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information about acids and bases commonly used in organic synthesis.
KEYWORDS: Acid, base, organic synthesis, Phosphazene, Lewis acid, reaction.

1. INTRODUCTION

The role of acid and base is immense in organic synthesis.!) We can use organic as well as
inorganic acid and base in organic synthesis according to the nature of chemical reaction we
are doing, desired product, stability, stereochemistry etc. The hard and soft acids and bases
are of great choice for proper reactions.’). The acids can be broadly categorized into
Inorganic, Organic and Lewis acid. Similarly, the bases can be categorized as Organic,
Inorganic and Phosphazene Base.*! Regarding the great importance of these acids and bases

in organic synthesis, we cannot even imagine the synthesis if we do not have knowledge
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about it. The major examples of each category are presented here from commercially
available sites."® This review will illustrate the updated information about the common
acids and bases used in organic synthesis with detail structure of each, proper handling, and

recent advancement in acid base chemistry.

1.1 Acids

Acids are any molecules or ions that are capable of donating proton (H+) (Bronsted acids)!”!
or capable of making a covalent bond with an available electron pair (a Lewis acid).®! The
aqueous solution of an acid has pH value less than 7. The lower pH means more acidic,
which will have higher amount of hydrogen ion concentration in a solution. Commonly, any
substance having property of acid are called as acidic. Acids dissolved quickly in aqueous
solution giving sour taste and can turn blue litmus to red. It reacts with base to form salt and
water violently according to its strength, so usually acid base reaction are carried out in a
lowered temperature with proper safety because acids are corrosive in nature. The common
aqueous acid in our body is hydrochloric acid which has great role in digestion and activation
of digestive enzymes.® Some other common aqueous acids are acetic acid, sulfuric acid, and
citric acid. It can be further divided into three categories; Organic, Inorganic and Lewis acid

as below.

1.1.1 Inorganic acids

The most popular acids in the synthetic chemistry are inorganic acids. Most of these are
highly corrosive.*® Below shows the common category of inorganic acids. The Chart 2
shows detail examples of Inorganic acids.

v Boric Acid (pKa ~ 9.23)

v/ Hydrogen Halides (pKa ~ 3.17, -8.0, -9.0 for HF, HCI, HBr)

v’ Nitric Acid (pKa ~ -1.3)

v’ Phosphoric Acid (pKa ~ 2.12, 7.21, 12.32)

v’ Sulfuric Acid (pKa ~ -3.0, 1.99)

1.1.2 Organic acids

The organic acids has diverse role in all synthetic chemistry. It could be either used as a
solvent, a catalyst, a strong acid, or as a substrate. The production of many kinds of
deuterated organic acids are increasing for kinetic reactions as well as deuterium exchange

reactions.' The Chart 1 shows the detail examples of common organic acids.
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1.1.3 Lewis acids

The Lewis acids are commonly known as electron pair acceptor, they have good ability to
coordinate!™? with the carbonyl groups, nitrogen and oxygen containing other functional
groups. Many of them, sometimes used in catalytic amounts for various chemical
transformations. The common category of Lewis acids are Aluminum, Boron, Iron,

Montmorillonite, Tin and Titanium. The Chart 3 shows the detail examples of Lewis acids.

1.2 Bases

The base are capable of releasing hydroxide ion in aqueous solution (OH-), bitter in taste (if
an alkali), turns red litmus paper to blue, on reaction with acids forms salt, can be used as a
base catalyst in a reaction. The water soluble base is called as alkali (release OH- ions). The
neutralization is a common term used in acid base reaction. When acid and base react, it will

give salt that will separate into its each component’s corresponding ions.

1.2.1 Organic Bases

The organic bases are organic compounds which work as a base, having multifunctional roles
in organic synthesis. With opposed to inorganic base, these are readily soluble in the organic
solvents which makes them suitable to form a homogeneous reaction mixture. The common
organic bases used in synthesis are pyridine, alkanamine (such as methylamine, ethylamine,
isopropyl amine etc.), imidazole, benzimidazole, histidine, guanidine, phosphazene bases,
and hydroxides of quaternary ammonium cations. Below is some major category of organic
bases. The Chart 4-a and 4-b shows detail examples of organic bases.

