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Iu'troduct:ion

I.J. Background nfMicrowavc:

Once, d\enlists might have spent day~ Hweating U,CI' a Bunscn b\\rTH~r,

pleading with a readi\'e hrew to rclca~c its product, but with the arrival of

romhinatorial chembtry, tho,e hcady day, are long gO!lL" amI vasl ana."s of

moleeulc~ arc generated in a trice, even with mmpound libwrics coming into shnrper

focus. the rate-determining Htep, e~pccial1y in the pharmacfutienl indu~try, remains

the seed at which usable quantities of mMeri~ls ean bL' s}'nlhc~i~c(L ),'lic['owavc

irradiatlUll is bccoming an increasing popular mcllwu of heating samples in the

1~1bOl'atm"!',It ofierH a clean, cheap and convcnient method of heating which onen

re,;ultH in higher yic1(1sand shOTter reaction time~, Despitc thiH popularily, and an

inCl'ea~lllg alllount of literature on the ~ubjecl, mino"avcs rcmain an area of

mystet"!' and mngie for many people. TIl(' pUf'P0se of thi, part is to prDl'idc ll,cflll

details cDncerning thc ,1pplieation of mierownves in chcmical rcaction. The pionr~r,

of lll(' application of microw3veH into morc canonic synthr,is thought that it wuld

prnduee ,imilar dfel'lH in as~i,ling the reaetiom carried out in rCHcarch Laboratories,

In 1110,t cnsc, it w~s proved that rcactions \\Cre ,a\'ing a great deal of timc'.

Kegardle,'H of the mcehanism of artion of microwaves on the chemie,11systems, this

part will deal with a fe\\' points that seem in.1 pcculiar way to ehamcteri7,e the lise of

ImcrOWHvesm carrymg uul chemical I.ractions and this techniquc th,lt is ,cl lo

l'l'\'olutioni?e synthesi, has moved to the forc front of ch~miral research:

minu\\ave aS~lsted of'ganic svnthe,is (i\-lAOS)o'J. Wbile fire is nuw ['nl'clv uscd in

synthetic chemistry, it was not un til Bumen in\'cn Icd the bllrn ~r thM the el1ergy from

this heat ~Ollree could be applicd to a reaction vessel in a focused manncl'. Thc

BUllSen bUI'll('l' was later super~eded hy the iHomanl1e, oil bath 0[' hot plate a, a

souree of applying hcat tu a,chemical ['raction, l\'lierowave chemistry haH been

around for dpr~des, in the 196o" PhYHil'alchemists llscd domestie microwave ovens

to give thcil' rcal'liun systems atL,mperature kick and minowave-generated polymers

WCIl'~ll in the rangl' in 1967. By the carly 1980, ~c\'cml chemi~t, WCt.cbringing

doml'stic o\'~ns in thc laboratory, and in tIle mid-19f>o"groups led by Kichard Gech-c

(Laurentian Uni\'el'sity. S\ldlmry, ON), Goerge ),-Iajctich (University of (;rorgia,

I' ,< '"I I,,' .-.



Atlanta), Rnymond Gigu~rL'(?>Icrcl'rUniversity, Atlantn, GA), Rajender Vanna (S~rl\

l-1oustonstate Universlly, Huntsvile, "1':\),nnct otiler~ have fuuutl th~t mict"Ownw'i

call accl'!el-ale,boost the yield, and initiate uthcrwise impos~ible reactions. To dale

-1,,00 microwave ehembtry papcrs lwve been puhlished. HOWeVL'Lsiucl' the late

1990" thc lllllllbcI' of publications related to /lIAOShas increased dramatically to ,I

poinl whcI'c in a fel\" y~nrs; most ehembls ,,-ill probably lise qnick bursb of

lllICroW,1\Cencrgy to hent and drive chcmical I'cactions, ". But as Pino Pilolti Df

I'r,'sonal Chemistry (Up~a1a,Sweden) points out, mlmy would-bc lIlinowa\'cs wet'r

Pl1toff hy spuriom re~LJlts_"Thrt'r is no w~yone ~an gclreproducihle rrsllits using a

UOJ'llwldOllle,tic mierowaye oven, beeausc YOIIem1get interference~ bclwcen the

microw~\'es" he explaill,. "Parts of the plate are heatcd \'CI)' lilliCh, others M the

lelllperatule you are hopping for, while olller I'egion~ are not heated at alL Thl'

oeeasional excellcnt rcsults were task f()rce by the ,--,,,plosionsand Im:k of

rcpl'Oducibility"1\1ostrenetion rate~ arc al'cc1crated by inrreasing temperature thal i~

based on the weil-knovm 'rule of thlllllb" that for ever:ylOfiCin~rea~e in teillperatllre,

the rate is appnJ:l.imatc1ydOllbled. The maximum tempcrature of a r~nrJion is USUJlly

lhc boiling point of the solvcnt. Bllt in ,1dosed microwave vessel, the temperalure of

the mixture can be raised rllrth~r, so, the reaction ratc increases accordingly.

A~ Df :l007, lIlany of the top pharmaceutical. agroehemieal and

bjuledulUlogy eOlllpnnies are alr~ady using MAOS as a forefront methodology for

library synthc~is and kad oplimization as thcy rcalill' the ability of the enahling

lechnology to speed chemiealrcaclions. Not only mierowuyes arc ~omcliIlll'Sable to

reduce l'11emicnlrcaction times from hUllr~to minutes, but th~y are also knO\\n to

reduee side reactions, increase J~eld'iand improye reproducibility ... \lmost all tn)e of

orgnnic reaction retjuiriul; heating or thernl<il eondition can bc pcrfonl1l'd ll,ing

lll;cr"Own\T'rndintion, Microwave dic1ectric heating is dependent on the ~bi1ilyof n

solvent or matrix to absorb Illkrowaw energy ,md to cDnverl it inlo heal " ''. The

matrix ahsurbs the ,'adintion by two mechanism: dipok polal'ization and conf!llction,

\-\"Iwnirradi,1ted with micro"ave fl'~q\l~ncies, the ion<;or dipo1cof the

'i~mple align in the applicd ekctric field. As the applied field oscilalcs, the dipok or

ion field atlempts 10 realign itself ,,>,iththe alternating electric firld nnrl, in the

pmcess, energy is lost in frum oflll'at Ih,'ough molerul~r frietioll and dielcctrlc Joss_

A mOllnt of heat generated by thb proee~~ i~ directly rC'latrd to thr nhility of the

matrix to nlign itself with the frequl'llcy of thc appliect field. rf t11edipole d()sL'~not
"'" l ,,' ""



haw time to realign, or reIJrienb too quickly \vith thc applied field, no heMing

occur;, The al!oealcd miCTowaH' frequen~y of 2.45 GI-I7.used in all commercial

5,vsleTllsIil'Sbctwcen these two extremes ~nd giveHthc molccular dipole tiIIIe to aIign

in the field, bllt not to flJilow the altcrnatjn~ f,cld p['e~isrly, Microwave irradi~tion

prDlluce8 efficient intcrnal heMing (ill situ heating), resulting in evcn lll'aling

thl"Oughoulthc <;nmple,a, ~ompared with the well hcatlransl'er that orcnrs when ~n

oil bMh i, npplied ~8 an energy ~o\ll'cc.Conscq\lentl~', the tendency for the initi~lioll

of boiling is reduced, and S\1perhenting ~boye the bDiling point of thc solvcnt is

possiblc ('ven at ntmospheric pre8Hure, Superhcating can be generMed rapidly in

dosed micn)"-ave-trampa,cnl vCSSel5to trmperntmes ~s high as lOO"Cabove llll'

normal boiling point of n pnrticu lar solvent.

It i, lhis cumbination of rapid microwave he~ting and ~calcd vcssel

lcchnulo~y lhat is ['csponsihle for most of the obHcrvL'dmlcecnhancements seen in

1rJO,\S, It is possihle, howeyer, that macro~copic or nlinoscopk hotpnt, reslliting

from selective healin~ of specilic ['('agents or cMalysts can develop, leading to ncn

l;lslr,' conV('r~ions and the re~lization of chemistries lhal ~annot be conducted by

erlllventional heatillg, lhc cllncnt trend c1e~rlyi, to use dedic~ted in~truml'nI8 for

cllernlcal s\'nlhesisli-~. Most of tod~y's commercially CI\aibble mino\\"a\'c rcactors

ti'atnre blliId-in m~gnetic stirrers, dircct lernpera tUI'rcontrol of the rellction mi"ture

"ilh lhl' aid or fibre optic probes ofinfrnred ~en~or~and ~oflwal'e lhal cnabks online

lcmpcm lUl'e/p['CSSlll'Ccontrol hy regulation of microwavc oulpul powc['.As of 2006,

sUJ1plier~of microwavc instl'uTllentation for org~nic s)~lthesis h~ve also moved

towat'd~combinntorial /high- throughput plalforms, add j'essing the nep.dsof the dmg

11i~ruvr.y imlusl ry'J_

TIle bot 11eneckof p~r~llel synthesis i, t\Vically optimization of reactiun

conditio]]'; to aftord the dl'~ired products ill suilabk yi('lds and purities. Since many

l'l'actioll sequenccs ['rquit'e ~ henting step for extendL,d timc periodH, these

optimization are often difliculLand timc-consuming_ !vlkrowaw-assisted he~ting h~s

brrn ,hown to be 1111iny~lu~hle optimizalion lllclhod sincc il I'cduccs re~ction times

dr:llnatically, t~'pic,Jllyfrum days 01'hours to minulrs or sec011ds7.!\!l~nyre~etion

p~rameler~ rall be c\aluated in a frw dnys to optimize the desired r,lpidly using lhc

new lcchnology, either in ~p~rallel or sequential mode, Sevcrallaq!:e pharmncPllticnl

eomp~nies have rcpo['lcd dl'amalic producthity inerenses in switching from
",'e" ,,' ,M,
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eonvelliiollal ~ynlhesi~ to l\'lAOSw-1S allholl;;h tllC initi2l inve~tmenl cosls W'C

C'onsidcroble:the dr2matieally i!lnc~scd etficiency of the miero"'a'c appro~ch 2i10WS

~ return ofillvl'slml'nt in 2 ~hort time pan.

1.2, Diverse reaction:
Wilh tbcsc machine~ becDming more common to indll~try amI

aeaucmia, thc numbcr of microwave reaction is l',r'Owing,This not only allows lhcm

lo gencl'~tc intp.rp.sting products ,Ind to dcmonstr2te that it is possible to use

microw~ve heMing to intcrcon\'crl ~lcohols and nlkene~, bul it also allows them to

iwoid volatill' organic sol\'~nts and ncid eataly~b, adding to miCr'Owaving'sgreen

nel1enti,lb, Conlrolling the stercoehcmil'al oulcotlw of 2 drug s~-nthl'~iHis cru~ial

bcc~use nwny mdteriab cilhcr havc ha7aniolls i~omerHor arc lcss effectivem~dieines

ilSisomni~ mixtures. j\,lino\vave - assisteu urganie synthesis works in two ways:

(a) ;,'licrowHves}'nthc~e~in Liquid ;'vlediaand

(b) Mieco"'ave syntheses in Solium~uia

1.2..1Microwavc Syntheses in Liquid Media:

Gencral Remarks: An}' dipDlar ~olvcnt with reiMively 10'" mulccllial'

wci;;hl will tend to di~play a ('ap,l~ilylor heMing under mierowave il'l'ac1ialion,Ll;l~ny

'iolwnt~ Hr~nol only he~t~d hut display a eapacily for supcrlwnting. This has beell

ill\'c~ligatcd by a nnmber of aulhors''-', and ~ model proposed for the hchavior bascd

on the medlHnism of nllc1C'~lebubble formation ",hieh is rcquired for boiling,H,

Sup~,.]1C;JliJlg,wllieh may result in boiling points heing raised by up to 20"C abo\'('

their convcntiollal vahw under microwave irral1ialion. is widely believed to bc

,cspoTlsible for the r,lle and yield inne~,es whieh accompallY many liquid ph~,e

reactions.
1,2,2 Mierowln-e syntheses in Solids l\'1cdia:

Gl'llcl'al Remark,,: In uddition to thc physical changcs indeed in eerami~

rn~teri~ls, the mierDwa\'~dielectric losses of m!lny solid eompoulllh may be used to

provide suffil'ierllllCilt to dri,-e chemieal change;,

t.:{ l\Ikrowave Hcatin~:

A chL'mist ,l'crns lhnt microwave ovens are 'lUlled' so that wMer molecules

absorb microwa\'('" into rot~tiOl121energy lL'vels,alll1this C~\Isr~molecular motion,

~Ild th,,<;heating. This common 1l1iSlllld"rstAndingcomes frDm in failul'c to l'rali7,e

that "hile wall" hilS qLLantizedrotational energy k\cls in th~ microwave region, in

I' ';' , 'r1,'o



the liquid phase, the qllantintion rotation~1 level b, for all practical purpose. non-

exi~tent, TIll' easiest way to \isualize th~ mechanism of illicrowave heating is to

picture a mierowave for what il i, a J1igl1fr'~q\lencyoscillating eleetrie and mai;nl'llc

field, Auythini; thal lll~ybe {'iectrienllyor magnetically polarizeli by this 'oscillating'

field will Ill' atft;rJed to some extent, T"o pl'iilcip~l heating methods exist:-dipular

polarization and eondudive healing '-,

"linowave energy is there!()re ~imilar to that transported hy infrared Dr

l'isil)le or ultraviolet w~\'C, and all follow the same laws. The frequencies or

mino",.l\'C~ range from :'\00 1\1Hz to 30 (~Hz(HUll cm wavelength). 2.4S G117(12,3

Clllwavclength) is n frequency allDttedby ~n international Commission for doml'sllc

or indl1~trial O\"L'ml~.Mle]'ow~ves rcpre,ent a non iDniLin); radiCltion, ",hleh

inJ1ucutl'S molecular motion<; ,lJ(:h as ion migration or dipole rotation, hut not

altemating the moleeular structurc. In 2-45 GHz miCl"Ow~vesthe oseillaticm of the

eleetric field of the rauialion occurs 4.9 x 109times per seeond: the timl' scales in

"hich the field dwnges is about the same as the r~~p(!ll~etimc (rclaxation tim~l of

permanent dipol"" present in mo~t Df);aJllCand inorganic 1ll0lecules19.This fact

H'presenb a fllndam~ntal dwractcristk for ~n efficient in!craction between the

ekcl[,(Jll1a);llcticfield of micl"Owayesand a eh~lllicaJ system. The ah,orption of

microwlI\'es eau~es a vcry rapid change of temperature of reagents, ~ulVl'nts,and

product, coutaining sClh.]\toreover in the case of solutions containing salt or strong

acids and ba~c~th~ Cl""-N cnn also be dissipated through ionic ('OndLLClion,c~l1sing

heating or oycrheatin); Df the solvent (together with a po~::;iblcincre~se of thc

pres,ure, when the reaction is carried out'il close \"essels),

1.4.1 Dipolar polarLmtion:
For' ~ Illolecule in n polar liquid ~llchas "'alcr (methanol, dhanol, Tl-II<,etc),

there are intermolecular forccs which gh'c 1l101~~\lI~in motiDn SDmeinertia. Under CI

\-eryhigh frequency electric fi~ld, the pol.lr molecule will attempt to follow the tkld,

but int~rmoleeular inertia ~tops allYsignificant motion before the field has reeeived,

and no ncl motion I'~'lllts_If the frequency of field o~eillation b vel'y low, then the

mDlecules will bc polarizcd unifonnlv and no random motion resulb. In lhe

intermcdiate case, the frequenc\" of the field \,-ill h~ sueh thal thl' molecules will bc

~lnHl,t, but no quite, able to keep in phas~ with the field polarity. In the (',Ise, lhe

random motion resulting ~s molecllle~j()~tle tDattempt in vain to follow the field i~

"", "," ''',



the heating we ob!;crw in lhe sample, It is intercHting lo nole lhal ",hil,t the

dt1dcncy uf lJIinowavc ~hsorhance varieHnoticcably \\,ilh frequl'ncy for any liquid,

thc ftWjllrncy of a domeHticmicruwave oven (2,~5 Gl-lz)is not Helected~u thai il is at

the maximum ab1;orbl'ncylor wnter (something like lOGH~).

1.4,:.!Interfacial polarizalion:

ThiHmcchanism is import~nt for Hystem~comprised of conducting incill,ions

ill a second, 1l0n-~00dllcting materia!. All l'),;J,]nplcwould he ~ dbper~ion or !!lelal

pal'tides in. s~y, snlphl'r b microwave ll'ansparent and metals reflcct microwaves yet,

cllriom:iy, the combilwliorl forms nn ~xtr~mely glJlJUmicrowavc absol'bing material

(So goul!, III racl, lhat interbciiil po1ari"ation effccts are reputed to be the ha~b of

'stealth' rnd~r absorhent materials), Inlcrbdnl polarization b an dIcd \\,hich is VCI:--'

difficult to trcal in CIsimple manner, and is mo~t easily viewed a, n ~omhination of

lhe ~onduetion and dipolar polarizalion cfreds. For a (non-superclJnuuding) luelal,

there will al\Vay~be a \'el)' thin surface layer in which some of th~ incident

microwavc~ al-e ,1llenllatrd, nnd in which induced eurrenls will give rise to henting,

FOI'a bulk ll1et~1this heating effed is so small as to be irreleyant, but in POWdl'ISthis

:<llrfacelayer makes lip a large proportion of the material. However, the po1nrizlltion

illllul'ec1in lhc mptal is alsosubied lo lhe pl'Opertie, of the slllTDundingmcdium- in

,imple terms, it inu[[cc~ a 'drag' on the polarization IJf lhe melallie inclllsions -

making It less cfreetiw than it might otherwbe be, Under these cirenmst~nces, the

po1nrization of thl' Incl,ll1i~pnrticles do~s not take placc iTl,lnnlaneousl~'. lmt lags

lwhind the induced field, ib for the polar moler.nle in the dipolar pol,lI"llation

mechanism, Hence, the frequeney dependencc of the s,lmplc's hcating properties is

simibr to that of the dipolar polal'iwlioll merh~nism, despite being duc 10 a

cOllc111l'lionTlle~hanism,

1.,'),1Conductive heating:

If wc irradiate an el~~trical conductor or semiconductor with microwave

energy. any mohil~ eharge carriers (elcdl'on, ion etc) mow r~latively easily through

the m<lteria!under thc in [1uence of the eleetrie field, Thcse illulleed curren l, heat thr

~all\pk, owing to ~ledrieal resistan~c, If lhc s,lnlp1c is n met~lIie eonductor, mDst Df

the microwave energy b re[1cckd with I'rlatively little energy pcnc!rating hc}olld il

fc\\' microns into the surfnce, Howevcr, colossal ,urfncr voltages mav still be induccd,
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and these are re~romible for Llll'dramatic electrical diH~h:lrgl's that at'~ observed

when a mclal i, placed in a microwave oven.

Conductive heating can be dCTllonstrnted in a domeHtic microwav{' own hv

uHingmalcrials such as ~npper oxide or carbou. One SllOUldbe n\\'are, however, thal

Lhese matcrial, heeome very hoL, VCI)'quickl~', nnd that the elcclricnl potentials

indm:ed in thc maLcrials ~an ,ometime~ lead tD dramaLic (but othenvise harmlcs,)

elcclrical c1ischnrge.Alternatively, if pure wnter i, hented in a mierowavc oven where

the pol!lri7.ation of a dilute salt solution i, heated. In the latter cnse, both dipolar

pDlal'izaLionand ~onduc:tivemeehanisms contribute to the he.lting C[fed.

1.5.2 Conduclioll Mcchallism~:

For' a V<,I)'good eomluclur, cOlllplete polnri7ation may be achieved in

approximntelJ' lO-lr ~e('ond, indicating that undL'r the innuenee of a 2-45 Gllz

minowave. lhe conducting electron~ mo\-e pl'ccisely in phase \~ith the fidd. Thlls. if

onc takes p\lr~ \,>,aterand hcals it in a micrnwlwe oven, ",hcre the polarization

mechanism dominales, \\C find that the heating rale is significantly less then when

Otl~takc~ lhc samc vohmw of water and add ~rlIL.In lhe latter case, both mechauisms

OCCUi',and ~ontribute to thc beaLingcrk~t.

1.5.:{niclect.oic hcatinll;:

;>,,'lierowawhcaLing arises from the ability uf ~OlllCliquids and solids tD

trnnsform th~ ab~orbcc1 electromagnetic energy into heat: the heating effect

originales ft"Omthe microwave electric field which forees dipole~ tu rotaLcand ions to

migrate and form a ,lower response of dipDles aud ions follow the rapid rc\'crHal01'

thc elr~tl"ic field, Thc ability or a mnterial to increa~c its lempcr'ature under

mil'fo\\-a\'c aLa gi\'en frequency and !cmpcratul'c is rrferred to the db~ipalio!l factol.

defined as tan '\=C',"/",', wherc"," is the die1cctric loss fndor, related Lothr clficienry

of nmedium to com'crt rnicrO\"!avecnl'rgy into heat, whilc", , is the diclcctri~ con,tant

aud mcasures the ability of a molcculc lo bc polariz~d by lin electric field. In lhc case

of water',,,' i, relntively high ,ILlow r,'cqucncy but rapidly drop~ Lozel'Oabove :~o

(;Hz, whilE'''''' show~ CIparabolic protile rem:hing a ma}"irnUIllal around 20 GI-17.The

frequeney Df2-45 GHz, ~hosen for practi~al purposes, rcpresents a c:olllpromi~choth

to minimize the drop of the dielectric constant "ith the increasing frequency and to

maximizc lhc pcn~tration depth of thc radiation: in short, to maximiZL'the hcaling
•



ratr of lin nbsorbing m~~~ofwalcI'20.2'.This choke has ~lso a historieal va1cncy,~inc,-,

it is rclalcd lu lhc prcvious dmne,tic applic~tion of microwaves toward wat~r either

in ddrosting or eooking food. Thi~ frequenc.\'can he successfully applied also lu hcat

~bort-chain ~liphalic alcohol,'".

1,6 \V:lve.~in a square box:

Fni{lltunately, lllinowaves can not he treuteu in quile the same way Wia

heating mantle, because of their long wavclcnglll (12.2 cm tor n domestic oven). In

~ny microw~ve oven, the microwa\'cs a['c retained by the md~l walls and lIlC'reis

interferenee of the wa\'cs as they nre retleded off the ~ides of the oven. At some

poinl~ thc WilVCS ndd together to give high intensity <;tnndingwa\'es anti ~nd at other

points they e~ncel out (n(Jdc~),You can demonstrate this by ll~inga nUel'owaveoven

th~t h~s had its turntahle removed, Place a large plate of ewnly spaced

mar'shmallows in the microwave and heal fo[' ca :1Os,Sp.ver~lof the marshmallows

triple in size ~nd arc loo hot to touch, while ,ome remain at room temprraturr and

arc lIn~lLcredin sizr. Altrrnatively, ll~e ~ picce of filter paper wetted with cobalt

rhloride solution. Thb cumpound is pink when surroundL'd by w~ll'r molecules and

blue \\henthc, arc moved, e,g. by heating, and the cobalt chloride paper b dried out

much more rapidly at the Clnlinodesthan at the nodes.

