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Abstract 
 

The t oxicity a nd vol atile na ture of  many or ganic s olvents, pa rticularly c hlorinated 

hydrocarbons that are widely used in huge amounts for organic reactions have posed a serious 

threat t o the envi ronment. Thus, design of solve ntless c atalytic reaction has r eceived 

tremendous attention in recent times in the area of green synthesis.  

 Five reactions viz., Reformatsky reaction, Luche reaction and reactions involving the 

synthesis of bis(β-naphthol), Schiff’s base, and a three component coupling reaction has been 

studied under solvent free conditions during the present investigation.  

Reformatsky reaction of benzaldehyde with ethyl bromoacetate give β-hydroxy ester 

under s olventless c onditions. T his reaction involves the c ondensation of  a ldehydes w ith 

organozinc derivatives of α-halo esters to give β-hydroxy e sters. S imilarly s ynthesis of  

homoallylic alcohols by the Luche reaction has been carried out efficiently in the absence of 

solvent where be nzaldehyde a long with a llyl b romide i n p resence of  Zn-NH4

 

Cl and i n the 

absence of solvent gave the Luche product.  Solventless synthesis of bis(β-naphthol) involves 

the radical coupling reaction of β-naphthol in t he pr esence of  f erric chloride. T hree 

component coupling reaction of benzaldehyde, ethyl acetoacetate and urea on heating at 90°C 

for one  hour  gave dihydropyrmidinones. Schiff base was a lso synthesized f rom aniline and 

benzaldehyde in an effort to study reactions under solvent free conditions. 
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CHAPTER 1 

INTRODUCTION AND LITERATURE REVIEW 

The earlier belief that no reaction is possible without the use of a solvent is no more valid. It 

has been found that a large number of reactions occur in solid state without the solvent. Infact 

in a  number of  cases, such r eactions occur m ore efficiently and with more s electivity 

compared t o r eactions c arried out  in solvents. S uch reactions ar e simple to handle, reduce 

pollution, comparatively cheaper to operate a nd are espe cially important in  indu stry. It  is  

believed t hat s olvent f ree or ganic s ynthesis and t ransformations a re i ndustrially us eful a nd 

largely green. 

  Green chemistry, also cal led sustainable chemistry, is a che mical phi losophy 

encouraging t he de sign of  pr oducts a nd pr ocesses t hat r educe or  e liminate t he us e an d 

generation of hazardous substances. It cover such concepts as: 

• The de sign of  pr ocess t o maximize t he a mount of  r aw material t hat e nds up i n t he 

product 

• The us e of  s afe, e nvironment be nign s ubstances, i ncluding s olvents, w henever 

possible 

• The design of energy efficient processes 

• The best  form of waste disposal: do not create it in the first place. 

Prof. Paul Anastas of the United States Environmental Protection Agency and Prof. John C. 

Warner gave 12 principles of green chemistry: 

1. It is better to prevent waste than to treat or clean up waste after it is formed. 

2. Synthetic methods should be designed to maximize the incorporation of all materials 

used in the process into the final product. 

3. Wherever practicable, synthetic methodologies s hould b e de signed to us e a nd 

generate s ubstances th at pos sess little or  no  toxi city to  hum an health and the 

environment. 

http://en.wikipedia.org/wiki/United_States_Environmental_Protection_Agency�


2 

 

4. Chemical products should be designed to prevent efficacy of function while reducing 

toxicity. 

5. The us e of  auxiliary substances ( solvents, sepa ration agents, etc,) sho uld be m ade 

unnecessary whenever possible and innocuous when used. 

6. Energy r equirements s hould be r ecognized f or t heir e nvironmental a nd e conomic 

impacts and should be minimized. Synthetic methods should be conducted at ambient 

temperature and pressure. 

7. A r aw material or  f eedstock s hould be  r enewable r ather than de pleting w henever 

technically and economically practicable. 

8. Unnecessary de rivatization ( blocking gr oup, pr otection/deprotection, and t emporary 

modification of physical/chemical processes) should be avoided whenever possible. 

9. Catalytic reagents (as selective as possible) are superior to stoichiometric reagents. 

10. Chemical products should be designed so that at the end of their function they do not  

persist in the environment and break down into innocuous degradation products. 

11. Analytical m ethodologies need t o be  further developed t o allow for r eal-time, in-

process monitoring and control prior to the formation of hazardous substances. 

12. Substances and the form of a subs tance used in a che mical process should be chosen 

so as to minimize the potential for chemical accidents, including releases, explosions, 

and fires.  

A dry media re action or solid-state r eaction or solventless r eaction is a  

  Solid state r eaction fol lows t he fi fth principle of  gre en c hemistry w hich a void 

using solvents and chemical reactions mostly occurring at room temperature which lead to 

energy efficiency. 

