melting point, 135-
13600 {Lit.r0 1360C). The compound was homogeneous (Re 0.67) on TLC {methanol :

chloroforin 41 2.

1,.5-Triphenyl-2-prrarzoline

Pz &7l ghit



The UV (Fig. 22) spectrum of the compound 6 showed absorption maxima
Frans ith 356 and 242 nm duc to m=— 7 transition.

T'he IR (Fig. 23) spectrum (nujol) of the compound 6 had absorption bands at
v 1590 (aromatic hydrocarhan C=C stretehing and 750 (5 adjacent aromatic C-H)
cm-l,

The 'H NM¥R (Fig. 24) spectrum (CDCl,) of the compound 6 had signals at
& (ppml: 7.8 (m, 150, aromalic), 5.21 {dd, 1H, methine, CI1) and 3.40 (m, 2H,
methylene, CHa).

The wC NMR (Fig, 25, 26) spcectrum (CDCL) of the compound 6 had signais al
3 (ppm): 144.2 (iminc carbon}, 130 (Ar C), 129 (Ar C), 128.08 (Ar CH), 126 (Ar C).
119 (Ar CH), 113 (Ar CH), 42.2 (ethylene carbow, CHa).
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7

Benzylideneacetophenone {2.081 g, 0.01 mole) and hydrazine hvdrochloride
(.60 ml, 0.01 mole} were mived in a special flask where isopropanol (12.99 ml, o.02
mole) was added. The flask of the mixture was put on the Microwave oven and a
heuker of ice was kept besidc i1 Microwave was set at 600 Wt for 15 seconds duration

The progress of the reaclion was followed by TLC {methanol : chloroform 31 2}

The reaction mixlure was heated on MW al 450 Watt for about 1 minute. The
solution color did not change. Irradiation was continued for 2.5 minutes, The
resulling solution then started Lo from precipitate and was allowed to stand
gvernight in refrigerator for complete precipitation. Precipitate from fridge is while

in eolour but soen became brownish.

Whitc erystals were filtered under suction on a Buchner funnel and dried under
vacenum pump. The crude product was reerystallized form methanol to give pure 3,
s-diphenyvl-2-pyrazoline 7 (2.51 g, 90.58%), melting point, 162-163°C (Lit."™ 163°C).

The compound was homogencous (R 0.66) on TLC (methanol ; chloroform 3 1 2).

3.5-diphenyl-2-pyrazoline

The IR (Fig. 27) spectruin (KBr) of the compound 7 had absorption bands at
v 4228.9 (KN-TI stretching), 1651 (m, N-H deformation} 1575 [(uromalic
hydrocarbon C=C stretching), 151¢ (N-II deformation, w), 1357 C-H deformation)

and 1278 .5 (C-N stretching} ennrt.

Fagu 9wl |5




The 'H NMR (Fig. 28, 29, 30) spectrum (CDCl;) of the comprund 7 had
signals at & (ppm): 7.95 {8, 1H. NI1}, 7.18 (in, 10H, aromatic}, 4.6-5 ppin (dd, 1H. CH]
and .40 ppt (m, 211, CH:}.

The wC NMR (Fig. 31, 32) spectrum of the compound 7 had signals al

o (ppm): 152 {imine carbon), 148 (Ar C), 124 4 (Ar CI1), 133 (Ar C). 128.5 (Ar CI),

42.9 {methine, CH carbon) and 41 (ethylene carbon, CH.).

[z = 5t Irs




[raiddg) & Py nurn aire EINGTHE e (13~
[ WG T (P B Wl pw
oy LT &I AL e LT 10F uld
- L LIVRTIETE . e Fe ApLapucy ury [ rrrwiy
P IR o R dl uZltH =
Sk RULE | Ll e aumy LI Jiwecy
QaOE #1 4C £2 TH RN SE-1R
L Goon (LT 0 Gl fr OBLT O L 0ane T CRHIE e

T PR __|__||___i_ T IR P Lol ——
B | '
_ _ — oo
o »
T — oa
— -
m oac
3,5-diphenyl-2-pyraroline -
My . aar
& =Tet "
B L%k , -
10 -
g —
1y -
Oy -
b i __ -
| _ . f "
It . . -
B I [ AT
I / o/ -
: e S| — ]
g B i M L -
h ﬂ. ] “_ __ _“ _"H
D . i - _
1 1 - .
—_— —— — - .__l__._.u_|l ————— = e —a |||I:.__p%_||. III_L. — _—— C 055
= [N P L
fu N r
1 W
I IS ' |- 4— T
_l %
i
— - — J— .|m.|.| 1wy
—_— —— ] — - ——— :
1
————, | —— [p— ———rrer - —— -

Taag = Bl A7

Figure: 27



I

07

-

rorn-e!

L]

=

T e e L i B e B U

47

—1

lid

)
~=3 0

Analylaou.

R ]

T toA

g S1oan
r

II—I'III""I
" -

-

L, 35530

-3

RN o ol L]

Art-d

b

914

1
=1

TAES

a

RIES
—-=1 70

HR LY

L.