Although it is possible to lllodit.- a dlJlne~ticuwn [0[' chemical ,yntheses, the

,,-a\'c nature of micrmv~ves me~n~ thal highly reproducible work requires slightly

mure 8upbislieated rnicJ'(Jwaveapplicaturs. In ~ \\l'll-dl'signcd system, energy can bc

impnrted directly ~nd dfil'ienlly into the reaction compunents, will1litl1cenergy lost

lI'I'ough refll'ctions or through heating llll' r,-,aclionw,se1.

1,6.1The Mic,'owa\'e Oven:

The h~art of the O\'Cllis the magn~tron an oscillator that CDllVel'lshigh voltage

pulse into a ]Julsp of mierowa\'~ p()wer. The microwave enters n wawgllide, who~e

r~flrctive \\'alls allD\vthe tran~ll1issjonof the radiation from the magnetnm into lhe

cavil\'. Tlie c~\,ity is a ,mt of box and b the pal'l of the oven where microwave~

interact with the chemical ,ystem. :\ microwave DVeni, cun~lruclcd to deliver a

preset fn'quency (2-45 Glh in Illo,l ca,es) and power: a control unit regulates lhe

power value introduced into mirrowave sy,tem is 600-700 walls: in 0 min

irradiation. appl"Oximately43000 e~l~re deli\'el'('d into the cavity.



Under microwave irradialion lwo main problem, arise: the uniformity of lhc

absorption and the rclledion of the wnw" The microwave energy travels 011a beanl:

c,eapinr; f,'Olllthc guidf' the wnve is deyinted by the cirl'ulator (this works similnr to ~

1'00md~bollt) into the cavity, the cavity walb rcncct til{'bp~m, until it hits the ~amplc

and i; absurbed. To innease thc prob~hility of interaction bcl\\'een the sample and

lhe \\.ave. to mnximi7e absorptillll. the sample is PLiton rotaling gla'S rlisk, To absDrb

the exces,; micrD\\'ayc~a heakcr of \\atCI' is plaecd inside the c~yity, which acts as a

dummy load. This \\.ay lhc magnetron (and ~lso the operator) is protccted from lhe

Id1ecled powcr.

TDearry out l'hcmical reac.lion thc cavity of domestie microwave ovens call

easily be n10difird: il hole in the top oftcn aecomlllodales a ,'dlllX condenser for

working at room prL'~sllrc.Olherwise it i, common to work in heakcr~ wilh higll

walls, topcd only by a w:lteh glass or in flask, with a fLinnelplaccd in the neek. Sinel'

glass practically does nul absurb micr'Owaves,the upper part of the gla~~conlailll'[,

not in l'ulllact \\.ilh solvents, rell1~inscool during irradiatiull and acls as eondcnscr

fo,' the v~pors 2:1.

t.6.~ The Behavior ()fthe solvent:

Together with thc ability to dissolvc I'cagents nnd products, a sol\'C'ntundcr

Illic[()\.\.avccall playa more actiw role. The acceleration of a ehcmical rcaclion undcr'

mkrow~\'Cs depend~ on the dielectric propertics of thc solyent. Solwnts :Ire ahle til
dir('ctly ~hsorb microw.lve increasc the rcaction rate of the dissolved reagenb.

SDlvenl, sLidl as hyd,'oe~rbons, that cannot ah~Drbmicrowa\'cs themsclvcs, can be

indireetly heated under miero\\.,l\'c~,only whcn in the presence of materiab able tD

illleracl \\.ilh tlw ,'adi~tion, l'olnr solvent~ Ilt lowmolccular Iveighl and high dieleetrk

con~tant irradiated by llllCI'OWaWSinucnse thcir temperature very rapidly. rcal'hing

boiling point in a short timc. In thb class of sohenls the rMe of a given reaction is

mure cllllillll'ec1.Typical solvents widely employed in mierowavc dll'mbtry are walc,',

methnnoi, ethanol. and al'etonc. Dimcthyl formamide is also used ~s metiIi ,;olwnt

for operating L111dcrlllicrowavcs. It is ~ompletely miscihle I,ith water, is a goud

solvcnt for polnr ~nd less polnr solutes, has a high builing point, allowing the lISCof

open \.essels in ~~rr:vingout chemical reactions.
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A phenomenon frequently ob~cl'\'Cll ",hcu microlva\'cs are applied to ehemkal

pl'Oec~~e~is the o,erhealing of tllC'solvent. In the presence of mierowB\'f$, common

solvent, nre found to boil at higher temperJtures: for water thc differl'nce is about

Soc. 19'-'( for methanol, lip to 36"C \\a, the difrerencc measured for tetrahydrofurnn

and acctonitl'ile. Thes~ differenc~s were explained \~ith the different mode [)fl'llLTli,y

supply. The transfer of heat fl"Dman electrical balh lo thc solution inside the vcssel

('traditional hcating'), is affectcd by th~ impcrfections of the glass sllrfm:e, whieh

nclivate the boiling. Dri\'en hy thi, adi\'atilJn the sDl\'entboib al a h)\\,cl'tempcratlll'c

and, nceording to this view, the boiling lcmpe['atllrc~, as they arc ['epor'led fOl'most

,o!vcnts, could be undcrcstimatcd, This acti\'ation i, ahsent in the presence ()f

microwa\'es: the radiation reaches the buIkof the 501\'ent directly and the tran~fer of

energy is nIJ longer medial~d by the \'c~scl ~lI['[ace.Many author's sllggested that thc

boiling tcmpcmtllrc mea'jured in thi, w~y shollid be 'true', reflecting real

int~rmolecl1lar interactions existing insiJ~ the liquid ph,l~e"0.

This phenomenon W~~suggested as resplJllsible for the higher reaction raleH

obsenTd under miCl'owCl\'c~ill most cases. Tn fael, since cach lODe temp<erMnre

in('J'e~,~c~lLsesthe reaetion rate to double, it can easily be understood how chemical

reactiIJns ~an be ~pcl'dcd lip in thc prcsellCCof rniCI'O\\,avcs.

If overheating may be Ob~l'lTCdill open ,es,cls, in closc'd \'cssci, thi'j

phenomenon ean lead to all incrcase of thc preSSlIl'Cof thc SYStCill.Espccially with

low 110iling,ol\'ents ~nd in the presence of large volumes in low-eapaeity ,'essels.

thefc is a ri,k of c""[Jlosion.TIl(' rapid incrc~se or ternpcl'atll"c undCl' rninowaH's can

em1';e II'Illick inerenSf of the internn Ipres,ll re, whieh can be potentia lIydangerous in

the ahsence uf a safely apparat\l~. The dcvclopmcnl of high pleSS\IIeS and thc

neces,ity to llS~sped;lli7.ed Teflon vessels repre,en t mnjor limit~tion, of mir:row,lvf'S

in chemical s\'stCI1lS24.

An olwio\ls ,ollltion to thR,e problem, i, to operMe in open vessels M room

pressure, a\'IJiding clIJsed feactors. An additional SU,~c~tion could be the lI~l' of

limited amounb IJfHl!lvcnl, jll~t l'lluugh to prepare a slurry feading mixlufe: the

dissolution of thc solid and titlc achievement of a homogeneous system OCCllr,at the

reaction temperature.
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1.0.3 Material.~and Microwaves:

An imporlant pl"Oblcmin microwave applieation to ehel11ieal readium IS

,'elated to the llnture of the solid mat~rial prescnl in different modes inside tlw

<ystem ero'i~ed by the radiation. These can bc p,lrl of the chemical ,~'stem: ,0IYent,

redgenb, prodlld~ amI calalysts: 01'bc pint of the appurntlls and oven.

j\'lnterinls cnn be divided into three broad catcgories: Jllalerinls whieh reflect

mIcrowaves; ma!cria!> which ar'c cl"Ossed by the microwaves, \,ithout b~ing

absorbed; mnlcrinls which a11,orl1the radintion and are therefore, able to slart the

henting or to m:tivate a ehemicaI readiun. IVlany male[,ials arc practically trnn,pn rent

(qllartl) and can be penclralcd by the rndintion: some others materiab, Huch ,b

metals, T'ellect the radintion: other materials, such as dicleclric", internct with

mIcrowaves to differl'nl exlents'". Chemical reactors must be transparL'nt to

lllICroW,lH'Sand arc made of "1'et1011or poly (L,thylenc); gla~s is also a suitable

mMerinl, especi~lI.v for high !cmpcralurc reactions, but it is not completely

lranHparclllto minowaves.

A p,lrti~ular problcm in lhis context i5 the nwasurement of the temperature,

which cannot be obtained using conventional inHtrul11cnts. Huch as mCI'cury

thermometers or l11dal thcnnocouples. The tcmperatures can be mp.m:nred bv

lhcrmal lllc1icalors0[' indirectly by the melting of suitable: glaH~fiber thcrmucouples

are suggc~tl'd.

Mecllanieal stirrers, mncteofTetlon and II;la88,arc prefcrrcd to a magndit bar.

In most ~ascs, howl'\'cl', slirrin[\ is not necessary to homogenize the dbtribution of

heat, since mkrowaycs can rcaeh the bulk of ('\'cn a slurry mnss directly 26.

r",latcrials thal absorb microwavcs can di'jplay different rAtes of heMing,

actording to lhci,' composition nnd the dimension of their particll'~, WhCll~(Jlil1s[-d.

The indusion of ~uch matcriab in lhc form of powdcl' or tibcl's within the mns, of

polYlllcrcan imprm'e microwave absorption ill1dlocaliy raisc tilc, tempcrdlUl'e, thu,

inereasing the hardening or improviug thc tompilcl;on of polymp.rir. materials,

indirectly ading as an adhesi\'c.
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1.6-4The type of chemical reactions:

The effect Df microwaves on chcmical reactions is gcm-'rall) e\'aluated by

compar'ing the time needed to ohtnin n giwn }~f'ldof the final products with respect

to trnditionnl heating. In most examples reported in the lit~raturcn'y thc amount Df

reaf\ents employed in the~e Lestsranges from a few mi11igram~to a few grams. The

readion w,sel i, ,imply kept in the oven for ~ preset time, fDllO\\'ingmDst of the

details described ahov~,

One uf the mosL interesting pl'Oblems that mater technology should <;olwis

thr possihilit:>,of ,cnling-uj1 thf' processe, under micrO\\'aYes,FDr this purpo~e t1u'\

re~ct()rs have been suggl'~ted. Thc rcagentHpass iuto the o\,cn continuously through

a serpcnLllle at suell a rate that each portion of the mass nhsorbs a tixed amount of

mierownvr energy. Power levels can be llloduinted through the microwave Output: at

a fixed power of the oven for \'~rying time~; or fur a fixed lime by \'<1ryingpaltcl'lls of

Oil-Orr [,ycles"".

I{p!lctionswhich benefit more from the presence of mierowuyes are ob\"ioll~ly

those Ivhich havc low I'alc~L1nt1e!'tl'adiLionalconditions~I-,11.The ,'cactions exnlllin('d

r'rp,'('sent 3 inr'gc v3riety, r!lnging from hydrolysis of nitriles, amide~ and ester~, to

the fDrm~tion of c~ters and cthers o.\idation and hydrog~llntions; reatTnngClllent,

nnd poIYllleri7ntions,etc :J4-];; .

TI,e Diab-Alder' rc;]ctinn rcprcsents a good model to study the effect of

micro\\<1ves191:the carbon,vl group, bcsides bcillg impor'tant in dl"i\~ngthc t'rnrJion,

nets 11Sa (Illtenna towards the radiation. The reaction is rapid when thc starting llienc

i~ eledron-ridl ~nd the dienophik is electron-poor; when dienophile, lnek of

aetivating !Croupsthe rcactions require~ a high temperature (> :Wo'C). T1Jereadioll

between nntracene <lndllllileic <lnhydrideis a cla~sicaJexample of this'".

Esters ~nd nitrile~ are hyurolyzcd very slDwlyeither in hasic or acidic mcuium

IIndl'r tr;]ditintlnI eond itions. Hydrolysi, of thesc compound, oftp.rs;] typic;]I ex;]IIIpic

of application of mierowave~. A po~itive role b played in this ca~e by the presenee of

slJonf!,acids or bases tlwl increase the he~ting ratc under microwavc i'Tndintion_

Etberific~tion is n rc~ction largely 5t\1di~dunder mierowayes, The rate of

etherification of benzoic acid was found to be in(Tea~ed untler mieroW<lve;and the

increilse is n f"nction 01-the kngth of the bydrocarbon cbnin of the alcohol. It must

be pointed out that tl1l' boiling point of th" akohul ~lso increa~c,: 111);h~r



lemperalures of the ['eadioll can therefoll' also be used in the traditional mcthod: as

a eon~eq\lence in this case the comparimn Iwtv,'eenthe two techniqlll"; is nD longer

homugelleou~ -'4.

In the case of the Wil1i~m~onreadilJll to form ethers between alkoxydb and

alkyl chlOlides the mLiubetween subslitution and elimination dnl not change 3".

On the contrary in the case of the ~ulphonation of naphtalene, the substitutilJll

III posilion ~ preferentially occurs under nJlcro\\-aVl'sat temperature highcr than

l::l0°C: whilr under traditional heating the lilial product contains almost equimobl' of

1 and 2 naphtalene-sulfonic acids at temperature lower than 130oCl7,

Polymer chemistry will probably benetit greatly from the applkation of

mICl"Dwaves:in fact the preSL'nceDfpolar gruup; in the ~talting m~terials palticubrly

fa\'onrs the absol'ption of microwa\'cS, allowing rapid and eontl'olled sYllthe$i~,

hardening and euring of the final prodUdS:JH-ln these systems, different modes of

energy supply call drivc a reaction differcntly: e.g. in the case Dfepo.\y Ie:;ills, sho[-l

impllls~'i fn\'our ,elt~poIYll1eri7ation,,,'herens longer impulses of mkrowaw, allow

the reaction with amines.

The lise of solid mnterinls for the ,o-called dry-chemistry or \\~thout solvent

appears \'ery intere~ting and represenb a new frontier for ehemistry under
IIIic,'owan's .I~-4".

II'Iofl'over the experimental conditiom adopted in these ense, simplify thc

eh~mical sy~le1Tl,due lo lllCabscn('e or soh'l'l\l and the problems rclakd lo il, bliCh as

IO~6for evaporation or prc~surl' innease in d()~ed \'e~sels. Aceording to thi,

methodology the reagent, nre dispersed on the surface of nn inorganic and in~ollJblc

~IIPPOI'l,sllch a, silica gel. aIUIl11n,l,cOlllmercial benlonite and othL'r (J)"idcsor

~ilicate~.Kept thus in close prD.\ill1it~,on a large surfm:e, the reagents nre irnillintfd

by microwa\'e, in th~ ah~('ncc of soh'cnts and the ['caction is vel'y efricientl)- chiVl'l\.

Al the cud of thc reaction the fiual products can ~imply be wa8h~d by ~ Holv~ntand

processed as usual. An acetylenie alcohol adsorbed on montmorillonite undergoes

92% rc~rrangclllcut under ll1icr()wavc~,while, under conv~ntilJl1Jl he~ting at the

samc tempcr~lUl'e ~nd for thL'~ame time, gi\es Dnlyu trace ofthe findl produd4L'4",

In somc cases thc yield of the rCrletion is affccted by thc naturc of thc

inurgauiC' support. TI1C influencc of miCrDW~VeHwa~ del11lJnstr~ted when the



pinaeol/pinacolonf' rearrangf'lllent takes plaee in the preseneL' of a char~cd

phyllosilieate: moreover the CIJll\'ersionyield dearly depcnds Oll the natu I'Cof thc

inter In,cr cation ol-thc solid support,

In addition to the henefit of saving ~ol,-enb, a salicnt fealme of this

methodology is tllCse1C'ctivityof some reactions, ,ueh B, those concf'rJ1ingprotection

and deprotection of functional groups. A ncat selectivity was found in t1C'acclylation

Dfalkyl and ar}-'lc~lcrs or among thc diffcr'cnt positions in the steroid nuelells of n

bile neid methyl estcr': in this bst ease, thf' different options are obtained simply by

regulating the time of irradi~tion of the ~llbstratc dbpcrscd DllalmIlina4:<,

U~il1gclayfcn, i.e. clay-i,'on (III) nitrate in the solid state, alcollDlsare re~dil~'

oxidized in high yields to the corre~pDnding carbonyl compounds. Sulphides can be

oxidwcd tu sulphoxidcs 0[' to sulphones \Ising sodium periodate on silka gel: under

Illicrowaws sclecti\~ty can he ohtainf'd hy simply changing the r~tio between

reagents to oxidant. Another example of reaction earded on a sDlid support is the

condL'l1S~tiunbetween I-bl"Dl1luodancalld potassiulll acetatc. Thcsc ['eactants do not

dispby ally property to absorb mierowaws. On the contrary potll,sillm acetnte

dispersed on alumina reaches 300uC in 3 min undcr micl'own\,cb: this spccific

activalion makcs tllC I'caclion rapid: in this re,peet ,ilicil was found less efficient,

A \-ery interesting [wid for the applicatioll of microwavcs is the s~'nthesis of

mdiopharmaceuticals or labeled dmgs, cspceially wben ,"cry ~bort hall-lill' 1'()~ilroLl

emilters nre employed. With isotopes such J~ 122°C. (3.6 min], uOC (20 min],

18"((110 mill) thc gain of CH'n a rew minutcs in tllC renction time muld he of

extreme importance fl)r the final adivity. The rcactions DJcommon racJioisotopcs arc

nlso improved in the presence of micnn,,~ves: reaction times as well as exposure to

thc ['ill!ioactivc ernissiollSand the risks of possible co,'itaTllina lions arc reduccc144-4'.

1.71VIkrowavcs in the laboratory

For micl'Owa,'cs to be u'jed a'j a practkal hcnting method in the laboratory, or

III industr:", there h~ve to he good reasons for ehoo~ing them over existing

tcchno]og,v, Sludies over thc pa,t decade hnw nncovf'rf'd severnl reasons whv

microwave heating can be ndvuntageous.



1.7.1Superheating

Consider heating wat~r in a round-bottomed flnsk by a heating mantle. I-I~atb

slowly tr.msfcrred from thl' ~Iass tDthe core by l'ollVl'ctiDn,and boiling occurs when

hulJh1csof ,'apu[s form al a nucleation site, a pat.tide or a surface. ll~ea\1sew~ are

heating from th~ Dlltside, if the core of the water may be a~much as 5"C couler lhan

the edge, e\'en at th~ hoiling point.

MicrnwlI\'es, on the other hand, heat the water dircctly amI almosl unifurmly,

Under thc;e conditiDns, thc COI'Cis huller lhan ll1l'outside becallse of surface rooling

(OnCil inro,,'ect1y expressed a, heMing from the inside-out), so th~t when thc

nncleation sites in the glass are hot enough to allow boiling, the corc is SOlllC5"C

hotter. Thu~ by using llllCI'OWa\'es,wc can raise the cffccti\'e boiling point of water by

as much as ,~oC,an effect known as superheating, (The reason why people arc sCDlded

as they add eoffee lO ~ cup of microwClve-heatedmilk is that the again,t of roff<cc

j11'Q\'idenucleation sites on which bubbles form explosiyely)

SolvC'nls stich as tC'trahvdro/ilran or lIcetonitrile (enthanitrile) exhibit

superheating lewl, of lip to 40"C. From a chemical perspective this is important. If

we eomider that. for an aVCfagl'reaclion, a lOne rise doubles thc reaction rate, and

lllC'1\silllply using minowavC's to hC'ata reaction can speed it lip npprecillbly,

1.7.2Sl'1ectivc heating

An imporl~nl allri1Jl1le Df llIicrow~\e he~llng is the ~bilily lo put ellelg-"

directly into the rearJion eomponents, or to heat selectively one re~etion (;omponent.

Considl'r. for ex~rnplc, lhC' clired synllll'sis of rllC'talsulphides and sC'knides, To

synthesize these materials, which are used ~s energy storage de\'ices and as

semiconductors, lakrs ~e\'Cr'nldays by eorl\'cntionnl methods. The former im'olves

mixing sulphur and the met~l, both in powder form. and heating them in a se~lcd

lubC'.The pr'ohkm is thaI Siliphur v3pori7,C'Sas it warms lip, nnd if the temperatmf'

gets too high or riscs too lJuiekly,the pressure of the sulphul' \'apor will blow the tubl'

n part. To nvoid thi" the mixture is heated slowly and cautiously, e\'en though thi~

means it may tnke a \\"ef'kor more for the ingredient<;to eombine ~nd form tlle metal

sulphide. £..Iierowayes,on the othcr h~nd, may bc used to he~t lllCmixturC' rapidly,

Clndwitholl\ fear or an C'xplo,ion, hecnuse microwll\'es heM only the metal and not

the ~ulphul'. Sulphur vapor rccondcn1;cs in the cool parls of the lube before J1u,,'inj<
".,. ",,' L\"



hack to the hot metal. In8lcad of taking cla,s, the r~action is romplete in 15minllte~.

