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Introduction to Organic Chemistry



Organic Chemistry



What is an organic Chemist?

Organic chemists investigate the structure, properties, composition, 
reactions, and synthesis of organic molecules. 

Molecules Makers

Their work is crucial in many fields, including 
pharmaceuticals, petrochemicals, food science, and 
materials science contributing to the development of 
new drugs, plastics, cleaners, and many other products

We are important 



What do you think when you read this product label?

Would you like to buy it?

What is an organic Chemist?



Chemophobia

Diseñooriginal: James Kennedy (jameskennedymonash.wordpress.com) 

ü Chemistry is perceived as synonymous with 
'artificial' and 'dangerous'.

ü A society that rejects chemistry.
ü The media and the misuse of marketing promote a 

distorted and unfair vision άŎƘŜƳƛŎŀƭ ςŦǊŜŜέ

Siegrist, M., Bearth, A. Chemophobia in Europe and reasons for biased risk perceptions. 
Nat. Chem.11, 1071ς1072 (2019). https://doi.org/10.1038/s41557-019-0377-8
Chemophobia: A systematic review, R. Rollini, L. Falciola, S. Tortorella, Tetrahedron, 2022, 113, 132758
DOI: 10.1016/j.tet.2022.132758 
Describing the public perception of chemistry on twitter, 
Chem. Educ. Res. Pract., 2020, 21, 989-999, 10.1039/C9RP00282K
Chalupa, R., bŜǎƳŠǊłƪ, K. Chemophobia and passion: why chemists should desire Marcel Proust.
MonatshChem153, 697ς705 (2022),
https://doi.org/10.1007/s00706-022-02945-5

https://doi.org/10.1038/s41557-019-0377-8
https://doi.org/10.1039/C9RP00282K
https://doi.org/10.1007/s00706-022-02945-5
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Organic Chemistry

Organic chemists investigate the structure, properties, composition, 
reactions, and synthesis of organic molecules. 



A + B C

Organic Chemistry

Organic chemists investigate the structure, properties, composition, 
reactions, and synthesis of organic molecules. 



Organic chemistry is known for its complexity and diversity because the carbon atom can form strong bonds with many 
other types of atoms and can form chains and rings, allowing for the creation of an immense variety of molecules.

Perception Organic Chemistry



What is the fashion trend in organic Chemist?



What is the fashion trend in organic Chemist?



The evolution of organic chemistry over the years has been marked by significant changes in the types of 
reactions discovered and utilized by chemists. A hundred years ago, the field was dominated by relatively 
simple reactions like esterificationsand Michael additions. However, from around 1960 to 1980, there was a 
notable shift towards more complex reaction classes, such as cycloadditions and PausonςKhand reactions. 

Chemists Use Ancient Chemistries !



Reactions types Methodologies on Medicinal Chemistry

Analysis of Past and Present Synthetic Methodologies on Medicinal Chemistry: Where Have All the New Reactions Gone?
Dean G. Brown and Jonas Boström, J. Med. Chem. 2016, 59, 10, 4443ς4458
https://doi.org/10.1021/acs.jmedchem.5b01409

Occurrence of a particular reaction, plotted as the percentage of which it shows up in at least one manuscript 

(n = 125; representative data set taken from 2014, J. Med. Chem., blue; 1985, J. Med. Chem., red). 

The arrows (and years) indicated the first citation of this technology in the primary literature.

.

Occurrence of a functional group in the IBEX database (6.2M) records 

of pharmaceutical drug discovery patents and journals) versus those 

found in the Dictionary of Natural Products (0.23M records).