Organolithiums

Grignard Reagents

Amines

N-Heterocyclic Compounds

Tetraalkylammonium and phosphonium hydroxides

Metal Alkoxides and Amides

Metal Silanoates

R X X X " « «

1.2.2 Inorganic Bases
These are opposed to the organic bases which do not contain carbon on their skeleton. In all
organic as well as inorganic synthesis, these bases are common. The Chart 5 shows detail

examples of inorganic bases.
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1.2.3 Phosphazene Bases

Phosphazene bases are a family of extremely strong, a non-ionic and a non-charged nitrogen-
base having diverse advantages. In phosphazene class bases, the phosphorus atom is linked to
a nitrogen atom covalently with double bond and to other three atoms with a single bond. In a
synthetic chemistry, the activation of acidic C-H bond by using strong base becomes key step
in organic synthesis. The selection of proper base is extremely important in base catalyzed
common organic reactions like alkylation, elimination, silylation, Michael addition, and aldol
condensation. With comparison to the conventional base catalyzed reaction, the phosphazene
base produce naked enolates (highly reactive) are far more stable towards undesired
reactions. The highly reactive anions produced by phosphazene bases have low
nucleophilicity and inertness towards electrophilic part which enables the reaction of a very
weak C-H acidic region through deprotonation in good to excellent yields. Moreover, its
enhanced solubility in nonpolar to moderately polar organic solvents benefits solubility
function and it solubilizes hydrophilic substrate that allows base catalyzed reaction in organic

media. The Chart 6 shows detail examples of Phosphazene bases.

2. Proper handling of Acids and Bases

Acids and bases can easily damage our body surface wherever it gets into contact. The

intensity of affection and overall severity depends on how strong it is, duration of exposure,

and the nature of action taken after contact happened. The acids or bases could be liquid,

solid, granular, powdered, vapor or in gaseous form. We use acids and bases not only for

reaction purpose but also cleansing so the exposure is higher. To handle it properly, following

points are needed to be considered:

1 Always wear full protecting clothes, lab coat, gloves, mask etc., and work in well-
ventilated area with proper risk handling devices.

71 If possible work with small quantities and always try to work on fume hood.

CJ Always check MSDS for the chemical what you are going to use and be aware about how
to handle with risk.

"1 Washing hands properly after use, other general safety measures and search information
as much as possible etc.

71 Select proper category gloves like, latex or natural rubber for most general purposes
and working with mild acid and bases, butyl gloves for protection from strong acid and
bases, nitriles gloves for most acid and base, and the neoprene gloves to protect from

organic acids that are more tear resistant than the general latex gloves.
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[ First aid: in case of contact to body, skin or eye, rinse with cool water for 15 minutes, if

more exposed remove contaminated clothes.

3. Neutralization of acid base reaction
The neutralization of acid base reaction should be done at low temperature and slowly. Due
to the exothermic nature of acid base reaction, it could be sometime more explosive based on

how strong is the acid or base.!**!

4. Deuterated Acids and Bases

As presented the examples of acids and bases in chart 1 to 6, some of them are commercially
available as a deuterated form. These kinds of deuterated acids and bases are used in various
organic synthesis like deuterium exchange reactions™, NMR solvents™, and other

enzymatic reactions.

5. Recent advancements in acid-base chemistry

With time there are many theory approached about acid-base chemistry. Sometime it is
straightforward and sometime relative to one another. The concept about hard and soft acid-
base is also more diversified.”>'®! Moreover, the role of Lewis acid and bases are elaborating
in many reaction conditions for the desired facile transformation.*”?? In organic synthesis
the relative strength of an acid-base, its selectivity and orientation diversely affect our desired
one. So many of the todays reactions are optimized with various kinds of acids and bases to
increase vyield, product structure, to shorten reaction time, easiness in workup and

purification, to decrease side reactions and many more./*
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6. CONCLUSION

From the beginning of child age of synthetic chemistry to today’s great revolutionary
discovery in the field of synthetic chemistry; acids and bases have always remained core
corner to begin, proceed and end many process in synthesis. We hope this compiled
information about the common acids and bases will provide detail, broad mindset in short

period of time in a smart way.

ACKNOWLEDGEMENT
We heartily acknowledge Yonsei University, College of Pharmacy and Wonkwang
University, College of Pharmacy for providing space and needed things to prepare this

manuscript.

