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3.10: BENZENE AND ITS DERIVATIVES

learning objectives

e name benzene and its derivatives using IUPAC (systematic) and selected common name nomenclature
e draw the structures of benzene and its derivatives from IUPAC (systematic) and selected common names

Benzene, as shown on the left, is an organic aromatic compound with many interesting properties. Unlike aliphatic (straight

chain carbons) or other cyclic organic compounds, the structure of benzene (3 conjugated 1 bonds) allows benzene and its
H # derived products to be useful in fields such as health, laboratory synthesis, and other applications such as rubber synthesis.
Benzene is unique because we can write a condensed formula for its ringed structure, C¢Hg,

INTRODUCTION

Benzene derived products are well known to be pleasantly fragrant. For this reason, organic compounds containing benzene rings were
classified as being "aromatic" (sweet smelling) amongst scientists in the early 19th century when a relation was established between
benzene derived compounds and sweet/spicy fragrances. There is a misconception amongst the scientific community, however, that all
aromatics are sweet smelling and that all sweet smelling compounds would have a benzene ring in its structure. This is false, since non-
aromatic compounds, such as camphor, extracted from the camphor laurel tree, release a strong, minty aroma, yet it lacks the benzene ring
in its structure (See figure 1). On the other hand, benzene itself gives off a rather strong and unpleasant smell that would otherwise
invalidate the definition of an aromatic (sweet-smelling) compound. Despite this inconsistency, however, the term aromatic continues to be
used today in order to designate molecules with benzene-like rings in their structures. For a modern, chemical definition of aromaticity,
refer to sections Aromaticity and Hiickel's Rule.

Camphor

Figure 1. Top-view of camphor, along with its moneterpene unit. Notice how camphor lacks the benzene ring to be "aromatic".

Many arematic compounds are however, sweet/pleasant smelling. Eugenol, for example, is extracted from essential oils of cloves and it
releases a spicy, clove-like aroma used in perfumes. In addition, it is also used in dentistry as an analgesic.

Eugenol

Aromatic compound extracted
from clove essential oils

Figure 2. Eugenol, an aromatic compound extracted from clove essential oils. Used in perfumes and as an analgesic.
The benzene ring is labeled in red in the eugenol molecule.

IS IT CYCLOHEXANE OR IS IT BENZENE?
Due to the similarity between benzene and cyclohexane, the two is often confused with each other in beginning organic chemistry students.

H, H H H
c?-c?
H 6 \CH
2 (2 V.8, : :
c—C
H, H, H H
Cyclohexane Benzene

Figure 3. Structure comparison between cyclohexane and benzene
If you were to count the number of carbons and hydrogens in cyclohexane, you will notice that its molecular formula is CgHj,. Since the
carbons in the cyclohexane ring is fully saturated with hydrogens (carbon is bound to 2 hydrogens and 2 adjacent carbons), no double
bonds are formed in the cyclic ring. In contrast, benzene is only saturated with one hydrogen per carbon, leading to its molecular formula of
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Cg¢Hg. In order to stabilize this structure, 3 conjugated m (double) bonds are formed in the benzene ring in order for carbon to have four
adjacent bonds.

In other words, cyclohexane is not the same as benzene! These two compounds have different molecular formulas and their chemical and
physical properties are not the same. The hydrogenation technique can be used by chemists to convert from benzene to cyclohexane by
saturating the benzene ring with missing hydrogens.

IMPORTANT NOTE: A special catalyst is required to hydrogenate benzene rings due to its unusual stability and configuration. Normal
catalytic hydrogenation techniques will not hydrogenate benzene and yield any meaningful products.

WHAT ABOUT RESONANCE?
Benzene can be drawn a number of different ways. This is because benzene's conjugated pi electrons freely resonate within the cyclic ring,
thus resulting in its two resonance forms.
Figure 4. The figure to the left shows the two resonance forms of benzene. The delocalized electrons are
:’ TN - ;fl’_\ moved from one carbon to the next, thus providing stabilization energy. Ring structures stabilized by the
‘\\ /, movement of delocalized electrons are sometimes referred to as arenes.

Benzene Resonance @ @ @

As the electrons in the benzene ring can resonate within the ring at a fairly high rate, a simplified notation is often used to designate the two
different resonance forms. This notation is shown above, with the initial three pi bonds (#1, #2) replaced with an inner ring circle (#3).
Alternatively, the circle within the benzene ring can also be dashed to show the same resonance forms (#4).

