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Abstract: The scope of green chemical synthesis and failure of conventional methods in synthesis of organic compounds has
been examined. Green solvents (like-DMSO, DMF, Water) and green methods were chosen as model to determine suitable
conditions of the reaction. In microwave synthesis a solvent-free reaction or in presence of universal solvent (water), the
product 2-methyl-2, propyl dioxolane was obtained with high yields 87% and 88% respectively. The protonic acid (HCI)
was the preferred choice as a catalyst and support to keep the reaction medium under mild and neutral conditions.

Index Terms: Green chemical synthesis, Alternative solvents, Non-corrosive, High yields, Stable to reaction conditions

INTRODUCTION:

An organic compound is defined as any compound whose molecules contain carbon and hydrogen (hydrocarbons) and compound
that is derived of it. Due to carbons ability to’catenate, millions of organic compounds are known. It is difficult to study these
millions of organic compounds together. Therefore, these organic.compounds are divided and further sub-divided into different
classes for an ease. It includes one of thesclasses of heterocyclic.compounds.

Various compounds such as alkaloids?, antibiotic, essential amino acids?, vitamins, harmons, haemoglobin and large number of
dyes® and synthetic drugs* contain hetero cyclic ring systems.

Substituted cyclic acetalsiare important intermediates in organic synthesis and are widely:used as solvents; plasticizers, surfactants,
etc.5. 1,3-Dioxacyclo-alkyl moiety is often present in complex molecules having biological activity®. Protection of carbonyl function
as acetal is known to be the widely used synthetic route for the manipulation of various multifunctionalrganic molecules ’. Acetals
can also be used for C-C bond:formations &, synthesis of ethers®, esters 1, and cyclization of diynes** (Fig.1). Additionally acetals
have enormous industrial importance dueto their potential utility as flavoring agents in distilled beverages, diesel additives and
plastic materials 2.

NA/

Fig.1- Uses of Acetals
1.1 Acetals and Cyclic Acetals
An acetal is an organic molecule where two separate oxygen atoms are single bonded to a central carbon atom *3.e.g.
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Fig. 2 - Structure of Acetal
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A cyclic acetal is an acetal in the molecule of which the acetal carbon and one or both oxygen atoms thereon are members of a

ring *4.Example,
O s}

\‘[/{— Acetal carbon
R

Fig. 3 - Structure of Cyclic Acetal

Formation of Acetals

Acetals are formed by aldehydes and ketones which reacts with alcohols or diols in presence of acid catalysts. Acid catalysts are
acids that speed up the rate of a reaction. As catalyts are never eaten alive in a chemical reaction, they simply play the role as a
super boost, ensuring the reaction reaches completion in record time.

1.2. Mechanism of formation:
There are seven steps involved in acetal formation.

Step 1:- Protonate the carbonyl group on the ketone molecule (a) using the proton from an acid catalyst. Protonation refers to the
transfer of a proton (H) to a molecule or atom in order to form a bond.

(a} (b)

Step 2:- Take andiol and use it to perform a nucleophilic attack on the product formed in step one (b). A nucleophile is a species
that graciously donates its electron pair in order to form a chemical bond.

Step 3:- Deprotonate, or remove the proton (H), the product formed in step three, is an hemiacetal (c). A hemiacetal is a molecule
formed when an diol is added to an ketone.

H
OH % =~ OH O/X
><® ><
OH oH
(c)

Step 4:- Take hemiacetal and protonate the alcohol group using the hydronium ion.

Step 5:- In this step, due to unstable charge water molecule bump off the product. To make stabilize the product (d) moves the
electron pair from other oxygen molecule.

G%]
%4;20% Tomo )K R

(d)

Oxonium ion

(e)
Step 6:- The lone pair of other oxygen atom of diol move on to the carbocation formed when double bond moves on former oxygen
atom to complete its valency. This results in cyclisation of the product (e).
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Step 7:- In the final step,deprotonation of the final product (f) takes place. The so-called product is dioxolane.

t; Q
s} —H
S e
Dioxolane
1.3. Qualities of a good protecting group in organic synthesis
A good protecting group should be such that —
(a) Simple to put on, in high yield.