This is also a vi~\lallJ'stunning reaction because the microwa\'~s Htimu!alc a plasma

glow in the slllllphur vapor,

1.7.3 Grc(>n Advantag:cs

Whilc microwaves are both finandally and energetically l'xpensi\'c to proc1uce,

the efficiency \,>,ithwhich they can bc uscd 1l1akcs them an nttracti\'e 'green'

allcrna IiVl'to 0Iller forllls of hcating. Moreover, in reeent yearHthere has bcell a drivc

within the chemical industrv to reduec bolh thl' produniol1 of waste prm!llds ~nd the

U~l'of SOivClltH.\Va~tc products equate ,,~th wasted re~ources, and ~ohenb can be

toxic, tl~ll1mahle, and expenHive to diHpose off Microwavc chemistry provides ,1

deaner allcl'llati\"c. this limc by c",ploiting the ~hility of microlVa\'e~ to heat lhc

[-eaclants c1irectly. Using only a minimum amount of ~()lv<Cllt.the l'eactants arc

ahsorhed into a spollge-likc support material (clays, aluminas, 7.eolites etc.), The

rcal'lallts are thcn heaLed dir~ctl!' with microwayes to generate the produ~b, ",hich

arc then ~xtrneted, ngain \~ith a minimum amouut of ~olvent. Beca\ls~ microwavc

heating b ~s~enti~llyuniform lhroughout the nwtc['ia1.tll('r~ is no time lost waiting

lor lhcl'mal conuuction to hcat the ,ample nnd ennsequently, readion times arc oftcn

mca~llred in minutes or even sec(md~,

A 'green' approach ha~ bel'n adopted by Chris Strauss, at the Commonwe~lth

Scientific and Industrial lI.~senrchOrgllni7ation (CS1RO)in Australia. Strau~Hami hb

team carTyout organie rell~tiom in sllpercriticalwater - water at high preS~lIfl'Saml

clevateu lempcmturcs - instead of organic solvents. Under these conditions, the

propertie~ of water change mdrkeuly from lho,c that wc encounter unde[. ambient

conc1iLions,C1ndit acts a~ an excellent orgllnic solvent. The adv~ntage is that the

~olvcnt i; nOll-flammable. ami when lhc [.caction is completed, the waste solvent may

be d i<;posec1of down the bborMory drain~,

The micnllvaye chemistry is morc than an acauemie interest has bccll

demomlrdleu recellily by the 00\\' Chemical Company in tll(' US, faced with ti~htel.

regulation of emission from an existing down or cleaning it up, By Hwit~hingto a

6ukW ntICIO\\'C1\l'.ha5cdprocess, the plant has reduced it~ production of waste ~nd

unwanted by products. with inereasing prodncti\ity Hndreducing energy COHtS.

.
•••



I.RApplication of Microwave ovcn in organic chemistry:

The pupubrity of microwa\'c hcaI'Ling[01' ol'ganic synlhesis has inncased to

lhc e.\lClll that il now forms the ba,is of a nnmher of commercial system" and has

even miide its way into undergraduate lahoratury courscs. Microwa\'c ovens pl"'Jvide

a dc~n ~nd chc~p alLcr'nativeto ~onvention31oil b3th,. 1I'l0stcon\'eniently, reactions

m3Y Iw l"\m3t atmospherie pre<;snre in retlux systems in ovens which ha\c becn

modified tD accept an appropriale condenseI'. As prcviously discussed, dipobr

~(Jlvcntsarc c55ential in micro\\'3vChcaling. and it is often n~~e,smT to ndnpt solvent

,ystem, in synthetic renrtiom to areommodute these substituting solvent sy~tems for

microwave synthesis, It i~often the ca;c that bighcl' boiling poinl sohrnls ,1<'C115~d.

R) doing this, it has bcen possihle to enhance the efficiency of a nnmber of syntheses.

1.9 I'rodlJ(~ti'\ity Increase:

The bott1cneck of parallel synthcsis is lypically optimizalion of l'e3clion

conditions to afford thc dcsir'cd products in suitable }~eldsand puriti~s, Since many

reaction sequene~s require u heating step for extemleu time periods, the~c

optirlll~<ltioflSarc orten difficult and time con<;uming,

lvlierow.1ve-assistedheating has been shown to be an invaluah1c optimizaliDn

method since il l'Ctluccsrcaction LiillCdl"amatkally, tn)icaliy from dny, or honrs to

min\ltp<;or ,~conds. "iany reliction plIrlimeters cun he evaluated in II few days to

optimizL' the ue~ire chemistry. COlllpound libral)' can lllCn be s.vnlh(',i/,ed ['npirlly

using the new teehnolllgy. either in a paral1l'lor ~cl.juenliall1lodc.

S('wi'al largc pharmncenticnl companies have reported dramntie producti\~ty

increascs in ~wilching fl'Ofllconvcntional synlhc~is lo MAGS. Although the initial

in\'f~stment costs are comiderable, the dramatically increased effieiency of the

Lllil'row<l\'cClppro<lchallow, CIrclu.n of inH'slrncnt in a short limc span. Thi~ has

prompted several phnrmnceutical companies to instal! multiple microwave reaetors

ill thci. R&D bburaturics, in ~umc cases C\C!l c1iminaling oil b,lths ~nd bealing

mantles from their Inboratories.

The ,uce~ss stories of MAOSill the drug discovery proee~s are manitold and

have been docum~nt~d in several recent article involving lar;;cl <lmllcad dis(ovc[-y.

lcad optimi7,ation and drug d~vel()pment. With the most recent ,I(lvance in reae!llr

lCl'ililOlogic,sll(h as cOlllin\lOIiS!lowmicrowave syst~nlS, ('\'CI1pro~('ss chell1ists are

•



now laking l\IAOS scr'iously. Chcmistry applications have nmgf'rJ from r:nnvention:il

solution phase synthesis to prot(){:ol, involving polymer-~upported reagenls or

~~avengers, 111 addition to Holid or l1uorous phase tcchniqul's. Mosl T'!:ccnlly,

l11:crow~\'e~ have abo bCl'1l uscd to speed up bioclwmieal processes such !I,

polynwra~e chain reAction or e11Z}llle-mediated protein mapping, Therefore. the full

scope and potentia Iof thi~ technology lIlaY [lOt ycl ha\'c bcen rca Ii/,cd.

1_10Ohstacle,~ to acceptance of the teehn(Jlo~y:

Given the ad\'antages of microwave >ynthcsis, it might be thought surprising

thal llUlnCI'ybocly is using it. One of tlw possible renson, for this could be mental

inertia, RSthe \lSI' of this new technology reqllire~ a ehangc inlhl' chemisl's mindsct,

abandonin,~ lhl' tradilional favo,'ite's tools of the trude sueh ~, hf'ating mantle, oil

hnths or hot plMes.

Anolhcr faelol' lh~l is {'el'lninly holding the field l)nck is price" The che~pest of

lhe flCW gencrDtion of mierown\-e reactors currently ~e[b for about US$20,OOO,

which is beyond the hu:l"ing [Jo\\'er of mnny laLornlories. More claborntc systems

gearcd lowmds llll' drw; disco,-ery industry that hnve integrnted illltOllllltioll and

liquid handing capllhilitie" datilhase and elednmic lahDratory fundiDnalitics Of an

added scalc-up option ill\ohing conlinuous flow cells an' considcrnbly more

cxpensive. De,pitf' this bet, it is dellr that microwave ~ynthesis is an cnabling

technology [IJr L'\-ery aCliliemic and industriallaborntory. They I,ill truly become the

llun~en burncr of the 21Sl ccnturv. The limc [or nlicro\\,avc syntlwsis ccrtninly hw;

arriwd,

1_11Prcfacc of a Microwave Oven:

A micrDwavc ovcn, or microwan'4", IS ,1 kilcllen nppliance cmploying

microwave radintion primarily to cook or heat fDod. Micfowal-e ovens havc

,'rvolul Loni,.erl rooking since their use became I\idespread in the 197o~,

1, Hbtory

2.l)cscl"iptions

3, Effidenc\"

4. Snfcly and conlrol'C,'SY

4.1 Al'ute dangcls

4,2 Contro\'ersial hazards

4.:~. Radiallull
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1.11.1 History

Cooking food with microwaves was discovered by Percy Spencer whill'

hnilding magnetnms for radar seb at Raytheoll. He \\.as ".orking on active radar set

when he n()ticcd a otrange sensation, and saw that a peanut candy bar he had in hb

pocket started to melt. ..\Ithough he wa~ not the fir,l to notice this phenomenon, as

the hDlderof 120 patents, Spenccr was no stranger to discovery and experiment, amI

rL'ahlcd ,"wt \\as lwppening_ Tlw tlrst food to he ueliberatd) cooked with

minowuH's "'II, popeOl"ll,and the sl'eond ,,-as an egg (which exploded in the fm:e of

one (lithe experimenter~).

In 1940 Raytheon pall'nleuthe minowav{' cooking proces, lind in 194i, the

eOl11panybuiltlbe fi['st Illicrowave oven, tlw Kmlarange. It wa~ almost 6 feet (l.8 m)

tall and weighed 7:>0 pounds (340 kg). 1t was water-cooled ami pl'Ot]uceel:WI)O

watts, nhout three time~ the amollnl of radiation produced by microwave Dvens

today. An early cOl1lmclTialmodel introdurrel in 19:>4 generated 1600 watts. In F)65

Raytheon acquir~d Amann, which introduced the firsl populal' horne model

In Llll' lCj6os, Litton bought Studebaker'~ Franklin Manuf,lclurin~ assets.

which had b~~n manufaduring mugnetmns ~nd building and selling l11inowa\T

ovens similar to the Kadarange. Litton th~n ucveloped a new l'onl1glll'Utiollof the

microwayc, thc Hho]'t,\vide shape that is now common, The magnetron feed wa~also

1I[]ique. Th iS I'esuiteel ina n oyen that could ,UI,ive a l1CJ-loadcondition illddin ilel}.

1.11.2Dc~cription

A tllicl'o\\,~yeoven consists of:

1. Amai;netroll.
2. Amagnetron control cirellil (usually ".iLlla 1l1icrOCOlllrollcr),

:'1-..\ wawguide, ilnd

4. A cooking chamber

A micl'o\\.aveoven wOI'k'jh!' pussing microwave radiation, usually at ~ frequency

of 2450 I\'1I-Iz(~ wavelength of 12.24 em), through the food. Watel', faL,und sLLg~r

molerules in th~ food ahsorb energy from the microwave beam in a procc,~ called

dielectrie heating. ,,-lost lllOleCUleSarc electrir dipoles, meaning that they have a

positive char'gc at one end nnd a negatiye ch~rge ~t the othcr, ~nd therefore vibrale ns

they try to align thcl11Helvl'S".ith the alternating electric fi~lel ind\1e~d oy the

mieI'Owave hea Ill.This mol~cular mavem~nt crei1te~he~t. ?>-lierowaveh~ating i, 1Il0;l



dfidrnt on liquid water, and much less 1;0 on f~ts, sugnrs, lind frown water,

l\licrowave heatin~ b ~ol1lctimes incorrectly explained as reHonancc of wall'[

ll1olecuks, which only occurs at much higher frcqucncies, ill the lens of gigahertz,

Most mkrowave oven~ allow thc UHcrto choose brtween sewral power Icvcb,

includin" onc 01'morc ckfl'Ostinglevels, In most o\'en~, howc\'er. there is no changr

in thc intcnsitv of thr microwlI\'e radiation: inHtcad, thc magnelron is turned on lind

of! in rycks of ,everal seconJ~ at a timc, This can aetua]]y be oh,erved when micro

waving airy foodHlike Krcmbos: it blows up during hellting pha~eH,while it dcl1alc,

when thc ma~ncll'on iSlu,'ncd oft,

Thc cooking chamber itself 1S a Fliraday cagL' cndo~urc to prevcllI thc

micT'owu\'ese,caping into the surroundiugs, The ovcn door i, ll<;unJly3 glass panel

for ea~yviewing, bul has a Inycr of conductiw mesh to maintain thc shielding. Siner

the mesh \,~dth is nl1leh less than the wavele!l~th of 12 em, the microwave radilltion

r~n not pas,; through the door, "bile visible light (with a much ~hortcr \\avclcu"liJ)

~an,

Pl'ofcs~ionalellcfs gene['allyfind microwave ()Ven~to be of 1imited llSefUIncs".

Outhe unlikc (hc people who are lacking in frcc timc, or not eOillfortahk with their

skill'i. A v~riant of thL' con\'cn(ional minowuvc is the convection microwave. A

con\'cction llliCl'oWCl\'Ci~ u comllination of <I~tandard microwavc and a con\'cction

o\cn,

1.11.3 Efficiency
,\ minowaw, o\'en does not convel't aU elcctrical energy into microwaves, A

typical wnSlImcr minowave oven consumes 1100 W but delivcl's only 700 W of

mlcrownye power. The remaining 400 W al'e dissipated ~s heat b~'componentHDfthc

o\eo, The main source of energy los~is thc magnetron lube, \\.hid1 is much less th~n

100% dTicicnl a( gerwra(iog mkrowave output from the power >OUI'(,(:,Lc~~cl'

~ll1ounts of power arc consumed by ["hco\'en lamp, AC power transformer IOH8cs,

magnetron cooling fan, food turntable motor amI contro!eircuits, This wnstc heM

doe, not end up in the food bul is mostly cxpelled from tlw cooling \'ents on the ovcn

illld lw,lts Ihe air iu thc kilchen,



Of tlw mierow,I\'e power that the oven generates, about 77% is t)l)ically used

to he.lt, eompared \',-ilh10% lo 60% in corwcntional oyens, (Data collected by boiling

walc!' in n11Cl'Ow,1\eand m~aS\lringtemperature change).

1.114 Safety and controvcr~)'; Acute dauv;crs:

Liquids, wlwn heated in a mierowavc UH'n in a container with a smooth

smiRce, can ~uperheat: lhal is, ['each temp~ratures th[lt are a few degrces eclsius

above their normal boiling point without adually hailing. The boiling proc",< eRn

slarl explo,ively when the liquid is dislurbed, such as when the operator grah~ hold

of the conbiner lo lake it out of the oven, which ean result in ~e\'ere bums.

Tin foil, aluminium foil, ceramics decowted with metal, lind produCb

containing other mdab ean l'ausl' sixlrks wh~n they are used in a microwal-e. !I-'lil'l'o

waving small, smooth, solid metal ohjeets \~ithout pointed clllh (fo!' example. a

spoon) can sometime~ be ;afc, and usually does not produce sparking (putting ~

~pDon into a liquid abu helps prevent S\lperheating). Forks, hO\wver, will readily

producc spal'ks wlwn placed in the miennvave. Thi8 is because while it acts 3<;~n

antenna, ab,orbing microwave radblio!l just like other met~l objects such ~s the

~p()(m,the poinlet1 ends of the fork \~ill~c:tto eoncentratc the c1ectrie field fonned at

the tips_ This has the dIed of cxcceliini!,the dieicctr'k breakdown gr~diel1t of air,

nhout;) megavolts per meter (3x106Y/m), causin~ spnrks to form. This efled i~

t1ill'cllyanalo~olls to tlw effeet of St, Elmo'~fire.

The formation of ~parb Dnsharp metal objects may be pre\'ented by placing

the uiensil in SOJllefood or liquid while in the microwave, as thiHha~ the effect of

preferentially conducti\'ely di~8ipatin?;the ehar);c before lllCeleetric fields can build

to the point where they cx~eed lh~ breakdm'~l yalLle of air. Any time dielectric

11reakdownoccurs in air, HDmeOL:OllCClnt1nilrogenoxide<;are formrd, both of ""hich

,H-etn>:i~,Finally, ns mentioned pre\iou~ly, any metal or conductive object placed

into the microwave ",ill act as an nntenna, and its electrons \~ill thu~ be thrashcd

back and forth thrOl1gh the objed (a high frequency alternating eurrent) causing

,orne ohmic heating to oecul".The extcnt of lhis llCaling cfl<:clwill VIl1")'depending on

the ~izc,~hapl' amI eonducli\~ty ot the object,



1.11.:)A mkrowavc ovcn with a mctal shelf

Several mic:rowaw thes ha\'e heen noted where Chinese takcoul boxe~with a

melal hamllc arc micru wa\ccL and also whcre "homcmadc" mkrowa\"c popr.orn h~gs

havc 11Ccnse~lerl using ~ metal stnple, \dlirh is then heJted and sets tire tD the bag.

This type of accidcnt can pusc a dangcrous situalion bccausc of the cxtrcmcl.v

Ibmmable mixturc of popcorn nnctoil in the b~g. Thus, it is good practice tDremD\'e

any meteil lltensils or metal containing objects from a miCl'owavc OVellbefore

Dpcralillg il, as thc behaviur of lhcsc objects when immersed in a slrong minowa"e

radialioll field is unpredictable.

It is ,1eommun myth lhat melallie kilchen equipmcnl, like kilchen fo]'ks and

knives, ean somchow ,'cpel the miCl"rlwnwsbnck into the mngnetron illlctcnllse it tD

catch tJre. This b highly unlikely.

I. [1.6 Controversial hazards; Radiation:

;\1icrDwavL'O'-CllSprodul'cu aftcr 1971 musl mect the Food and Dwg

AdminisLmLionsafety requirements for radifltion knk~ge; Ie'S th~n S mW/cm' nt

npproximntely two im~hesfrom the surt~lc:eof the oven. Thi~ is br below the ~.\.pDSllrc

le\'el Lhat is currenLl" cEJrl,idered to bc harmful to llllillan lwalth. 11lC radiation

proctllCPrlby ~ microwave oven is non-ioni7ing. As sueh, it does not h~ve the same

eanecr risks a~sDcialctlwith ionizing rauialiEJll~lIchas X-rays alldllitraviulel hghL.

1.1t.7 Home i\-lierowave O"en Suitahle

The c1iscussionon the lise of mierowave unils specially designcd for synLhesis

lI~e, \vhich ~re otten quite expensive, hecome~ rather he~ted at times. UnmDditied

home lllic["()\\'~\'eImit, ~re ,llit~11Iein some cases. Howe\"er, simple morlitkatiolls

(for e~a,llple. a ITI1U~condenser) ean heighLen the safely factor. High-pre"Ul'c

chcmistry :;hould only be carried out in spccial rcaetor:; \vith a mIcrowave oven

specitkall!' designrd for this purpose. i\ furthrr point in favor of using the 1l10re

l'),.p~n~ivca]Jparatu~ i~ the que~ti(Jn of reproducibility, sinee only thes~ ~pecializ~d

machine, c~n ~chieve good fielcthomogeneity and in some r~ses c~n cven Iwdirccted

Ulllhc reaction \T~~Cl.

1.12 l\-Hcro\o\,n ~l' ch cm islry

]I,'Iierowaveehemistry is the seienee of applying ImerOWHveirradiation to

chcmical ,'eactlUlls4C-4".Microwaves act as high frequcncy eleclric fields and ,\.il!

•



generally heat anything with a mobile electric charge. Polar solvents ~re heated a~

their component molecules rife forced to rolalc with the field and losc energy iu

colli~ions, Semi ~ond\Wting ~nd conducting sample~ heat when ion5 or el~ctron~

within them form an eleclrie currl'nt amI enerp' is lost due to the eleetrie~1re~bt,JIl(:(,

of the materia!. Heating a fraction 01'chemical rea~tor by microwave radiation (as

"een in a domestie mierowaye o\'en) hw; u number of advantages o\'er conventiol1iil

heating;

1, The heAtis formed directly nnd rnpidlyin the sample,

2, Energy is not wasted in heating furnace~ or oil haths.

::l. The en ti['evolLlme of the reaeto ['{:,anbc hra ted (virtua11y) IIniFormly.

4. Selected YOIlimes of the sample (including microscopie regions) (::111be

~elcdi\'cl\' he~ted.

Conventionnl heating usnally involve, the use of n fumace or oil bnth thAt

heat" thl' wall~ of the re~ctur by C(JlwL'dionor conduction. The [;I)r~of the sample

t~kes mll~h longer to ~~hieve thc 1ar'lwtkmpcratlll'C (Particllbrly when heatin)l; ~

Inrge ,nmple nf crrnmic bricks, for cxamplr, Rnpid and homogcneous hc~ting h~s lhe

following bendib:

I. Readiull r,lle accc1eralion

2, Milder reaction conditions

::l. Higher chemical yield

4. Lower energy usage

Some of these effects are derived from sliperheJting Drhot spots, well known

dfCcts in mino waving. Selectivc heating is particulady important in the !llilTo\\'a\'~

heating of ~uPP(JrtL'dmet~J catalysts. A specific application in s.lllthetic chemistr~,.i~

in the mierowaw heating of a bin~ry systcm comprising ~ pob!' solvL:nland a pola!'

sol\'rnl obl,lin differenl lell1pl'l'ailll-e,.Applied in a pha~e trander reaction a wdter

pha~e !'eal'he~ a temp~ratur~ of lOnOC,,>,hile;1 chloroform phase would retain n

tempcraturc of .~o"C. I"linowave chemistry is pal'Liclilarly df~di\'~ in dry l1ledi~
!'eadi(Jn~.

1.13l\-1icrowave Synthesis

It has lung been known that n1lJlecules undergo excitation with

e1ectTOrnagndil' radiatioll. Thj~ efred is utili~ed in hou~ehold microwave ovens tu

hl'at lip [(md. HOIve\'er, chemi~ts haye rmly been u~ing mierowa\'es as ~ rendion

",',.' " ,,' '"



methodology for a few years, Some of the first example, gave amazing results, which

kdlo a fluod UJinlcre~l in lhis novcltechniqul',

The water molecule is tlll' tar'gct for microwavc ovcns III the JlOmc;likc any

other molecule with a dipole, it absorb, mierow:lYerlidiMion. Iv\icrowaverlldintion is

couvcrted inlo heat with high eflicicncy. ~o that "superheating"' (external link)

beeomes possible IIInmhicnt pressure. Enormous acceleration~ in rcaction timc can

be achieved, if superheating is performed in dosed vessels under high pressure; a

reaction that lakes several hours undel' eomentiunrll eonditiuu~ can be completed

over the course of minutes.

].1:3.] Thcrmal VS.Non- thermal Effccts
l';xdtation l\ith microwave radiation results in the molecules aligning their

dipoles within the external field. Strong agitation, provided by the reorientlltion of

molecules, in phasc ",ith the eleclrical field e"cilalion, caUSCban inlen~e intcrnal
hcating, The question of whether a non-thermal pr()(:ess is operating elJn be

answered 5illlply by cOlllparing the reaction rates between the cascs II,herc lile

reaction is carried out under irradiation wrsus under conventional heating. In fact,

llull-thermal effed ha~ bcen found in th~ majDl"ityof r~actiDns, and the accelerlltion

is allr'ihuted to supcr'llCaling alone. Il is cleilI', tllOUgll,lhaluon-lhcmwl effccts do

playa role in some rem:tions.

t.13.2 Mit'rowavc cffcd

The phrase microwave effect is n term thnt i, applied to n I'ang~ or

observations in Tlllcrowaw chcmislry. TllCre ilI'e [;1'0 general classc~ of microwa\-e

crreds:

1. Specific microwavc effects,

2. Non-thcrmalmicrowaye effects.

A recent review has proposed this definition47 and ~xaTllplesof microllil\'C

effects in organic chcmi~t[). have becn &llJllm~ri/,ed4".

Spccific microwave effccts are those effects that clinnot be (easily) emulated

through eonventionnl heating nwthods. Examples include: (i) selecli\'e healing or

specif1cre,l(:tion components, (ii) filpid henting rates and temperaturc gradicnts, (iii)

the c!irnillrltiun uf l..•.al1 effcds, ami (i\') thL'Huperheating of solyenb, 1'!ierownw-



spccific effeds tcmJ not tDhe clmtro\'ersial and invoke "eon\'entinnal" explanation,

(i.c. kinetic efreds) for Llleobser\'ed dfcd~.