 

1.1 Solid-state Reactions 

chemical r eaction 

system in the absence of a solvent [1]. The drive for the development of dry media reactions 

in chemistry is 

• economics (save money on solvent) 

http://en.wikipedia.org/wiki/Chemical_reaction�
http://en.wikipedia.org/wiki/Solvent�
http://en.wikipedia.org/wiki/Chemistry�
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• ease of purification

• 

 (not required to remove a solvent post-synthesis)  

high reaction rate  (due to high concentration

• 

 of reactants)  

Some of the drawbacks are: 

environmentally friendly (solvent is not required)   

• reactants should mix to a homogeneous

• 

 system  

high viscosity

• 

 in reactant system  

Nevertheless, it is r emarkable that chemists s till c arry out their reactions in solution, even 

when a special reason for the use of solvent cannot be found [2]. It has been found that many 

reactions pr oceed efficiently in the soli d state. The oc currence of  ef ficient sol id-state 

reactions shows that the molecules reacting are able to move freely in the solid state. In fact, 

host-guest inclusion complexation can occur by simply mixing and grinding both crystals in 

the solid state. These solid-state reactions can be easily monitored by measurement of IR and 

UV spectra in the solid state. 

unsuitable for solvent assisted chemical reactions  

Though i t i s a  c ommon pr actice t o r un the o rganic r eactions in solvent m edia, t he 

chemists’ concern to minimize the environmental pollution caused by solvents and also their 

academic interest i n solid-solid reactions h ave l ed t hem i n recent t imes t o de velop 

methodologies for solvent-free reactions with considerable success. 

The Function of a Solvent  

A general assumption with regard to organic reactions is that they are performed in a solvent 

medium. T he r ationale be hind this conc ept i s si mple. That i s, the reactants c an interact 

effectively if t hey are i n a  ho mogeneous s olution, w hich f acilitates t he s tirring, s haking or  

other w ays of  a gitation, w hereby t he r eactant m olecules c ome t ogether rapidly a nd 

continuously. Moreover, uniform heating or cooling of the mixture, if needed, can be carried 

out in a solution relatively easily. However, the role of a solvent in the context of an organic 

reaction i s much more complex t han merely pr oviding a  h omogeneous s etting f or a  l arge 

number of  c ollisions of  the r eactants t o t ake pl ace. A  s olvent ha s the power t o enhance or  

reduce the speed of  a  reaction, a t t imes enormously. Changing of  solvent of  a  reaction can 

http://en.wikipedia.org/wiki/Purification�
http://en.wikipedia.org/wiki/Reaction_rate�
http://en.wikipedia.org/wiki/Concentration�
http://en.wikipedia.org/wiki/Homogeneous�
http://en.wikipedia.org/wiki/Viscosity�
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influence the r ate of  that r eaction, and i t c an be pow erful e nough t o change the reaction 

course itself. This may manifest in altered yields and ratios of the products. Thus a solvent 

could be deeply and inseparably associated with the process of  an organic reaction through 

the s olvation of  t he r eactants, pr oducts, transition-state o r other intervening s pecies. S uch 

intimate in teractions between the solvent and the r eaction partners a re due  to many factors 

that include electrostatic, steric and conformational effects, among others. In spite of such a 

strong involvement, the solvent does not normally become part of the product, except in the 

case of solvolysis reactions, and is recovered unchanged after the reaction is over. Even then, 

one may not envisage or plan to perform a reaction in the absence of a solvent. 

 Liquid as a Solvent 

 

In pr inciple, any l iquid can be  used a s a  solvent. However, t he number of  commonly used 

solvents is severely restricted. They include a few hydrocarbons, chlorinated hydrocarbons, a 

few ethers, esters, alcohols, amide derivatives, sulphoxides, etc. liquid ammonia, CS2

Benzaldehyde

CHO C CH3

O

NaOH

O

Benzalideneacetophenone

Acetophenone

+

 and of 

course water, are also frequently used as medium to carry out synthesis. The suitability of a 

solvent f or a r eaction d epends on m any f actors. A  solvent should be sel ected for a  ne w 

reaction ba sed on i ts p hysical a nd chemical pr operties. At tim es the  liquid reactant i tself 

would serve as so lvent. I n any case, a solvent i s u sually considered to be  an ine vitable 

component of a  r eaction. A  r eaction unde r s olvent free condition or  i n s olid s tate was 

generally thought to be not quite feasible, or at least not quite efficient, though several solid 

state organic reactions have been known for a long time. However, the chemists’ concern for 

developing environment-friendly synthetic procedures has made them turn their attention to 

minimize or circumvent the use of solvents that are a major cause of pollution. This has led, 

in recent times, to vigorous research activity and reinvestigation of known reactions [3,4] to 

achieve organic synthesis under solvent-free condition. 

 
 



5 

 

Advantages of Solvent-free Reactions 

 

A s olvent-free or soli d st ate reaction may be  c arried out  us ing  the r eactants a lone or  

incorporating them i n clays, zeolites, silica, alumina or oth er matrices. T hermal pr ocess or  

irradiation with UV, microwave or ul trasound can be employed to bring about the reaction. 

Solvent-free r eactions o bviously r educe pol lution and br ing dow n ha ndling c osts due  t o 

simplification of experimental pr ocedure, w ork up t echnique a nd s aving i n l abour. These 

would be especially important during industrial production. 

Often, the products of solid state reactions turn out to be different from those obtained 

in solution phase reactions. This is because of  specific spatial or ientation or  packing of  the 

reacting molecules i n the cr ystalline st ate. This i s t rue no t onl y of t he crystals o f si ngle 

compounds, but  also of co-crystallized solids of two or  even more reactant molecules. The 

host-guest interaction complexes obtained by s imply mixing the components intimately also 

adopt or dered s tructure. T he or ientational r equirements of the  s ubstrate m olecules in the 

crystalline st ate have provided e xcellent oppor tunities t o a chieve h igh degree of  

stereoselectivity in the products. This ha s m ade i t pos sible t o synthesize ch iral molecules 

from prochiral ones e ither by c omplexation with chiral hos ts or  formation of int ermediates 

with chiral partners. 