Where indicated, a nonspecific R group represents a free site at any 

position. As an example, THP would include any pyranose derivative 

found in the DNP

two reactions make up over half of all those used in synthesis to discover and develop drugs: the 
amide formation and the SuzukiςMiyauracross coupling. 

https://doi.org/10.1021/acs.jmedchem.5b01409


4. Making and modifying heterocycles ςA reaction to install functional groups ς
from alkyl to halogen ςanywhere on aromatic and aliphatic heterocycles, such as 
pyridine, piperidine or isoxazole. Reactions that can make completely new 
heterocycles from scratch would be a bonus.

https://www.chemistryworld.com/news/the-five-reactions-on-every-organic-chemists-wish-list/3010150.article

1. Fluorination ςExchanginga specific hydrogen for a
fluorine atom in moleculeswith many functional groups. A
reaction that installsa difluoromethyl group would be nice
too

2. HeteroatomalkylationςA reactionthatςselectivelyςattaches
an alkyl group onto one heteroatom in rings that have several,
suchaspyrazoles,triazolesandpyridones.

3. CarboncouplingςA reaction as robust and versatile as traditional
crosscouplingfor stitchingtogetheraliphaticcarbonatomsςideallywith
control of chirality,too. Chemistsalsowant more optionsfor the kindsof
moleculesthey canuseascouplingprecursors

5. Atom swappingςA reaction that can exchangeindividual atoms
selectively,like swappinga carbon for a nitrogen atom in a ring. This
chemicalversionof geneeditingcouldrevolutionisedrugdiscovery,but is
probablyfurthest from realisation.

Reactions types: Wish - list

https://www.chemistryworld.com/news/the-five-reactions-on-every-organic-chemists-wish-list/3010150.article


What is the fashion trend in organic Chemist?

A + B C

The reactions might stay the same, but nowadays a lot of effort is put into moving from 
simpler to more complex reactions 



Ç Green Chemistry: A stronger focus on sustainability, aiming to reduce the environmental impact of 
chemical processes and syntheses.

What is the fashion trend in organic Chemist?

A + B C

The reactions might stay the same, but nowadays a lot of effort is put into moving from 
simpler to more complex reactions 

Design is a signal of intention
ά/ǊŀŘƭŜ ǘƻ /ǊŀŘƭŜέ  William McDonough 2002 



What is the fashion trend in organic Chemist?
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Design is a signal of intention
ά/ǊŀŘƭŜ ǘƻ /ǊŀŘƭŜέ  William McDonough 2002 



Twelve Principles of Green Chemistry
(Anastas and Warner 1998)

1. Prevent waste: Designchemical syntheses to prevent waste. Leave no waste to treat or clean up.
2. Maximize atom economy: Designsyntheses so that the final product contains the maximum proportion 
of the starting materials. Waste few or no atoms.
3. Design less hazardous chemical syntheses: Designsyntheses to use and generate substances with little 
or no toxicity to either humans or the environment.
4. Design safer chemicals and products: Designchemical products that are fully effective yet have little or 
no toxicity.
5. Use safer solvents and reaction conditions: Avoid using solvents, separation agents, or other auxiliary 
chemicals. If you must use these chemicals, use safer ones.
6. Increase energy efficiency: Run chemical reactions at room temperature and pressure whenever 
possible.
7. Use renewable feedstocks: Use starting materials (also known as feedstocks) that are renewable rather 
than depletable. The source of renewable feedstocks is often agricultural products or the wastes of other 
processes; the source of depletable feedstocks is often fossil fuels (petroleum, natural gas, or coal) or 
mining operations.
8. Avoid chemical derivatives: Avoid using blocking or protecting groups or any temporary modifications if 
possible. Derivatives use additional reagents and generate waste.
9. Use catalysts, not stoichiometric reagents: Minimize waste by using catalytic reactions. Catalysts are 
effective in small amounts and can carry out a single reaction many times. They are preferable to 
stoichiometric reagents, which are used in excess and carry out a reaction only once.
10. Design chemicals and products to degrade after use: Designchemical products to break down into 
innocuous substances after use so that they do not accumulate in the environment.
11. Analyze in real time to prevent pollution: Include in-process, real-time monitoring and control during 
syntheses to minimize or eliminate the formation of byproducts.
12. Minimize the potential for accidents: Designchemicals and their physical forms (solid, liquid, or gas) to 
minimize the potential for chemical accidents including explosions, fires, and releases into the environment.