THE PHENYL GROUP (THE FOUNDATION OF BENZENE DERIVATIVES)

The phenyl group is formed by removing one hydrogen from benzene to create the fragment is CgHs. NOTE: Although the molecular
formula of the phenyl group is CgHs, the phenyl group would always have something attached to where the hydrogen was removed. Thus,
the formula is often written as Ph-R, where Ph refers to the phenyl group and R refers to the R group attached where the hydrogen was

removed.
H N H
-H
H H — H R
H H H N
CsH: - Benzene Phenyl Group (-Ph)

Figure 5. Figure demonstrating the removal of hydrogen to form the phenyl group.

Different R groups on the phenyl group allows different benzene derivatives to be formed. Phenol, Ph-OH, or C¢gH50H, for example, is
formed when an alcohol (-OH) group displaces a hydrogen atom on the benzene ring. Benzene, for this very same reason, can be formed
from the phenyl group by reattaching the hydrogen back its place of removal. Thus benzene, similar to phenol, can be abbreviated Ph-H, or
CgHg.

Epigallocatechin gallate (EGCG)

An antioxidant found in green teas and its
extracts, famous for its potential health

benefits.
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Figure 6. Left - A phenol molecule is

H H H H composed of a phenyl group and a -OH

group attached as its R group.
+0H
H R —= H OH QOH A highly corrosive poison, it was used by

the Mazis during the 1930s as a cheap
and effective way to rapidly execute

H H H H concentration camp inmates. Approximately

Phenyl Group Phenol 1g of phenol is enough to kill a human being.

In minute doses it is used as an antiseptic and
a disinfectant.

Figure 6. Epigallocatechin gallate (EGCG), an antioxidant found in green teas and its extracts, is famous for its potential health benefits.
The molecule is a type of catechin, which is composed of multiple phenol (labeled in red) units (polyphenols - see polycyclic aromatics).
Since catechins are usually found in plant extracts, they are often referred as plant polyphenolic antioxidants.

As you can see above, these are only some of the many possibilities of the benzene derived products that have special uses in human health
and other industrial fields.

NOMENCLATURE OF BENZENE DERIVED COMPOUNDS

Unlike aliphatic organics, nomenclature of benzene-derived compounds can be confusing because a single aromatic compound can have
multiple possible names (such as common and systematic names) be associated with its structure. In these sections, we will analyze some of
the ways these compounds can be named.

SIMPLE BENZENE NAMING

Some common substituents, like NO,, Br, and Cl, can be named this way when it is attached to a phenyl group. Long chain carbons attached
can also be named this way. The general format for this kind of naming is:

(positions of substituents (if >1)- + # (di, tri, ...) + substituent), + benzene.

For example, chlorine (Cl) attached to a phenyl group would be named chlorobenzene (chloro + benzene). Since there is only one
substituent on the benzene ring, we do not have to indicate its position on the benzene ring (as it can freely rotate around and you would end
up getting the same compound.)

@L e ©= o)

Chlorobenzene = Chloro + Benzene Nitrobenzene = Nitro + Benzene

Figure 7. Example of simple benzene naming with chlorine and NO, as substituents.

Cl
2 1 23
1 — CI+
c— — CI c Ethyl + @
Cl+

1-chloro-3-ethylbenzene = Chioro (1) + Benzene
1,3-dichlorobenzene = 2 Chloro + Benzene Ethyl (3)

Figure 8. More complicated simple benzene naming examples - Note that standard nomenclature priority rules are applied here, causing the
numbering of carbons to switch.

ORTHO-, META-, PARA- (OMP) NOMENCLATURE FOR DISUBSTITUTED BENZENES

Instead of using numbers to indicate substituents on a benzene ring, ortho- (o-), meta- (m-), or para (p-) can be used in place of positional
markers when there are two substituents on the benzene ring (disubstituted benzenes). They are defined as the following:

e ortho- (0-): 1,2- (next to each other in a benzene ring)

e meta- (m): 1,3- (separated by one carbon in a benzene ring)

e para- (p): 1,4- (across from each other in a benzene ring)
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1,2- 1,3- Y
ortho- meta- 14-
o m- para-
p_

Figure 9. Prefixes to indicate the position of branches for disubstituted benzene derivatives.