  If t wo or  m ore s ubstrates a re involved i n t he r eaction, t hey a re thoroughly gr ound 

together i n a  glass m ortar or cocrystallized and allowed to stay at  r oom t emperature o r 

transferred to a suitable appa ratus and heated carefully i n a n oi l bath or  e xposed to 

appropriate radiation until the reaction is complete. More sophisticated r eaction procedures 

are a lso adopted, i f necessary. T he progress of  t he r eaction c an be  m onitored by TLC. I n 

some cases, a small quantity of water or a catalyst may be added. If it is a si ngle-compound 

reaction, it is subjected to heat or radiation directly. Care is to be taken to collect the volatile 

products, if they are produced. 
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1.2 LITERATURE REVIEW 

 
Greener Reactions under solventless conditions 

Due to the growing concern for the influence of  the organic solvent on t he environment as 

well as on human body, organic reactions without use of conventional organic solvents have 

attracted the attention of synthetic organic chemists. Although a number of modern solvents, 

such as fluorous media,  i onic liquids and water have been extensively studied recently, not 

using a  s olvent a t a ll is de finitely t he be st o ption. D evelopment of  solvent-free or ganic 

reactions is thus gaining prominence. 

 

1.2.1 Catalyst and solvent-free conditions as an environmentally benign approach to     

4-aryl-3-cyano-hexahydro-4H-1, 2-benzoxazine-2-oxides 

 

1,2-Oxazine-2-oxides a re ge nerally accessible via a ca talyzed formal [ 4 + 2]  cycloaddition  

reactions of  nitroalkenes w ith electron-rich alkenes [5,6]. These heterocycles ar e va luable 

intermediates to  pr epare i n a regio and s tereoselectively m anner a  number of  i mportant 

building b locks or  t arget he terocyclic c ompounds, such as pyrrolidines, β-lactam-N-oxides, 

pyrrolizidine and indolizidine alkaloids, enamines, ketoalcohols, nitroketones, etc. 

              In 2008,  Bellachioma et.al [9]  reported that (E)-2-aryl-1-cyano-1- nitroethenes [7,8] 

are excellent Michael acceptors  in water in the reactions with enantiopure alkyl vinyl ethers, 

allowing the pr eparation of va rious c yclic n itronates by a completely endo stereoselective    

[4 + 2] cycloaddition [10] (Scheme 1).     

MeO

NO2

CN

OSiMe3

O
N

O

CN

OSiMe3

H

OMe  

Scheme 1:  Michael addition of 1-nitroethene with 1-(trimethylsilyloxy)-cyclohex-1-ene  
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Under s olvent-free c onditions, (E)-2-aryl-1-cyano-1-nitroethenes rapidly react w ith               

1-(trimethylsilyloxy)-cyclohex-1-ene  w ith a complete re gio- and diasteroselectivity and 

leading t o t he e xclusive f ormation of  t he cis-fused he xahydro-4H-benzoxazine-2-oxides,  

which were isolated without the need for a work-up procedure in excellent yields.   

 

1.2.2 Transesterifications catalysed by solid, reusable apatite–zinc chloride 

 

Transesterification is a n important or ganic re action that can be  us ed to s ynthesize va rious 

intermediates in the synthesis of  complex na tural products, pheromones and paint additives 

[11]. Its value has been considerably enhanced by its use as a ke y step in the manufacture of 

biodiesel, one of the more environmentally friendly and sustainable fuels we have available 

today. 

              Transesterification can be c atalysed by st rong ac ids [12,13] and by s oluble ba ses 

such as cau stic soda  [14], neither of  w hich is i deal f rom a green chemistry perspective. 

Rather, t here shoul d be  saf e to handle a nd s tore, e nvironmentally be nign and r eusable, 

typically solid catalysts. This has led to reports of a number of active synthetic basic solids as 

transesterification catalysts, including mixed metal hydr otalcites [15] and zeolites [16] 

Drawbacks with such catalysts include the use of hazardous reagents in the preparation of the 

catalyst ( e.g. K OtBu) and por e b lockage w ith l arger substrates. H ydroxyapatite ( HAP; 

Ca10(PO4)6(OH)2

 

) is a highly abundant, natural material, being the major component of teeth 

and bones. It is a lso considered t o have dur able aci d–base pr operties and hi gh a dsorption 

capacity, making i t a  promising support material. This has been demonstrated in the use of  

HAP-supported Lewis acids in Friedel– Crafts alkylations [17], and more recently in Michael 

addition of indoles to electron-deficient olefins [18].              

 In 2006, S olhy et. al [19] report f or the  f irst time the  us e of  low  c ost a nd safe to  

handle f luoroapatite a nd hydr oxyapatite s upported z inc c hloride r eagents as so lid and 

reusable catalysts for a wide range of transesterification reactions. 

 

 

 



8 

 

1.2.3  Solid-state regio and stereo-selective benzylic bromination of diquinoline 

compounds using N-bromosuccinimide 

 

The W ohl–Ziegler re action, namely allylic o r be nzylic free r adical br omination us ing           

N-bromosuccinimide (NBS) in a  refluxing aprotic solvent, (Scheme 2)  is a w ell-established 

synthetic organic pr ocedure [20]. Benzene, c hloroform and pe trol ha ve be en e mployed a s 

solvents, bu t t he t raditional choice has been carbon t etrachloride which combines opt imum 

properties of solubility, reaction temperature and ease of  product isolation. The succinimide 

by-product can be  r emoved s imply by f iltration of t he cooled r eaction m ixture and t hen 

evaporation of solvent from the filtrate affords the brominated product [21].  