EPA, United States Environmental Protection Agency ςBasics of Green Chemistry, https://www.epa.gov/greenchemistry/basics-green-chemistry

https://doi.org/10.1016/j.trechm.2019.08.002

https://www.epa.gov/greenchemistry/basics-green-chemistry
https://doi.org/10.1016/j.trechm.2019.08.002


Green Chem., 2005,7, 761-762 https://doi.org/10.1039/B513020B

They can be condensed with the acronym ϥtwh5¦/¢L±9[¸Ω, 
Prof. Sir M. Poliakoffcaptures the spirit of each of the twelve principles of green chemistry in just two or three words.

P  Prevent  wastes
R  Renewable  materials
O  Omit derivatization steps 
D  Degradable  chemical products 
U  Use safe synthetic methods Catalytic reagents
T  Temperature, pressure ambient
I  In-process  monitoring
V  Very few auxiliary substances
E E-factor , maximise feed  in product 
L  Low toxicity  of chemical  products 
Y  Yes, it is safe

Condensed Principles of Green Chem

Principles of green chemistry: PRODUCTIVELY 

https://youtu.be/_KYiLFkMQ_E

https://doi.org/10.1039/B513020B
https://youtu.be/_KYiLFkMQ_E


https://learning.acsgcipr.org/

Curso

Green Chemistry

https://learning.acsgcipr.org/


Green chemistry focuses on reducing risk by reducing hazard.
- If there is no hazard, exposure becomes irrelevant.

The traditional approach to hazards focuses on reducing risk by minimizing 
exposure.

- For example, wearing personal protective equipment or space ventilation if the chemical is 
volatile.

Risk =  Hazard x Exposure

Green chemistry and engineering focus on reducing risk by 
reducing hazard.

Hazard must be recognized as a flaw in the designing process

Green Chemistry



3. Design less hazardous chemical syntheses: Designsyntheses to use and generate substances with little or no 
toxicity to either humans or the environment.

12 Principles of Green Chemistry

A + B C
Physical-chemical properties of a compound or material:

Ç State of matter
Ç Colour
Ç Melting point
Ç Boiling point
Ç Solubility
Ç Electric conductivity

ü Toxicity
ü biodegradability
ü Environment and human Impact

4. Design safer chemicals and products: Designchemical products that are fully effective yet have little or no toxicity.

10. Design chemicals and products to degrade after use: Designchemical products to break down into innocuous substances after use so 
that they do not accumulatein the environment.
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Isosorbide Diester provides benefits in performance 
materials as a safe, specialty plasticizer. 
It is an alternative of choice to standard petrochemical-based 
plasticizers. 

Phthalate-free and 100% bio-based, obtained from 
esterification of isosorbide with plant-based fatty acids.
It offers outstanding compatibility and processability with 
PVC resins. 
An alternative of choice to standard petrochemical-based 
plasticizers.

This product is registered in REACH regulation. Risk assessment was obtained by conducting a wide range of biodegradability 
and toxicological protocols. Overall, these studies demonstrated that this new solution is nontoxic to mammalian life and is 
readily biodegradable. 

the plasticizer diisononyl phthalate (DiNP) is added to PVC to make it flexible, as well as having 
other polymer applications. Higher molecular weight plasticisers, including DINP, account for 
around 60% of the market in Europe, according to trade body European Plasticisers.

3. Design less hazardous chemical syntheses: Designsyntheses to use and generate substances with little or no 
toxicity to either humans or the environment.

12 Principles of Green Chemistry

4. Design safer chemicals and products: Designchemical products that are fully effective yet have little or no toxicity.

10. Design chemicals and products to degrade after use: Designchemical products to break down into innocuous substances after use so 
that they do not accumulatein the environment.



Simple Examples of Common Metrics in

Chemical Reaction .

Green Chemistry

A + B C D + E C



Simple Examples of Common Metrics in

Chemical Reaction .