1.13.3 NOIl~thcrmal microwave effect

Non-thermal micTo\\'ave effects lwvc been in on1cI' to explain lInU~lIaJ

ob.,ervations in microwave chemistry, As the name suggests, the effects are supposed

riot to rcquire the transfer of rnicrO\va,-eem'r,')' into thermal energy. Instead, the

ll1HT01VaWenergy itself directly couplcs to cncrgy modes within LhelIlolcclile or

lattice. Nlm-therm~1 effects in liquids are almn~t celtainly non-exi,tcnt<7-4R,as thc

tinlC lor cncrgy rcdislribulioll bet\\'eell molc~uJcs in a liquid is much le~~than the

period Ill'u microwave oseillation. A recent review has iIlmtr~ted this in ~pplicalion

to or'ganic chcl1li,Lry. lhough clearly ~llPP()I'bLheexistcnce of non-thermal eft'ects

13). It has been shown that sm:11non-therm~l effect, exist in thc t'c~clion 01'

o + HCI(DCI) --+ OI-l(OD) + Cl in the g~s plluse and the authors suggest th~t some

lllcchanbrm ll1~J'abo be present in tlle eonden~ed pha,e50. I\'on~thermal effects in

,olids ~re still parl of an ongoing debate. It i~likely th~t, through f()eu~ingof eleetrie

fields ~t particle interf~ces, microwaws causc plasIlla fonualioll and cllhune~

liiffusiun in sulid~ via ~ee(Jnd-order effects:;U'5".As ~ result, they m~~'enhnnce solid-

stllte sintering proressc" Debatcs ar'c still raging (Jamwry 2006) abuut non-thermal

effeds I)fmi~rowa\'es that hu\'e been reported in solid-state phasc transitions'8.

2.1 Preface of Pyra7.flles & l'yra7.olines:

Pym7.0linr.,Me fi,e nH:Jllberheicr\,c)-clic eompouTlds containing 2 adjacent

nitrogen atoms and they arc aliphatic in eharacter p()s;e~sing a douhle bond in the

ring. Aecording to the position of the double 110nd, there are three lypes or

pyrnwlinc,.

N

(~\\
N

l_pyra70linc

(Z)

N;/'
\HN

2-pyTazoline

HN
\
HN,--l

3-pyrJLOline



l-l'yra70line are llnstahle and in many eases these compound, irreversihly

isomerilc~ to 2-PyrazolineHJ4.TheHearc abo not very important frum thc practical

point of \'kw,

3-PyrazolineHare due to the abHenceof effectiw practical importance.

:.!-Pyrazolilll'sare of thc ~l'eatest thcoretical and practical importance. ]- and

3- IIryl substitnted 2-pyrazolines exhihit interesting reaetivities !lnd spedral

propcrtic~ due to the prc~encc of extended conjll~ateJ Hystem.

A seeond double homl in the ring produeed Pyraznles which are aromiltic

hetcro~y"Cliceomp(JUnJ~ and are abo important as ~uch. There have been some

notable advances in reccnl ycars in thc chcmistry of pyrawlc types of heterocycles.

'Ihese ar~ reflected in th~ monographs4 on pyrazoles, pyra70lines and related

compounds.

'I "':
N

~ .-----
N

I
II

P Y , " Z ole

From the literature it is ~ecn that the dl'velopment of pyrazoline chemistry

parallelcJ that of pyrawles. Becau~e of the close Htructural relationship, it has

become a practice to trent the pyTawlines as a chemical sub-ullil 01-Ihe pyralolc,.

Thal i, ",hy: it b the objecti\'e of the present review to treat them collectivE'ly"For the

sake of con\'~ni~nre detail, all0nt pyra70les ar"cavoided.

2.2 Importance of P)Tazolincs and Pyrazoles.

2.-PyrazoIi~lWSand pyra7.0les have a wide Specll'lIIllof 1I tililYin l'\ cry sphere of

human llfe. In praclical field, HDmeof the compounds have heen used as medicine,

where us other may be cited to demonstrate their out,tanding industrial impOI"tallce.

2..2..1Physiolowcal Applieations

?>lany pyrazoline and pyrazole delinlti\'es have been extensively med as

pll)siologicall, active sllb~tances. Certain ~-dialkylamioL'thylami 0-piperidinocthyl-

1, 5-diaryl-2- pyrazolines have been found,:;,:;';to be useful as relatiwly nontoxk loral



anaestheties, Sulfonyl urca dCI'i\'atives of pyra7.01e have bee]] foundo- to ~h(Jw

anlidiabcti~ activity. Some J1)~'idino derivative~ for example, pyrawlo (3. 4-L)

pyridine derivatives (I) ad:;g on the central nCl'\'OliSsystem lo producc tranq\lili7,ing

and antieonnl!sant effed,

" ,,'

••••••••••••••"
"I
"1<. I<I ~ ,dkvl, cyclo,dkyl phcllvl

R-~ H,,,lk,.l.pilcll,1

R' alkyl, rhell\'I. "Ikon
,I',

Certain pyrawle and pyrawlinc e.g., :'lA-diphenyl-lI-I-pyrazole-l-

proplinamllle (II) and ib dcrivativc~ have be-cn found 10 show antidepre-ssnntS9

activitv.

I' 11 r I,

N
/H

I
(CI H ,) ,
N R R '

R H R' 0 H, M c'

R ~ R ~ M , "( I I )

Scvemll-substituted-4-nmino J1yr~zolederivMives have been Ilirgelyused as

antipyrctid'() agcnls. On thc other hand some- olher derivatives ha\'e anti-

innamrnatc)['y("acli"ily,

~,



Pyrazolc dic~rboxylk acid dcrivali\-cs (Ill) hnve excellent anlimnC'stk'"

al'li\'ity. Some 3-Rmino pyrawlcs havc been fonnd to be very much effective 3g3inst

nllergy lind lIbo ~how \,irucid31"' netivity in mice and human being .

.\1 cr-,'ll CO

Mc)\l-ICO ,
I
R

f{ ~ Me,Et,P'ilndCH2:CI-ICI12
( [ j I)

Se\'Cl'al 5-C03['boxylk Dcid derivaliv~~ (IV) are effectiw ns antigout":! agcnts

and a number' of otlwr deri\'~tiye~ ha\'c been widcly \lsed as ~lltih~llation('4 ai\enl'i.

A70lylmethYll ~min~ derivatives ofpJ~'nzoles hav~ Showlllllicrobiocidnios ~cti\ity. 1-

pyrazole ~~rbo.\yli~ 3cid derivative (V) ~how~d

R 2 "

R'(joe

I
R

I{ ~l-I.Me

R ~ P}'fldyl_ [hienyl, I'h
l~" H.alkyl,l-jalo

R-' H,81kyl

(I V)

Significant hypoglycemic 3~ti\ity, Preliminary clinical ~luclics on adult human

diabetics indic~ted this compouml 10 be ~ most ,ntisfnetory, potent, oral

hypoglycemic agl'lll~('('.

1'",-, ,,, ,,' '" •
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,
L""(CH", < ) SO,'HR'

, 'R.K ,IC=I-I,~1e_FI

R) = Cycl0hoyl ~arbo!lyl

IV)

A large nLlmlwr of amino pYl'alOlcs and pyrazoline~ ~xhibilcc1 antispu'iffiodic,

flnlcbcddnl and <lntithrulllbolic"7 neti\ity. Several uther amino deri\'atie~ e.g. l-aryl-

3-amino-2-pYl'aloline (VI) and itH dcri,alies haw been fount] to shuw ar'chidonir<i8

acli\'itics and show excL'lknl pJ'omise in ehemotherupy and I'c\'olutioni7ed the \vhok

lield of mcdidnc.

R' R
R' R

R. R I. I{ 2 . R3 R 4 . R '. R (,. R 7, ){' = II , alkyl

(V j)

SCH'n)1 I-phenyl-,'j-salicyluylirnino pyT37.o1es e,g" N (l-phenyl-:{-methyl

pyl'azok-5-~yl) salicylamide (VII) can be used Wi analge~ic6~.

o

Me

01-1

(VII)

/N-N
Ph/

1'". 1.1"I I'"



Iksid~" these, a uumber of chemiHtH, biochClnists pharmacoIDgi~I"

h~rterioiogbb amI innuillcrahle industrial ~eicnljsls hu\'c clearly demonstralcd lh~

trem~nd(Jm applications of pyrazole and p, razoline derivlltie5 in various ficlds,

2.2.2 Industrial Applications

Pyrazok and 2-pyrazoline uCl'i\aties e,g" (VtlI) have been e~lensin~lyllsed as

11uoresec11t hrightener~ auu electro Jlhotographi~malerials-o,

R )

"I
R

{CR,1=Cl-Iln R"

R = j)-M cO-C6H~-

K " h
j{" IT - M L2N-C(,1-14-

R' M ,
R' ~ H

n = I

(V Ill)

Several 2-pynllolinc derivatives ~an bc uscd ~s whitening agent, clcdrn

pJlOlographiccharge tr:ll1~pOlIagcnt,)', corrosion inhibilol'-', and blenching agents

for lextiks7.1.1,,1,5-triaryi-2-pyrawlincs havc been shown to he effel'li,'c scintilbtion

soilltes7~--5,The~e type, o[ compounds have d light producing ability and show a

~1l1,llldcgree of self quenchingo1,

Certain pyrazolinc uc]'ivaliveshave been ll,~d as luhricating oil antioxidants7".

lind othcrs lwvl' been used as antioxidant~ [or natural Tubher-i, Potential high

voillmeuses for f1ulJre~cl'nlpyrazolilw, are as water ~lJlublcblead1Cs7R-79.

1, :)-diehloro~cetyl-5 melhyl-:<-]lyr~7olinesand pyrazolcs arc ~mplo~-edto

somc extenl in the control of mite~, Hpiuel'sand other inse('ts of that typc bul theil'

chief lise is as ti.lllgicidl's~"'"',Sewral 1- and 4-hcnzuyl pyrazo1cs, for example,

Ie« :' "I ''''.



l-hen7.Dyi-3-methY!-5-,lf)l-4 (N-substituted p-sulfamyl benmne oro) pyrn7.Dle(IX)

aud ils del ivalive,;exhibited effective badericidal acti\ityAo-R.l,

Il
I
NI-102S--O--N ___ N

Ph
R ~ CI, l3r. Me. lOt
R1=H,AC

(I X)

Some other d~ri\-ali\'es of pyramlines and pyraz(Jlc~h,1\'clar'gely been ll',ed as

insediddes~4, and variOll, amino deri\'ati\'e~ have bC~1l succes,full:; used as

hcrbicidesR5.
CM~_,

ROCHl\ ,
I

co
I
" '

R, I{ 1= :lll-ox)'_ allyloxy

(X )

I-f\cetyl-:Hl\lof(mryl-5-phcynyljfuI)'l-4H-4. S-PFamlines cun be uHcd as

IIntifertiiily ugenbd('. Halogenated-I-hydroxy pyraZDlco(XI) can he 115eda, effective

pcsLicidcs_These c1l1,ses of compounds al'c also ver:v powel1ul in~edicidc, and

acariddeH~7,which kill mites and ticks and arc ll,cd in U5/\ largely on the ~outhcrn

coLton.\'egetllhles lind citrus corps.



A number of a7opyruzoles anel pyrazolines e.g. (XII) arc cxlcnsivC'lv\1sE'd~"

pigmentsHA.The~e cla~scs of compounds can also be u~l'd as various t)l)es of d~'e~

and coloring malel'ial5, Tlwse eomp()und~arc used as di,perse dye,

(,O,R I

['11

R = PhOCH,CH,

RI~l'H.,
(X [1)

Thl'~e dye> have exr~llent light fustne~s and rclaliH'ly better \vash fa~tnes>

111M] \Isunl disperse dye~. These compounds can al~o be used [(J d,ve polyester

tiber~H').am! fOl'printing of various other tC:l.lile'J".nws~ can also he used a~dye [0['

jet printing inks~"Y2.and ill dishwashing detergents containing bleaches with colour

s[abill[Y.SOIll~ofthe'ie d~'escan be used wille,'bas~djet pril1ting inb and oll1l'rstan

he med as tODddye":<.

Glher indllslriaillse indudes e~bly~l [Drcuring of acrylk adhesives~1,~nd as

eoaling for rOlTosion-resistanee and painlallilily9.i,

""" ,. ," ,e.,



lkside these, many olhcr' industrial importancc of pyrazoline and pyrazulc

derivJti\'c h<l~bccn dcmoo,trated.

2.3 Structur(' and I'hJ"sica!Prupcrlies of PYl'azolincsand Prra:l:Ok~.

2.:3.1 Structure and Physicall'ropertics.

2-PJ~':l7.()lineitHclf is a liquid, h. p. 144"C. 1l IS yello\vish 111c()lo]' and Iws

eharacterbtic HWl'ctsmell,

Thl' ring SJ'stem is not plancr. ]'\-1, ]'\-2 DndC-3 are in onc pbnc where DSC-4

and C-s is in unother plane. Thc behDviorHof theHccompounds are consistent \\.ilh

the prcHcucc of ('xtended conjugation ns in the case of 1, 3-uiaryl dCI'ivati\'es,

Subslilution in 1- and 3-PoHilions dramatically change~ thc propcrtics of the systems

by further extending conjugation, Therefore, the eh]'omophori~ system i~re~ponsiblc

N

1
H

tor nil type~ of pl'opc[.tic5 of 2-pyruzolincs. Al'yl s\1b,tituted 2-pyrazuIi1ll's al'c

lumineHcenLcompounds due to the prcscncc of the chromophoril' ~yslcm.

, I I
Ihr -N--N=C--l'h,

Pymzok itself is II highly cry,Lalline, colourless solid, meltHal 70°C and boils

at 187-188oC. Il is soluble in water but almoHt insolublc in petroleum ether. It has a

).lec\lliarlJ'I1L'netrntin)!;~wL'C'li;h,1l1cl1unlikemo,t amine~.

The pyrawle rin,;. like otlwr nitrogen containing hclcl'Ocyc!rs, can be

rcpresl'nLcd as.

I
H

N

I
H

N



The pyr:l7()le ring i~ pre~cnt in two different envinmmentH in the cry~tal and

~vernge molecular dimCllsions f,'Oill the X-r~y data have been calculated''''. The C-C

bonli iu the ring is shorter than the normal benzoid bond (1.:{lJ5:\o). The resonance

energ~' (::!9,3 ke~l/m()je), calculaled f['om the heM of comhuHtion data is howcvel'

lower thau that of bcn~cne (36 keal/mole). The chelIlical reactions of p)~'a7.()jesHre

consistcnt with the presen~e of a greal deal of aromMic character. By Huostilution

reaetion the geomelry of pyrazolincs i, distorted but that of pyrazo1cs is not. So

pyrazo1c i~ an ideal system for many chemi~al and SPCCll'Oscopk investigatirllls.

H, 1,3-1- /Ht--c42/ '\"
11- 'C ~

~N../'l,36

11.10

H

Fig. I: M can bond kangth (A 0) in pyrazolc

Table 1: RoBinA poi nt and pKa values of nitrogen heterocyclk compounds

Comoound I HoilingJ)()int 0e at 760 mm. Bask nKa Acidic nKa

Pyridine 115 .').6 -

I Pyn'ole I 130-1::11 -9.R 17.5

~-PynlZoline I '44 - -

Pvrazole ,R7 2..') '4 I
]-!\lethl pyrawle 127 2.1 -

The boiling point Df pyrazo[e (187'C) is lllueh higllcl' eompilr~d to pyridine

(1l5"C) ill1d2-pJTazoline (144"C) clue 10 hyclrogen bonding.

The solubilitics of pWilwle lit 25"C in water, bcnzcuc, and cyclohcxunc

(c~presscd as gm/lOo gm of solvent) arc 130, 18 and :{97, In g~n~raL however an

increasL' inl1lolceulal' \\'cil',htlowcrs the soluhilitv in water and raisc~ that in ben~enc.

Refractive indiccs of alkylpJTawles lie in the range 1.46 - 1048 and specilk gra\1tie,

lie bet,yeen O.8q-l,02"R.

•



2.;:).2.Spectral Properties

Thr ndvent of ultraviolet alld infr~red spectroscopy has made dclcl'Inirwtion

of pyrazolinc and pymzok structnres a relatively Silllpk mattcr rlu~ to yery

c1wwcteristi~absorption pattern~ of lhese compound"

Simple 2-p:,razolincs Hhu,\ a maximum at 240-244 nm.'!Y ",hlch LS

signific~ntjy affcctcd by slibslitution at ]-or 3-Position Juc to cxtend~d conjugation.

'Nhcll tbc J-position of pyra70line i~ Hubslitulcd by a Iwnzelle rillg a ~eeonJ

maximum appears at about 280 nmJl'0 besides the origimil maximum. Thi, new

maximum i~gencrally subslitution stnble but shifts to 354 mm on jntl"OdLl~tionof n

;l'cDnd bCll(,ener'ing at position 3tu', AdJition of a tllird bCllzene ring nt position 5 of

thc pyrn7.0line ring CdUHL'~nol ,lltcrnation in the established ~pl'etral pattcrn''-''. In

cuntra~t lo the relatively ,tnhle 354 nm band, thc maximum in the 240 mm region of

1. :1,5- triaryl-2- pJ'razoline b \,c]'yscnsitivc to chnnges in suh~tituli()n on ally of lhe

nttaehed ~YHtcm~.

Thc ~pl'cl]'a of severnl :{-c~rbalko:\:---2.-PJTawlincswilh no snhstitution M

position 1 haw abo bccn rccorded,o:J,These compoumlHHhowcua maximum at "-92-

290 mm. The speclr'om of methyl-2.-PJTawlinc-3-Ca['bo~ylatc showed a

hypsoc.hromic ,hift to 2RRnm in hydrochluric acid solution 104.

:-l-py,'a7oline, which has a bcnzcnc ring in conjugation with the double bond

shows51a strong maximum "I 'll)c1ll122<)nm ~nd a weaker onc tat ~88 nm.

TIl(' 1lItr~\'iol~t absorption ~pccll'a of pyrazoles have he~n well-stuJied.

umub;titlltcu pYl'aw1C'sshow"',; nn absorption maximum at 211nm. Alkyl ppal.Qles

show selective absorption with a maximum in lhc region 210- 2.25 nm. The small

balhoclllornic ('ffcct of alkyl ,ubstituents as a rule dol'~ not cxceed :l-:-;nm. The

maxima lor al aryl pyrClzolcslies between 2.,~o-2.Ronm. The introductiun uf sllch

dn'omopll0rie group ~s -NO". -COR, -CHO, -COOEl into alkyl p}Ta70Ie, results in a

bathoehromic shift of lllC0I'der of 2,,-40 nm LOO.

l\ large numher of inli'a-reu ~pcctra of pyrawlines and P!Tn701~,nre ,wailable

in the Iiterdture and ill ('Olllll1CI'('i~1('ol1e~tion,.,\, the,e data have been aeelllllllialcd,

various worker~ ha\T SOLLf\htfor "Group frequency" correlations, re1alinf\ lh~

appearance of ahsorption bandH al parlklilar frcqucndes with the presence in the



muleeule of gi\'en stnwtural units. A number of useful assignTlwTllshave Iwen

ohtainrd in this wny,

Thp.N-H stretehing and earb(Jll-nilroll,cndouble bond stretching nhsorptiol1'i

are importnnt in the i.e. ~pcctra of p,razolincs and pyrazoles. jI,'lostof the remaining

group frclJucneic~ elrl'oflitLlc value. The 1\'-1\'ah,orption is weak i,e., but strong and

easily t1elecled in the H.nmnnspectra.

The infra-rp.d spectra of 2-pyrazulincs wilh an unsubstituted I-position

sho\\"'''7an c-.J-l-Jstretehing frequency as a slwIV, easily recognized b:md in the range

3400-3485 em-', In most non polar solvents, the intensity b high but in pob,'

solvents wlwre hydrogen bonding i~ po~siblc, the absol'ption band is bl:oud.

Pyrazolines with no aroma Liesubstituent at position 3 ,howlOli a ~trong C=~band ClL

1564-1570 enr'. In 1, :~,5-triaryl-2-pyraZl)lim'~ a single inlense band due to hoth C-

=:-1and aromatic ring frequencies is observed ].')80-1000 c:nr' and is il:dicaIivc of

l'omidcwble interaction"" between the tWIJ][-sy~tcm~,A similar co!nbirwtlon has

bccll ubserved in the case of 3, :r-bis-1-phenyl-2 - pyrazoIine"J<',
Infr,l-red ~pcl'lm of PYl"azoks in the Cl:.-'stallineform and III conccntrated

solution show an absorption blind corre~ponding Iu the 1\-1-1group in the region.

,1100-3500 en]"', the hreadlh of the band suggesting as,oeiationLLo• An intense band

aI 1592 cm-' is alllibuled LoC=K and wenk bands at 1552 enr' and1658cll! to C=C'''.

Nuclcar rnagndie J'Psonance spectra of pyrazolinl'~ and pyramks MC

considerably of more qlu('. Thesc h~\'e quite c:harac:teristic:featurc~ and structural

~s,ignments ~re easily done froll! Lhc ehcmical shift, ~nd integrated inten~ities,

t\Jlalysis is bdlitMed hv the absenc:e of any strong couplinr;_ 1,:J..')-TI'ial:.-'I-:1-

pyrazolincs show charactcl'islic 5ign~ls, ~ nlllltiplP.t at 3.22 ppm for methylene

protons at position 4 ~nd IIdoublet at 5.25 ppm for mclhinc proton at position s'''.

For unsub~LiLuledpynv.ole In D20 (;-1-1resonance appears a~ two pcaks, thc

lnrger, heing a douhlet at ablJut 7,30 ppm is assigned lo thc ::l-Pl"Otonwllile the

~ll1allc['pCelk,eItriplet at6.0 ppm, is a<;signedto the protons at position 4":1.

24 Sources of Pyrazolincs and Pyru,o:olcs

P:ml7oline ihelf or compounds conlaininj!, pyrazoline ring are not available in

nature, These are purely synlhetic compounds_ On thp. other hnnd, c:ompounds

['011LairIinl; P."r'1170Ie 1'1ng ~re widel~.distrihuted in natur~.

•



FnLil 1';):)4.Lhcpyrn7.0l~ring was lJelieved tDbe unknown in Twture. In 19:;.1,

howcver, th~ first natural pyrawiL' derhative was isolated by Kmnge and Okedu1l1.

Thc~l' allLllOrsisolatcd :~-n-nonylpyrazole (XVII) frum HDulluvnia cordatc (a

plant of the "piperaeae" family from lropical Asia) and obs~r\"ed its antimierohi~l

activity.