Lupegnl Dego Mg oA L2

hARE
YR
RG]

Dz _
Timze
I AL
AN !
PR
n
dLWEMT
15

0=

il
FITHE
hd

R

1.}

T

TC

ot

15
Aoz
1
1

Rt
1=z 1e

s AU

an MullLnuz
nzil

e ]
COCl3

Lo

e

EE HTRUNEY

O 1753525

2, 5550540
du 4

J5 G0

G o

A

1 SOGOG TG

il -= THERMFL 1L

L
P
F_1
Srh

FUo= Prgorgsarg TAtame| =

ol
ar
H'IA
LIH
| b5
[

Ko

IR ENTIITE

i

q

=o b

ACL LAZEC D

de da'=
BT ENTTE T

weanel Fr
S
=
e iy
1,002
el ol
NI

I- Endes

TE - ALcalarluun FEoaneters

Fz
he
=kl

Ll
Hnaer

LS

iz

L
piie
I
ECm
]

B ST

iz /Cm

Fipure: 28

B, 20T el 165




RIS B

N1

6T

L300 aeprt 27 LB R

wi bod pFOOG G H7 4
T4 TL Do by B
WAL a2 dd s
il TN FREC .-
LIl 20 g diz
LN Ry 1

Esalodratd N[ v Q0

Uk hE|

v 97

FH T 51
i R~

H3 uCH
LU I DR R !
AGLOE 13

e [ JIE 1R =_|IIII_-I'\:.:_'II'_I.J| - 74
Fre NLbaCk" Gl B
aooe 9- 173
2520 NF A T
Ik [N

. 1] IZMTIl s ssmssmmwa——

23R WG T 2
Ho Qe il
Wi-ngnoa i
2350 Sa0 Jg k|
oG ad

[EE A S - W
24 579557 0 2Nl
24 G732 0EG [T

z =i

£2: oy
EL.OJ LhIn ',
Fa:57 nL

CIhz? adsd A

R HLT AT Iy rHany g
e LT
c1tal sty

[ |

EJS]EWIE, USLTISTINSDY - 7

3 T
I LiAqx]
"Bt T At

S2370uzLZ)) B30 Jus nng]

22rtE

CEATE

Yo
1~
-
|
I

WUAEY {=--"

Lird [UEnIutE ELDED 67 G-LTAw e

Aady o tay-s

! u

[¥4

dd

(L

fes LR oug

g5 {———

eeer

5—

Kger

OocGl A-

AU

FaC

L,
!

peaidTe’

el



el

et -

-

sraletazat

— L= g
=1 = rJ JV oo
Ld oa= 0 Tl T
Wros od oo o
B ]

BCSIN

1= Sovzkrum,

2902

2]

o

|
A
z._ _o..._m..nhm.. .._

1
4
L :
ﬂ..?. L P N T ,._
H
R R _ A W |._.r1r__.._a.._.r,._,......r,.c A .I..mf
AR LILL
AN
T T PR T
= | i
=y n.(u n.;r
===
- Ae———s — —————— | ———n ——r—— ——
A h L ]

A =3 0 LU YE, anm il BNCT
R R R R T T ]
LT B B - B B AR )
I R I o e T B R WL BT}
Y B A I R TR T I I VI S B
S 0 g, - S o S @a
UP T T TP P T e 6N

L v
P c A

-

S B

L_rrenl "lakz FarIpsetecs

MARE g2H3g
E €I"HL |
Pk 1 1

[N

FA - drQuraslams T2 Jueke o

YAl F_ 2057273
T:me I [
IRSTA [ I A= H
FROIR S omm o Asulbanac
=UL3RD: 2130
mr J27EC
=il WRAG L I Y
HS LA
1% 2
Shil fAi FE001
- 3sEY HEE P A Lk
n 2 uthEh4l g=c
Ar L35
u A 00 o =Rc ]
i E 0 usec ]
i Mool La
Hb | 1 e all sec [
mmmmae—-amms LHEHRE] Il ===r-reezz-zz uub
M A 1H ..__.11
™ | LT -
FLi -k UL =
| 200 1ARFTIC KO
i
F2 - ProcesLit pgoanelor s
i a2 RR
2l FHINER F HU T ol e
wl's =k
S5E 4
L ooar .
Sl [N
-l 1,40,
ill MY Glat poeanelers
Cx 20 ) oL
-iF 172 908 n,a
ri 2 S 1 TH ]
Fellt O Ledl opzn
Fa th L by
P B 0 RaGE 07a o
H.CM ool BAL0% R Lo



dalytrel, BOSTR cob Dhiske JJC sofcbrom MUIT-1 N
L] = "
[ = =T
r [== = m
o = [ual L]
bl ol ol
1 J '
' ' I 1
v h
3 ' A
| !
\1...... -5 " IR
L T AN
1 r- = 1 [ - - 1 _ 1 1 | 1 1 "1 | [ R | |_. 1
m 14 HEl] =] 1du 1c7

.- Fr

.,s._.....,.u.x P T

e Tl

177

=l=m cULT

o
Lt
o

5
.f_.n_.._. iy

.
PRI IeN Y K

e Rl el Kl |

157

Lumreo. Uz2iw Ha dvelp

AC P TR LIrs
gL}
FEET
Nl TAELl
FIfon LTI | STt
IR, ekl
L EFER
arl W =HT L4
[58 M
- a
Lhil LI F1T
-10aFA P Lokl N
nlg TR SR
HL 1Lt
ra #3700 unee
L b use
TH L L K
[i}] H= 111 AT ]
ci! E U e A HA Y
[ I ey Pl i o o

1M RTFIARF

Cidby L'
wig' S

1

[ oy Ha)

-6 oL

Tu L0
L

AC | 7 02AC0

L

Figure: 31

UL
v
[
(]
H o

JRE O SlcL pwoaTELl
Ly L
Fir R P L
r 1 1F 1
kA= St
re 1re ' =)
141" Pt
H 4. cGdeE

c
Hem
F.
un

N, T
M in

fize et Ian




Eomn

s

= T _.
fu e FAm [
e re M "~ on ]
= Mmoo e o
o It =T o= v =
- WA ea e 2

[

[

L]

i@
=
rf.....N
I
3, 5-diphieny|-2-ps rsecline
!
n . | IE C
H 4
st g skl

L e e i e e T |
BT 10 EN 150 14

snslevaral. DLS]S Lab Tnzks Lol

JOECL um 2MIT-9 qr, COCLE, O

o oy L =
w1 T e -1
ot 2o or- (i}
= el o
A1 e e [}

_
et AR

23E

g

-

M is]lem RICT

—— 42,9

T
Al

r-
"y

L.re o Lita Piroae o
Hr T nisee
L¥-1DL -
[ATHETH 4
18 = ciLLasi_ 1 m Serurpsers
BT
L |
—=EdLL
R T LR
H =+
3000
oA
n ET9
[TE] -
e L = KT
Floll= [Py S DAL |
£l w BTdILD sec
Ha a1
Ma 23 S0 areL
u. g 0O sor
EH N0«
ul ' SIECALCD Ror
cl. NGO Gag
ale J ERLIL I spe