Porcentaje (%) 

Yield (e)

Selectivity (S)

Reaction 

Efficiency 

Green Chemistry

A + B C D + E C



Reaction Efficiency from a Green 

Chem. view 

Green Chemistry

A + B C + W

Green metrics have been designed as quantitative tools to evaluate process/product efficiency, while indicating its 
weaknesses in ecological, economic, and safety terms.

Green metrics: based on the 12 principles of green chemistry
.
Metrics are vital ςȅƻǳ ŎŀƴΩǘ ƳŀƴŀƎŜ ǿƘŀǘ ȅƻǳ ŘƻƴΩǘ ƳŜŀǎǳǊŜ

1. Prevent waste: Design chemical syntheses to prevent waste. Leave no waste to treat or clean up.



ÇDefined:Ψŀcalculationofάhow muchof the reactantsremain in the final productέ
ÇSimplecalculation
ÇThe larger the number, the higher the percent of all reactantsappearingin the
product" (0-100%)
ÇDoesnot accountfor solvents,reagents,reactionyield,andreactantmolarexcess

B.M. Trost, Science, 1991, 254, 1471-1477.

A + B C + by- products

% Atom  
Economy (AE) =

M.w. (product C)

M.w. of A + M.w. of B
x 100

2. Maximize atom economy: Design syntheses so that the final product contains 
the maximum proportion of the starting materials. Waste few or no atoms.

Common Green Metrics 



2. Maximize atom economy: Design syntheses so that the final product contains the maximum proportion 
of the starting materials. Waste few or no atoms.

Product

Product

Waste

Good AE

Low AE

òBecause an Atom is a Terrible Thing to Wasteó

Reactions types

Multicomponent reactions: advanced tools for sustainable organic synthesis
R.C. Cioc, E. Ruijter, R. V. A. Orru
Green Chem., 2014, 16, 2958
DOI: 10.1039/C4GC00013G 



ÇVery useful metric for industry
ÇThe smaller the number, the closer to zero waste beingproduced
Ç5ŜǇŜƴŘǎ ƻƴ ƻƴŜΩǎ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ΨǿŀǎǘŜΩ

Process use only or chemicals needed for scrubbing
ÇE-factor can be split into different sub-categories:

VOrganic waste
VAqueous waste (water itself excluded)

R. A. Sheldon, ChemInd. (London), 1992, 903-906.

E-Factor=
Total waste (Kg)

Product(Kg)

Common Metrics: E - Factor

1. Prevent waste: Design chemical syntheses to prevent waste. Leave no waste to 
treat or clean up.



ACS SustainableChem. Eng. 2018, 6, 1, 32ς48
https://doi.org/10.1021/acssuschemeng.7b03505

Green Chem., 2007, 9, 1273-1283
https://doi.org/10.1039/B713736M

Green Chem., 2017,19, 18-43
https://doi.org/10.1039/C6GC02157C

Common Metrics: E - Factor

https://doi.org/10.1021/acssuschemeng.7b03505
https://doi.org/10.1039/B713736M
https://doi.org/10.1039/C6GC02157C


E Factor vsAtom Economy

Barry Trost

άŀǘƻƳ ŜŎƻƴƻƳȅέ

+

Roger Sheldon

ά9-ŦŀŎǘƻǊέ

Two views of the same thing: half full or half empty ??

-

how much of the 
reactants remain in the 

final product

how much waste produce 
for final product

12 Principles of Green Chemistry

2. Maximize atom economy: Design syntheses so that the final product contains 
the maximum proportion of the starting materials. Waste few or no atoms.



Common Green Metrics 

Evolution of selective sustainability metrics describing 
material efficiency

Useful Tools for the Next Quarter Century of  Green Chemistry Practice: A Dictionary of Terms and a Data Set of 
Parameters for High Value Industrial Commodity Chemicals
ACS Sustainable Chem. Eng.2018, 6, 3, 3206ς3214
https://doi.org/10.1021/acssuschemeng.7b03360

https://doi.org/10.1021/acssuschemeng.7b03360


Green chemistry-related metrics used in chemical manufacturing. Chemical manufacturer responses (n = 

18) to the 2012 Roundtable survey question ñWhat green chemistry and engineering related metrics 

does your company use?Select all that apply.ò Percentage of respondents indicating one or more 

metrics surveyed in use computed as the ratio of [total responses ï(not sure + none)]/(total responses).