Continuing with the example above in figure 8 (1,3-dichlorobenzene), we can use the ortho-, meta-, para- nomenclature to transform the
chemical name into m-dichlorobenzene, as shown in the figure below.

cl cl
21 21
3 ___ ¢ 3 — CI

1,3-dichlorobenzene = 2 Chloro + Benzene m-dichlorobenzene = 2 Chloro + Benzene

Figure 10 . Transformation of 1,3-dichlorobenzene into m-dichlorobenzene.

Here are some other examples of ortho-, meta-, para- nomenclature used in context:

o;N NO, NO, NO;
Figure 11. Example of o-, m-, p- nomenclature.
Listed in order:
1) o-dinitrobenzene
2) m-dinitrobenzene
3) p-dinitrobenzene
NO,  OzN

However, the substituents used in ortho-, meta-, para- nomenclature do not have to be the same. For example, we can use chlorine and a
nitro group as substituents in the benzene ring.

cl NO, NO; NO,

Figure 12. Example of 0-, m-. p- nomenclature.
Listed in order:

1) o-nitrochlorobenzene

2) m-nitrochlorobenzene

3) p-nitrochlorobenzene

Note that the two substituents do not have to be

cl c the same.

In conclusion, these can be pieced together into a summary diagram, as shown below:

Sub
Figure 13. A benzene ring with a primary substituent and
the possible locations for the secondary substituent.
As shown:
1,2- (green) = ortho, o- a
1,3- (red) = meta, m-
1,4- (orange) = para, p- m m
For clarity, the benzene ring has been rotated 30°
relatively to the other benzenes in this article.

DERIVATIVES AS PARENT NAMES

In addition to simple benzene naming and OMP nomenclature, benzene derivtives are also sometimes used as the "parent" in the name of a
larger compound. name.

For example, phenol (C¢HsOH) is the parent name of the compound below because hydroxyl groups have higher nomenclature priority than
halides. The chlorine atom is considered a branch at the ortho- position to the hydroxyl group. Accordingly, the compound is named 2-
chlorophenol or o-chlorophenol.
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Cl OH OH
— CIl+

o-chlorophenaol = Chloro (o-) + Phenol

Figure 14. An example showing phenol as a base in its chemical name. Note how benzene no longer serves as a base when an OH group is
added to the benzene ring.

Alternatively, we can use the numbering system to indicate this compound. When the numbering system is used, the carbon where the
substituent is attached on the base will be given the first priority and named as carbon #1 (C;). The normal priority rules then apply in the
nomenclature process (give the rest of the substituents the lowest numbering as you could).

cl OH OH
2 1
= Cl+

B-chlorophenal = Chloro (6) + Phenol 2-chlorophenol = Chloro (2) + Phenol 1-chlorophenol = Chioro (1) + Phenal

Oops, this does not give the substituent This is the correct naming for this compound. Sorry, this is not the right answer.
the lowest number! It is using the correct base (phenol) and the Remember that you have to give the carbon
«carbon on the substituent of the base is given on the substituent of the base first priority!

priority over the substituent (Cl} on the rest of the ring.

Figure 15. The naming process for 2-chlorophenol (o-chlorophenol). Note that 2-chlorophenol = o-chlorophenol.

Below is a list of commonly seen benzene-derived compounds. Some of these mono-substituted compounds (labeled in red and green), such
as phenol or toluene, can be used in place of benzene for the chemical's base name.

Oy, ~OH O, Oz, ~CHs

Oéo@@@

Benzonitrile Phenol Toluene Benzoic Acid Idehyd

one

HC=CH; OCH, NH, SO3
= S 2
Styrene Anisole Aniline Benzenesulfonic Acid ~ o-Xylene Mesitylene

Figure 16. Common benzene derived compounds with various substituents.

Figure 17. 2 4,6-Trinitrotoluene, or TNT, a common explosive
used for both industrial and military purposes, is consisted of

a toluene base (labeled in blue), along with three nitro groups
attached as substituents (labeled in red).

The explosive is characteristic for its resistance to external shock
and friction, making it useful in many applications where other
highly sensitive explosives would simultaneously detonate.