 In 2005, R ahman et al. [22] synthesised a  s eries of  ne w brominated di quinoline 

lattice i nclusion hosts, some o f w hich ha ve po tential i n s eparation c hemistry due  t o t heir 

selective properties. In each case, the final step involved a regio and stereoselective benzylic 

NBS bromination in refluxing CCl4

N

R

R

H

H

N

R

R

N

N

R

R

R

R

H

H

Br

Br

. However, identical products can be obtained by means 

of solid-state reaction. 

 
 

Scheme 2: Benzylic bromination of diquinoline compounds using N-bromosuccinimide 

 

1.2.4  Metal and solvent-free conditions for the acylation reaction catalyzed by carbon 

tetrabromide 

 

Organocatalysis has attracted much attention  as result of both the novelty of the concept and 

more importantly the fact that the efficiency and selectivity of many organocatalytic reactions 

meet the standards of established organic reactions. Catalysts of the same class may promote 

similar reactions or less closely related reactions e.g., Carbon tetrabromide (CBr4) is another 
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example of this cat alyst cl ass is a ble t o mediate a n a stonishing va riety of  t ransformations.  

Although c arbon t etrabromide i s considered a  poisonous, irritating solid (skin cont act can 

cause sev ere i rritation; avoi d inhalation of  f umes; t oxicity: i rritating t o s kin, e yes a nd 

respiratory t ract, irritating t o m ucous membranes, na rcotic in hi gh c oncentrations; possible 

liver and kidney damage;).  It has been utilized as a mild Lewis acid imparting high regio and 

chemo-selectivity in various organic transformations [23]. In 2007, Zhang et al. [24]  reported 

that an efficient and useful catalyst carbon tetrabromide (CBr4

OH

Ac2O

OAc

CBr4(5mol%)

solvent-f ree
RT, air

24hr,91%

) was discovered to be highly 

effective f or t he a cylation of  phe nols, a lcohols a nd thiols unde r m etal and s olvent-free 

conditions (Scheme 3). 

 
Scheme 3: Acylation reaction catalyzed by carbon tetrabromide 

 

 

1.2.5  Solvent-free Heck reaction catalyzed by a recyclable Pd catalyst supported on 

SBA-15 via an ionic liquid 

 

 The palladium-catalyzed coupling of olefins with aryl or  vinyl halides, known as the Heck 

reaction, i s one  of the m ost powerful m ethods t o f orm a  ne w c arbon–carbon ( Csp2–Csp2) 

bond in modern synthetic chemistry. The Heck reaction provides a  direct route to assemble 

important arylated a nd vi nylated olefins and its w ide f unctional gr oup t olerance on  both 

reactants allows the convenient application at a late stage of total synthesis without protecting 

groups. Since its discovery [25] by Heck and Mizoroki et al. in the late 1960s,  the reaction 

has be en ex tensively studied [26] and a pplied t o a w ide variety of  f ields, s uch a s na tural 

product s ynthesis [27] material s cience [28] and bi oorganic c hemistry [29]. A  major 

transformation i n t he H eck r eaction i s t he s ynthesis of  c innamic a cid a nd i ts de rivatives, 

which are important intermediates in the synthesis of medical products and commonly used 

as f lavor subs tances an d UV abs orbents. The r eaction is usually catalyzed by palladium 

complexes in a homogeneous mode of operation and shares common drawbacks i.e., catalyst 
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recovery a nd r ecycling i s di fficult. I n a ddition, e xpensive, ge nerally uns table a nd t oxic 

ligands, s uch a s phos phine, a re required t o a ctivate a nd s tabilize P d a gainst a gglomeration 

and f ormation of  P d black [30]. Therefore, c heaper a nd e nvironmentally be nign 

heterogeneous ca talytic systems ar e at tractive, and notable progr ess has be en m ade i n t his 

area. Palladium suppor ted on a dive rse ar ray of orga nic and inorganic materials, suc h as 

polymers, carbon, metal oxides, clay, ordered or amorphous silicates and zeolites  have been 

developed and used to catalyze the Heck reaction. 

 The H eck reaction can be  pe rformed in organic s olvents, i onic l iquids and C O2

CO2Me

CO2MeBase,SBA-TMG-pd

120-140oC
I

. 

However, l ess a ttention ha s be en paid on t he H eck r eaction i n a  s olvent-free c ondition, 

although it is environmentally benign and economically profitable. 

              In 2008, X iumin et al. [31] reported that Heck arylation of olefins with aryl halides 

was car ried out  i n solvent-free c onditions w ith a  P d c atalyst s upported on 1,1,3 ,3-

tetramethylguanidinium (T MG) modified molecular s ieve S BA-15 ( designated as S BA-

TMG-Pd) (Scheme 4). SBA-TMG-Pd was found to be much more active and stable than a Pd 

catalyst s upported on pr istine S BA-15 ( designated a s SBA-Pd). T hese catalysts w ere 

characterized by F ourier t ransform i nfrared spectroscopy (FTIR), X-ray phot oelectron 

spectroscopy (XPS), and transmission electron microscopy (TEM) and t he reasons f or the 

excellent performance of catalyst SBA-TMG-Pd were also discussed. 