PMI = process mass intensity = (mass of raw materials)/(mass of final product).

E-factor = (mass of waste)/mass of final product).

LCA = life cycle assessment.

Implementing Green Chemistry in Chemical Manufacturing: A Survey Report
R.J. Giraud; P. A. Williams; A. Sehgal; E. Ponnusamy; A.K. Phillips; J. B. Manley; 
ACS Sustainable Chem. Eng.2014, 2, 2237-2242.
https://doi.org/10.1021/sc500427d 

What Metric?

https://www.acsgcipr.org/tools-for-innovation-in-chemistry/

Ç Green ChemistryInnovationScorecardCalculator
Ç ProcessMassIntensity (PMI) Metric
Ç ProcessMassIntensity Calculator
Ç ConvergentProcessMassIntensity Calculator
Ç ProcessMassIntensity LifeCycleAssessment
Ç ProcessMassIntensity PredictionCalculator

https://doi.org/10.1021/sc500427d
https://www.acsgcipr.org/tools-for-innovation-in-chemistry/


E-factor for different Industrial sector 

Common Metrics: E - Factor



The data indicates that oil companies generate significantly less waste than pharmaceutical companies.
This reflects the oil industry's imperative to minimize waste and repurpose products that would typically be discarded. 
The pharmaceutical sector prioritizes manufacturing and molecule quality.
Despite its high-profit margins and less concern over comparatively largerwaste volumes (considering the volumes used), it's noted that the 
pharmaceutical industry still produces less waste tonnage than other sectors.

Common Metrics: The E Factor



Organic chemistry is known for its complexity and diversity because the carbon atom can form strong bonds with many 
other types of atoms and can form chains and rings, allowing for the creation of an immense variety of molecules.

Reactions types



Researchers at GlaxoSmithKline have studied reactions
used to prepare molecules of pharmaceutical interest

D. Curzons, D. J. C. Constable, D. N. Mortimer, V. L. Cunningham, 
Soyou think your process is green, how do you know?τUsing principles of sustainability to determine what is greenςa corporate perspective
Green Chem., 2001,3, 1-6 
https://doi.org/10.1039/B007871I

Reactions types



Example: Epoxidation of styrene

O O

OH

Cl

+

O

+

O OH

Cl

ÅAssume 100% yield.

Å100% of the desired epoxide product 
is recovered.

Å100% formation of the co-product: 
m-chlorobenzoicacid.

ÅA.E. of this reaction is 23%. 

Å77% of the products are waste.

desired epoxide wastestyrene

12 Principles of Green Chemistry

2. Maximizeatom economy: Designsynthesesso that the final product contains
the maximumproportionof the startingmaterials. Wastefew or no atoms.

Product

Product

Waste

Good AE

Low AE

3-Chloroperbenzoic acid
MCPBA



Case study: Production of ethylene oxide

Ethylene oxide is used as an intermediate in 
the productionof several industrial chemicals, the most 
notable of which is ethylene glycol.
It is also used as a fumigant in certain agricultural 
products and as a sterilant for medical equipment and 
supplies.

Conventional ethylene oxide synthesis 
included:
ÅA 2-step synthesis with a chlorohydrin 

intermediate. 
ÅFor each kilogram of product, 5 Kg of waste 

were disposed. 

1. Prevent waste: Design chemical syntheses to prevent waste. Leave no 
waste to treat or clean up.

12 Principles of Green Chemistry



43

Alternative production of ethylene oxide:

Å Use of molecular oxygen removes the need 
for chlorine.

Å New process generates more than 16 times 
less waste than the original one and 
eliminates the formation of wastewater.

Case study: Production of ethylene oxide

1. Prevent waste: Design chemical syntheses to prevent waste. Leave no waste to 
treat or clean up.

12 Principles of Green Chemistry



12 Principles of Green Chemistry

2. Maximize atom economy: Design syntheses so that the final product contains 
the maximum proportion of the starting materials. Waste few or no atoms.