. '

=t 0ol
10 e rLFTRR M7

mamimamannna _oWH4EL |4 A TEA s Me

IFFhys wusl ¥R

LT n

FZ1 B3 G wser

M2 -k 03 -

H o' JRLID

oLl Te ot IL

~ETT AT A0S My

L = I EBn AT oty

' -AmA

£ W Bl=J0Es

-, v

Bt h} o]

LE - N

HE] o

BN 1 2

dowv- oo smamozaen

i TN

Fyu 2 8

L e BT O I Y
voz2D aan
Fet Cuoan

qE N e

ELv IR ER L

T'igure: 32

e THT ] D




5.3.3 1-(2, 4-dinilrophenyl}-2.5-diphenyl-z-pyrazoline 8

Benzyvlidencacetophenone {2.081 g, 0.01 mole) and 2, g-dinitro phenyl
hydrazine (1.08 g, 0.01 mole) were taken in a [lask. Isopropanol (12.99 ml, ¢.22
mole} was also added in the flask. The mixture was put in the Microwave oven and
one beaker of ice was also put. The microwave was sct al 600 Wt and the irradiation
was started. On the start of the reaction in mierowave the color of the reaction
mixture was inilially light yellow and gradually getting heal it changed to orange and

soon Lo deep brown within 30 sceonds,

Then the reaction mixture again was irradiated on MW at 6oo Wt for another
9.5 minutes. The reaction was monitored by TLC. In the end no colour change was
found. The resulting solution then started to precipitate and was kept overnight in
refrigerator for complele precipitation. Precipitale taken from: the fridge was dark

brown to light yellowish color.

Light vellowish cryslals were filiered under suclion on a Buchner funnel and
dried under vacuum. The crude produet was recrystallized form methanol to give
pure 1-(2. 4-dinitrophenyl}-a,5-diphenyl-2-pyrazoline 8 (3.51 g, 08.00%), wclung
point, 142-143°C. The compound was homogencous (R 0.70) on TLC {methanc] :

chloroform 3 ; 2).

0 —

[-{2,4-dinitropheny)-3,5-diphenyl-2Z-pyrazolinc

Ehazr 1002 0 [l

.
oo
Tr -
- F
-
,.



The IR (Fig. 33) spcctrum (KBr) of the componnd 8 had absorption hands at
vmas 3421 (N-N stretching), 1610 (C-NOz, N=0 stretching), 1589 (aromatic
hydroearbon, C=C stretching}, 1330 {C-H deformation), and =50 (G-I defonnulion

out of plune) om-'.

The 'H NMR (fig. 34, 35) spectrum {CDCl;) of the compound 8 had signals at
& (ppm): 7.8 (m, 1511, aromatic), 6.5 (dd, 1H, mething, CH) and 2,40 (dd, 2H,
meihylene, CHy).

The BC NMR (Fig. 36, 37) spectrum of the compound 8 had signals at

& {ppm): 168.7 (imine carbone), 144 (Ar C). 135 (Ar C-NG.), 139 (Ar C-NO.), 132 (Ar
C-imine carbon), 129 (Ar CH), 128 (Ar C1I), 122 (Ar CH) and 121 {Ar CH}.

Page 0%l Ln
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5.3.4. 3-methyl-1, 5-diphenyl-2-pyrazoline §

Benzvlidencacetone (1.46 g, 0.01 mole) and pheaylhydrazine hydrochlovide
(1.446 g, 0.01 maole) were taken in a 50 ml flask to which isopropanol (12.99 ml, 0.22
mole) was added. The reaction was carried out in a speeial microwave assisled glass
ware. The misture was kept in the Microwave oven and with another beaker of ice.
The microwave was set at 600 Watt and the reaction was gradually started. The
progress of the reaclion was followed by TLC (methanol : chloroform 3 @ 23, Al the
starting of Lthe reaction in micro wave the color of the reaction mixture was initially
light vellow and gradually getting heat it turned to orange. At the end of 2.5 minute it
Lurned to deep brovwn,

To conlirm that the reaction was over the solulion was heated in Microwave
oven for another 30 scconds but there was no change in color. The product from the
reaction mixlure solution started Lo precipitate and was put stand overnighl in
refrigeralor for complete preeipitation.  Precipilate from the fridge was of dark

brown to light yellowish enlor.

Light vellowish crvstals were filtered under suction on a Buchner funnel and
dried under vacuum pump. The crude product was recrystallized form methanol to
sive pure 3-methyl-1. 5-diphenyl-2-pyrazoline g (2,338 g, 97%}, melling point, 115-
116°C (Lit. "¢ 114-115°C). The compound was homogencous (Re 0.71) on TLC

(methanol @ chloroform 3 @ 2).

3-mcthyl-1, 5-diphecnyl-2-pyrazoling

Taze nta 10k



The 1R {Fig. 38) spectrum (nujol) of the compound 9 had absorplion bands at
v 1600 (C=N streteling in ring), 1590 {(aromatic hydrocarbon C=C stretching),
1465 (C-N strelehing), 1375 {C-H dclormation in CHa) and 750 (C-T1 deformalion out

of plane) com.

The 'H NMR (Fig. 39) spectrum (CDCl;) of the compound § had signals at
& (ppm): 748 (m, 10M, aromatic), 5.21 (dd, 1H, methine, CH}, 3.40 (m, 2ll,

micthylene, CHa) and 2.35 (5. 311, methanc. CHy).