 

 
 

Scheme 4: Palladium-catalyzed coupling of olefins with aryl or vinyl halides 

 

 

1.2.6 An environmentally benign solvent-free Tishchenko reaction 

 

The conversion of aldehydes to their dimeric esters, better known as the Tishchenko reaction  

has been known for more than a hundred years. This reaction is heavily used in industry and 

it is inherently environmentally benign since it utilizes catalytic conditions and is 100% atom 

economic. Over t he ye ars, c hemists ha ve l ooked t o de velop ne w r eagents tha t a re m ore 
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efficient than the aluminum based catalysts traditionally used. Metal catalysts such as alkali 

metals, alkali metal oxides, lanthanides, and many others have been developed towards the 

improvement of   Tishchenko c hemistry. In 2009,  Waddell et al. [32] reported that th e 

solvent-free ba ll m illing T ishchenko r eaction. Using hi gh speed ba ll milling and a  s odium 

hydride catalyst, the Tishchenko reaction was performed for aryl aldehydes in high yields in 

0.5 hour s (Scheme 5 ). The r eaction was not a ffected by t he t ype of ba ll be aring us ed a nd 

found to be successful in a liquid nitrogen environment. 

 

   
2RCHO

catalyst
O

R O R  
 Scheme 5: Tishchenko reaction 

 

 

1.2.7 Solvent-free Diels–Alder reactions of in situ generated cyclopentadiene 

 

In 2009, Huertas et al. [33] reported a solvent-free Diels–Alder reaction  by heating a mixture 

of dicyclopentadiene and a dienophile (Scheme 6). Cyclopentadiene, formed in situ, reacted 

with the dienophile in a  thermodynamically controlled reaction. Besides being solvent-free, 

the  procedure a llows for a lmost c omplete ut ilization of  di cyclopentadiene a nd a voids 

handling of noxious and hazardous cyclopentadiene. The reaction was found to worked well 

with dienophiles such as maleic anhydride and unsaturated esters. However, unsaturated acids 

were not suitable dienophiles, asDiels–Alder adducts was obtained in a low yield.  

H

H
OH

O

O

O

O

O

H

H
O

O

O

 
Scheme 6: Diels–Alder reaction 
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Advantages of t his proc edure ar e t hat cyc lopentadiene r eacts as i t is ge nerated a nd 

thus there are neither safety problems associated with use of  cyclopentadiene nor  problems 

with formation of  ol igomers. As a  result, most of  the s tarting dicyclopentadiene is ut ilized. 

Furthermore, a s t he reaction was p erformed at a  re latively hi gh temperature ( 162–206◦

1.2.8 Reformatsky and Luche Reaction in absence of solvent 

C), 

thermodynamically pr eferred r eaction pr oducts a re ob tained. O rdinarily, D iels–Alder 

reactions involving cyclopentadiene proceed under kinetic conditions to give predominantly 

or exclusively the endo isomer. By adjusting the reaction times, one can obtain either the exo 

or endo isomer as t he major reaction product. By avoiding use of a reaction solvent this is a 

“greener” procedure compared to traditional Diels– Alder reactions. 

 

 

In 1990, T anaka et al. [34] reported R eformatsky  (scheme 7)  and L uche r eactions                  

(Scheme 8) with Zn provide more economical C-C bond formation methods than Grignard 

reactions with more expensive Mg metal. 

 

RCHO + BrCH2COOEt ArCH(OH)CH2COOEt
Zn

NH 4Cl
 

 Scheme 7: Reformatsky Reaction 

+ Br CH2 CH
Zn

RCH(OH)CH2CH CH2CH2RCHO
NH4 Cl  

 Scheme 8: Luche Reaction 

 

             In a ddition, i t w as poi nted out  that R eformatsky a nd L uche r eactions proceed 

efficiently in the absence of solvent, although Grignard reactions under similar conditions are 

not very efficient and give more reduction product than the normal carbonyl addition product. 

The nons olvent R eformatsky and L uche r eactions can be c arried out by a  v ery s imple 

procedure a nd gi ve pr oducts i n h igher yi eld t han w ith solvent. In ge neral, the no nsolvent 

reaction was car ried out by  mixing a ldehyde o r ke tone, o rganic br omo c ompound and Zn-

NH4C1 i n a n a gate mortar a nd pe stle a nd by ke eping the mixture a t room te mperature for 

several hours. 
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1.2.9 Oxidative coupling Reaction of phenols with FeCl3 

 

Oxidative c ouplings of  phe nols a re us ually c arried out  by t reatment of  phenols i n s olution 

with m ore t han e quimolar a mount of  metal s alts s uch a s FeCl3 or m anganese 

tris(acetylacetonate), although the latter one is too expensive to use in a large quantity. The 

coupling reactions of phenols with FeCl3,  

OH

OH

OH

FeCl3 . 6H2O

solid

however, sometimes give quinones as byproducts. 

         

 Scheme 9: Oxidative coupling Reaction of phenols with FeCl3 

 

  In 1989, T oda et al. [35] have reported t hat s ome oxi dative c oupling r eactions o f 

phenols with FeCl3 are faster and more efficient in the solid state than in solution (Scheme 9). 

Some c oupling r eactions i n the solid state were accelerated by irradiation with ultrasound. 

Some coupling reactions are achieved by using a catalytic amount of  FeCl

1.2.10 Solvent free synthesis of chalcones 

3. 