RSC Adv., 2017,7, 37-46 https://doi.org/10.1039/C6RA25045A

Biobased non-isocyanate polyurethanes

https://doi.org/10.1039/C6RA25045A


Golden Ratio / Golden Section
Green chemistry = Golden chemistry

BC

AC
=

AB

BC
=f=

5-1

2
=0.618...

1

1

1 1

1

1

f

f

1

Pentagon Parthenon Great Pyramid

Determining the material efficiency of a reaction relative to a ògoldenòeconomy of atoms (a
reference to the ògoldenratioòknown to mathematicians for centuries) .

Wpkhkecvkqp"qh"Tgcevkqp"Ogvtkeu"hqt"Itggp"Ejgokuvt{"KK<Ң"
Evaluation of Named Organic Reactions and Application to 
Reaction Discovery
Org. Process Res. Dev. 2005, 9, 4, 404ҭ431
https://doi.org/10.1021/op050014v

https://doi.org/10.1021/op050014v


The ôgoldenõ threshold for a single- step reaction 
is given by Equation

Golden Ratio / Golden Section
Green chemistry = Golden chemistry

(1) AE>61.8% so that AE>EMW

(2) RME>61.8% so that RME>EMW

(3) Reaction solvents and all post - reaction materials used in the work -

up and purification stages must be reclaimed and/or eliminated  

Wpkhkecvkqp"qh"Tgcevkqp"Ogvtkeu"hqt"Itggp"Ejgokuvt{"KK<Ң"
Evaluation of Named Organic Reactions and Application to 
Reaction Discovery
Org. Process Res. Dev. 2005, 9, 4, 404ҭ431
https://doi.org/10.1021/op050014v

https://doi.org/10.1021/op050014v


The concept of minimum atom economy (AE)min and maximum environmental impact 
factor has been introduced and applied to a database of over 400 named organic
reactions

MCR

Condensations

Urea

Wpkhkecvkqp"qh"Tgcevkqp"Ogvtkeu"hqt"Itggp"Ejgokuvt{"KK<Ң"
Evaluation of Named Organic Reactions and 
Application to Reaction Discovery
Org. Process Res. Dev. 2005, 9, 4, 404ҭ431
https://doi.org/10.1021/op050014v

Over half the known name reactions satisfy this 
threshold criterion .

Golden Ratio / Golden Section
Green chemistry = Golden chemistry

https://doi.org/10.1021/op050014v


Reactions types



https://reagents.acsgcipr.org/reagent-guides 

https://www.acsgcipr.org/tools-for-innovation-in-chemistry/

J. P. Adams, C. M. Alder, I. Andrews, A. M. Bullion, M. Campbell-Crawford, M. G. Darcy, J. D. Hayler, R. K. Henderson, 
C. A. Oare, I. Pendrak, A. M. Redman, L. E. Shuster, H. F. Sneddon and M. D. Walker, Development of D{YΩǎ reagent 
guides ς embedding sustainability into reagent selection, Green Chem., 2013, 15, 1542-1549.
K. Alfonsi, J. Colberg, P. J. Dunn, T. Fevig, S. Jennings, T. A. Johnson, P. H. Kleine, C. Knight, M. A. Nagy, D. A. Perry and 
M. Stefaniak, Green chemistry tools to influence a medicinal chemistry and research chemistry based organisation, 
Green Chem., 2008, 10, 31-36.

ÇwŜŀƎŜƴǘ ǎŜƭŜŎǘƛƻƴ ƎǳƛŘŜǎ ŀǎǎƛǎǘ ǘƘŜ ǳǎŜǊ ƛƴ ǎŜƭŜŎǘƛƴƎ ǘƘŜ ΨƎǊŜŜƴŜǎǘΩ 
reagent for a particular transformation.