The %C NMR (Fig. 40, 41) spectrum of the compound 9 had signals at &
(ppml}: 144.8 (imine carbon), 138 (At C-N), 134 (Ar C-C1), 132 (Ar CH}, 130 (Ar CH)Y,
128 (Ar CIID, 84.8 {CH) and 3~ {CH.).
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5.3.5.3-henzal-1,5-diphenvl-2-pyrazoline 10

A solution of dibensylideneacetone (2.34 ¢, 0.01 mole} and phenyl hydrazine
hyvdrachloride (1.4406 g, 0.01 mole) were taken in a conical {lask to which isopropanal
{12.99 ml, 0.22 mole ) was added. The mixture was kept in the microwave oven with
a4 separate beaker of ice. The microwave was set at 600 watt and was switched on.
The progeess of the reaction was (ollowed by TLC {(methanol : chlorelorm 35 2).The
irradiation was continued for about 4 minutes and at the end heating in Microwave
oven another 30 scconds confirmed Lhal the eeaction was complele as Lhere was no
change in color./The resulting solution then started to precipitate and was allowed to
stand overnight in refrigerator for compicte precipitation. Precipitate from fridge was

light vellawish color,

Lightl vellowish crystals were filtered under suction on a Buchner funnel and
dried under vacuum pump. The crude produet was recrystallized form methanol to
give pure 3-benzal-1, 5-diphenyl-2-pyrazoline 10 (3.2 g, 95%), melting point, 151-
152°C (Lit."3 152-154°C), The compound was homogeneous {Ry o.70) on TLC

{methanaol : chlorotorm 3 @ 2).

Cl=CH

J-Benzal- 1,5-diphenvyl-Z-pyrazoline

Fagn k120l Iie



The UV (fig. g2} spectrum of the compound 10 had absorption maxima Angy at
408, 243 nn dud to m— n"transition.

The IR (fig. 43} spectrum {nujo!) of the compound 10 had absorption bands at
vinae 1010 (C=C alkene stretching), 1600 (aromatic hydrocarbon C=C stretehing) and
=603 (C-H deformation out of plane) em-.

The '11 NMR (Fig. 44) spectrum (CDCLY of the compound 10 had signals al &
{(ppm): 7.10 (m, 15H, aromatic), 7.3 (dd 2H, CH=CH]. 5.21 {dd, 1H, mething, CH)
and 3.32 (m, 2H, methylene, CH,).

The =C NMR (1. 45) spectrum of the compound 10 had signals at 5 (ppm):
142 (imine carbon), 130 (Ar C), 128 (Ar CI}, 126 {(Ar C), 119 (Ar CH), 54 {(CH), 22
(CH.} and 12 (CH=CH)}.
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5.32.6 3-benzal-5-phenyl-2-pyrazoline 11

A solution of dibenzylideneacetone (2.24 £, 0.01 mole) and hydrusine
hydrochloride (0.6 ml, 0.01 mole) were taken in a 50 m] ground joint flask to which
isopropanct (12.09 mi, 0.22 mole} was added. The reaction was carried out tn 3
special microwave assisted glass ware, The mixture was pul on the Microwave oven.
Setting the microwave at 600 watt and the reaction was starled gradually. The
progress of the reaction was followed by TLC (methanol : chloroform 3 & 2). At the
hegining of the reaction in mierowave the color of the reaction mixture was light
vellow, IL gradually turned greenish at the end of 1 minute,

The reaction mixture was again heated on MW al 600 Watl for 2.5 minutc.
Healing lor more 30 sceonds in Microwave oven ensured about completion of the
reactinn and color remained unchanged. The producl started to precipitate and the
reaction wnixture was kept overnight in refrigerator, After complele precipilalion it

was taken out from the fridge whiclh was light greenish vellow colored.

Light greenish yellow crystals were [filtered under suction on a Buchner tunnel
and dried under vacuum. The erude product was reeryslallized form methanol to give
pure 3-benesal-1, s-diphenyl-2-pyrazoline 11 (2.02 g, 96%). melling point, g7-g8«C
{Lit.'™ g96-97"C). The compound was homogeneous (Re 0.73) on TLC {methanol

chlorotorm 31 2).

—_—CH

CH

J-Benzal- §5-phenyl-2-pyruzolinec

P 121 ul TG




The UV (Fig. 46} speetrum of the compound 11 had absorption maxima Amg. at
242 nm due to to n— n’ transition.

The IR (Fig. 47) spectrum (KBr) of the compound 11 had absorption bands at
vmay 2817 (C-H stretching), 1508 {aromatic hydrocarbon C=C stretching). 1498 {(N-H
stretehing) and 1247 (alkene C=C stretehing) emo.

The 'H NMR (Fig. 48) speelrum (CDCLL) of the compound 11 had signals at
& (ppm): 8.6 (5, 1M, NII), 8.09 (dd, 2H, CH=CI1), 7-7.9 {in, 1011, aromatic), 2.9-4
ppm {d, 1H, methine, CH), 2.0-3.0 {dd, 2H, methylene. CH2)

P 122 ] IR
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5.3.7. L, 5-diphenvi-3(p-amino phenyl)-2-pyvrazoeline 12

A solution of Benzylidene-p-aming acetophenone {2.34 g, 0.01 mole) and
phenyl hydrazine hydrochloride (1,446 g, 0.01 mole) were taken in a special
microwave assisted glass ware to which isopropanol (12.99 ml, 0.22 mole) was
added. The reaction was carried in a MW oven set at 6oowatt. The progress of the
reaction was followed by TLC (methanol @ chloroform g : 2). Light vellow colour was
viewed at the start of the reaction in microwave and it gradually turned to greenish
colored solution at the end of 1:00 minute when TLC was taken.