COMMON VS. SYSTEMATIC (IUPAC) NOMENCLATURE

According to the indexing preferences of the Chemical Abstracts, phenol, benzaldehyde, and benzoic acid (labeled in red in Figure 16)
are some of the common names that are retained in the TUPAC (systematic) nomenclature. Other names such as toluene, styrene,
naphthalene, or phenanthrene can also be seen in the [IUPAC system in the same way. While the use of other common names are usually
acceptable in IUPAC, their use are discouraged in the nomenclature of compounds.
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OH CH, NH; QCHs
i o T T
= i = =
phenol toluene aniline anisole
H 0| 0 '|3|
/C% A /C\ Cel /C\
T Oy (-
// H /-' / /f
vinylbenzene acetophenane benzaldehyde benzoic acid
or
styrene

Nomenclature for compounds which has such discouraged names will be named by the simple benzene naming system. An example of this
would include toluene derivatives like TNT. (Note that toluene by itself is retained by the TUPAC nomenclature, but its derivatives, which
contains additional substituents on the benzene ring, might be excluded from the convention). For this reason, the common chemical name
2,4,6-trinitrotoluene, or TNT, as shown in figure 17, would not be advisable under the TUPAC (systematic) nomenclature.

In order to correctly name TNT under the [UPAC system, the simple benzene naming system should be used:

CH,

NO5 Figure 18. TNT, as named under the IUPAC nomenclature.
Note that since the IUPAC nomenclature does not recognize
toluene as the primary base of this compound, substituent
priorities are reverted to normal defaults.

As a result, TNT in IUPAC is named (systematic name):
2-methyl-1,3,5-trinitrobenzene

Figure 18. Systematic (IUPAC) name of 2,4,6-trinitrotoluene (common name), or TNT.
Note that the methyl group is individually named due to the exclusion of toluene from the IUPAC nomenclature.

Figure 19. 2 4-dibromophenol, as shown in this diagram, is valid

in both the common nomenclature as well as the IUPAC nomenclature.

As mentioned previously, phenol, benzoic acid, and benzaldehyde
substituents are allowed to be used in the IUPAC naming conventions

and the base naming priority rules are applied in the nomenclature process.

Figure 19. The common name 2 4-dibromophenol, is shared by the IUPAC systematic nomenclature.
Only substituents pheneol, benzoic acid, and benzaldehyde share this commonality.
Since the IUPAC nomenclature primarily rely on the simple benzene naming system for the nomenclature of different benzene derived
compounds, the OMP (ortho-, meta-, para-) system is not accepted in the [UPAC nomenclature. For this reason, the OMP system will yield
common names that can be converted to systematic names by using the same method as above. For example, o-Xylene from the OMP
system can be named 1,2-dimethylbenzene by using simple benzene naming (IUPAC standard).

THE PHENYL AND BENZYL GROUPS
THE PHENYL GROUP

As mentioned previously, the phenyl group (Ph-R, C¢Hs-R) can be formed by removing a hydrogen from benzene and attaching a
substituent to where the hydrogen was removed. To this phenomenon, we can name compounds formed this way by applying this rule:
(phenyl + substituent). For example, a chlorine attached in this manner would be named phenyl chloride, and a bromine attached in this
manner would be named phenyl bromide. (See below diagram)
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Cl Br

Phenyl Chloride Phenyl Bromide

Figure 20. Naming of Phenyl Chloride and Phenyl Bromide

While compounds like these are usually named by simple benzene type naming (chlorobenzene and bromobenzene), the phenyl group
naming is usually applied to benzene rings where a substituent with six or more carbons is attached, such as in the diagram below.

3 5 7

phenyl
func group

Diagram of 2-Phenyloctane

Figure 21. Diagram of 2-phenyloctane.

Although the diagram above might be a little daunting to understand at first, it is not as difficult as it seems after careful analysis of the
structure is made. By looking for the longest chain in the compound, it should be clear that the longest chain is eight (8) carbons long
(octane, as shown in green) and that a benzene ring is attached to the second position of this longest chain (labeled in red). As this rule
suggests that the benzene ring will act as a function group (a substituent) whenever a substituent of more than six (6) carbons is attached to
it, the name "benzene" is changed to phenyl and is used the same way as any other substituents, such as methyl, ethyl, or bromo. Putting it
all together, the name can be derived as: 2-phenyloctane (phenyl is attached at the second position of the longest carbon chain, octane).

THE BENZYL GROUP

The benzyl group (abbv. Bn), similar to the phenyl group, is formed by manipulating the benzene ring. In the case of the benzyl group, it is
formed by taking the phenyl group and adding a CH, group to where the hydrogen was removed. Its molecular fragment can be written as
CgHsCH,-R, PhCH,-R, or Bn-R. Nomenclature of benzyl group based compounds are very similar to the phenyl group compounds. For
example, a chlorine attached to a benzyl group would simply be called benzyl chloride, whereas an OH group attached to a benzyl group
would simply be called benzyl alcohol.

