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This paper summarizes a problematic nomenclature of isomers belonging to chlorogenic acid family since its first occurrence until

present. During decades, there have been a high number of articles dealing with the family. Unfortunately, researchers who want to

get knowledge about this topic may be strongly confused after reading a few articles. Due to gradual discoveries and isolations of the

individual isomers from plenty of matrices and because of the changing system of terminology after these discoveries, discrepancies

among articles are common. The cause of this confusion is that the main compound of the family, 5-caffeoylquinic acid (also well-

known as chlorogenic acid), was truly called as 3-caffeoylquinic acid before 1976, when new rules for nomenclature were published.

Many researchers and also chemicals suppliers, however, keep using the “pre-IUPAC” nomenclature and wrongly call 3-caffeoylquinic

acid as chlorogenic acid, the main substituent of the family. Despite there have been some works struggling with this issue, the

problem is still appearing. Therefore, the present work was written.
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INTRODUCTION

As is well known nowadays, chlorogenic acids (CGAs) are natu-
rally occurring compounds found in all higher plants. It is a family
of esters formed between quinic and certain trans-cinnamic acids.'?
However, in spite of the “chloro” in the name, chlorogenic acids do
not contain chlorine. This name comes from the Greek, which means
light green. This is most likely because of the green color produced
when the compounds are oxidized. CGAs are widely recognized to
have many beneficial properties such as antioxidant activity, anti-
carcinogenic potential and may also slow the release of glucose
into the bloodstream after a meal.>® Also, they have strong anti-
inflammatory, anti-bacterium and anti-obesity properties.®® Because
of these many positive influences on human body, since the middle
of the 19 century, when the first references about CGAs appeared,
there have been a high amount of articles dealing with extraction and
detection techniques of CGAs or studying their influence on human
health. CGAs have been observed and isolated in many plant materi-
als such as coffee’, apple!’, tomato, papaya'!, sweet potato'?, prune'?,
pear'®, cabbage's, yacon'®, burdock'”, cherry'®, apricot'’, orange®, etc.
Coffee beans are undoubtedly the most common observed matrix
because coffee is the main source of CGAs.?! In the final coffee
beverage, content of CGAs is supposed to be responsible for cup
quality.?? In potatoes, for instance, the compounds are considered to
cause undesirable “after-cooking blackening or darkening”, in other
words, they seem to be responsible for bluish-grey discoloration of
potatoes exposed to air after boiling or steaming.?*?*

The main purpose of this work is not to bring up some other new
extraction or detection possibilities for obtaining CGAs from plant
materials neither to reveal some new observed properties of these
compounds. It is to point out the considerable differences in articles
dealing with the chlorogenic acid esters. During last decade, there
has been a big disorder in nomenclature of CGAs. Although there are
books or articles also dealing with the nomenclature of chlorogenic
acid isomers, some of them are confusing and the majority of them
are inaccessible for many researchers. Despite this fact, the wrong
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nomenclature is still very common, thus the present paper focuses
on a possibility of making this problem clear, thus helping further
authors to overcome potential misunderstandings of the nomencla-
ture. Unfortunately, it has to be announced sometimes that the direct
source (mostly sources published before 1900) are not available and
therefore secondary sources might be used here.

History of CGAs isolation

The problems with the nomenclature of CGAs are naturally closely-
linked to their history. Therefore, the present work paid attention to
this fact. The very first references of chlorogenic acid come from the
mid-19™ century. Since 1837, when Robiquet and Bourton® observed
physiologically active constituents in coffee and isolated acidic sub-
stances with green pigments that included ferulic chloride from green
coffee beans, there have been a huge amount of articles dealing with
CGAs. In 1846, Payen® firstly used the term “chlorogenic acid” (CQA).
However, Payen was perhaps affected by Rochleder,” who described
“caffeotanic acid” in coffee. In 1854, Ludwig and Kromeyer® found the
compound in sunflower seeds. More than half a century later, in 1908,
CQA was first isolated by Gorter®, who found out that this compound
is widely distributed in leaves and seeds of numerous plants. He isolated
a crystalline complex, potassium caffeine chlorogenate, from which
he prepared the pure compound. He also figured out that chlorogenic
acid is decomposed by the action of alkalis with the formation of caf-
feic and quinic acids. Two years later in 1910, Charaux,® who was
one of the first workers to attempt the measurement of CQA content
in plants, described a possibility of extraction process. He confirmed
CQA to be broadly distributed in the vegetable kingdom and said that
its quantity is approximately two times more than the amount of caf-
feic acid in plants. In 1920, Freudenberg?®! described chlorogenic acid,
the tannic compound of coffee, as depside of quinic acid and caffeic
acid. In 1932, Fischer and Dangschat® established the structure of
3-O-caffeoylquinic acid, which is 5-O-cafteoylquinic acid (5-CQA) in
current nomenclature (for this terminology see nomenclature section),
by its isolation from green coffee beans.

