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What is a solvent?What is a solvent?

A substance, usually a liquid, capable of dissolving another
substance



Life Cycle of a SolventLife Cycle of a Solvent



ManufactureManufacture
 Usually from petrochemical feedstocks
 Some solvents can be by-products from

other reactions e.g. acetone
 Some solvents require multi-stage

synthesis e.g. fluorous solvents
 Water and Carbon Dioxide do not require

manufacturing but energy is needed for
purification and condensation
respectively

 Other solvents made from renewable
resources e.g. biodiesel, bioethanol



DistributionDistribution
 Carbon Dioxide emissions and rising

oil prices have to be considered and
therefore locally supplied solvents are
better

 Carbon Dioxide and water are
everywhere and can usually be
sourced close to the site where they
are needed



UseUse
Chemists have to consider:

 Polarity- refers to a separation of electric charge
 Volatility- tendency to vaporize readily at normal

temperatures
 Melting points and boiling point
 Viscosity- resistance of a fluid
 Flash point- lowest temperature at which a flammable

liquid can ignite in air
 Corrosiveness
 Reactivity
 Solubility
 Environmental health and safety

Safety



UsesUses
 It is estimated that approx. 50% of the

energy used in chemical processes is
used for purification of products and
recycling of solvents and catalysts.

 Biphasic systems are more favorable
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DisposalDisposal

Incineration
•Common method of disposal of volatile
organic solvents - heat energy can be
recovered by using waste stream as a fuel to
drive local heating or electricity generation.
•Unfortunately impure solvents will leave a
residue which needs to be treated or disposed
of.
•Exhaust gases also have to be treated.



Leakages or spills may occur which result in accidental
or intentional release of solvent
•CO2 solvents have little environmental impact and can
be released by venting
•Water may need thermal or biological treatment.
•Incineration of fluorocarbons may result in dangerous
acidic by-products that require more energy to treat
them.
•Release of perfluorocarbons formulations to the
environment is problematic because of their high global
warming potential and long atmospheric lifetimes and
they do not biodegrade i.e. bioaccumulate.
•Perfluoroalkyl ethers have short environmental lifetimes
and are better
•Disposal strategies for ionic solvents are uncertain at
this point.



Solvent LD50 (rat) /
mg/kg

Environmental
fate

Flash point ° C

DCM 1600 Photodegrad-
ation (t1/2>30
days)

n/a

Hexane 28700 Photodegrad-
ation (t(1/2)=1-10
days)

-23

Water n/a No change n/a

CO2 n/a (asphyxiant) No change n/a

Bio-ethanol 7060 Rapid
biodegradation

13

Ethyl lactate >2000 Rapid
biodegradation

61



Solvent use in PharmaceuticalSolvent use in Pharmaceutical
IndustryIndustry
 Solvent use accounts for 80%-90% of

mass utilized in a typical
pharmaceutical chemical operation.

 Solvents are dominant in determining
the toxicity of the process.





Choosing a SolventChoosing a Solvent

In order to develop an Active
Pharmaceutical Ingredient (API), process
needs:

 To produce high purity API
 Consistent quality product
 High yields
 Volume efficiencies
 Operability
 Safety
 Environmental impact



Comparison of solvent use prior to 2000Comparison of solvent use prior to 2000
and in 2005 at GlaxoSmithKlineand in 2005 at GlaxoSmithKline

Solvent 2005 rank 1990 - 2000

2-propanol 1 5

Ethyl acetate 2 4

methanol 3 6

Denatured ethanol 4 8

N-heptane 5 12

tetrahydrofuran 6 2

toluene 7 1

dichloromethane 8 3

Acetic acid 9 11

acetonitrile 10 14





Mass percentage contribution toMass percentage contribution to
materials of concern in GSK processesmaterials of concern in GSK processes



ProblemsProblems
 An average of 6 different solvents are used in

developing an API.
 16.4kg of DCM was used per kg intermediate

prior to 2000 but now 15.3 kg per kg
intermediate is used

 DMF, NMP, DMA are useful as they are
dipolar but they are used in aqueous workups
and once they are in the aqueous waste they
are difficult to separate and costly as far as
energy is concerned.
-nitrogen loading takes place if waste is put into

waste water stream and high water content
means more fuel to incinerate.



Possible SolutionPossible Solution

 Reducing the amount of solvent that is
used in developing an API, e.g.
reducing amount of THF used in a
process from 1.00kg to 0.75kg will
avoid 4kg of CO2 emissions during the
THF manufacturing process alone i.e.
excluding the avoided CO2 emissions
from incineration or possibly recovery.



 N.B solvent recovery appears to be a
possible solution, however in the
Pharmaceutical Industry, less than 50% of
solvent used is recycled and reused.



Examples of Pharmaceutical companiesExamples of Pharmaceutical companies
practicing green chemistrypracticing green chemistry

 Merck & Co produce the drug Januvia
whose API is sitagliptin and treats
type-2 diabetes. Initially 270kg of
waste per kg of sitagliptin. By
redesigning the process, they
managed to reduce the waste to 50kg
waste / kg of sitagliptin. Therefore if
approximately 80% of the waste is
solvent then solvent consumption is
less.



JanuviaJanuvia



Examples of Pharmaceutical companiesExamples of Pharmaceutical companies
practicing green chemistrypracticing green chemistry

 Zoloft is an antidepressant
manufactured by Pfizer

 In 2002 Pfizer substituted a range of
hazardous solvents (methylene
chloride, THF, toluene, hexane) with
benign ethanol. They eliminated 440
metric tons of titanium dioxide waste,
100 metric tons of concentrated
sodium hydroxide and 150 metric tons
of 35% hydrochloric acid.



Examples of Pharmaceutical companiesExamples of Pharmaceutical companies
practicing green chemistrypracticing green chemistry

 Pfizer manufactures Lipitor
(Atorvastatin) which lowers cholesterol
levels

 Pfizer reduced total organic waste by
65% (3.5 million litres of methanol and
THF) by changing the manufacturing
process



Examples of Pharmaceutical companiesExamples of Pharmaceutical companies
practicing green chemistrypracticing green chemistry
 Bristol-Myers-Squibb (BMS) produces Taxol

(paclitaxel) a cancer treating drug.
 Paclitaxel was initially extracted from Pacific

yews.
 Each Pacific yew tree contained only 0.0004%

of the drug by weight  and the tree would be
harvested -not very environmentally friendly.

 1988 paclitaxel extracted from European yew
needles, without killing them but this process
of making Taxol involved an 11 step process
with large amounts of solvent.

 Currently BMS uses plant cell fermentation
(PCF) of yew cells



Examples of Pharmaceutical companiesExamples of Pharmaceutical companies
practicing green chemistrypracticing green chemistry

 PCF eliminated almost all organic
solvents from the production of Taxol.

 Since implementation, 32 metric tons
of chemical waste have been avoided
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