A p~;ruzo1i('amino acid, levo-Il- (l-pyruwlyl) ulaninc (X\'IlI), ha<; been

IsolaLcd".\from watermelon ~eelh. Thcsc ""cre lhc only naturally oceurring pyruwlc

derivilti\"es at th~t timc and iL was intcr~sting to compare lheir mritv wilh tlw

lSOmel'l~irnidazok nng, Other sources uf p,razolc derivatives have been reported

recently.
(CII,hCI-I,

N

I,.,

(X\'II)

C 1-1,C 1-1('00 1-1

I
"II,

(X\'III)

2.5 Synthesc~ofP)'ra,o:oline,~and Pyrazoies.

2.5.1 Synthcsc~ofPyrazolincs
Synllwlic approaehes to the pyruwlines h,ne gencr'allv Iwen based on a

limited number Dfreaction typcs. The mo,t ob\ioU5 route th~t of pyralo1e rcduction

has not been widely applied ~nd is only or histo['ical interest. This i~ because th~

pyrawline ling can be generMed directly and in m,lny instance's, with no alternative

by pr()dl1~t.The dehydrogl'nalion of pym7.0lidines hII'; illso he,'n useu Lua limilcd

e.\.tent.Thi, rcadlOll has aSSllmcd importance only in f[[seu ring ,yslems.

The iniLi~1reporl of pyra7olin~ ~ynthesis oe~urred in 1885 when Knorr and

Blank'''' de~eribed the slow redudion of 1.::l-dipllCnyi-s-methylpyrazole with sDdiulll

in and whell it rea~tcd "'iLIl niLJ'Oll'iacid in heated hydrochloric acid, a bluc green

colour was produced, The nitnm~ acid readiul\ was bter used as the IX1sisfm thc

..Knorr pyrazolinc tc~,["""h icll has been nsed diagon~tically. Pyralo1irlCilsd r was Iirst

,



,yntlwsiz~d by Curtiu~ Jnd wirHhingw, \\ho obtairwd it in les,; than :;0% ~'ie1dfrom

the spon tam'(JUHrcactioll of acl'Olcina nd hydra zine.

2.5.1.1Aryl hydrazinc haSl.d ~ynthcscs.

In 1887 fiHhcr'Iud Knovenagel'IR r~ported that phenyl -hydra~ine Clndacrolein

reaction to J ield :W-;,!2'X, of a compound, melting at 51-52"C and boili nl',at ;,!7.1-74°C

with no deeomposition (Schemc 1).This ,ub,lance was cbss~d ns pyrnzoline beeause

ot n positive Knorr reaction.

CH_ = CH -- C'HO

../ NHNH,
~/ ~

Cl-I,

2.5.1.1.1 Condcnsation of hydra zincs with (l~.umatl1l'ated cal'h(Jn)'[ cOlllpuumb.

Aromalic hydrazincs condense with a[J-llnsatmated carhonylcompUUI1(b lu

J ic1dpyr~7.01in~s under n wide variety Dfexpcrimcntal cond itions, ~\lch ilSre~ction in

mcth~nol. ethanol, and dielh~.l cther al room and clc\'ated temperntnre,;LJ9. The

rcadion has also bcen ~ilrri~d Ol1tin sulphuric acid"" and, reflu-"ing bemenc and

xylell~el"'. Pyrawlinl'8 \\.ith thicn}'l, thinzolyl Dnd lilr]yl suhstitutenb have also bccn

obtained by using shorter rcadion limcs, and at slightly ~lcvDtedtemperatme with

r;!acial acetic ncid ~s solvent. Diehnlcones readcu with phenylh)dnrlllic in ncid,~

condition to produce dipyrazolinc'"" (Scheme;,!)

I',", "."f I'"



o i
Pb-~ -CI-I=CH-0--CH =CH-r! -Ph -I- PIlNHl\H".HCI

Scheme 2
It has been l'cporledo4lhal Ketones wilh lcrminalullsaluralion react ".jLbgreat

ease tn produce p~~'a7.olines \\~tho\lteatalytie assistance. The casc of this reaction

appl'ar~ to be elm' to the bvorable steric arrangement of the intermediate

hydrazolles.lt lIlay be mentioned here thallhc reaction path has abo been [,urly well

establi,hed. Isomeric Ketones lend to the same pyrnzolines due to the fnvorabk

ilrTangclllcnl of intermediate hydrazoIlcs'"". (scheme 3)
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II

Ph--CH=CI-l-C-f'h

01-[

I
f'h--CH=CH-C-l'il

('"
/ Nil,

NH,
I
Ph

j

Ph

01-1

II
Ph-C["[=ClJ-C-Ph
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NH~/ .

Nl-12
I

Ph
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CH-C/
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,1, NI1
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NJ-I
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eJ-l

/
Ph

CH
/"--Ph

j-I.t Ph
Ph

q"-fr/__ Il(~:~C/
N • 1 II
/ /HC\"l

:NH N,
I I'h I I-I
Ph Ph

•

Scheme 3

1l is rlec~ssar:\! to ~ctd thnt aldehydes with terminal UDS,lluT'aLiolldo not

undergD hydrazinc crc1iz~lion leadi ng to pyra701ine formation \\ith any great fadlit)'.

such 3'<;ncrolein )ields sizeable quantities of hydrazone becrorc conversion to ]-

phcnyi-2-pyr,lzolinc'o,,, fM'll there are report, IhM ketones behave similarly'''.

"" ",,' ,,,,.
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2.5.1.1.2Addilioll of I-Iydrazines 10 aj3-Unsaturatl'd Nitriles

An inLel'cstingvllriation OJ the renetion between unsallll'ated compounds and

arylhyuralincs i, the synthcHis of l-ar)'I-3-mnino-2-pyrnzoli nc, from ull- unsalurated

nitrilesJ>6(Sehcme 4). Thi, reaction has bl'l'n carried out \~ith sodium in ethanol anu

required exLended rell(:tion timC'.

c,

c,

H
I

"" /'" r"C
N I

CI-l
~ II
# CI-lo

•N ~/E to [-I
reflux. 24 h

Cl-l
I
C I-I
II
CI-I2

+

c,

NHNH,

/NH2
1-1 H=C,,/ I

N CH
II
CH2

Scheme 4

2..').1.1..1 Cf)nden~alion of I-Iydrazines with j3-Substitutcd Kdones

VArious types OJ ~-sllllstituted ketones hnw' nlso s~rvcd as pyra7.0line

pleCllT'sorsilSa \'Jriation of the 1Jnsiereaction. The~e include Mannich base, of rnnny

v~rieties, e,g" ~-bromo-"I, r'-chlorn-los, ~-hydro;;y ketones'"') and l'l-seleno etlwrs',)().

The reneLion has been carried out in neetie acid at fCOUXor' elevated temperatures

nlone or in l'olIlbjn~tion with IVidl"Dchlol'icadd. Both 2N sulphuric acid ilnd 3%

~odi\lrn hydroxide have a1Hobeen L1,ed':J'.Thi~ reaction lws been enrried out for 60 h

at WI)"C':I', QuantitaLi,,'..'yields of 1,3,5-triafyl-~-pyramlines werL' obtained from

phenyl hydrazi nC',Ind 1<:l-diphenyl-3-brorno-propene-3-onc 1:':<.



2.5.1.1.4Condensation of Hydraziul's with Oxirancs and Aziridinc

Small ['ing compounds such as subsliLuted aziridincs and oxiranes reacL

reauily with phenylhydrazine to form l-phen~'1-4-hydroxy or 4-alky1amino-2-

PYTa7.oline.usually with addilional :ki" snhstilu tiono4.

2.5.1.2 Aliphatk Hydrazine Bas{~dSyntheses

:.!.5.1.2.1Condensation with A~-Unsaturated Carbonyl Compounds

Condition [01'Lll{'reaction o[ h."dra7ine and iLsaliphatie derivativc \\~th (11'-

unsaturaled carbonyl compounds are a~varicd a'j those U~illi\arylhydra7ines. These

readions are gencrally less vigorou~ and the reaction times are shorter. ELJlanolhas

heen ns~tl cxtensively as thc soh'ent either a~ such or in the presence of sodium

acclalc':14at temperatul'e ranging from ambient to ret1uxl~<5.and using reaction lil11cs

between;; min and :!-4h. !vlethanol has also hL'L'nused as solvent ill the same w.IY.

Thl' real"lion has also bccn pcdormed under addi~ Dr hasic conditions in aqueolis

nl{'rliausnally alrool11 temperature but occasionally undcr cooling or al Iel1\1X'~\

2.;;.1.2.2 Condl'nsalion \tith ~-Substiluled Ketones and ~-Epo"T Ketones

Formatioil 0 f phyr~wline, fl'om hydra7.inesor sinlpIe aIipha ti~ hyd razines and

~-sl1hstitllted ketones 11~Snot heen earTicd out frequently. In those eases ,Ludicd,

either nculr~] or hasic ~ondiLionsprenlil and rcaction time varied gr'catly. ?r1~nnich

ba~e~ havc lwen used':;? occasionally. The Ivlannieh hase derived from

~ctyl~ydopropane nnrl rlimethyl aminc did not form a pyramline but the related vinyl

l'ydo[1mpylketone diu ,~~.

:.l.5.1.2.3Addition 10A~-Unsaturatcd Nitriles

:\itrilcs wiLh Cl!J-unsaturatioll I'eact with hnJrazine 1Il ~ manner ~imilar lo

phenylhydralinc to produce IH-::l-amino-2-pyrawlincs. Alkoxide calalY'ls.

anhydrous mcdia ~nd extcllued rcaction times are used';4.

2.5.1.3 Cycli:.mtionUascd Synlhesc'>

Several kelalirlc hAye nndeq;onc ar.irl catalyzed rearrangement to producc

pyrazolincs. This reucti(Jn fir,L described by Curlius and Fosterling',<". I, an unlls11~1

e.\ample of intra moiecu1ar' adrlition. Typical catalyst for the real' Lion <; are ma leic and



thiocyallic adds'~(), and ~lallnic chloride~l41.IL h~s al';() been found th~t acetDnc

a~illescydi7ed when rcaded with methylm<li\llcsiumhromidc (Sc1Jeme5)

Scheme 5

-----.
CI-t,

II,C r-<
~ ;\

]-13C N/

I
II

2..';.1.4 MisdlaneOlis Ilydra.dnc Based Syntheses

It is known from the preceding discu~~ion lhat the common 2-p:,razoline

synthl'sis involyes condensation of earbDnylcompounds with a hydrazine derivati\'e

and that thb is followed by eithcr addition to a carbon-cnrbon dDuble bond or

reactioll wilh ~ ,llhstituellt Lothe cnrbonvlgwup. rJTnwline~ have also lwen formed

by a formnl re\'er~al or lhi, sequenec'" (scllcme 6)

o
Ph-~: = C1.1cCHJ" H:--Cl-l -,C I H00JO

-'- .
H . Cold

o
II /0

Ph-C-CHzCHc-N"
CH,

HOi\C
tvleOH
Lll

Ph

Q -.-
/, cr

11 CH,

Scheme - 6

2.5. t.:') Aliphatic Dia..:oeompound Based Synlhese,~

Di3ZDmcthalicrC3cts \\ith dimeLhyl formMe producing quanlil~tive yields of

4, 5-cliearbompthoxY-2-pyrazo!inc'4J, I-lighlyrcacLivcand umtable ida:walkancs likp.

dimomethanc, ethanc. propal1e and cyclobutanp.are quite volatilc 3nri in pyrawlillc

~ynthp'ie~ arc invariably readed with un5aturated compounds at temperalures

ranging [1'0111~mbient to 4u044. Reaction times \',lry greatly, depending to somr

c~Lclltupon the llucleophilic structure, and rangc from instantancous to ,ever'll days.

ELhyl ether is the mosl common solvent but methylene chloridc. cll1omform,

•..'



tetnlhydrofuran and cther-henwne mixlul"e have abo been used'4S. Compounds 01"

grealcr slahility and lower \olatility than dialomclhane and itH COlli\eners, e.g.

phenyldiaZlJmdhanc, diphenyldiawlllclhane. the diaZDe~lcrs and amideH and

dia.wacclones react at higher temperMures, generally between ambienl and 115"(;.

Ethyl diawaeetatc ha~ been reported to rcad so \'igorously with dietllyl fumerate thal

cooling is reljuired to control thal rcaction, Phenyl dialomelhane also read al low

temperatures with both diethyl [unwrate and makate'"". Tlw reaction lime V<lI'ic'j

,,-idc1yand vnrio\ls solvcnts have been used such as akohnl, methanol-sulphuric acid

mi,ture, methdllol-elhylether mixture and petroleum ether'47. (Schenw 7)

•

Hel Er-,O

Schcme 7

From this reaction it i~COlle1ud~d thut 1-pyrazolines are ~cnera I intermedia tes

and are Htahk, onl."when they CDnnotrearrange into conjugated i~ome]'s.

Kecent method for the preparation of pyrazoline involve~ the reaction of

dialorllelhane with ae~'lal11inol'innamates'4A. ]n this reaction dia7.0nwthune reueted

\\ith methyl-2 -<lcC'timirioor benzimido l'innamates to give 2-pyrazolincs.

-""



2.5.1.6Misccllancou,~Pyrazolinc Synlhcses.
•'\.IJloni\ other p~Tn7.0line~ynlhcsc~ the rnost important one had bccn hy

pymmle rcduetion. Addition of h)d!'Ol',ctlto n single double hond is casily efteeted,

The red\l(~tion iHcalalyled by palladium on barium ~ulphalc nt 1{j"C.At highL'r

temperalurcs fUI'thcr reduetion ensueHl4'1.Thc sodi\lm-eth~nol couple ha~ abo bccll

lIsed ',\0 'sI, b\ltin man~'in~tanees ['ed\Icti\'c c1envageoccurrcd,

Rerently. reaction uf l-plll'nyl-:"l-methyl-5-aminu pynltok with s~lieylic acid

to [lmduce l-phcnyl-5-salicyloylimino pyrn7DlincH has bern reported70. Aryl

diazonillm ~alls rcaetcd under highly alkalinc conditions with 3-acctylbulyrulactonc

Ylcld iIll',l-n 1-y1-3-ar:vlaw-2-pyrazolines ill lowyieldss1.

A most recent mdhod of pyramline synthe~eH invohcs the r~nrtion Dt

u~-\lnsalliratcd azo COlllpound~wilh diphcnyl nitrile lIminel,". Thc reaction hn$ been

r~rried out in benzcnc for 24 h at room temperature witll 97')6 :Jield (Scheme 8)

PhCCc== 1'..'1\'1'11 D
rh

ben~LHc R '\

24h.r.t.')"1cClI;-..J=]\ l\~

I
I'll

Scheme 8

2.5.2 S:vnthl'scs of Pyra:wles
The IX\I'cntp~Tn7olewa~ oblaineu for thc first time by Buehner"" ill 188') on

henting pyrazolc 3- 4_ s-tricarbox~'lie neid at 230-240"(, By similar procedure

p,\'r'nzolewas prepared trom pyrawk :1.s-dieadloxylic ncid and trom its silver sail.

PYr<llolcalso wns formed trom pyrazolc - 3 and 4 - carboxylic neid and also from

3, 4.-dicaI'boxy!ic aCid.

2.5.2.1 Synthesis of p)'l'azole Derivatives from ~-Dieal'bonyl

Compounds and lheir Functional Derivatives.

TIle synthesis of pyra7Dlefrom 0-dil'Clrbonylcomponnd, and hydra7ineHis the

most wictely llsed and gencral method for pyrn701e ,ynthesis. The reactioll of

methvlh}cll'UZlI1Cwith sodi\lm ~<iltof f{Jrlnyl acclonc prod\lccd a mixture of two

isomeric pyrazolcsL"~(Schemc g). Floth the, dimethyl-pyrazolcs were liljuid al !'Oom

• •



temperature (b.p. 1:j6°(: & 1.')0°C)but thcy could casil:, he identif!' from their

different builing and from the melting points ofthcir picrntes (137a11(1170"(:).

CI-I.;_~r-CI-f==CH-o"\;a.•. CH;-l\H-NI-h--" r-{~'113-!-H ( ~., "~I~ '~I~
CH, Cllc

Scheme 9

Benzoyl ael'lone reacts ,,>,ith phcnylhydrazine to give a rl1onophenyl

hydrawfle. which on heating; Dr trcatmcnt with add or wilh hydrogcn chlorides in

PYI';c1itlC prodm:es1SS3-mcllly1-], ,5-diphenyl pyr~zolc (Schcme 10)

o 0
II II

Ph-C-CH2- C- ClI,

o
Ph-~j-CI-12

I
C
f''''Ph- NH-~' Cl-l,

Schemc 10

2.5.2.2 Synthcsl.~from A('etyienic Carhonyl COlllpoun(h.

Thc syn\hcsi~ of pyrazole f!"Dmacl'lylcnic carbonyl enmp()und~ has nol becn

widel~' employed bccau~c thc starting materiab are not rcadily a\'ailnhle. \-Vhen

hyurazinc itself is employed in this reaction pynv,01csnre produced directly. Whcn a

SLli)stitutl'dhydralinc il; cmployed. the two isomeric pyrawlc~',," arc ohtained. The

reaction bd\\'ccn meth!,'lhydnll.ine and phcnylpropioaldehyde produced a singlc

product, 1-metl1yl-5-phenylpyrazolc.

"'" ",,' 1(",
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2.5.::!.3. Syntheses by Ring Closure

The synthese~ DfPYl',llolcsfrom acylhydrawne~ of ~-dicarbonyl enmp()und~ is

of inklcst that it involves the ring dOSlll'Cbetweel1 eurhDn atollls 4 and s of the

pYI'~zolc nng. Thus the fcaction of 1-aroyl-l-phcnyl h!'dra7.0nes of

ben7.0!'lacetaldehydc in thc presence of a!eohulic ~odillill hydroxide produced 4-

[wn7.Dyl-l,s-diphen, Ipyra7oleL,i7(Schemc 11).

IJ

"

1 II .;-L-CII,-Cl-l

II
l'I1-C-N-N

II I
() I'h

()

II
PI,-C

Ph0
I

Ph

Scheme 11

2.5.2-4 Syntheses frum 1, 2, 3-lricarbonyl Compounds

ConlpOlmds containing lhrcc adjoining carhonyl groups feact with h!'dI"i17.ine

to !'ield 4-hydl"lJ_\.Ypymzolcs. Thus, pentane 2, 3, 4-lrionc produced 4-h}.J[(J'i.Y-3, 5

dimdhyl pn,lzoJc.;4 (Scheme 12.)

o 0 0

H .c-il-UI_CH;

o 0 OH

j\J,I-iJ• H,l"-~-~-lI-I-CHl

Scheme 12

2.5.2.5 S)llthl'~CSfrom ,.\liphaticDiazuCompuundswith .'\cclyleneDerivati\-c

,flliphatic di~7.0compounds react ['eadi]y with ~cetylelle dCl'ivaLivesto yidd

pYl'awles. TIle reanion h~" usuully been ea,ried out at room temperature in a

convenient solvent, The most commonly used diazo compolllld~, al'e dia'l,Olllcthane

•

Schemc 1;';

+ R'-C-C-X

and ethyl dialoacdatrS4 (Seheme 13) compounds containing thr -CH=C-!.hl or thc-

CH=C-!\O, groups abo re~ct wifh aliphatic diazo eompoundH to yield di,-rdly thr

Wl'lT,pond iUf!,pyrazolc ,,~th loss of hydrogen halide or nitr'ous ndd.

"0' J \ I(,
X ./

"I
H

1\",'""11,'



The direction uf addiLion of the dinzo rompounJ to th~ halu-vinyl compounds

I:; uckrlllinecl by the group joined to the uoublc bUild (\lsll~lly r~rbonyl or

rarboethoxyl) (Scheme 14)

Scheme 14

Ethyl diawacL'lalc and diazoketone rend with )l-carbunyl compounds and

with rj-ketoe~tcrHin prcscncc of dilute ~lImli to yield pyrawb, accol'ding to thp

folluwing reaction I,H (Sr.heme 15)

"II
R--C--ClI,,', l'O--R' ,

CH-, -\1-'"
o

OH .

'Ii
R1 C-R

R2_e0
II 1

() I I

Scheme 15

HycJrazone prorlucerl from aromati~ diazo compounds ~nd carbon:,l

eompound~ with an adive ~-hydrogcn re~ct with Il-diearbonyl derivaliveH(e,g" plll'i\1

ncetoacetate~) produeinF; pyra.wlc,LO'J(ScllCJnC)6)

o ()
II II

I'll-C-C[ I::-j: [-1-< -OC JH\

CO-CHJ

Scheme Hi



2.5.2.6 Synlhcscs from hydrozonic halides

One of the more genernl syntheses ortbe pyrawlc ring lItililes thc ["cnetiollof

hydr~zonir halides with adivated methylene compounds in their SHltform. Varioll~

Ell b~tituted pyrHwles lwve been obtnined J60 by this readion (Sehclllc 17)

"-[-HalII .,
N

"".. i'i 1-1

I

l'l-I-X

I
(:0-" '

----. +

Schclllc 17

The use of enamincs Logive pyrnzoles in s)~lteh'ies \~ith hydrozonie halides is

also or vallle. The importnnee of the method b that iLoffers. generally in high }ields,

compDlmus (Such as 4-alkylpym7.0lcs)that nre 110teasily obtained by othcr methods.

EnaminC's fl"Omnliphatie, arylalipha!ie, and alicyclic ketones and from ~liphatic

~Idehydes re~ct,., with hydrazonic halides acC'ording to the general scheme ~hD\v

below (Sdll'llle 18)

R-C-l-Ial
II +
N

"NH
I
M

CH-R'
I ,
CO-I{
I

;'\
/\

•

R'
\
/ +

+
Nl-J,.J-lar

Scheme 18

2.5.2.7 Synthe'>('s from aldehyde arylhydrazoncs of 13-kctoc!>lcrs.

Arvl hydrazones of aliphantie and arolllaLic aldehydcs ('ondense with 1)-

keto~sters in presence of anhydrou~ zinc chloride at lcmperatures ,"nnging from

120"C to 140"C to yield the cstC["Sof p!Tazo1c-4-C'3rl1oxylk~cids,6, (Scheme 19), Th~

inter"mediate steps in this reaction are not known and the nature of the o.\ictation

step has nil! b~en clarified.
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Scheme 19

2.5.2.8 S}1hcSl'Nfrom cpoxidcs and from ethylene imine del'ivativcs.

EpO}..idc~ of u0-Ullsaturated ketones reBel with hvdrn7ill{' and phcny

hydrazine J~p.lding pyrn7oles''''. From the rcaclion with hydr~zine it ha~ heen

po,siblc ~()l11dime tD ohtain 4-hydroxy pyrazo[in~", which arc converted bler inlu

pyrazolcs on l['calmcnl "ilh acetic acid Dr with alcoholic nlkalies. With

phenylhydr:ll.ine, j.phenyl j)}T37,olcs arc dircclly obtained:;4.