(b) Stable to reaction conditions.
(c) Easy to remove, in high yield.

Protecting groups are more commonly.dsed in small-scale laboratory wark and initial"development than in industrial production
processes because their use adds additional steps and material costs te:the process >17.

1.4. Application of dioxolang@and its derivatives and protection of carbonyl group

-The reaction type i.e. protection of carbonyl compound is used. in the total synthesis of many of the natural products such as - Total
Synthesis of Cholestrol, Geraniol, ete.

-Dioxolane is an essential raw. material for the production of the anti-viral compound acyclovir (an antiviral drug used chiefly in
the treatment of herpes'and AIDS) *8.

-1, 3-dioxolane is a powerful aprotic solvent for used in formulations, in production processes or even as a reactant itself. It is also
an essential ingredient in important industrial polymers and.€ertain niche pharmaceutical intermediates. Dioxolane can serve as a
MV regulator in the polymerization of vinyl chloride. It can also serve to stabilize crosslinked PVC *°.

-Dioxolane is also used as an alternative for otherimore toxic organic solvents. For example, it is the best substitute for chlorinated
organic solvents such as'methylene chloride, 1,2-dichloroethane and 1,1,1-trichloroethane. Also it is the most powerful solvent for
softening and dissolving polymers made from polar monomers, for e.g.- polycarbonates, acrylates, cellulosics urethanes, phenolics
etc 20,

- A mixture of ethylene glycol and 1, 3-dioxolane (DOXL) forms an electrolyte and this electrolyte is used in lithium sulfur battery
21

-2,2-dimethyl-1,3-dioxolane derivatives could serve as a promising compound for the development of novel anti-rhinoviral
medicines. It works against HRV (human rhino-virus) protease .

-Glycerol acetals and Glycerol ketals can be synthesized through the acid-catalyzed reactions of glycerol with aldehydes and ketones
respectively. And these are used as fuel (diesel) additives in biodiesel industry 2.

Classical methods for the synthesis of acetals involve the treatment of aldehydes or ketones with an alcohol by either protic or
Lewis acid catalyst’. Unfortunately, these procedures have some disadvantages such as use of corrosive and costly reagents or
additives, halogenated solvents, large waste and high catalyst loading*-*°.

In this work a novel and efficient metal-free protocol for the synthesis of acetals and cyclic acetals using green chemical procedures
and green solvents has been discussed to obtain valuable information on reaction conversion, selectivity and reaction yield.

1JSDR2002071 International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org 418


http://www.ijsdr.org/

ISSN: 2455-2631 © February 2020 IJSDR | Volume 5, Issue 2

According to the green chemistry point of view reactions are important because these types of reactions would allow the
minimization of waste compared to stepwise reactions the amount of solvents, reagents, adsorbents and energy would be
dramatically decreased. Thus, these reactions would allow an ecologically and economically favorable production“.

1.5. Materials and Methods-
[A]Chemicals

1. Ethylene glycol (Diol)

2. Methyl propyl Ketone

3. Hydrochloric acid

4. Solvents like- DMSO, DMF, Toluene, Distilled Water,
5. Solvent for TLC chamber- petroleum ether and benzene.
6. lodine crystals

[B]Apparatus

Water condenser, guard tube, glass wool, plastic pipes, stand tashold condenser, clamp, heating mantle, R. B. flask, dean-stark
apparatus, cork, petroleum gel, TLC sheets, desicator, etc.