Ç individual ranking or grouping within the guides allows you to make 
an informed decision as to the most appropriate choice for your 
needs

Ç ReagentSelectionGuides

12 Principles of Green Chemistry

https://reagents.acsgcipr.org/reagent-guides
https://www.acsgcipr.org/tools-for-innovation-in-chemistry/


organic transformations run on multi-million-ton scales is mainly driven by not losing carbon 
from the starting material and not producing unwanted by-products or waste

Efficient Industrial Organic Synthesis and the Principles of Green Chemistry, 
T. Schaub, Chem. Eur. J.2021, 27, 1865. 
https://doi.org/10.1002/chem.202003544

Reactions types

https://doi.org/10.1002/chem.202003544


(1) minimize the overall number of steps , preferably using nested MCRs as far as possible as the main strategy in a synthetic plan 

to a complex target; 

(2) maximize yield per step to be no lower than 75%;

(3) maximize atom economy per step keeping (AE) min above the ògoldenó threshold of 61.8% and Emax below 0.618; 

(4) operate under stoichiometric conditions if possible, keeping SF equal to 1 for each reaction; 

(5) minimize overall Emw factor and maximize overall AE in multistep syntheses : (a) by maximizing frequency of condensations , 

MCRs, rearrangements, carbonīcarbon and non-carbonīcarbon bond- forming reactions and (b) by minimizing frequency of 

substitutions (protecting group strategies) and redox reactions; 

(6) if forced to use oxidations , opt for hydrogen peroxide or molecular oxygen as oxidant; 

(7) if forced to use reductions , opt for molecular hydrogen as reductant; 

(8) devise electrochemical transformations;

(9) devise catalytic methods where catalysts are recycled and reused; 

(10) devise regio - and stereoselective synthetic strategies particularly regio - and stereoselective MCRs; 

(11) opt for solventless reactions, recycle solvents , or use benign solvents (e.g., ionic liquids, supercritical media); 

(12) minimize energy demands such as heating, cooling, and carrying out reactions under pressure exceeding 1 atm; aim for 

reactions run under standard temperature and pressure conditions (room temperature and 1 atm). 

Reactions types

Wpkhkecvkqp"qh"Tgcevkqp"Ogvtkeu"hqt"Itggp"Ejgokuvt{"KK<Ң"Gxcnwcvkqp"qh"Pcogf"Qticpke"Tgcevkqpu"cpf"Crrnkecvkqp"vq"Tgcevkqp"Fkscovery
Org. Process Res. Dev. 2005, 9, 4, 404ҭ431
https://doi.org/10.1021/op050014v

https://doi.org/10.1021/op050014v


5. Use safer solvents and reaction conditions: Avoid using solvents,separationagents,or other
auxiliarychemicals. If youmustusethesechemicals,usesaferones.

12 Principles of Green Chemistry

ÇSolvent and water accounts for 80%-90% of mass 
utilized in a typical  pharmaceutical chemical 
operation.

ÇSolvents are dominant in determining the toxicity of 
the process

ÇFinding a green replacement for traditional solvents 
remains a big challenge

Çelimination/substitution of hazardous solvents 

Green and Sustainable Solvents in Chemical Processes
C. J. Clarke, W.-C. Tu, O. Levers, A. Bröhl, J. P. Hallett,
Chem. Rev.2018, 118, 2, 747ς800
https://doi.org/10.1021/acs.chemrev.7b00571

What is a green solvent? A comprehensive framework for the 
environmental assessment of solvents
C. Capello,   U. Fischer,  K. Hungerbühler
Green Chem., 2007, 9, 927-934 
https://doi.org/10.1039/B617536H

https://doi.org/10.1021/acs.chemrev.7b00571
https://doi.org/10.1039/B617536H


Solvent Selection 

Toward a More Holistic Framework for Solvent Selection
Org. ProcessRes. Dev.2016, 20, 4, 760ς773
PublicationDate:February18, 2016
https://doi.org/10.1021/acs.oprd.6b00015

CHEM21 selection guide of classical- and less classical-solvents, 
Green Chem. 2016, 18, 288ς296.
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