Cl OH

Benzyl Chioride Benzyl Alcohol

Figure 22. Benzyl Group Nomenclature

Additionally, other substituents can attach on the benzene ring in the presence of the benzyl group. An example of this can be seen in the
figure below:

Figure 23. Momenclature of 2 4-diflucrobenzyl
chloride. Similar to the base name nomenclature
system, the carbon in which the base substituent

iz attached on the benzene ring iz given the first
priority and the rest of the substituents are given the
lowest number order possible.

Figure 23. Nomenclature of 2,4-difluorobenzyl chloride.

Similar to the base name nomenclature system, the carbon in which the base substituent is attached on the benzene ring is given the first
priority and the rest of the substituents are given the lowest number order possible. Under this consideration, the above compound can be
named: 2,4-difluorobenzyl chloride.

COMMONLY NAMED BENZENE COMPOUNDS NOMENCLATURE SUMMARY FLOWCHART
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How many subslituents are an the benzene ring?

Please note that this flowchart only @
‘covers commonly named benzene

compounds by the concepts presented

above. This flowchart is nat appli

to more complex compounds and
substituents.

Ise phenyl as a substituent and >Cs
substiluent as root name
8.9. 2-phanyloctane

the benzene i

«contain & common
derived compound listed v
I 15 [ pemwino | | Prefcuinm }T [ eremcuinp- }—‘
0 & Sub = 1
1 Discard numbering
Yes structure and
continue with
naming process

Use benzyl group naming

(pos+#+sub+banzyl + sub2)

9. Benzyl chloride or 2,4-
Difluorobenzyl chioride

remaini

inted

Use names
designated in
No " Figure 16 Use IUPAC
eg
Name)?

vs. Aniline

MNo & Sub =1

Use base name as root, giving the
mona-substituent on the base first
priority and name normally.
e.g. 2 3-dichlorophenol

Summary Flowchart (Figure 24). Summary of nomenclature rules used in commonly benzene derived compounds.
As benzene derived compounds can be extremely complex, only compounds covered in this article and other commonly named compounds
can be named using this flowchart.

DETERMINATION OF COMMON AND SYSTEMATIC NAMES USING FLOWCHART
To demonstrate how this flowchart can be used to name TNT in its common and systematic (IUPAC) name, a replica of the flowchart with

the appropriate flow paths are shown below:
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Combined Pathways

Commen Benzene Naming

— Start Here -- J 1UPAC Patinway

——— Comman Pathway
How many substituents are on tha benzens ring? v

{ !
Zara Three+ One Two
Use OMP?

Please note that this flowchart only
covers commonly named benzene
compounds by the concepts presented
above. This flowchart is not applicable
to more complex compounds and

substituents.

Jjse phenyl as a substituent and >Cq
substituent as root name:
@.g. 2-phenyloctane

‘ Yes
A 1:_‘ ‘ h‘
| Prefcuine | | Preficwihm- }T [ prenxuihp- }—‘

Is substituent

+—No & Sub=1
Boes the benzene ring
contain a benzyl group
(Ph-CH-RY? CH, group ves mm .;.;n:::.g
(Tatuens) T continue with
naming process
e.g. phenylamine or
chioride
e £.9. Benzyl chioride or 2,4-
Diflucrobenzyl chioride
Three NO; (Nitro)
roups
Yes
Any remainii
inted
No
Use names.
o ‘ﬁﬂ:“‘};'“ Use IUPAC
e.g. Ami
ve. Aniline Namej?

Mo & Sub =1

No

cHy Usa basa name as root, giving the CH,
oN NO; mona-substituent on the base fist | 0N .2 NO;
ﬁj priority and name normally. 9
&.4. 2 3-dichlorophenol B ]
NO, NO,
2:methyl1.3,5- 2,4 6-trinitrotoluene
oo sy (TNT) - Common Name
Exercise
1. True or False? The compound below contains a benzene ring and thus is aromatic.
OH
2. Benzene unusual stability is caused by a combination of the conjugated pi bonds in its cyclic ring.

specify the number

3. Menthol, a topical analgesic used in many ointments for the relief of pain, releases a peppermint aroma upon exposure to the air.
Based on this conclusion, can you imply that a benzene ring is present in its chemical structure? Why or why not?

4. Predict the product of the reaction below or explain why no reaction occurs.

+Hzﬂb
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5. At normal conditions, benzene has resonance structures.