2.5.2.') Synthc,~cfrom pyrazolinc~ by oxidation or other reactions.

COllvl'r~i()not pyrazolines to PJ~'n701es~an be ac~ornpli,hcd in several

ditferent ways. These include (Jxiuatiun, dchydrogen~ti()n aml eliminntion reactions.

A variety Ilt oxidizing ngent, have lw~n used to converl pyrazolincHw:;to pyrazoles.

;\mong the o~idi/,ing agents, thoHcfrequently uHed~re bromine in rhlol'oform, lead

tdral'('tate in acetic acid, potassium pcrmnngnnale, nitric acid, ('bromic acid and
manganese dioxide hil\'c hl'cn \Js0.do4,

:i.1 Preface uf H'nlrazinc & its dcriyatives:

In the past century, hydrn7.in~"q>an i'llportant intl'rmediate in the synthesis

of countless chemicals wilh N-N bonus, bas grown into n mnjor induslrial cOlllmoditv

with a wide range of u,~s, It is used as a [uel in rocket propulsio]], as n boiler feed

wnter' dl'o~,vgcnating agent, and 111 the manufaclurc o[ foamed plastic's,

pharmm:ellticals, nnd biodegradable pcslicid~s and herbicides, to nnmc il1~ta [ew

u,rs. Since thc first cdition of 111ldrm;ine and Its [)eril'oliv('s; Prt'punlti(Jll,

Pmpertit's, AppiiCrlti()ns wn, published in 1984_ lhere haH been c()nsidp.r~ble

development in thb Held and m~ny new asp~cts or hydrnzinc chcmiHtl)' and

~pplk~tions have evolved.

•



Hydrazine is ~chemic~l compounu ,,>,ithfDrnlulaX2H4 used ~s a ['ockettilei.

H!'dral.ine is a liquid with weak hasic propl'l"lies simi!al' to anlTllOnin,Due to the

alpha effed thc nudcophilieity is much stronger th~n th~t of ammonia, which makc~

j l morl' rcaet i\l'. II can be made by oxidizing ammonia with souiulll hypochloI'ite (the

R~schigprocess).lt is a monopropellant rocket fuel.

Hydrazinc dcrivalives 1.1-dimclh,vlhydr~zine ~nd 1,2-dimethylhydr~zinc, in which

lwo of the hydrogen atoms are sllh,tituted with methyl groups, are also desnibed as

hydrazine,~, 1,1-Dimethylhydrazinc is uscd to make hypergolic (self-igniting)

hipropellmlt rocket fuels,

3.2 Health effects
Bre~thing hvdrazinc~ may cause coughing ~nd irritation of the thrmlt lind

lUlljl,s,Lrclnol'S,or seizlIre<;.Breathing hydrnzine~ for long pcriod~ may eause liver

~nd kidney d~m~ge, as well as serioll~ effccts on ['cprod\lctive org~ns. Eating or

drinking small amounts or hydr'~zines m~y C:lllse nausea, vomiting, unconll-olkcl

shaking, inllallllll~tion of the nen'es, uro\\"sine~s. or coma. Hydrazinc is found in

che\\~ng tohaccDand cigarcttcs. TUIIlOI'Shave lwcn seen in many organs of animals

that were c.\.po,l'd to hydmzirws by ingrstion or breathing. hut most lumors ha\'c

bccn fO\1ndin thr hmg'i, hlood vessels. Drcolon. 1.2-DimC'lhylh,vdr~~inehas rml,rd

collm cancer in labOl'atoI)' ,1nillwls follo,,~ng a single exposure. The Department of

Heallh and Human SeT'viee, (IlHIlS) ha~ determined that hvdrazinc and 1,1-
dimet hylhyd,'a711leare known clircinogens, The International Agcney lor Re~e,lTchon

Cancer (lARC) ha~ dctcl'lninctl that hydrazinc, 1,1-dimethylhydr~7ine, ~nd 1,2-

dimcthylhydr'~7ine Are j"lD'isiblehuman carcinogens. The Enviwl1lllcnlal Prutedion

Agency (EPA) has dl'll'l'fnincd th~t hydra7.inc, 1,1-dimethylhydr2zine, and 1.2-

dimethylhydrazine'!\i are probable hUlllan carcinogcns. The American Conrcrencc of

(;o\'rmmental IndustriAl H~.gienists (ACGll-l) currently lists hydrazine and 1,1-

dimclhylhydrazine a~ suspl'cird carcinogcns. but h~s rrcently rrcommended that the

listing of hydrazine be changed to thal of animal carcinogen, not likel" to eause

CallCl'rLopl'ople unclcr normal cxposure conditions, The False l\'1orelcontain~ the

dwmieal gyromitrin, whit:h is metabolized iniD !l1l!llomethylhydrazine inside thc

body_ CDnStq\ltntly, Ihe lmit effects of Lhis mushroom arc the same as with

hydrazine poisoning.

I•••



H~;dr~zine(~nhydrous or as the hydrate) has numcrous comlllcrcial usc~,The

plincipal clI]'['cnl usc fol' hydl'alinc is as an intcrmcdiatc in thc production of

agricultural chemicals such as mal~ic hydra7ide, It is ~lso used ~s ~n intermediate in

the m~nuf.leture of chemic~1 blowing ~genb which ~rc used in thc produdion Df

plasljc~ ,lIch a~ vinyl 1100ring and aulolllotiH' foam cushioning, as n corrosion

inhibitor nnd water tr~ntment agent, as a rocket propellant, and, to ~ le~ser extent, as

a reducing ~gcnt, in nuclcar fud rcproccssing_ as a polymcrizalion caL~lyst_as a

scavcnger for gascs, and sc\'cml othcl' llSCS.11hns also be~n used ns ~medicMion tor

sickle cell di'iens~~nd eill1eer,From the lJte 1950Sthroui!;hthe 196o~ the primary usc

of hyJr~zinc was as a rocket propdbnL. In 1964, 7~-l%of thc hydrazirlc consumcd in

the Unitcd St~tes was us~d for this purpose. By 19f12, other commercial uses

dominated the market; 40% Ill' the hydrazinc con~llmcd \\,a~ uscd in ClgI'icu1Lural

chemicals, aboul33% for blDwingagcnts. 15%as a corrosion inhibitor in boiler'watcr

and only 5')6 acrospa~c propellnnt'<i('(Budavari et al. 1989; Faj~n and c,'lcCammon

1qRfl:I-lSDB1995; Sehmidt 19RR;WHO 19R7),1,1-Dimetllylhydrazinebused ITIJinly

d~a componcnt of jet amI rocket fuels. Other usc, inelude all adsorbclll for ~Icid

gas~s, a stabili7Cf'for' plnnt growth regulntors, nn internwdiate tor org~nic dwmieal

synthesis, and in photography. l,2-Dimethylhydraline i~ u~ed only as ~ rese~rch

c!Jcmic,11and ha~ no known eOll\lllCrtialuscs (ACGII-l199Ja: Rlld~v;lI'ict aL 1989:

H$DII 19951.

:J.4 ProJlcl,tics

- -'
The str'ucrnreformula ofHydrazine



3.5 Di.~Jl()sal

General

Name

Clwmical formllin

App.earance

Ph)'sical

FOrJllllb ",ci~hl

~'le1lillg poinl

Boiling Roint

Densitv

Soillhilitv

Therm(IChemistry

i',j}jogas

.:'IfHoliquid

MHosolid

Sog<lli, 1 b~r

Soliquid. 1 b~r

Safct~.

Ingestion

lnhalatinn

Skin

EYCH

1I.lore info

Hydra7.inc

N:2!:!t1
ColourleHH liquid

~74 K (1 "C)

387.K (114 "C)

1.01£;/ml

verv soluble

9.5.35 k,) /mo1

So.63 kJ/mol

:37.63 k,J/mol

238.66 ,J/mol,1(

1~1.5~ J/11101.1(

Exl['cl11cly Toxic, possibly carcinogcnic

Very dangerous-extremely destructi\'e to the upper

lc~pililtO['y lract

Clln CllUsesevere bllrns, can be ~bsorbed into hloodstre~m

Can cau~e permanent damage

H~7.ardmlS Chemical J)~tab~"e

LD50 a, low as 25111g/kg

I-Iydral.ine, 1,1-dimethylhydr~7.ine, 1,2-dimethylhydr~7ine, ~nd w~stes

ront~ining these ehemie~ls are cl~'isified as hazardous waste~ by EPA. Generators of

"-asle cOlltainillg thc~l' l'Onl,lllliJlanls rll\Isl confor]n to EPA regulalions fo['

treatment, storage, and di~p(J~al. Liquid injection or fluidized bed inciner~tioll

(



rnclholb are aeceptnhle disposal nwthotls fol' these wa~tes. Oxidation of spills of

hydra"inc fllels wilh sDdium or ealeillm h!'P0chlorilc or hydrugen peroxide prior to

disposnl has been l'eeommended. However, ineomplete readion of 1.1-

dirnclhylhydrazine \\ith hn)Qchlol'ilc 1cad~ to formation of scveral by-products.

inrJllding carcinogenic l\'-nitrosonlkybmin~s. Otonalion of ,\'astewliter containing

hydra~ine f\lels has been shown tD reuuee eoncentrntions of lbe fucls, their

associated impurities, and oxidation producls to em-ironmentally IIceeptablc levels.

Biodegradation is also an acceptahle treatment for wastewaters containing h~'drazine

\\'Clstes(Brubaker 1988; EI'"\ 1991a; HSD131993; ,lod)' et uL 1988; WHO 1987).

.'\~cor'c1ing10 the TRI, about 106,000 pounds of h)dra~ine and 3.000 pounds 011,1-

dimethylhydr~zine werc transfel'fcd to landfills ~nd/or tn'utmenljc1ispo;al facilities

in 1993 (~ee Section 5.2) (TR193 1995).O[ this quantity, ~hOllt 1,400 pounds of
hyc1r.ll.inewere di<;c!wl'gClllopublicly owned treatment works.

.',.,
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4.1 Aim oflhe pn':;cnl work

It has been alre~dy well llndE'rstood f,'om the previou~ ~hapter that the

nromntk der'ivative, of 2-pyrawline are extensively used ns f1ll0['csccnl bril'hlcner~

cledroi':raphi~ materials, whitcning agents, herbiciues, fungidues pesti~idE's und

other biologically actiyc ingredients. On the othc,' hund, lhc,e com[Jounlh are

synthcsized by: ~onden~ation of ail-Iln,aturuted nldcllytles 0]' kctone~ ,,-ith

hydrazines and some other allernati\(' methods of synthesis of 2-PYTu7,olin('

dCI'i\'alivc~have been recently reported. It is s~cn from the litcraturL' that the

chemiclil modification of the 2-pyrDlOline ring ~YHtemHhas not been done to nn

nppr'cciable exlenl. Ii wa~ planned to dewlop newcr and morc cOll\Tnient method,

for the d~ri\'atilalio!l of the pyrazolines ring system to produce newer compounds

wllich IWI)' be more important both plly~iologicallyanu industrially. Accordingly wc

planned to:

1, Synthe~ize (I~-unsatllrnted k~tones, Pl'ecursor~ for the s}~lthesis of

aromatic deri"ntives of PYI'<lWlinCHllnuer MI-\'irradiation.

2, Synthe,ize pyra7.0lines by thl' rcaction -of a~-unsaturMed ketones with

various hydl"C1zinchydl'Ochlorides under 1\1Wirrud intion.

3. Comp~r~ ;l.licrowu\"(' A.ssistcu Organic Synthesis (JV1,\OS)

cOllventiDnalmeth()(l of synthesis with special illll'rl'~t to look in

reaction timc, yield '1nd ern-ironment friendleness of MADS.

4, Determinc the structurcs of all the stllrting materials ns well a~ the final
pr"OClll("(~by l"hcmi~aland speetrosco]1k methods.

,). Show the effective llSCof dOrlleslieMWDVen,
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Experimental

5.1 General Experimental methods and Techni{]ucs

The gl'Ilc[al tc~hni'1\les nnd equipment that ha\c bcen ndoptrd and

uscd during this research work arc briefly dcscrilled hellow:

5.1.1 Rca~enls and Solvents

Thc rcag('nt, and sol\'enb were purifi('d and dried before USl'.

Some were used a~ such [roln thc l)ollle. The rengellts and ~oh'Cnt~ ,,"eTC

of the analyLical rcag~nt gnide bought eilher [rom E. l>.lcrek or BDl.!.

'\cclophenone, acetone, benzene, n-Jlexane, petroleum ether,

ethyl acetate, ethyl acetoacetate, chloroform, Hb~olute all'ohol

(]I.,leth~n(Jl, ELhanol). isopr'opanol, etc. \,>,eredi~til1ed befu['c u~e.

5.1.2 Pul'ification

a) lIenzaldchyde

Reagenl f\,'adc b~n7aldehyde WaH trealed ",ith potassium

enrbonat~ and filtered. The [illl'ale wa, distilled with a quiek-fiL

~pparatliH and eolollr1es, frnction distilling ~t 170-18o"C "'as colleet~d.

III Methanol

Reagent ,l!,r,ldc mcthanol was dried over anhyd['uus sodiunl

'lllphilte lwforc distillation. The fral'liorl distilling at 63-64"C was

l"ullcclcd in il quirk-fit flnsk.

d Ethanol

Commercially avaibble absolute alcohol wns dried and purified by

lilcratu[c lllctJlode?'. It was distilled and the fral'tiull distilling at

77-78()C lVas eullel'led and stored in a wcil-stoppered bottle.

!!J Diethyl ethel"
Comme["(:ial grade 1)[ diethyl ether \\,as dried over sodium wire 1Il

a l'ca~ent buLtlc ,)nd left overnight hefore use.

e} Petroleum ether

The petrol (motor fuel) l'ullcl'll'd f,'om local petrol pump was

distilled d[lll the fr,letioIlS betw('cn 40-6o°C andoo-SouC wen' eollel'lcd

separately.

1"".' ,< ,,' ""



f) Ethyl acctatl;.

The comlllcrcial grade of eth~'l acetate was distilled Jnd the

fraclion al 77"C wa, collected.

g) Anh.aldehyde

Commercial grade anisaldehyde was dislilled and the color1e~s

fraction dislilling at 248-249uC ,\',lS colleet~d and stllred in \\'cll-

stoppned bottle.

;)... 3 Separation of rca('\ iOil Mixtures

The rcacliufl lilixtllr~s were sep~r~tL'd by the following methods:

Solvent extraction (Using Separating Funnel)

Sepal'ation by extr~cti(Jn melbod involved the transfer of a

substanee from one material phase in to a second plJase, Solvent

e,tr~cti(Jn lIlelhod was emplDyed either [or the isolatioll of di~sol\"cd

subslanees from solution~, or fro III solid mi,tures or for the remo\'al of

llnde,ired s()luh1c implll'ities from mixtures, Cummon extrnctioll

solvcnt~ were diethyl ether, benzene, chloroform and petroleum ether.

The SHeee,s of the separation \\'<1Sdependent upon the solubility of lhc

sllbst~ncc to be extracted in that solvent and upon the case with ",hieh

lhe solvent could be rem(J\'L,d [rum the solute, Diethvl ethel', owing lu

its puwerl'ul solvp.nt properties and its builing point (:3SoC), was the

most used one during lhis work, \Vnter, concentrated hydl'uchloJ'lc acid

and amlllonia were also u,ed for this work.

G.'avity Filtration (Using Fluted Filter paper)

Gra\'ity filtrntion was commonly uscd for tll(' collection of a solid

material that \\as insolubl(' in the liquid with whieh it was associated,

Suction Fillration (Using Buchner Funnel)

This method was employed [ur the collenion of n solid that ha~

crystalli7.f'd from ~ ~olvent. Effective operation of the suction filtration

teehniqll~ depeuds on lllr rxtel1t of pressure reducliun \\,ilhin thr filter

flask.



,'i.t.4 Drying of Product~

l'he produel~ were dl'ied in oven and in nil' after separation and

purifiealion.

,'i.t.;; Determination of Melting Poinls

ln general, a ,harp melting point is one of the most characteristic

propcl'ties of a pure organic compound, Thc melting points were

determined hI' Gallen camp apparatuses.

5.1.6 Chromatoj:;raphic Tcdmique: I'hill La~;er Chromatography (TLC)

Thin laycr plates (7.S x 2,S cm) were preparcd by drawing a 1l.2

mm film from a ~u~pcnHion of silica gel (GilD, E- i\'lerck) in chlorofDrm

(2:! w/v) o\er tllorollghly eleaned glas~ plate~. Thc platcs wne dried nt

room te1l1perllture for 24h. Iu the present work reconted aluminium

~heets (0,2 lllm; E. l\'lerck) were mainly u~ed for thin layc.

chl'Omatogruphic unnlysis,

The sn1l1ple ~olutio[]s were applied with glass capillnries at nbout

! em from the boltom of the p1Dte" The spotted platc~ were thcn

immcrsed Y~I.tieally in u chromatographic tauk contrlining the sol\'~nt

in sueh away that the spolted mar'k of the sample remained above thc

~olve!ll. Thc platcs were developed with aHcending tcchniquc and

finlllir the platL'H wcre removed ",lleo Ih(' solv~nt front reaehed about

1.5 cm from the top Df the plate~. The platrs were allowed to df\' and

Jl IS thr brst and modern ~eparation tcchnique. Dlfrel'enl

eomponent 111 a sample can be diflrrentinted nnd qualitativeh"

drtp.rmined simultaneouHly by this teehniquc. In clHolllatogr'uphy. two

irnmi~cible phascs are lnonght on to contrllet wherein o[]e pha~e is

dationary and the other is mobile. The sam pic mixture introduced into

thc mobile phasr undergoes a series of interactions with Htationary and

phnse. lnteraetion e.'-ploits differences in thc physical and chemical

propcrlie~ of the component undcr thr influcnre of the mobile phase

thrOllgh the column containing stationary phaHe. SL'paration depends on

the ()rd~r of inl:reasing interaction with the st8.tionary phase. Thc lcast

rclarded l'ornponcnts clute fint nnd strongly interaeted eompDnent

elute last.



5.2 Preparation of Ketones

5.2.1 Prcparation of BcnzvlideneacctolJ\lclUJllC 1

Acetophenonc (1.20 ml, 0,01 mole) and Benzaldehyde (1.06 ml, mDle) \\'crc

dis~()l\'ed ill methanol (l:\.S ml, 0-42 mole) in two sepnrllte CIlnicall1asb. The two

solutions were mixed quickly auelto it fre,hly prepared sodium hydwxide ,olllti()]]

(10%,0.68 ml, O,OJ?mole) was lidded drop \Vbe. The reaction \\'ns carried out ill a

special minowavc nssi,ted glass ware, The mixQlrewas put on the microwave o,.en

in the Jlask along with a heakcl' of icc. Thp mierowa\'e was sel at 600 Wlltt and

start~d. The readiull turned yellow in colour aner 15 seconds irradiation and

<lppe,lrL'dduudy. HLltaft~r some ~eeul1lb it formed a clellr solution. The I'eaction

r1\lhture wns irradiated Il)r few more min\1t~s and the reaction \\,as monit()]"f~dby

Tl.C. TLC !1111lingshowed that an irrauialion of about 5 minutes eomplelcd the

reactioll with the eolour tllrnin); yellowish orllnge and the appcal'ance ofpredpitate

wns ohserved. The reaclion 1111,kwas then rcmu\'cd from the microwave D\"cnand

was allowed to stand o\"erni);ht in refrigerator for eompJete prccipilation.

The prL'cipitalcs were filtered under suction on n BucJmer tunnel, w~~hedwilh

cold waleI' to remove completely any fClll,llning3lkilli and dried undcr \'~I~lIlllll_Th~

nude product \\"a~ r~cry~tallised s~wrul times from lllelhanol to give pure

benzylideneacclophenollc.1 ,(2.20 g, 97,35%1,lIlelLingpoint SS-56°C (Lipo-.56"C)

Ben zylid en eacelo p h e no ne

Thc UV (Fig. 1) spectrum of the compound 1 had absorption band 214.50 nm

duc to ][-----.;c(lmnsition of the C",C-C",O~ysleIJl,

Thc II' (Fig. 2) speetrum (nlljul) of the ~ompOlmd.1 had ab~orptiull band nt

1670 (C=C Stretching). 1610 (-C=O stretching), 1595 (Aromatic hydr'ocar'110nc=c

stretching] and 760 (C-H deformation) ~m-I,

Thc 'H ;-.J;'vm (Fig. 3) spectrum (CDCh) of the eompound 1 had signals ~Il

~ (ppm): 7-42 (m. 10H,3mmutic), 7.32 (d, 2I-I,cthylcrw. Z),

1"""1,,'"''



The IJC 1\'/11R (FiA. 4. 5) spectnlm of the compound! hnd signals ut 5 (ppm):

IRR (carhon}'l carbon). 144 (ethylene), 132 (Ar C). 130 (M C), 128 (Ar CH). 125 (Ar

CIi). 122 (ethylene carhon) .
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5.2.2 Preparation of BeuzvlidcllcaccttJl1c 2

Aqueolls sodium hydroxide solution (10% 0.8011,0,02 mole) was added drop

wisc to a mixture of acetone (1.2ml, 0.02 mole), Ben7aldehvde C<.lml, 0.0198 nlOk)

nnd methanol (6Al ml, D.:!).The rem:tioll was earrieu Ollt in a special mierow[lve

assistcd )!,lassware. The mixture app~arl'u cloudy first then niter some times formcd

light ycllow solution. Then the ll1ixlul'cwas put in the Mierowave oven wiLhone

separnte beaker of icc. The microwave was set at 60() Wt and the rcaction wa,

start~d. Thc colour' changed yellO\~ishafter 30 seconds of the irradiation after 1

minLltethe solution became dark yellow. The reaction \,>,asmonitored by TLC. In the

end pr~cipiLate ,tarted to ~ppear in tbe reaetion f~sk. Thc rcaetion mixture was

~llowedto stand O\'ernight in refrigeraLor[or complete precipitation,

The mixllllc was liltered under suetion on a Buchner funnel, wa,hed \,>,ithcold

waler to remov~ eompletely any remaining alkali and dried under vaceum. Thc cHicle

prodm:t was cry~talljscd several times from methanol Lo glve pure

benzylideneaeetone;£, (3.25 g, 98.5%), meiLingpoint 4:!.-43°C(l.it'6R 42°C).

Hell7ylid enea cetnn e

'lhe LTV(Fij;;. 6) speclrum of the compound 2 had ahsorption hand at t,,,,,,, 225

nIIIdue to IT --} J[' transition of th~ c=c-(=o system.