Then mixture was again heated on MW at 600 wit for 1.00 minute. The reaction
color became more deep brown from green and reaction was monitored by TLC. The
reaction mixture was irradiated for 4 minutes in total. The resulting solulion then
started to precipitate and was allowed Lo stand overnight in refrigerator for complete

precipitation. Precipitate from the fridge was light reddish vellow color.

Light reddish yellow cryslalline solution was filtered under suction on a
Bucliner {unnel and dried under vacuum pump. The crude product was reerystailized
torm methanol to give pure 1, 5-diphenyl-3(p-amino phenyl)-2-pvrazoline 12 {3.10 g,
g2%), melting point, 155-156°C. The compound was homogeneous (Ry0.75) on TLC

(methanol : chloroform 3 ¢ 2).

NH

1,5-diphenvl-3({p-amino phenyl)-2-pyrazoline



The UV (Fig. 49) spectrum The of the compound 12 had ahsorption maxima

R @t 3536 nm due to o 1— A transition.

The (R (Fig. 50) speclrum {KBr) of the compound 12 had absorption hands at
vimee 3300 (N1Is value for solid state: broad; due to the presence of overtome band,
cted, 1595 (aromatic hydrocarbon C=C stretching), 1550 (tertiary amides), 1268 (C-N
stretching), 1332 (C-H deformation) and 746 (C-H detormalion out nf planc) cm-.

The 1H NMR (Fig. 51) spectrum {CDCL) of the compound 12 had signals at 3
(ppm): »-8.3 {in. 14, aromatic), 3.9 (s, 2H, aromatic. C-NHg), 2.5 (dd, 1H, methinc.
CH) and 1.~ {m, 211, methylene, CHs).

Pape 137 00 éR
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5.3.8. 1-phenyl-5{o-chloro phenyl)-3(p-amino phenyl)-2-pyrazoline 13

The mixture of o-chlorobenzylidene-p-amine acetophenone (2.58 g, 0.01 mole)
and phenyl hydrazine hydrochloride {(1.446 g, 0.01 maole) werc laken in a 50 ml
ground joint flask to which isopropanol (12.09 ml, 0.22 mole) was added. The
reaction was carrving oul in a special micrownve assisied glass warce which was put in
the Micro oven with a separate beaker of ice. The microwave was set at 600 Watt and
lhe reaction was started. The progress of the reaction was fallowed by TLC (mefhanol
. ehloroform 3 @ 2). Al the starting of the reaction in microwave the color of the
mixture was initially light vellow and gradually turned to grecnish solution at the end
of 1 minute.

Then the resetion mixture was heated on MW at 600 Wt {or another 1:30
minute. The color became deeper reddish-brownILC finding showed that the
reaction was complete within another 2.5 minutes. At this point the product started
to precipitate and was allowed to stand overnight in refrigeralor for complete
precipitation, Then it was taken out from the fridge and was light reddisl black in

colar.

Light reddish black erystals were filtered under suction on a Buchner funnel and
dried under. The crude product was recrystallized form methanol to give pure 1-
phenyvl-5(o-chlore  phenyt)-3(p-amino  phenyl)-z-pyrazoline 13 (3.20 g, Q4 %],
melting point, 165-1668C. The compound was homogeneous {Ry 0.78) on TLC

(methanaol 1 chloroform 31 2).

NH,

1-phenvi-5{o-chlore phenyl)-3{p-aminuy phenyD-2Z-pyrarsoline

Page 131 =1 [



The IR (Fig. 52) spectrum (KBr) of the compound 13 had absorption bands at
vy 30206-2058 (C-11 streiching), 1602 (C=C stretching, alkene), 1492 {H-N
strelehing), 1452 (aromatic hydrocarbon, C=C strelching), 759 {H-Cl stretching) and

698 (C-H, aromalic out of planc band) em,

The *H NMR (Vig. 53, 54} spectrum (CDCI,) of the compound 13 had signals
at § {(ppm): 7.82-7.34 (m, 411, benzylidenimin}, 7.28-7.09 {m, H, aromatic), 3.94 (s,
s, aromalic, C-NH.), 2.99 {dd, 11, mcthine, CH) and 127 (m, 21, melhvlene, CLL

Fage 33 el 104
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5.4.0, 3-methyl-1-phenyl-5-pyrazolong 14

In a suml special microwave assisted glass ware 7.3 gm (0.05 mole) phenyl
hydrazine hydrochloride, ¢.3 g (0.2 mole) of solid sodium acetate and 6.4 ml (0.05
mole) of redislilled ethyl acetoacetale was placed with 10 1ml of cthyl aleohol. Then 5
ml (0.05 mole) of 5% sodium carbonate solution was added. The mixture was pul in
the Microwave oven with a separate beaker of ice at 450 watt and the progress of the
reaction was followed by FLC (methanol ¢ chloroform 3 @ 2). Iniually the color of the
reaclion mixture in the microwave was light vellow and gradually formed dark
vellowish at the end of 10 seconds. Trradiation was continued for one more minute
with constienl TLO monitoring.

Heating in Microwave oven for another 20 scconds showed no change in color
and TLC finding indicated the completion of the reaction. The resulting solution then
started to preeipitate and was allowed 1o stand overnight in reflrigerator for complete
precipitation. The producl (rom the fridge was deep brown colored.

Deep hrown erystals were filtered under suction on a Buchner funnel and dricd
under vacuunl. The erude product was reerystallized forn methanol to give pure
3-methyl-1-phenyl-5-pyrazolone 14 (3.51 g, 95%), melling point, 128-129vC (Lit.""s
127°C) The compound was homogeneous (Ry0.81) on TLC (methanol : chloroform 4

1 2)

Z)

HM

J-methyl-1-phenyl-5-pyrazolonc

Lage L3 el 1A




The IR {Fig. 55) spectrum {KBr) of the compound 14 had absorption bands at
visas 14215 (N-N slretching secondary), 1624 (CO stretching), 1593 {aromatic
hvdrocarbon, C=C stretching), 1533 (N-H deformation, w), 1498 (N-11 stretching)
1306 & 1355 (C-H deformation in CI), and 756 (C-H deformation oul of plane) cm-..