7. REFERENCES

1. Kolb, D., Acids and bases. Journal of Chemical Education, 1978; 55(7): 459.

2. Ayers, P.W., R.G. Parr, and R.G. Pearson, Elucidating the hard/soft acid/base principle:
a perspective based on half-reactions. J Chem Phys, 2006; 124(19): 194107.

3. Selberg, S., et al., Synthesis and properties of highly lipophilic phosphazene bases.
Tetrahedron Letters, 2017; 58(22): 2098-2102.

4. https://www.sigmaaldrich.com/chemistry/chemistry-products.html?TablePage=14577449.

5. https://www.tcichemicals.com/eshop/en/in/category_index/12604/.

WWW.Wjpr.net Vol 8, Issue 7, 2019. 274



http://www.sigmaaldrich.com/chemistry/chemistry-products.html?TablePage=14577449
http://www.tcichemicals.com/eshop/en/in/category_index/12604/

Joshi et al. World Journal of Pharmaceutical Research

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

https://www.thermofisher.com.au/show.aspx?page=/ContentAUS/Lab-
Chemicals/Analytical-Chemicals/Acids-and-bases.html.

Akiyama, T. and K. Mori, Stronger Brgnsted acids: recent progress. Chemical reviews,
2015; 115(17): 9277-9306.

Mikami, K., Chiral Lewis Acids, 2018; 62. Springer.

Suryanarayana, M.V. and J. Ramana, A review of the effects of dietary organic acids fed
to swine. Journal of Animal Science and Biotechnology, 2015; 6(1): 45.

Perrin, D.D., lonisation constants of inorganic acids and bases in aqueous solution. 2016:
Elsevier.

Campbell, S., et al., Deuterium exchange reactions as a probe of biomolecule structure.
Fundamental studies of gas phase H/D exchange reactions of protonated glycine
oligomers with D20, CD30D, CD3C0O2D, and ND3. Journal of the American Chemical
Society, 1995; 117(51): 12840-12854.

Markham, J., K. Menard, and A. Cutler, Preparation and reactivity of an organometallic
Lewis acid bearing two accessible coordination sites. Inorganic Chemistry, 1985; 24(10):
1581-1587.

Almarcha, C., et al., Thermal effects on the diffusive layer convection instability of an
exothermic acid-base reaction front. Physical Review E, 2013; 88(3): 0330009.
McConnell, R.M., et al., Acidity studies of deuterated acids and bases commonly used as
buffers in NMR studies. Journal of the Arkansas Academy of Science, 1997; 51(1):
135-140.

Pearson, R.G., Recent advances in the concept of hard and soft acids and bases. Journal
of Chemical Education, 1987; 64(7): 561.

Pearson, R.G., Hard and soft acids and bases—the evolution of a chemical concept.
Coordination Chemistry Reviews, 1990; 100: 403-425.

Nishikaichi, Y., et al., Versatile roles of Lewis acids in the reactions of allylic tin
compounds. Tetrahedron, 1993; 49(34): 7395-7426.

Santelli, M. and J.-M. Pons, Lewis acids and selectivity in organic synthesis, 1995; 2.
CRC Press.

Weingarten, R., et al., Design of solid acid catalysts for aqueous-phase dehydration of
carbohydrates: The role of Lewis and Brgnsted acid sites. Journal of Catalysis, 2011,
279(1): 174-182.

WWW.wjpr.net Vol 8, Issue 7, 2019. 275



http://www.thermofisher.com.au/show.aspx?page=/ContentAUS/Lab-Chemicals/Analytical-Chemicals/Acids-and-bases.html
http://www.thermofisher.com.au/show.aspx?page=/ContentAUS/Lab-Chemicals/Analytical-Chemicals/Acids-and-bases.html

Joshi et al. World Journal of Pharmaceutical Research

21. Williams, D.B.G. and M. Lawton, Aluminium triflate: a remarkable Lewis acid catalyst
for the ring opening of epoxides by alcohols. Organic & biomolecular chemistry, 2005;
3(18): 3269-3272.

22. Saito, S. and H. Yamamoto, Design of acid— base catalysis for the asymmetric direct
aldol reaction. Accounts of chemical research, 2004; 37(8): 570-579.

WWW.wjpr.net Vol 8, Issue 7, 2019. 276