 

 

The synt hesis of  cha lcones illustrates t he  reaction t hat pr oceeds w ith hi gh a tom economy  

and is relatively easy to perform in teaching labs. Chalcones are important compounds with 

applications in medicine and physics.   

H

O

R

+
H3C

O

NaOH

O

R2R

+ H20

R1 = 4-CH3;4-OCH3;3-Cl;4-Cl;H
R2 = 4-CH3;4Br;4OCH3;-H  

Scheme 10:   Synthesis of chalcones 
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In 2004, Palleros et al. [36] found that the reactions proceed rapidly and afford very 

good yi elds of  pr oduct. M ost of t he c halcones can be ob tained in a matter of  minutes b y 

mixing the corresponding benzaldehyde and acetophenone in the presence of solid NaOH in a 

mortar with pestle (Scheme 10); the yields of crude product were in the range 81–94%. 

 

1.2.10 A Practical and Green Approach towards Synthesis of Dihydropyrimidinones 

without Any Solvent or Catalyst 

 

In 2002, R anu et al. [37] reported a simple, efficient, green and cost-effective procedure for 

the s ynthesis of  di hydropyrimidinones by a s olvent-free and catalyst-free Biginelli’s 

condensation of 1,3- dicarbonyl compound, aldehyde and urea (Scheme 11). This approach of 

direct reaction in neat without solvent and catalyst showed a new direction in green synthesis. 

 

R1

O

R2

O

+ R3-CHO + NH2 NH2

X

R2 NH

O

R1 N
H

R3

X

100-105 oC

1h

X=O,S  
Scheme 11: Synthesis of Dihydropyrimidinones 

 

 Dihydropyrimidinone de rivatives a re of  c onsiderable i nterest in i ndustry a s w ell a s i n 

academia be cause of  t heir prom ising biological ac tivities as cal cium cha nnel bl ockers, 

antihypertensive agents and anticancer drugs. Thus, synthesis of this heterocyclic nucleus is 

of much importance and quite a number of synthetic procedures based on the modifications of 

the centu ry-old B iginelli’s r eaction i nvolving a cid-catalyzed t hree-component c ondensation 

of 1,3 - dicarbonyl c ompound, a ldehyde and u rea, have b een developed. Basically these 

methods are all similar using different Lewis acid catalysts such as BF3, FeCl3, InCl3 and 6h 

in a solvent such as CH3CN, THF.  A  number of  procedures under solvent-free conditions 

using Y b(OTf)3, m ontmorillonite and i onic liquid a s c atalysts ha ve a lso be en reported. 

Obviously, many of t hese cat alysts and solvents ar e not  at  all a cceptable i n the co ntext of  

green synthesis. Thus, as a p art of  green  synt hesis, they have di scovered that B iginelli’s 
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reaction proceeds very efficiently by stirring a mixture of neat reactants at 100-105°C for an 

hour, requiring no solvent and catalyst, and producing dihydropyrimidinones in high yields. 

 

 

1.3 OBJECTIVE 
      To study  some organic reactions under solvent free conditions 
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CHAPTER 2 

MATERIALS, METHODS AND EXPERIMENTAL PROCEDURE 

2.1 MATERIALS AND  METHODS 
 

This c hapter lis ts various sour ces from w hich t he r eagents were obt ained.  2 -Naphthol, 

Ammonium chloride, zinc powder, allyl bromide, benzophenone were obtained from SD Fine 

Chemicals ( INDIA), a cetophenone, s odium hy droxide pe llets, be nzaldehyde, a niline, f erric 

chloride, e thyl br omoacetate, e thyl acet oacetate and urea were obt ained from Loba C hem 

(India). All the chemicals and solvents were used as received without any further purification 

or recrystallization. 

 

Melting points  

Melting points were determined on melting point apparatus and are uncorrected. 

 

FT IR spectra 

IR s pectrum i n t he r ange of  45 00-500 c m-1 were recorded on  “ Perkin Elmer” F TIR 

Spectrometer, from S chool of  P hysics and Material S cience, Thapar U niversity, Patiala. 
Software O rigin P ro 7. 5 w as us ed t o dr aw t he c urves a nd w as f itted us ing t he pr otocols 

available with the software. 

 
 

1H NMR Spectra  
1H NMR Spectra were recorded  on  400 MHz FT-NMR Cryo-magnet Spectrometer (Bruker), 

from S ophisticated Analytical Instrumentation Centre (S AIF), Punjab University , 

Chandigarh. 
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2.2 EXPERIMENTAL WORK 

 
This chapter describes the methodology of various organic reactions under solvent free 

conditions.  

OH

Reflux

FeCl3

OH

OH

2-Naphthol

Bis-(2-naphthol)

2.2.1  Radical Coupling Reaction 

 

 

 

2.2.2 Three Component Coupling Reaction 

A mixture of of 2-naphthol (2.88 g , 0.02 mol) and iron(III) chloride (0.7 g , 0.3 mmol) with 2 

drops of water in an aga te mortar pestle was grinded for about 20 minutes. The mixture w as 

allowed to stand for about 2 hrs with a little grinding now and then. The mixture was transferred 

with water (40 m l) into a 100 ml beaker and boiled for 10 -15 minutes. The mixture was cooled 

and t he w hite c rustalline s olid w as fi ltered, w ashed with boi ling w ater (10 m l), dried a nd 

recrystallized from toluene. m.p. 212 °C  (lit.m.p. 214-217 °C.) 
 