Methods-
[1] By conventional heating method-
General procedure for 2-methyl-2, propyl dioxolane

To a flame-dried 100ml flask add methyl propyl ketone (1) and ethylene 'glycol (2) in equimolar ratio. Add hydrochloric acid as a
catalyst and then toluene as a solvent. Fix the reaction vessel using:dean stark apparatus and condenser (Fig.4). As temperature
rises, the reaction was monitoredby TLC (Fig.5). After the completionof the reaction, the mixture was filtered and concentrated
on sand bath to obtain pure product (3) 2-methyl-2, propyl dioxolane. The.reaction 'was completed in 120min. with 70% vyield
(scheme 1).

Q 0
|—‘ HCl
. N

OH OH <
Toluene,120min., 60°C

CHs CH:z CH2CHs CH: CHa2 CH:CHs

{1) (2) {3l

Scheme- 1

Fig.4:- Reaction setup Fig.5:- Desicator showing TLC

Procedure using green solvents: [1] DMSO as a green solvent.To a flame-dried 100ml flask add reactant (1) and (2) in equimolar
ratio. Add hydrochloric acid as a catalyst and then DMSO as a solvent. Set the reaction vessel using dean stark apparatus and
condenser. As temperature rises, the reaction was monitored by TLC. After the completion of the reaction, the mixture was filtered
and concentrated on sand bath to obtain pure product (3) 2-methyl-2, propyl dioxolane. The reaction was completed in 150min.with
60% yield.

[2] DMF as a green solvent:
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To a flame-dried 100ml flask add reactant (1) and (2) in equimolar ratio. Add hydrochloric acid as a catalyst and then DMF as a
solvent. Fix the reaction vessel using dean stark apparatus and condenser. As temperature rises, the reaction was monitored by TLC.
After the completion of the reaction, the mixture was filtered and concentrated on sand bath to obtain pure product (3) 2-methyl-2,
propyl dioxolane. The reaction was completed in 133min. with 62% yield.

[3] Water as a universal green solvent:

To a flame-dried 100ml flask add reactant (1) and (2) in equimolar ratio. Add hydrochloric acid as a catalyst and then water as a
solvent. Fix the reaction vessel using dean stark apparatus and condenser. As temperature rises, the reaction was monitored by TLC.
After the completion of the reaction, the mixture was filtered and concentrated on sand bath to obtain pure product (3) 2-methyl-2,
propyl dioxolane. The reaction was completed in 60min. with 80% yield.

[B] By microwave heating method-[1] Using DMSO

An equimolar ratio of reactant (1) and (2) in a neat, clean and flame dried reaction vessel. The mixture was irradiated with
microwave at specified power level for several minutes and the progress of reaction was monitored by TLC. After completion of
reaction, the product was concentrated on sand bath to obtain pure product (3) 2-methyl-2, propyl dioxolane. The reaction takes
only 4min. with 78% yield (scheme- 2).

0
0
. HC1

OH OH ~
DMS0,4min. 120°C
CHs CH2 CH:CH3 CHs CH: CH,CHs

1) (2) [E]

Scheme- 2

Microwave heating

[2] Using DMF as a solvent-

An equimolar ratio of reactant (1) and (2) in a neat, clean and flame dried reaction vessel. The mixture was irradiated with
microwave at specified power level for several minutes and the progress of reaction was monitored by TLC. After completion of
reaction, the product was concentrated on sand bath to obtain pure product (3) 2-methyl-2, propyl dioxolane. The reaction takes
5min. with 81% yield.

[3] Using Water as a solvent-

An equimolar ratio of reactant (1) and (2) in a neat, clean and flame dried reaction vessel. The mixture was irradiated with
microwave at specified power level for several minutes and the progress of reaction was monitored by TLC. After completion of
reaction, the product was concentrated on sand bath to obtain pure product (3) 2-methyl-2, propyl dioxolane. The reaction takes
only 4min. and gives 87% yield.