The I NMR (Fig. 56, 57, 58} specirum (CDCL) of the compound 14 had
signals at 8 (ppm): 7.41-7.78 {m. 5H, aromatic), 2.19 (s, 1H, amine, NH}, 2.15 (m, 1H,
methine, CHY and .20 (d, 311, methyl, CH;).

The ¢ NMR (Fig. 59) speetrum of the compound 14 had signals at § (ppm):
181.59 (Carbonyl carbon), 146.8 (Ar C), 128 (Ar CH), 118.9 (Ar CH}, 112.4 (Ar CH).
61.2 (methyvlene, CHe-N), 52.69 (methine, CH), 41.2 (methvlene. CH-CH.) and 18.0
{melhyl. CH,).

FPage 157 ol 10
.

.



.._..L... N r | i | e e e e r - ——— — i —— — _ , |
]
— - _.
o ) — Sl - — — — - —
7 -~
— ) 3
[ =
- &
(=5
— N _
Bna — o - i = | — 1 |
- - '
N T = T _ el
— L - = . 1Ty
a : h
n ] * 1y, 1
Bl 1y —— - = — ———— — - _ L _
f
T -, 1
= =
- b !
- E t
WH1 M _ -
i " ___ H
gty
L M
|
o T
=Rkl T VIR O
v 1 o T i
1 s 1 !
- d _. .F‘_ Il P _v r
N _« ! !
L] —_— F
r . ’
- . | L .
- o Y : __
NERIA _“ HEEN 141 H |
- £y C N 1
— _ - ! 1
H2n — e —- ____ | _ I
- i _
RYE
i i ok |
— 1 14
D b 1
= ]
— EPIS N A N —— P
o b= — -1— == - w1 i
— 11964
- | - = — e s ——— = e - -— —
7
J Vo p— e e g — - - | —— =, - e e | n e —— = T
E ST 1T T M ﬂl.“ 1 [ | 5 1 T Trr | | ™1 3 =11 _|__ 171771 7 [
i
35040+ WRFLL 2500 0 ALl L5000 140 b L] 1100 i ¥R
MZ-7 BH'a M2 7, D b4 MkIn A Lm
Ll 1AL E00ZE T 1143 .3 [flctE Ll
Tare- FIWFE 2 1k (E (TR (RTINS ] il 1 laid
dbaracs 1,cnl ke "l & kHI ullan o
L Tad gy L? Pz G5 Th Sange om
H I Tiks [pH Jnlevaa, L DGO vl Cor qu

A a0 AperiLee acda LT ot ol NTE ]

Tage ladal 1o

Figure: 55



wifI-. TFISE B2 e

[0+ P 1N ) L} (YR L HL|
o 2 dLE cr
wdz [T 7 -
TH %o CLRTE F-
woa gl dl 4
el o I v il

wiganr. B0 J0§C FeN Ul

oF 1 d
o Bl
2 I a il
o Lk
o= v
4 PTUCETT O0F LN
Lty 15

ol il DLiCESICAL =« 2]

Zik U UHo D 0 HiFR
il 07 Y- 14
RE L I 'd
11 L

........ z== L[4 TIRHFl 1+ mm—aomozzzzs

Jal ZOoDOEG L 1=
FI A H
IRERTRT I | o
=R Oy U M7

L a57 el
0% (L SRGEG P i}
e =2ukl g S04
i DG DL R4S
h HIN
Ll il
12011 1H387ICS

[E TG ul
nede EMETN (]
WAL [OW L G L'l hldiad
NoF 7 o LRIt

o [} ETR

AN kL
Lolg o lF by 1RLLTSIRRIY 74

B ORIl d
5 (R EAE|
Ly p |
ES3[m i Eke Foln] g1 it

[ DU S PR P P G

| TS RN T T

a;.mﬂ___.m___. ..._.__._..\.__._.r.._ [ _Eh..,.._q.._....._w q...._—...t..._..._f.)_w.rn_i_.___;...... _

1560

Lrazolene

Figure

rhonyl-3-p

E_
[

-

T

[

lcd
J-methyl- |-
e

yytlr t—

0.
ZTUhE



5534
7RIS
ERE et
REILL

——]

e — 1
-} TESTD
—

1

———— .

1-phenyl-5-pyrazolone

=
€I

-methyl-

1

Tt | TTTT Ty T T | T T T T T

Cur-rral, Ca-Ad 2 2neters

“AMz S
TaA3L0 1
(U] 1

- v ACOLISIL 10 2p oimers

Caze_ MNCEIL]D
Tina 11 Ed
I HER |
FCa-L Soma Mgl
Pl 325 24l
L] I2RG
SrLYENT (20 42
i a5
s g
| uAid 256
FIORzZG 0 tdboets
A o E539340
P& dub 1
L HERIGH]
rE ]
1E 3ic 0
C LOGI0G0an
mcmcmmzzzz= Db, FI
Ml 1 iH
25 | LN
. -C ne
B 00 14l

Lo I

uses
rh
MH ¢

=g - Prryvezsing piranetery

Hl Rl
SF al_ 12031
Hllh I
LLE o
LA HIEH]
- 0
15 1 4u

bl MMM plat 4 aueLers

rx RN ([
FiF TAah
1 4141 U
AP 7oA
-2 otk G
IR i n 05k

47 oM 14 7 ,5E1

Yy

L3

Lo

oL

H:

£

He
cpmfom
FIERIRT

Fape 1200w i

7

TEure:



Lofid Baee ] FLUE AT7H - .
IR Py AR L Wikdd I T R . ..
T4 S1IG- a-
u.0 3FE 0 gl |
T4 LETTOOG Tz !ral'\.- '_?-!'.'\- "u_:i |G- b= 1:'_'\-: = -_:.|->'.-|_-
7 GNF R 1z e %i e = I R P b
Wy o oaw o o |_‘:|1\$:1\\:|| ) |.|II I"':\j I:} I.:.' =1 }r". ";_.' :j{-’:::.\,.
B T | il I ‘|'h i
il ]
o 17 e R,
ed TR 1 r— | 1% I(' 'lr..lulrl_-".r
' L H ' “ g
K 0] : |5
T kU E O0s A |
SiE 13 | | s
=Jd7aL2dzd 5”15":‘\.3.-Jr -t | t 5
=
| n
R TIRIT PG5 b =
b ootu- e | =
nanose e e i |1 -
- HE ik | =
— ==z=zzzz===z=zz %] |INH¥IIJ =====z===zz==- \: g
5 | =
E Jag 0INOEOC | I H ta
. W 3B &M ! =
i TN R I =
i W 0G ug Wi e
) T cap k "' z
e PELaLYL, o In If =
E =t = o ] 53e0r - [-| r:-
4 I%F Che Hi- !
2 | ‘!
Az & /
] IHIATIS i
ELpp ot
e B LA lid ! . !
WNCILEY 430K - S TR /__.-:::-:f“f'? Il{l‘%f"f-:'_:::- ]
ok N KM LSR T e -- . "'[J T]\_ I:L‘:IJ LE.I (W] 1! m -I-' --r1 EJ -rj i1 I| J— AN -I- *L
[F=N HL =) W WOt L ks Mol m [ N I TRV T T, R Ry
Fia0a0nas ~&127 W o A T A T R B RS I ENER
S0z 1AWE . dr USLIISL g = 74 b 4 UamSeEn s ALY ERNL SN
[ OW3I-4
[ S ILE
oSRe T Iy
T1130ME A RIA] 0T Ng
LMD Ievtnek L IfC W f-1Tdr CEUD,J=ut ML = (Ll IR0 [Rnm

Gul o [el Ay

1
il

v

uda



foaleiate. BCSIRP il Dig<o 130 Sovoz.um MMIT-F anoo w2l L MOl LamBUET

4
3
S

— [l e -— r- 21 b (=) L) L T o T SO PO - O L S I S I N I ol (R ol B T Y I o U el T B O 2 2 ]

_ ko 2.0 LTa) - - T L e L T . = R T R S TR TN I Tl e R R T
[l W o Lo-— . r- Ul oo U o ®LOMD AT Ie om0 et gh) — e 2n s D [ S e O T e
g . ! T X X :
[ - o Lore A i W = Ld T 0 Fe e LT TM omm 1M e rn EYi —1 A = mn G0 F mm ogU T £l D
.n.l.“ H_l._. [t -t ul 12 m ™ 0Ol — — [l Ly - I B b I~ Fr~ 1~ r [ T I - B R 4 1 Y BT S [] [
! | ___ . 1 ! . LV U B D [ B | o f 1 '

. L . LN N | | L. ' !

___« ' Lo | i . , :/,,//_f._._ .Xx\ A _ /.... I Tl b LY

| i . T / Y - fJ.. [ o)

I | i . [ i i [ P 0 1 I N 1

J-methyl-1-phenyi-3-py razolone

e —— - r-—

LEW il 1 m_n_ o ]

Cawiect) L - =z -urELErY
HAVL azhid
Li-rh I
=1

Fe' = wmi gyt 1on Pe-apozce-,

Luky_ MECTRRAT
e [
[Tk Lexidd
F-ulll B 1T Wil Pur
o £
in Uz 4l
EARIRN L
- o
O- B
S EER-L IR
FIG-.t Jor1.s e
1, O L =247 zkr
be r:d1
Cn BTt LT
ne [ TFTTR
iz T JH
o 5 LOSLGDY see
ol T 0_0IC0AT nee h
cic [ 0 ek T [T}
.
T LI ERLa- YA Pl samussmssinan q
T '
T e ]
[ 3R IR [
LT, (IR I —
memmarmanrms ALY P meem ey F
VHabRDe haltiis
Hy 1l
(I EHR R
I Shanan
o [ERUET]
T ide OO LU
Lo, W 20000 H-
Fal = 1'% 2 07 AL en faidt Len o
= Tt
u 1uC a.zcLCH b -
i |
Ll ERF e
Ly u
e I

J - 3oaL paremloce

" ol F0orn

-r X1 mm
F- FLVER G Mg

Tew Lo oun
Fe Ll T

L a3 EJILD g rm
ndCH 1993 L2036 s

142 u” 10k

T



Chapter Three



Rcesult and discussion

Pvrazolines drow attention of researchers for the possibility of their usc as
organic dves, used in pharmaceutical industry to alleviate inflammation, fever, pain,
infections, and lesser extent as insecticides and herbicides. Keeping this objective in
view some substiluted pyrazolines were synthesized. Starting materials for thesc

compounds were a,[i-unsaturated ketones (benzvlidences).

i, f-unsaturated  ketones  (benzylidenes) (1-5) were  prepared  with  the
condensulion of acetone, acetopheuone and substituted  scetophenonce  wilh
henzadehvdes and substiluted benzadehvdes. The reactions were carried out in

methanol in presence of alkali under microwave (MW) ircadiation.

The compounds 1-5 prepared under MW irradiation were in high yvield, more
lhan 90% on an average. The melling points (m. p.) of the synthesized compounds
were in very good agreements with those of the compounds already prepared by

convenlional methods as reported carlicr o literature.