6. Which of the following name(s) is/are correct for the following compound?

NH,

a) nitrohydride benzene

b) phenylamine

c) phenylamide

d) aniline

e) nitrogenhydrogen benzene
f) All of the above is correct

7. Convert 1,4-dimethylbenzene into its common name.

8. TNT's common name is:

9. Name the following compound using OMP nomenclature:

Cl

NOs

10. Draw the structure of 2,4-dinitrotoluene.

11. Give the IUPAC name the following compound:

12. Which of the following is the correct name for the following compound?
F

a) 3,4-difluorobenzyl bromide

b) 1,2-difluorobenzyl bromide

¢) 4,5-difluorobenzyl bromide

d) 1,2-difluoroethyl bromide

e) 5,6-difluoroethyl bromide

f) 4,5-difluoroethyl bromide

13. a) True or False? Benzyl chloride can be abbreviated Bz-Cl.

b) What is the condensed formula for benzyl chloride?

¢) What is the condensed formula for phenyl chloride?

14. Benzoic Acid has what R group attached to its phenyl functional group?

15. True or False? A single aromatic compound can have multiple names indicating its structure.

16. List the corresponding positions for the OMP system (o-, m-, p-).
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17. A scientist has conducted an experiment on an unknown compound. He was able to determine that the unknown compound contains
a cyclic ring in its structure as well as an alcohol (-OH) group attached to the ring. What is the unknown compound?

a) Cyclohexanol

b) Cyclicheptanol

¢) Phenol

d) Methanol

e) Bleach

f) Cannot determine from the above information

18. Which of the following statements is false for the compound, phenol?

a) Phenol is a benzene derived compound.

b) Phenol can be made by attaching an -OH group to a phenyl group.

c) Phenol is highly toxic to the body even in small doses.

d) Phenol can be used as a catalyst in the hydrogenation of benzene into cyclohexane.

e) Phenol is used as an antiseptic in minute doses.

f) Phenol is amongst one of the three common names retained in the [IUPAC nomenclature.

Answer
1. False, this compound does not contain a benzene ring in its structure.
2.3
3. No, a substance that is fragrant does not imply a benzene ring is in its structure. See camphor example (figure 1)

4. No reaction, benzene requires a special catalyst to be hydrogenated due to its unusual stability given by its three conjugated pi
bonds.

5.2

6.b,d

7. p-xylene

8. 2,4,6-trinitrotoluene
9. p-chloronitrobenzene
10.

CH
NO,

NOs

11. 4-phenylheptane

12. a) 3,4-difluorobenzyl bromide

13. a) False, the correct abbreviation for the benzyl group is Bn, not Bz. The correct abbreviation for Benzyl chloride is Bn-Cl.

b) CcHsCH,CL.

c) CgHsCL

14. COOH or CO,H

15. True. TNT, for example, has the common name 2,4,6-trinitrotoluene and its systematic name is 2-methyl-1,3,5-trinitrobenzene.
16. Ortho - 1,2 ; Meta - 1,3 ; Para - 1,4

17. The correct answer is f). We cannot determine what structure this is since the question does not tell us what kind of cyclic ring
the -OH group is attached on. Just as cyclohexane can be cyclic, benzene and cycloheptane can also be cyclic. The chemical
formula would allow a determination.

18.d
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OUTSIDE LINKS

e Naming Aromatic Compounds - A good review of the concepts presented above

e Naming Aromatic Compounds - Functional groups and compounds formed by different functional groups
e Naming Aromatic Compounds - Additional practice problems are available here

e Aromatherapy and Aromatic Compounds

e Michael Faraday - Discovery of Benzene and History

e Wikipedia - Camphor

e Medicinal Uses of Camphor

e More on Terpenes

e Properties of Eugenol

e Benzene Aromaticity and Stability

¢ Killing with Syringes: Phenol Injections - Reminisce of the Nazi's "euthanasia" project in Auschwitz
e Green Tea Health Benefits - Antioxidant effects of EGCG

e Green Tea Nutrient EGCG Blocks Diabetes - Promoting Effects of High Fructose Corn Syrup

e Catechins in Green Tea - Why Catechins is Important to Your Health

e Phytochemicals - Catechins

e Wikipedia - Trinitrotoluene (TNT)

e JUPAC Nomenclature System and Recommendations

e Wikipedia - Phenyl Group

o Wikipedia - Benzyl Group
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