 

O O

+

CHO

+
H2N NH2

O

1hr

90oC
NH

N
H

O

PhO
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2.2.3 Reformatsky Reaction 

A mixture of benzaldehyde (1.1 g , 0.01 mol), ethyl acetoacetate (1.3 g , 0.01 mol) and urea (0.7 g  

0.01 mol), taken in a round bottom flask was shaken by hand for 2 minutes. The reaction mixture 

was then heated in a water bath at 90 °C for one hour. With progress of the reaction a solid started 

to deposit and after one hour t he flask is full of s olid. The solid was taken out carefully with a  

spatula or spoon in a conical flask. The yellow solid was washed with cold water (1 ml) and then 

recrystallized from rectified spirit to give a colourless solid, m.p.195 °C. (lit. m.p.  201-202 °C). 
 

 

 

 
 

A mixture of benzaldehyde ( 0.530 g , 5.1mmol), ethyl bromoacetate (2.56 g , 15.3mmol), Zn 

powder ( 5g), a nd N H4Cl ( 2g) w as t horoughly gr inded in a n  m ortar a nd pe stle, a nd t he 

mixture was kept at room temperature for 2-3 hours. The reaction product was mixed with 

aqueous N H4Cl  a nd extracted w ith ether. The et her ext ract  was d ried over a nhydrous 

sodium sulphate. Evaporation of the solvent and volatile ketone gave the product which was 

determined by 1

O

+ BrCH2CH CH
Zn

NH4Cl

H2
C

OH

C
H

CH2

H-NMR and IR spectroscopy. 

 

2.2.4    Luche Reaction 
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A mixture of c yclohexanone (  0.5  g , 5.1m mol), allyl b romide ( 3.09 g , 25.5m mol), Z n 

powder ( 5g), a nd N H4Cl (2 g) w as t horoughly gr inded i n a n  mortar a nd pe stle and t he 

mixture was kept a t room temperature for 2-3 hours. The reaction product was mixed with 

aqueous N H4Cl  a nd extracted w ith ether. T he ether ext ract  was d ried over a nhydrous 

sodium sulphate. Evaporation of the solvent and volatile ketone gave the product which was 

determined by 1

2.2.5 Schiff’s Base Formation 

H-NMR and IR spectroscopy. 

 

 

 

NH2

CH N

CHO

Benzaldehyde
Aniline Benzophenone imine  

 

Mixed 1 ml (0.01 mol) of benzaldehyde and 1 ml (0.01 mol)  of aniline in a small china dish. 

Placed it on a boi ling water bath and stirred the mixture gently with glass rod. Globules of  

water s oon appeared on  t he oi ly layer. A fter a bout 20 m inutes, placed it i n ice water and 

stirred the c ontents well, w hereupon solidification rapidly occurred. B roke up t he ye llow 

solid material, transferred to the co nical f lask and recrystallised from rectified spirit. m.p.            

46 °C. (lit. m.p. 46-48 °C). 
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CHAPTER 3 

RESULTS AND DISCUSSION 

 
The products has been characterized by 1H NMR and IR studies. 1

3.1  Structural analysis of compound (1) of Reformatsky reaction  

H NMR spectra  gave the 

number of  proton(s), t ype of  p roton, the num ber of  pr otons on  the adjacen t car bon. IR 

spectrum helps in the identification of certain functional groups.    

 

 
 
1

CH

OH

H2
C C O C2H5

O

H NMR spectrum of compound 1 of Reformatsky reaction is shown in Fig. 3.1.The chemical 

shift values of various protons and characteristics IR  values for compound 1 of Reformatsky 

reaction are as given below:  

 

                           
                                                           (1) 
 
Chemical Shift (δ)               Type of proton(s) 
 
7.36-7.38 (5H, m)                 ArH 
5.17 (1H, m)                         CH of CH(OH) group 
3.5 (1H, broad)                     OH             
4.13 (2H, q)                           methylene of –CH2CH3 group 
2.86 (2H, m)                          methylene of -COCH2  group 
1.29 (3H, t)                            methyl 

 

FUNCTIONAL GROUP                  Values  in  cm
-1

  

Esters  C-O stretching                       1350-1050   (two bands) 

            O-H stretching                       3200-3500 (broad) 

            C=O stretching                       1750-1735 
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 Fig. 3.1:    1H NMR Spectrum of (1) 
 
 
 3.2  Structural analysis of compound (2) Luche reaction 
 
1

H2
C

OH

C
H

CH2

H NMR spectrum of compound 2 of Luche reaction is shown in Fig. 3.2. The chemical shift 

values of various protons and characteristics IR  values for compound 2 of Luche reaction are 

as given below: 

                                                                (2) 
 
Chemical Shift (δ)                                            Type of proton(s) 
 
1.27 (1H, broad)                                                 OH 
1.43 -1.68  (10H,m)                                            CH2 of cyclic ring 
2.22 (2H, d)                                                        CH2 of –C(OH)CH2 group 
5.89 (1H, m)                                                        CH of CH= CH2 group 
5.12 (2H, m)                                                        CH2 of CH= CH2 group 
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FUNCTIONAL GROUP                  Values  in  cm
-1

  
 
 O-H                                                     3200-3400 (broad) 
 
 
         

 
Fig. 3.2:  1

3.2  Structural analysis of compound (3) of three component coupling reaction  

H NMR Spectra of  (2) 
 
 

 
1H NMR spectrum of compound 3 of three component coupling reaction is shown in Fig. 3.3. 