The IR (Fig. 7) ~peetrllm (nujol) of the eompound 2 had ab~orplion band ~l

""",,(nujo1)16oo (C=O slrclching). 1,590 (aromntic hydrocnrhon C=C stretchini!:),

1400 (C-H bending CHo), 1375 (C-H deforming in CH3) and 70S (C-H def()rming out

of the plane) cm-'.

The JH N"'-'JR eng. 8) spectrum (CDCI~)of the compound 2 hnd signnls at ~

(ppm): 7.18 (m,CjH, IIromutic), 6.29 (d, lH, ethylene, Z) 5.9 (d, 1H, ethylene, %), and

1.57(s, 3H, mclhyl).
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5.2.3 Prcparation of nihen7.vlidcllcacclonc 3

The mixture of acetone (0.6 ml, 0.01 molc]. benzaldehvde (1.; ml, 0.016 mole)

and ml'llwrlOl (S.9 ml, 0.18 mull') was added drop \~ise in an aqucoll'; solution of

sodium hydroxide (10%, 0-4 ml, 0.01 mole). The mixture appeared cloudy fir~l bul

after some time~ il changcd to a clear sollilion. Tlw mixture wa~ then put 00 the

microwave o\cn and a separate beakcr of ice was put. After selling the microwave at

6uu Wt, the reaction started gradually \,ith 15seconds duration. The mixture lurned

to wllow eolDr<lfter30 seconds and TLCwas taken. After 00 seconds compl~tiDnof

the readion \Vas~een by TLC. Prccipitation in the resulling solution ,tarted and lhe

["[askwa, alloweu to sland owrnight in refrigcralor for complete precipilCllion.

The mixture was filtered L1ndcrsuction on a Buchner funnel. washed with cold walct.

to remove complelely any remaining alkali Clnddt'ied under vaCCUl1lpump. The cnld~

product was recl)'stalli~C(l ,everal time, from melhanol to give pure

dibcnzylidenem:etone 3 , (2.2 g, 9S.6S%), melting poinlllo-ll2°C (l.it.109112"C).

o~

I) ibeL1zylidcncaL"tol1~

The I;V (Fig. 09) ~pl'drul1l or thc rompollnd 3. had absorplion band at l'Ill"

:':30nm due to 7(--)- IT' transilion of the C=C-C=Osystem.

The lR (Fill:. 10) ~pl'dl'llrll (oujol) of the compound 3 held absorption b~nd at

\',,,,,.1662 (C=Cstretching), 16o() (C=Ostt'ctrhing). 1590 (Aromatic hydrocarbon C=C

stretc:hing). ~nd 770 (C-H dcformntion out of plane) em-'.

The LHN!vlR (Fig. 11) spectrum (CDClj) of tl1e comjlound 3 had had a

mullipkL al B (ppm): 7.211(m. wH, AromaLic),7.5 (d 21-1,ethylene, E), 6.67 (tl, :.:K

ethylene. Z).

1'",,""""



The 'JC NMR (Fig. I:!.) spectrum (CDCI) of the compound 3 had Ii (ppm):

18R.9 (carbunrl carbon), 143 (ethyl!.'nc cnrbon), 134 (ethylene carbon), 130 (Ar-C-

clhy1cnl.'), 125 (Ar eli) .
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,'j.2-4Prcnaratioll of Hen7;ylidenc-p-aminoacctovhenone £1

p-Amilluacctophenone (1,352 g, 0_01 mole) amI benzaldehyde (1.06 ml, 0,01

mule) were dissol\'ed in methanol (1.1.,Sml. 0-42 mole) in two separat~ cunical flnsks,

The two solutions were allowed tu mix quickly and then freshl) prepared sodium

h:,droxide solution (10%, 0.68 ml. 0.017 mole) w~s addcd drop wise to it. Thc

reaction was carried out in a spccial microwave as;bled r;lassware. Then the mixlure

was kept on the /I'Iicw\\-avcoven with a ;eparalc bcaker of iee. The miel'owaw \vas

set at 600 Wt alllilhe reaction wa~ slarled in)fj 'iecond~ uuraliorl, The colour of the

mixlure lUr'Tledyellow wil1JiIll.')seconds.

Irradiation was ccmtillllcd for 4 minutes ill lotal with illterv~b for mOrlitoring

lhe reaction by TLC. TI.C when th~ rcaction wns complctc a~ shown in TLC, Th~

appearance or predpitate \,>,aHobscl'ved in the reactiun mixture and the i1a~k\\,as

alluwed lo stand overnigh 1in l'efrigerntor for compIeLeprecipitation.

The mixture waH[j\tel'cd under suction un a Bllehner funnel, washed with cold

\\"Ilterto remo\'e cOlllpletel~-,my remainin1\albli and dried undcr vacuum pump. The

Cl'lIde pr'()(lllrt was ~r)'slalliz~d several timcs from methanol to give pure

ben7ylidene-p-aminoarelophenone ~ , (2.320 g. ')6,19%),melting poinl165-11l6"C.

\' ,II
NH,

i'J

BenzylidcIlL'-p-aminoacetophenonc

The UV (Fig. 13) spectrum of the compound 4 had absorption band at I"",,, 2:{7

nm due to J\--) 7['tran~iti()n of lllCC=C-C=Osystem.

The TR (Fill;_14) speclrum (KBr) of the cumpourld £1had absorption band ell

v"," 3352 (-;>l-H stretching, hydrogen bonded), 1652 (C=O ~l['eLrhing), 1595

(arollwlic IIJdmcarbon C=C ~trl'lchi!lg), 152:l (>N-!-] often tuu weak to be noticed)

cnr'.



The 'H X~IR (Fi~. 15. 16) ~pcrtrum~ (CDCI3) of the compound ~ had ~ignal~ at

Ii (ppm): 7.88-7.78 (m, 5H, aromatic), 7.70 (d, lH, ethY!l'n<.',Z), 7.58 (d. lH. ethylene.

Z), 7.52-7.46 (m, 511,henzene-NII,). 3.35 (5, 2H, aromatic C-:\H).

The IJCXMR (Fij:;. 17. IN) spcctnlm of the compound 4 had signals at Ii

(ppm): 171.6 (carhon}'] carbon). 151.09 (ethylene carhon. Z), 143.16 (ethylene carbon-

CO. Z), l31 (Ar-C-NH,), 130 (M-Cll), 128 (Ar C). 126 (ArCH), 122-112 (ArCII).
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-•5.2 ..'5 Prep.arlltion of o_Chloruhcnzvl1dene_p_arrlinoacctol)iumnne 5

p-Amino Acetophenone (1.352 g, 0,01 mole) and a-Chiaro Benzaldehyde (1_41

ml, 0.01 mole) were dbsDlvctl in methanol (13.5 ml, 0.42 mole) in two separ~te

wnicalllasks. The two ~ol\lliotlswere mixed quickly in a specialmicrownvc assbted

};lass ware. TIlL'n [res)11;;prepared l;oc1ium h;idroxide ~(JluLioil (w%, 0.68 mL 0.017

mole) wu~ added drop wise to it. Then it wa~ kept in the Microwave oven with a

separale beaker of ice. Wlll'n NaOI-J solution had lwen added drop wise. the mixture

became dark hrawn colored solutioll. The microwave WrlSset at 600 'Vall and nm tor

to 2:00 minutes and at on interval of 30 ~econds Tl.e was taken The resultin~

sDlution llwn started to precipitate ami ".as allowed to Htand ovcrnight in rcfrigcr'ator

for' completl' p]'ccipitDlion.

The mi:l.lurc was filtereuundcr suction on a Buchner /imnel, washed with cold

water to removc compietL'ly any rcmaining alkali and dried under vacuum pump. The

crudc pl'OdUd was crystallized ~evel'al times from methanol to give PUI'C

o_Chlorobenzylic1ene_p_aminDClcclophenone 5, (2.76 g, 99,9%), melting point

17o-171°C.

(ZI

o-C hlurobcnl.ylidene-p-a m in ollcdophenoue

The lJV (Fig. 19) spcctmm of the compound 5 had ahHorplion band at i.,max

23') 11111due to J!--> n' transition ofth~ (=(-(=0 svsll'rn.

The m (Fig. 20) ,pecln,m (KBr) of the compound 5 had ab~orption band at

"",_"3388 (N-H ,tretelling hydrogen bonded), 16o() (C=O stretching), 1595 (aromatic

hydroearhon c=c stretchil1g), 1492 (cthylctle C=C strekhing), 127] (C-I\' strekhing),

allc17s6 (C-Cl strekhing) cnr'.

Tlw 'l-I }ill--IR(Fig. 21) speetn1l11H(CDCI]) of the eompDund 5 had signals at

l~ (ppm): 7_92-7.78 (m, 4H. benzcne-NJ-J,), 7.50 (d, IH, cthvlene, Z), 7-43 (d, IH,

ethylcn~. Z), ].:N-]':31 (m, 4H, bCIlZcnc-CI), 4,19 (H,2H, aromatic c-NI-IJ,

•
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:).3 Preparation of Pyrazolines

5.3.11,:3,5-Triphcnyl-2-pvra:wlillc 6
Benzyliueneacetophenone (~.OBI g, 0,01 mole) and phenylhycJl'a~ilw

hyul'ochloride (1-446 g, 0.01 mole) were t~ken in a 50 ml grouncJjoint flask to whieh

isopropanol (12.99 m!. 0.22 mole) was added, The rc~elion was carried oul in a

speei:J1microwavc as,i,ted glass ",arc. Then the mixlurc was taken on the lvIicrowave

oven and one beaker of icc was also put, The microwave waHHetaL600 \Vt and the

rcaclion was st~rtcd gradually in 15 seconds duration. Thc progress of the re~dion

wa, !()liowcdby TLC (methanol: chloroform 3: 2). On the starting ofth~ readion in

miel'o wave the eoior of the ['eaction mixtul'c initially appe~red as ligJ1Lyellow and

gt'adually heating Llirnedthe solution Loorange colour thcn to deep brO\~11at the end

of 1:00 minute.
Heilting wa~ continucd for mOl'e1:00 minute on l\I\iI,'~l 600 \Vt. The solution

color beeame more deep brown and the reaction was followed by TLC. Aftcr TOO

minules, the re~ction ,vas found to be (;omplde as shown byT!.C.

The rCHullingsolution then ~la]'kd to precipitate and \\,as allowed to Htand

ovcl'llighl in refrigerator for complete preeipit~ti(!ll..

Light yellowish crystals wel'e fillcred under Huction on a Bllchnf'r funnel and

dried und~r vacuum pump. TlJe crude prouuct was recrystalli7ed form mcthanolLo

gl,'C pure 1, 3. 5-Tl'iphenyl-2-pyrazoline Q (:,\.491g, 98.99%), melting point, 1:15-

1;)6"C(Lit,l-0 1360C),Thc compound was homogeneous (R,r0,67) on TLC(mdhanol ;

chloroform;) ; 2).

I,'.] -T 1;1' hell)' 1-2 -1',' "a70 lin e

, t



Tlw \JV (Fig. 22) s]wctmm of thc compound .6. showed absorption maxIma

i,_",." al ::\56and "-42nm due to i\----'>:rI' transition.

The TR (Fig. 2:{) spectrum (nlljol) of Lhecompound 2. had absorption \xlllds at

\'""" 1.')90 (~romatic hydrocarll0n C=C strctchin[\ and 750 (:; adjacent aromatic C-]-I)

en]"',

The 'H Kl\'TR (Fig. 24) spectrum (CDCI'l) of the cOlllpouml .6: had ,ignals ~t

Ii (ppm): 7.18 (m, lS11, aromaLie). 5.21 (dd. 1H, methine, CH) ~nd 3-40 (m. 2H,

methylene, CHo).

The L:JCNMR (Fig. 25, 26) ~pecll'\llll(CDClJ ofthc compound t h~d signals at
Ii (ppm): 144.2 (imine carbon), 130 (Ar C), 1~9 CArC), 128.08 (Ar CH), 126 (AI'C),

119(AI'CH), ]13 (Ar CH), 4~.~ (ethylene carboll, CHo),

• ••
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5.3.2 3, ':;-diphenvl-2-pyrazoliuc 7

BcnzylideneacetDphenulle (2.081 g. 0.01 mu1c) and hydrazine hydrochluride

(u.69 ml, 0.01 mole) wel'e 1l1ixedill a ~pedal flask wh~re isopropanol (12.99 ml, 0.22

mole) waHadded. The flask of the lTIixlul'~was put on the Microwa\'e oven and a

bcaker of icc \Vaskept he~idc it. Microwavewas ~et at60u \Vtfol' 15seconds dUl'ation

The pl'ogr~,s ofthe readion was followedby TLC(methanol: chloroform;) : :!].

The reaction llli.~tlll'ewas heated Dn?>IWat 4.')0Watt for about 1minute. The

solution color did not change, Irradiation was continued for 2,.') minutes, The

rcsllltin~ solution then ~tarll'd to from pl'eeipitate ami ,,,as a]]owed to stand

overnight in reti'igerator for eomplet~ preeipitatioll. Precipitate from fridge b white

in colour but Hoonbecame hrO\vnish.

Whitc Cl'ystlilswere filtered unclcr suction on a Buchner funnc1 lind dried under

VliCCl\Umpump. The crude product WliSrecrystallized form metlwnol to givc pure ::l,

5-diphenyl-~-pYl'a7.0line;: (2,51 g, 90.58%), m~lting point, 162-163"C (Lit.'"1163°C).

Thc compound waHhomogeneous (IV 0.(6) on TLC(methanol; chloroform 3; 2).

3.5-diphenyl-2-pyrazoline

The lR (Fig. 27) speetrum (KBr) o[ the compound '2 had absorption hand~ at

V"',l< :1:128.9 (K-1-1 stretchinl';), 1651 (m, N-H deformation) 1579 (aromatic

hydrocarhon C=C stretching), 1,S19 (N-ll deformation, w), l:iS7 C-H deformation)

and 1278 .{ (C-K stretching) cnrL•

I'",,, "I 1',

•



Th~ 'H X?>1R(Fig. 28, 29, 30) spe~tmm (CDCI;;)uf the ~ompo\lnd:: had

signals ntc. (ppm): 7.% (s, lH, NH). 7.18 (m. lOH, ~romatic), 4,6-5 ppm (rid, lH, CH)

am! ::lAO ppm (m, 21I, CIL).

The L:IC:NMR (Fi~. 31, :{2) spectrum of thc compound 2 had signa!> al

l~(ppm): 153 (imine enrbon], 148 (Ar C), 12k A (Ar eH), 133 (Ar C). 12RS (AI' CH),

42.9 (mcthine, C1'1carbun) and :j1 (£'thylene ~arbun. CHo).
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5.:J.3 1-(2, 4-dinilrophenyl)-3,5-diphcnyl-2-pvrazolinc 8

Bcnzylickneacetophemme (2.081 g, 0.01 mole) anrl 2, 4-dinitro phenyl

hydrazine (1.9Hg. 0.01 mole) were taken in a flask. Isopropanol (12.99 ml, 0.~2

lllole) was also added in the flask. The mixture was put in the Microwave oven and

one beaker of iccw~s also put. The microwave was sct at 600 \'\'t and the irradiation

was star.ted. On the start of the reaction in microwave the color of tllC reaction

mixtme wa~inilially light yellowand gradually getting h~al it changed to orange and

~(J(mto deep IJrm'll within 30 second,.

Then the r~action mixtme again was irradiated on ,VIWat 600 Wt for another

3.5 minutes. The reaction waHmonitored by TLC. In the end no eolom change was

found. The resulting ~olution lhen started to precipitate and was kept ovcrnight in

reirigcrator till"complete precipitation, Precipitate taken from the fridge was dark

hrm'll to light yellowish color.

Light ye!l(mish cryslals were filtered under suction on a Buchner funnel and

dried under vacuum. The cmde product was recrystallized fDrmmethanol to give

pure 1-(2. 4-dinitrophcnyl)-:.J,5-diphenyl-2-pyrazuline H (:3.51g, 9f1.90%), mc1ling

point, 142-14YC. The compound was homogeneous (Kj 0.70) on TLC (methanol:

chlDroform~{:~).

o
"f

'0 --N
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\
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1-(2.4-<1 in itrop h ell yl)-J,5-d ip hfll yl-2 -py r~ lolin e
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The lR (Fig. 33) spectnnTI (K13r) of the componnd.fi had absorption hands at

Vm", 3421 (N-N stretching), 1610 (C-KO" N=O stretching), 1589 (aromatic

hydroc:nrbon, C=C stretching), 1330 (C-H deformation), ~nd "'50 (C-lI ddoflnalion

out of plan c) em-I.

The 'H NMR (fig. 34, :{5) spectrum (CDCl]) of the compound.8. had signnls at

Ii (ppm): 7.18 (m, 1511, aromatic), 6,5 (dd, 1H, melhine, CH) and 340 (dd, 2H,

methylene, CH,).

The I:JC N,vlR (Fig. 36. 37) spe~trum of the compound 8 had sigm15 at

(, (ppm): 168.7 (imine carbone), 144 (Ar C). ]:{S (:\1' C-NO,), 134 (Ar C-NO"), 132 (Ar

C-irnillC carbon), 129 CAr CH), ]28 (Ar CII), 122 (ArCH) Dnd 121 (Ar CH).

'",.1",,,,[0"



Figure: 33
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5.3-4. 3-mC'thyl-l, s-diphcnyl-2-pyrazolim. 9

Ben7ylideneac('\one (1.46 g. 0.0) mole) and phenylhydrarine hyu]'oc1l10ride

(1.446 g, 0.01 mole) were taken in a ,,0 ml fla~kto which isopropanol (l:2_99ml, 0.22

mole) was added. The reaction wa~carried out in a ~pecial microwave as~isll'd glass

ware. The mixture was kepl in the 11;1icrowaveoven and with another beaker of ice.

The miCl"Qwn\"ewa~ ~l'l at 600 Watt and the renction \\'a~ grndunlly started, The

p,.ogress of the reaction was folh)\\'ed by Tl.e (methanul : chlorofDrm 3: 2). At the

st[lrting of the reaction in micro wave the color of thc reaction mixture wns initially

lighl yellow and gradually gctting heat it turned lo orange. At the end of 2.5 minute it

turned to deep hrown.
Til confirm that the reaction was over the ~o!ulion was heated in I\Iierowave

ovcn for.another 30 seconds but there was no cllange in eolor. Thc product from the

renction mixturc solution started to precipit[lte and was put ,tand overnight in

refrigerator for complete p,.ccipitation. Precipitate li.om the frid,~e was of dark

brO\\~lto light yel10wishcolor.

Light yellowi~h CT".vstalswere filt~retl \lnd~r suction on a Buc1)ncr /imnel and

dried under \'nC\lumpump. The {"I.udeproduct wa~ recrystalli7ed form methanol to

givc pure 3-methy!-L 5-diphp.nyl-2-pyrawline 9 (2.:338g, 97%), melting point, 115-

JJfioC (Li!.'". 1I4-JJ5°C). The compound \\"[lShDmogeneous (I?j 0.71) on TLC

(methanol: chloroform;): :.;).

(~

N

\
N

3-mcthyl-l,5-diphcnyl-2-pyrazolinc

"". """ ",I,

• •



The II? (FiK. 38) speetrum (nlljo1)of the eompuund.9. had IIhsorption bands at

\';n" 1600 (C=N stretching in ring), 1590 (aromatie hydrocarbon C=C stretching),

146.') (C-1\' stretching), l:'17,S(C-1-1deformation in CH~)and 7.')0 (C-1I defDrmalion out

of plane) Cln-I.

The '1-1NMR (1iiK. 39) speetrum (CDC!.J) of the compound.9. had signals at

o (ppm): 7.18 (m, lOB, aromatic), .').21 (dd, 11-1,methine, CI-I), ~~-40(m, 211,

mcthylene, CH,) and 2.3S (s, 3ll. methanc. CH3).

The '~C NI\.]R (FiK. 40, 41) spectrulll of the eompouml 9 had signals at 0

(ppIIl): 144.{J(imine carbon), 1:)8(Ar C-N), 134 (Ar C-CB), 132 (Ar CH), 130 (Ar CI-I),

12{J(Ar CII). 84.8 (CH) lind r (CI-I:1).

, t
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5.3.;; 3-hen7al-1 ,s-diphenvl-2-J)yra7oline 10

A ~oluli()n of dihenlY1ideneaceton~ (2.34 g, 0.01 mol~) and phenyl hydr~7.ine

hydrochloride (1.446 g, U.U1mole) w('rc takcn in a conical flask to which isopropanol

(12.99 mL0.22 mole) was added, The mixture w~s kept in the microwa\'c ovcn ,dlh

~ sep~rate be~ker of ice. The microwave w~s set at 600 watt and \v~s switched on.

Thc pl'O,I!,rcssof thc reaction \\.as [ollow.edby TLC(methanol: ehlol'Oform 3 : 2).Th('

irr~diation was continued for ~bout 4 minutes ~nd at the end he~ting in i'v1icr()w~ve

oveu another 30 second~ confirmcd lhallhc ['('action\\.as complete as lhere \\'a~ no

change in ~olor.The resulting solution then started to precipit~te amI w~s allowed to

stand overnight in rcfriger~t(Jrfor complete precipitation. Precipilate f['omfridge '"'.as

Iight!'ellowish color,

Lighl yello\\.ish erysl~ls ,H'['(' fillered under suction on ~ Buchner funnc1 ~Ild

dried under \'~Cllllmpump. The CnJdeproduct was recrystallized form nwth~nol to

,l!,ivepure 3-benzal-1. 5-diphenyl-2-pyrawline 10 (3.12 g, 95%), melting point, 151-

1,'i~oC(W.'-J 1,'i:2-1,'i:{oC).Thc ~ompoL1ndwas homo~eneo\ls (Rt U.70) on TLC

(meth~nol : ehloroform 3: 2).

3-B en1.31- I ,Sod ip h en yl-2-p~' l':lzolin t'

"", ,,-' ,or '"

•



•
The 1I\' (fig. 42) spedrum ofthe compound 10 had absorption maxima I.m" at

408,243 11mdue to]l~ JI"transition,

The JR (fig. 43) spectrum (nujol) of the compound 10 had absorption bands at

"m,,, 1610 (C=C alkelle slrclc1Jing), 1600 (al'onwlic hydrocarbon C=C stretching) and

"'60 (C-I-Ideformation (Jut of plane) cm'l.

The Jj-J Nl\1R (Fig. 44) ~pe('trum (CDCIJl of the compound 10 hnd signals at is
(ppm): 7.10 (m. 15/1. IJromiltic). 7.:) (dd 21-1,CH=CI-I). 5.21 (dd, lH, mcthinc, CH)

and 3.32 (m, 21-1,methylene, CH2).