[4] Solvent-free reaction-

An equimolar ratio of reactant (1) and (2) in a neat, clean and flame dried reaction vessel. The mixture was irradiated with
microwave at specified power level for several minutes and the progress of reaction was monitored by TLC. After completion of
reaction, the product was concentrated on sand bath to obtain pure product (3) 2-methyl-2, propyl dioxolane. The reaction takes
3min. and gives 88% yield.
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Table-1:- Preparation of 2-methyl-2, propyl dioxolane from ketone

Sr. | Reactant 1 Reactant | Solvents Heating method | Time Temp.(° | Yield (%)
no. 2 (min.) C)

1. Methyl propyl ketone Diol Toluene Conventional 120 60°C 70%

2. Methyl propyl ketone Diol DMSO Conventional 150 60°C 60%

3. Methyl propyl ketone Diol DMF Conventional 133 70°C 62%

4. Methyl propyl ketone Diol Water Conventional 60 80°C 85%

5. Methyl propyl ketone Diol DMSO Microwave 4 120°C 78%

6. Methyl propyl ketone Diol DMF Microwave 5 110°C 81%

7. Methyl propyl ketone Diol Neat Microwave 3 80°C 87%

8. Methyl propyl ketone Diol Water Microwave 4 100°C 88%

1.6. Result and discussion
[A] Result:

We obtain the product 2-methyl-2, propyldioxolane (3)

Q

CHs CH: CH:CHs

{3}
Colourless oil, B.P.136°C.

Table-2: - EI mass spectrum

Total peaks 34
m/z top peak 87
m/z second highest peak 43
m/z third highest peak 27

1,3-Dioxolane, 2-methyl-2-propwyl-
El mass spectrum, top peaks displayed
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B] Discussion:

Generally, dioxolanes are synthesized in presence of a p-toluene sulfonic acid which is extremely strong acidic. In many sulfonation
reactions SO; are given off which may lead to bronchitis and conjunctivitis.
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It is clear from the above mechanism that green solvent requires classically 1.5 — 2 hours and can be readily achieved under
microwave irradiation in high yields in 3 — 5 minutes(Table 1: entry 5,6,7,8 can be chosen as representative examples). This might
have been because of reactants are overheated by the conventional way of heating, and this may result in the decomposition of the
reactants, reagent and/or products. But this is not the case with microwave heating as these radiations pass through the walls of
reaction vessels. Microwave just heat up the sample and not the apparatus (reaction vessel) and therefore, energy consumption is
much reduced.

Water appears to be a better option compared to other green solvents because of its abundant, non-toxic, non-corrosive and non-
flammable nature. Recently, it has drawn much more attention, because water is cheap, safe and environmentally begins solvent.

Interestingly, the experimental procedure for methyl propyl dioxolane is remarkably simple and in absence of harmful solvents
(such as TsOH) or inert atmosphere.

1.7.Conclusion

Green chemistry is definitely not another part of science; it is another philosophical approach that, through the introduction and
expansion of its rules, could lead to a substantial development in chemistry laboratories.

Green chemistry has found alternative ways to cut energy consamption by changing processes. It also provides alternative solvents
(Table-3) which reduces ecological problems because of itsdess toxicity, less hazard, safer than other organic solvents for industrial
applications. In the coming decades, green chemical synthesis will be maore attractive and practical. Researchers and pharmaceutical
companies need to be encouraged to consider the principles of green chemistry while designing and choosing reagents.

Table-3: - Red solvents and their alternative green solvents

Sr. no. | Red Solvents Alternative solvents Other green solvents
1. Benzene Cyclohexane Water, Glycerol, PEG
2. CCl,, CHCI3 Dichloromethane(DMC)
3. Toluene, acetone and | Ethyl acetate, ethyl lactate
Xylene
100%
80%
60%
? ® Microwave heating
40% . .
m Conventional heating
20%
0%

Run

Fig.7:- - Chart indicating effect of microwave heating:and conventional heating method of 2-methyl-2, propyl dioxolane.
Conventional heating method takes a.lot of.time while microwave heating is not.
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