The chemical shift values of various protons and characteristics IR  values for compound 3 of 

three component coupling reaction are as given below: 
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                                                          (3) 
 
 Chemical Shift (δ)                               Type of protons 
 
7.25-7.33 (5H, m)                             ArH 
5.39 (1H, s)                                      -CH of heterocyclic ring 
4.06 (2H, m)                                     - CH2 of COCH2CH3 group 
2.34 (3H, s)                                      - CH3  of heterocyclic ring 
1.17 (3H, t)                                      - CH3 of COCH2CH3 group 
 

FUNCTIONAL GROUP                  Values  in  cm
-1

  
 
α-β unsaturated ketone                       1690-1675 
N-H  Amines                                       3300-3500 
Amides   CONH2                                1690-1650 
 

 
 Fig. 3.3:  1H-NMR Spectra of  (3) 
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3.4  Structural analysis of compound (4) of radical coupling reaction  
 
The c ompound i s ha ving t he s ame m elting poi nt i .e. 212 °C  a s r eported i n literature. IR 

spectrum showed the presence of presence of  -OH group.The characteristics IR  va lues for 

compound 4 of radical coupling reaction are as given below: 

 
 

OH

OH

 
                                                                  (4) 
 
 
 

FUNCTIONAL GROUP                  Values  in  cm
-1

3.5 Structural analysis of  Schiff base (5) 

    
  
O-H                                                     3200-3400 (broad) 
(H-bonded alcohols) 
 
 

 
The compound is having the melting point 44 °C which matches with the literature value. IR 

spectrum showed the presence of  -OH group. The characteristics IR  values for compound 5 

of Schiff base are as given below: 

CH N

  
                                                                      (5) 
                             

FUNCTIONAL GROUP                  Values  in  cm
-1

  
 
Nitriles    CH=N                                    2210-2260                
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CHAPTER 4 

CONCLUSION 

 
We have performed f ive reactions viz., Reformatsky reaction, Luche reaction and reactions 

involving t he synthesis of  bis(β-naphthol), S chiff’s ba se, a nd a  t hree component coupling 

reaction has been studied under solvent free conditions during the present investigation.  

Reformatsky reaction of benzaldehyde with ethyl bromoacetate give β-hydroxy ester 

under solventless c onditions. T his reaction i nvolves t he c ondensation of  a ldehydes w ith 

organozinc derivatives of α-halo esters to give β-hydroxy e sters. S imilarly s ynthesis of  

homoallylic alcohols by the Luche reaction has been carried out efficiently in the absence of 

solvent w here be nzaldehyde a long with a llyl b romide i n p resence of  Zn-NH4Cl a nd i n the 

absence of solvent gave the Luche product.  Solventless synthesis of bis(β-naphthol) involves 

the radical coupling reaction of β-naphthol in t he pr esence of  f erric chloride. T hree 

component coupling reaction of benzaldehyde, ethyl acetoacetate and urea on heating at 90°C 

for one  hour  gave dihydropyrmidinones. Schiff base was a lso synthesized f rom aniline and 

benzaldehyde in an effort to study reactions under solvent free conditions. 

 It has been observed that reactions can also occur without any solvent leading to cost 

effectiveness of the reaction. Apart from this the reactions are also found to be efficient. 
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	Sapna 1
	sapna 2
	Prof. Paul Anastas of the 0TUnited States Environmental Protection Agency0T and Prof. John C. Warner gave 12 principles of green chemistry:
	It is better to prevent waste than to treat or clean up waste after it is formed.
	Synthetic methods should be designed to maximize the incorporation of all materials used in the process into the final product.
	Wherever practicable, synthetic methodologies should be designed to use and generate substances that possess little or no toxicity to human health and the environment.
	Chemical products should be designed to prevent efficacy of function while reducing toxicity.
	The use of auxiliary substances (solvents, separation agents, etc,) should be made unnecessary whenever possible and innocuous when used.
	Energy requirements should be recognized for their environmental and economic impacts and should be minimized. Synthetic methods should be conducted at ambient temperature and pressure.
	A raw material or feedstock should be renewable rather than depleting whenever technically and economically practicable.
	Unnecessary derivatization (blocking group, protection/deprotection, and temporary modification of physical/chemical processes) should be avoided whenever possible.
	Catalytic reagents (as selective as possible) are superior to stoichiometric reagents.
	Chemical products should be designed so that at the end of their function they do not persist in the environment and break down into innocuous degradation products.
	Analytical methodologies need to be further developed to allow for real-time, in-process monitoring and control prior to the formation of hazardous substances.
	Substances and the form of a substance used in a chemical process should be chosen so as to minimize the potential for chemical accidents, including releases, explosions, and fires.
	Nevertheless, it is remarkable that chemists still carry out their reactions in solution, even when a special reason for the use of solvent cannot be found [2]. It has been found that many reactions proceed efficiently in the solid state. The occurren...
	Though it is a common practice to run the organic reactions in solvent media, the chemists’ concern to minimize the environmental pollution caused by solvents and also their academic interest in solid-solid reactions have led them in recent times to d...
	The Function of a Solvent
	A general assumption with regard to organic reactions is that they are performed in a solvent medium. The rationale behind this concept is simple. That is, the reactants can interact effectively if they are in a homogeneous solution, which facilitates...