The 'oe N:'vlR (Fig. 45) ,;pectruill of the compound 10 hud sign~l'jat is (pplll):

143 (imine carbon), 130 (Ar C), 128 (AI' CH). 126 (Ar C), 119 (Ar CI-I). S4 (CI-I), 22

(CI-I") and 12 (CI-I=CH),

I',"" LI(".r,,~
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5.3.6 3-hellzal-s-phenvl-2-pvra70Iille!!

A solution of dibel17ylideneaeetone (2.34 g, 0,01 mole) and hydwline

hydrochloride (0.69 ml, 0.01 mole) were tnken in a 50 ml ground joint flask to which

isopropanol (12_99 m], 0.22 mole) was addeu. Thc reaction \,>,ascarried out in a

speci21 microw2W assisted gbss warc. The mixt\ll'e wa~ pul on the Microwave oven.

Setting the micnnvave at 600 watt 2nd the reaction was starled gradually. The

progress of the reactiou \\'as followcd by TLC (methanol: chloroform 3: 2). At thc

hegining of the reaetion in microwave the color of tllC rcaction mixture was light

ycllow. It gradually tllrned greenbh at the end of 1minute,

The reaction mixture was again heated on MW at 600 Wan for 2.5 minute.

Hcaling for more 30 secol1lb in ?>-licrDwaveoven ensured 2hout completion of thc

re2ction and color remaincd unchangcd. The producl starlcu to precipitate nnd the

reaction mixture was kept overnight in reti'igerator, Aftcr complctc pl'ccipilalion it

was taken out from thc fridgc which wa~ light greenish yellow colored.

Light gt'ccnish ycllow trystab were filtcrcu under suction on a Buehner tunnel

dnu dried under vacuum. The crude product was rccryslallized form methanol to give

purl' :J-bCI1lal-l, 5-uiphenyl-2-pyrazo1ine!! (3.02 g, 96%). melling point, 97-q8uC

(l.it,'74 96-97°C). The (,olllpolinu wa~ homogeneous (Rjo.7:1) on TLC (methanol:

chJorotorm 3 : 2).

"u
J!.

'"N ~

\
H N

J-Bellzal- 5-phcuyl-2-pyra7oliuc



The LTV (Fig. 46) ~pectrum Dfthc cDmpDund 11 had ab~Drpti(Jn maxima )..m", at

242 nm due tDto 11---->lI'tran~ition.

The IR (fig. 47) spectrum (KEr) of the compound 11 had absorption hand, at

"m,t< :.;817(C-H stretching), 1598 (aromatic hydrocarbon C=C stretching). 1498 (1\-H

~trckhing) and 1247 (alkene C=C strclching) enr'.

The IH NMR (Fi::;. 48) spcclrum (CDCU of the compound 11 had signals at

8 (ppm): 8.6 (S. lB. :t\'II), 8.09 (dd, 2I-I, CI-I=CH), 7-7.9 (m, wH, aromatie), 3.9-4

ppm (d, lH, Jlldhinc. CH), :l.O-;i.O(del, :lH, nwthy1cnc. CH2)

",",' '" ,-, ,,~
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5.3.7. b.5-dilJhenyl-3(p-amino phcny])-:.:-pvrazolinc 12

A solution of lIenzylidene-p-amino acetophenone (:':.:34)1" 0.01 mille) and

plwtl.\'I hydra~inc hydrochloride (1446 g, 0.01 mole) were taken in a special

mierowave lIssisted glas, ware to which isopropanol (12.99 ml, 0.22 mole) V'faS

added. The reaction w~s earried in a 1IHV own set at 6oowatt.The progress of the

reaction was followed by TLC (methanol: chloroform 3: 2). Light yellov,'colour was

viewed at the start of the reaction in microwave and it gradually ttlrn~d to greenish

colo['cd solution at the end of 1:00 minute when TI.Cwas taken.

Then mixture was again healed on M1iV at 600 wt for 1.00 minnte. Tlw reaeliOIl

color bceame more deep hrown from green and reaction was monitored by TLC.The

reaetion mixture was inatlialcd for 4 l1linute~in total. The resulting solution then

started to precipitate and was allowed Lostand overnight in refrigerator for complete

precipitation, Preeipitate from the fridge was light reddish yellow eollJr.

Light r~ddish Fllow crystalline solution was filtered under suetiorl Oil a

Rudmel' funnel and dried under yaeUllmpump. The crude product wa~ recr:vstnllized

form nwthanol to give pure 1, 5-diphenyl-3(p-amino phenyl)-2-pyramlinc 12Cpo,\;,

92%), melting point, 155-1So°C. The compound was homDgeneou~ (RjO.7S) on TLC

(methanol: ehlorofol"Tn::I: 2).

N H,

(E }

NY
\

N

,5 -d ip h en y 1-3 (p -am in 0 r h eny 1)-2 -p Yrazo line
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The UV (Fig. 49) spectrum Thc of the compound 12 had ah,orptioil maxima

I,,,,,,,at :336nrn due to to;[--->7l'transition.

Th~ IR (Fi~. 50) speclrum (KEr) of the compound 12 had absorption hands at

\'",,,,3390 (Nllo \'aluc for solid state: broad; due to the pl'csence of ovcrtone band,

cld, 1595 (aromatic hydrocarbon C=Cstr~tchin:<;),lSSO(tertiary amides), 1398 (C-N

stretehing), 1332 (C-H deformatiun) and 746 (C-H d~tormalioil out of planc) cm-',

The 'H Nl\'lI{(Fi~. 51) spectrum (CDCI:<)of the compoul1l112 hml5ignals at 6

(ppm): '"'-8.3(m. 141-1,aromatic), 3,9 (5, 2H, aromatil'. C-NHo), 2.5 (del, lH, me/hinc.

CI-l)and L~ (m, 2I-I,methylene, CHo).

I
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I -
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5.3.8. !.:I!.twml-5(o-ch[oro oh('nyl)-3(p-amino phenvl)-2-pvrazoline 13

The mixtuI'e of o-chloroben7ylidene-p-amino ~cetophenone (2.58 g. 0.0\ mole)

and phenyl hydrazine hydrochloride (1-44(1g, 0.01 lllole) were taken in a 50 ml

ground joint t1ask to \vhieh isopropmlol (12.99 ml, 0.22 lllole) was added. The

re~cti()nwas earr:;'ingDutin a special mierowllVeaHsistedglass ware which \\'aHput in

the lvliero oven \.,-itha separate beaker of ice. The mierowave \\,as set at 600 Watt and

Illl' reDetion \Vasstarted, The progress of the ['eactionwas followed hyTLC (methanDl

: c:hlDro[Drm :): 2). Al the ,tarting of the readion in mierowave the color of tll('

mixt\ll'e was initially light yellow and gradually turned to greenish solution at the end

of1 minute.
Then the reaction mixture was heated on 1fW at 600 \Vt for another 1:30

minute, The l'olor' became deeper reddiHh-brown.TLC finding showed that the

['raction wa~ complete \,'itbin Dnother 2.5 minntes. At this point the product stDrted

to precipitMe and \\,as Dllowcd to stDnd overnight in refrigerator for complete

pr-rcipitation. Tllen it waHtaken out hom the fridge and was light reddish black in

color.

Light reddbh black crystalHwere filtered under suction on a Buchner funnel and

dried under, The Cl"lldeproduct WD, recrystallized form methanol to give pure 1-

phenyl-s(o-chloro phenyl)-:1(p-amino phenyl)-2.-pyrawline 13 (3.20 g, 94%),

melting point, 16s-Hi6°C. The compound was homogeneous (Rr O,7l'l) on TLC

(methanol: chloroform 3: 2).

I _ph en" 1_5(n.ch 10 1"0 [' h en y1J-3 (p-a m in 0 I' he,,}' [I 2-[Jyr;, '" II" e

"",,'''''II,~



The IR (Fig. 52) spectrum (KBr) of the compound 13 had ahHurplioll hllmb at

\'ltm :3026-3058 (C-II Htretching), 1602 (C=C stretchiug, alkene), 1492 (H-N

Htrclehing),1432 (aromatic hydrocarbon, C=CHtretching), 759 (H-Cl stretching) and

6')8 (C-H, aromatic out of plane band) enr'.

The 'H NMR (Fig. 53, 54) spectrum (CDCl3) of the compound 13lwd signals

al8 (ppm): 7.82-7.34 (m. 4H. benzylidenimin), 7.:.:8-7.09 (m, 9H, aromatic), 3.94 (s,

2]-],aromatic, C-!\H,). 2.99 (dd, tH, mclhinc, Cl-l)amI 1.2.7(m, 2H, methylene, Cll,).



Figure: 52
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5.3.9 .. {-methvl-l-phenyl-5-pyrazololl.\: 14

In a suml special microwave assisted glaHs ,,'arc 7':{ gm (0.05 moleJ [)lll'nyl

hydrazine hydrochloride, 9.3 g (0.1 mDle) of solid sodium acetalc and 6.4 ml (0.05

moleJ of redistilled ethyl acetoacetale was placed with 10 ml of cthyl alcohol. Thcn 5

ml (0.05 mole) of 5% Huuium carbonate ~olution was added. The mixture was put in

the Microwave oven ""ilh a separate bcakcr of icc at 450 watt and the pl'Ogress of the

reaction was followed hy TLC (methanol: chloroform 3 : 2). Inilially the color of the

reaction mixture in the micl'Owa,'e wa, light yelluw and gradually formcd dark

yellowish at the end of 10 seconds. Irradialion was C011tinlledfor onc more 1l1inutR

with constant TLC monitoring,

Heating in ]Vliel"lJlva\'eoven for another 20 seconds showed no change in color

and 'j'LC tlnding indieatcd the completion of the reaction. The reHulliug solution then

started to precipitate and was aJJowed to stand overnight in refrigerator for complete

precipitation. The product from til(' fridge \va~ dc~p brown colorRd.

Deep hl"l1l'11el"y~lalswel'(' filtered unuer ~uclion on a Huehner funnel and d,ied

under \'aCUlllll. The crude prouucl was ['('crystallized form methanol to give pure

3-methyl-l-phenyl-5-pyra.wlonc 14 (:{.51 g, 95%J, melting point, 12f!-129"C (L,it.'-5

127~C)The compound was homogeneou~ (Rro.81) on TLC (methanol: chlorofO['Tn:j
: 2).

o

3-111etl! yl-I-p IIen~' I-S-p)' ra 1.01011 e



The IR (Fig. 55) spe~tmm (KBr) of the compound 14 had absorption bands at

"'<la, 3421.5 (l\'-]\' slretching secondary), 16~4 (CO stretching), 1593 (aromatic

hydrocarbon. C=C strdehini;), lS:{,"! (N-H deformation, w), 149{J (N-H stretching)

l:{96& 1355(C-I-Ideformation in CH:lJ,and 756 (C-H deformation oul of plane) cm-'.

The 'J.[ K1IR (Fig . .'>6, 57, 58) speelrum (CDCl~Jof the cumpound 14 had

~ignalsat <5(ppm): 7-41-7.78(m. SH, aromatic), ~.19 (s, lH, amine, NH), ~.15 (m, lH,

methine, CH) and 1,20 (d, 3I-l.melhyl, CH3).

The 1~C1\:>11<.(Fig. 59) spectrum of the wmpound 14 had signab at B (ppm):

181..')9(Carhonyl carbon), )46.8 (AI' C), 128 (Ar CH), ]]8.9 (Ar CH), 11:1.-4(Ar CH),

61.3 (methylene. CH,-I\), 52.69 (mclhlne, CH), 41.2 (methylene. CH-CH") and 18.&

(mclhyl. CH:;).
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Figure: 55
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Chap"t:er Three



Result lln.ddiscussion

PHcllCJlinc~drew attention of researchcr~ [or the possihilitv of their usc as

organic dyC's,used in pharman'utical inclustl:.-'to illlevi~te inflal1lm~tion, [C',"C'r.pnin,

inf~~tiol1S,HndleHscrextent as in,~~tkides and herbicides. Keeping this oiJjedi"l' in

view ~ome sub~titlllcd pyrilzolines were ~ynthesized. Stillting materia1Hfur these

compounds were a,[J-Ul1snturiltedketon~~(beIlzylidenes).

(x,Jj-unsatur~ted ketones (bcm;ylidenes) (1-S) were prepal'ed with the

condensation of ~cet()ne, a~et(JrhellOIle nod suh,tituted ~cetlJphl'nlJnc with

henzmlehydes and sub~litukd benzadehy'des. The readionH \\,el'e cUiTiedol1t in

methanol in presence of allmliunder microwave (n-IW) in"a(lintion,

The compounds 1-5 prepared under MW irradioJion were in high yield, more

than ';10%on Anaverage. Th~ melling points (m. p.) of the ~yntheHill'd compounds

were in very good agreelllcnts with those of thc compounds alrcady' prepared by

cunventional nwthods as repurted earlieI' in literature.

The lR spectra of the cumpuunds sho\\ed absorption lxmds at 1'"""3352-:)388

ti)r j\T-1I stretchill,~ hydrog~n bonded, 1660-1670 characteristic for C=O ,tretching.

1492-1460 for C-H stretching I'D!"CH" 15';10-1610em-' for C=C and aromatic 6kclcLol

stretching, 137,5for C-H ddorming in CH". 1271for C-},' stretching and 751"ifor C-Cl

stl'('\ching.

ThL' IH-NMR spectra showed multiplet at around 0 7.3 pplll for aromatic

protDns. 6,6q-7.5 for ctllylcne proton, 7.52---46 fur henzenc-NH2• ThesC'data nlso

agree with the em'lier established ~pcdml pallen1 oftllese ~ompounds.

The '3C-Nl'IIR ~pcctra ~hlJwcdsignal5 at nrOlmd Ii 190 ppm charadcrblic [or

c=o carbon, 144.2 for imine carbon, 151.09-143.16 for' etllylcnc carbon and the

signals between 0 128-1:12ppm is charadL'riHticfor carbons of the ~rmnatic ring.

The UVspectral data between )..,","215-:"~::;Onm due to IT----> IT' tran6itiull of thl'

c=c-c=o ~ystelll is in consistent with these compounds.

Sub:;titulcd pym7.0lines (6-13) v,'ere prepared by condensing substitllted ({,fl-

unsaturated ketonl's (benzylidC'nes) (1-5) with phenyl hydrazine hydrochloride,

hydrazinc hydro~hloride, 2, 4-dinitrophenyl hydrazine in isopropanol undl,r MW

" ,
•



irradiation. The yicld of the obtaincd compounds was also high, above 90% on an

avcmgc. Compound (14) was prepared by condensation of phenyl llydt'a7inc

hydr()(:bloride with cthyl accloacdate in sodium acclatc. TIl(' strllctur~ of these

compounds (6-14] w~, est~blished from their spectral ~nd melting point dala a~

wrll. The melting pDinls (m. p.] of the synthe,i7.ed compound, (6-11) WCI'Cin very

good agrecments with those of the compound, alrcady prepared hy conventional

methods ~, reported earlier in literature. Compmmds (4, 5, 8, 12-13) wen:, new

compound~ and ~howed slw1"pmelting point~.

The IR spectra of the compounds (6-14) contain absorption bauds V".,j< (em-I)

at 2740 to 3421 dwracteristie of N-N vibration o[ PJra,.o1in~ring. two bands at 1593

and 1:W9 represent the symrnclric and asymmetric vibration of -]'\-H group. 7S9 for

[-[-ClstrL'tching. Abso['plion bnnd, M around 1610 Me ehnracteristk of the presence

D[C=],\and aromatie skeletal stretching.

The UV spectr~ of ,ome the compounds (10-14) cont~in ahsorption b,ll1d~at

I-_m."236 lllU to 408 nm and ahsorption coefficicnt~ O[ 2.') to ~J.9charncteristic

respcnively of different t~lle~ Dfpyrawlines. Thc maximum M longer wavelength is

clue10the ~-rr~eonjugllted system. The othcr absorption m~"imL1mis for heterocyclic

ring with N-phl'nyl gr'OUp.

The 'H NlvlRspectrums of the compounds contain groups or signnl of aromatic

pro Ions nl () 7.2H ppm for aromatic proton, ;'.9 ror benzene attached Nih proton,

Tlw sp~ctra showed charactcri~tic ~igna1sat fi.].~-S.~l (dd, 11-1)for methine protDn~

3.32-3-40 ppm (m, 2H) tor nwthylene protons and 1.<)8[or methyl proton.

The ':IC-NI\'IR ~pcdra OJlhe compounds showed signals hetween I)128-132 ppm

arc c!wmctcristic 1'oJ'rat'bons of the aromatic rinl!:~.Signab at I) 12::1ppm and I) 14:!

ppm characteristic of different tn)e's unsaturated carhon allachl'd ",ilh carbonyl

group and l1n~aturatcJ carbon alladwd with pllenyl group ~nd carbon <itt.H:hedwith

Ollealpha llilrogen atom, 4H-S8.3 for methine carbon, 40-42.2 [or mclhyknc earbon

~nrl19 -20 for methyl earbon.

P",. '" "I I,~ "••'I"110 '



-'~cn7,\'lidcllc l)l'cpliration undcr microw:I\'C irradiation:

:lIld ketollc

Diffcrcnt~'Pc
of aldehydes

Entry "'"'"""'\ Pow", '"np. ["<11
imc [min.] [W] [.C] r%]

1=1
uB2lrE91 'QSH5 lr:JLJLJ
Dr:::Qij J q;iLJLJLJLl
DE93J ?d LJLJLJLl
LJE9~~CJLJLJLl
D~E?3~CJr:JLJLJ

UCll1xlidcllC: nlC cffcrt of Micro\\.a'.cS)11Ihc..;is Irradiation lime ~

YicldOOr.1ol:

'00 -- .-u.
ui,,',
1:~

, •• <,Ion 1 ,•• <,Ion: ,••• ,len 3 ,00.,lon 4 , ••• ,Ion $

~ Irradiation time [min]
OVeild [%]



"

P)ra..:olinc rcaclions under microwave irradiatioll with hydrazine and its

derivatives:

, ~-----
.Entry Suhstrate Produci IrradialionlPowcr Temp: Yield I

time [min]i [W] LOCj r%'1

5 600 :{2,~ 98.99

600

45°4

r:JH2
H NH2

",." ,",,~"".,._ ....••, ..

3

4

"" ''''''-'--' ,. ,'" ",""'". ",,"

,,
((~---" ,--""",..'.- ,,, ..

4,,0 :)00 97

,,~".,.,,' ,,,",,~

450 3°0 95

6 ;1H;"
V;=\0'" -

609

.","" ." ,,',," ,.,

4 600 3'5

9

5

0."

600

4.')0

94

--



P.,.rawlinr: The eITrrt of Mirrolllll'(' s\1llhrsi5 irradialion lime I.!!!illlVs \ic1d 00.I!lill

reaction
1

fBllction
3

roaction
5

roaction
7

100

80
60
40

20
o

reaction
9

• 1m t1latlootlm~[m10]
• VlCltl[%l, -'
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Mechanisril. & R"ea'c-tlon

Mechanism (1): Benzaldehyde with acetone to dihellzylcdcncaeetOlle

)1 ( ,:'.1
0'''' ...,/~ --->-

:~c

''"'==----------";,LII"'10',I"
',I~. - Cl"r,1 : :': no I ,I' ':lI'.f-c:' Illh;:,,,,, ,1,,11':"n:' : I":
::,I~p~: q,,", L,. I'll': e,:,:h'e "11"1"';"~',Il;:"
',H ?: P,,: I: ,-0.'1'; :':' ~jl" " r,i",',;1 I-'_iel':,' i-~~':',~
c,l~r'c: Cl~r":'-:no-' "pn (:"af,,:. ,,11~I,ite;
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":0;;,,",
,'.'"V ~-<,
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Mechanism (2): Benzylidencacetophcllolle to 1, 3, 5-triphcnyl 2-pyrazolinc

I
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Reaction 1

CO-o'° +10'1. N••OH. 1 "I \\ II---~.~- ,;,,1", "",,,, (Z)

B,"" '"I,". ,,,,,"I""
Compound I

I"",,' ""Ie""" I" ,I,,,,"',, I".

-<
,",

eo
CII ,

1."""".",,1 .

Reaction 2

1,.\"- Triph,n) 1.2_)')""'."li",'

C(lllll'"n"d (,

0J\\V +

B.'"" 1,1•• , ,,' ""''",,1,,",,", ""',,",,1

""".,,',,011.1,,,1 0 0 ~ +---~•..YJ-V
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Reaction 3

~,F\~+

",-''',,''','',,', """_ph,,,,,,,

+ CH,,--OH

'l,", """

'0"" '-.,OH, 1 ",I
~

,"W,''''''''

"."~ '''''" "" ""I••• ,""
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•
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Reaction 4
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-p ~,(

'O-N" N

G
O'N",
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(',,'" I"'""" ,

0'YQ +

'l""",,,,'

HI',. '.011 l ,,,I
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Reaction 9.
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Conclusion

During thi, reSf'~lTh ~n up to dMe liter~tllre ,llrvev was earried out on

bel17yliJene~nd pyrnzoline amI their derivatives.

In the present work. tlve substituted a.I)-unsaturated ketones (benzylidenes)

aud cight 2-pymzo1ines derivativcs and one .~-P!'r"a7olinesWf'resyntlwsi7f'd. Out of

fourteen final prouuct~, fi\'e C:b5, 8. 12, 13.. 14) are newly synthesizcd by llS,

Spectroscopic (IR, lTV, 'H NlvlR.& '.1CNI\'IR)il1ethodswere applied tor ~ssigning the

,tnlctllres of the new and a, well as old eornpmmd,.

Substituted benzylidenes 1 to 5 wcre ~ynlhesi""edby the eondcllsatitJll of

substituted bl'nzaldehyde and sllbslitull'u kelonl's.

Substituted pyr~zolines 6 to 13 wcre syulhesill'll by the reaction of

Sllbsl ilutcd bClllylidcIW",'ith di[fnell I t}'PCSof hydralines.

When ethyl acetoacetate was warmed ,,>,ithan equi,.~lent quantity of phenyl

hydr~7.iIlC,the phenyl hydt'a7one was fornwd first; then latter it underwent ring

fo['matiun to yield 3-methyl-l-phenyl-5- pyrawlinl' 1fl"

All rem:tions were carried out in a dOJJlesticlllicroll'aVI' OVl'llwith ,perial

rabrir~ted gla~sware and optimum rcactioll eundition~ ,Vl're dell'rmincd, It w~s

observed that the reactions were carried out in short time. The average yield of the

products was much higher th~n the conventional method. Resides, low ~JllOllnlul'

ehemie~ls wer~ us~d making tJ1Csynlhc,ile envirunmenlal friendly. In other words,

lllis modc,tthesis wurk wa~a part of 'Green Chemistr,.' too. It ean be added that th~

etlicient u~eof domestie tvIWown was ~lso ,110wnin llic ,,'ork.

",,~ ''',,' w'
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