The IR spectra of the compounds showed absorption bands at vie. 3352-2388
for N-IT stretehing hydreogen bomded. 1660-1670 characleristic for C=0 stretching,
1492-1460 for -H stretehing for CHa, 1590-1610 emt for C=C and aromatic skelelal
stretching, 1375 for C-H deforming in CHy, 1271 for C-N stretehing and 736 lor C-Ch
stretehing.

The *H-NMR speclra showed multiplet at around 8 7.3 ppm for arvamatic
protons, 6.69-7.5 {ar clthylene proton, 7.52-—.46 for benzene-NHe. These data also

agree with the earlier established spectral pattern of these compounds.

The BC-NMR speetra showed signals at around 8 190 ppm characterislic [or
C=0 carbon, 144.2 for imine carbon, 151.09-143.16 for cthylene carbon and the

signals between § 128-132 ppm is characteristic for carbans of the aromatic ring,.

‘The UV spectral data between how 215-230 nnt due to 51— 7% transition of the
C=C-C=0 syslem is in consistent with these compounds,

Substiluted pyrazolings (0-13) were prepared by condensing substituted o, -
nunsatnrated ketones (benevlidenes) (1-5) with phenyl hydrazine hydrochloride,

hvdrazine hydrachloride, 2, 4-dinitropheny] hydrazine in isopropanol under MW

oz 1437 I
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irradiation. The vield of the obtained compounds was also high, above 9o% on an
average. Compound (14) was prepared by condensation ol phenyl hydrazine
hvdrochloride with cthyl aceloacetate in sodium acclate. The structure of these
compounds (6-14) was established from their spectral and melting point data as
well. The melting pointls (im. p.) of the synthesized eompounds (6-11) were in very
good agreements with those of the compounds ulready prepared by conventional
methods as reported earlier in literature. Compounds (4, 5, 8, 12-13) were new

cornpounds and showed sharp melting points.

The TR spectra of the compounds {(6-14) contain absorption bands v {em-')
at 2740 to 2421 characteristic of N-N vibration of pyrazoline ring, two bands at 1593
and 1300 represent the svmmetric and asvmmetric vibration of -N-H graup. 759 for
[1-Cl stretehing, Absorplion bands at around 1610 are charactertstie of the presence

ol C=N and aromatic sketetal stretehing.

The UV spectra of some the compounds (10-14) contain absorption bands at
hwan 236 min to 408 nm and absomption coefficients of 2.9 lo 3.9 characteristic
respeclively of different types of pyrazolines, The maximum at longer wavelength is
duc 1o the z-m~ canjugated system. The other absorption maximum is for heterocyelic

ring with N-phenyl group.

The 'H NMR spectrums of the compounds contain groups af signal of aromatic
prolons al § 7.28 ppm for aromatic proton, 3.9 (or benzene attached N1la proton,
The spectra showed characteristic signals al 5.15- 5.21 (dd, 111} for methine protons

3.22-9.40 pp (m, 2H) for methylene protons and 1.98 {or micthyl proton,

The @C-NMR spectra ol the compounds showed signats between & 128-132 ppm
ure eliaracleristic tor carbons of the aromatic rings. Signals al 8 122 ppm and & 142
ppin characleristic of different type’s unsaturated carbon attached with earbonyl
group and unsaturated curbon atlached with phenyl group and carbon attached with
one alpha nitrogen atom, 48-58.3 for methine carbon, 40-42.2 {or methylene carbon

and 19 -20 for methyv carbon.

IMaee 145 10l 1




Benzylidene preparation under microwave irradiation:

Product rrndmlmn Power

mu. [min. ] [\V]

IDifferent bpe

of aldchydes

and ketone

Benevlidene: The effeet of Microwave synthesis Irradialion time [min] Vs

Yield[%] plot:

reacilon 1 reacthon (LT 130T reaction 4 reaction 5

1 Irradiation time {min]
{_lYeild [%)]

P 4% of 1R

—



Pyraczoline reaclions under mierowave irradiation with hydrazine and its

derivatives:

dlintry]  Substrate Producl [Irradialion/ Power |Temp. [Yield
time [min]{ [W] 1°cy | 1%l

1 ° 5 600 | 3235 |98
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Pyrazoline; The effect of Micrownve synthesis icradiation time [min] Vs Yield [%] plot

redciion
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Mechanism & Reaction

Mechanism (1): Benzaldehyde with acctone to dihenzyledencacetone
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Conclusion

Iuring this research an up to date literature survey was carried out on

benzylidene and pyrazoline and their derivatives.

In the present work, five substituted o p-unsaturated ketones (benzylidenes)
and cight 2-pvrazolines derivatives and one 5-pyrarolines were synthesized. Out of
fourleen {inul products, [ive {4, 5, 8. 12, 13, 14) are newly synthesized by us.
Speclroscopie (IR, UV, tH NMR. & +aC NMR) methods woere applied for assigning the
structures of the new and as well as old compounds.

Subslituted benzvlidenes 1 o 5 were synthesized by lhe condensation of
substituted benzaldehyde and substituted  ketones.

Substituted pyrazolines @ to 13 were svithesized Dby the reaction of
substiluted bengylidene with different Wvpes of hydrazines.

When ethyl acetoacetate was warmed with an equivalent gnantity of phenyl
hydrazine, the phenyl hydrazone was formed first; then latter it underwent ring

formation o yield 2-methyl-1-phenvl-5-pyrazoline 14.

All reactions were carried out in a domestic microwave oven with special
fabricaled glassware and oplimum reaclion conditions were determined. It was
obscrved that the reactions were carried out in short time. The average weld of the
products was much higher than the conventional method. Besides, low amounl of
chemircals were used making the synthesize environmental [riendly. In other words,
Lthis modest thesis work was a part of ‘Green Chemistry” too. It can be added that the

pfticient uze of domestic MW oven wag also shown in the work,
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