Decades later, in 1950-1960’s, the other three “mono-caffeic
isomers” of quinic acid were observed. Neochlorogenic acid was
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described and isolated from Elberta and Halford peaches as a crys-
talline material by Corse in 1953.3* In 1955, Uritani and Miyano**
succeeded with the isolation of pseudochlorogenic acid (1-CQA)
from sweet potatoes infected with black rot. The last possible mono
isomer got the name cryptochlorogenic acid (4-CQA) and it was
explored and isolated in 1964 by Waiss.* These two acids are very
easy to distinguish due to the fact their OH groups are placed directly
across from the carbon carrying the COOH group or exactly at the
carbon carrying the COOH group, respectively.

Also, in 1950, Barnes et al.’® described a compound with a
trivial name: isochlorogenic acid. This compound was isolated
from coffee beans and it was reported to have similar properties as
CQA. The authors determined this compound as a position isomer
of chlorogenic acid, which is based on the same molecular weight,
ultimate composition, hydrolysis compound or similar UV and IR
spectra. Unlike CQA, isochlorogenic acid does not form a complex
analogous to the crystalline potassium chlorogenate. Nowadays, the
term isochlorogenic acid is used for polyphenolic compounds which
are composed of quinic acid and two caffeic acids (di-CQA).”’

NOMENCLATURE
Problems with the numbering

As said in the Introduction, the main goal of this article is to point
out the big problems and common disagreements in the nomenclature
of chlorogenic acids isomers. At the very beginning, it has to be an-
nounced that the name chlorogenic acid should not be used only for
one compound but it should describe one or more family of esters
that form between certain cis- or trans-cinnamic acids, mostly caffeic,
ferulic or p-coumaric (see figure 1), and quinic acid. For instance,
CGAs composition of coffee, one of the most popular beverages in
the world, is complex with at least 5 major groups of compounds
present. Those are caffeoylquinic acids (CQA), dicaffeoylquinic
acids (diCQA), feruloylquinic acids (FQA), p-coumaroylquinic ac-
ids (CoQA) and caffeoylferuloylquinic acids (CFQA).* In Table 1
and Figure 2 are shown the most common studied types of CGAs
composition with correct abbreviations.

The biggest discrepancies are with the designation of two
compounds belonging among the caffeoylquinic acids, the 5-CQA
and 3-caffeoylquinic acid (3-CQA), which are often commuted. If
trivial names are used, it is usual to call them chlorogenic acid and
neochlorogenic acid, respectively. Those are optical isomers that are
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Figure 1. Structural formulas of quinic acid (a) and three most common
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trans-cinnamic acids of CGAs family: caffeic acid (b), ferulic acid (c) and
p-coumaric acid (d)
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Figure 2. The structure of quinic acid with possible substituents R;, R, and R
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Table 1. Various types of substitution of quinic acid with caffeic, ferulic or

p-coumaric acid®

Sbol?rl 5 ;Z;Zn Identity of R3 Identity of R4 Identity of RS
3-CQA caffeic acid hydrogen hydrogen
4-CQA hydrogen caffeic acid hydrogen
5-CQA hydrogen hydrogen caffeic acid
3-FQA ferulic acid hydrogen hydrogen
4-FQA hydrogen ferulic acid hydrogen
5-FQA hydrogen hydrogen ferulic acid
3-p-CoCQA p-coumaric acid hydrogen hydrogen
4-p-CoCQA hydrogen p-coumaric acid hydrogen
5-p-CoCQA hydrogen hydrogen p-coumaric acid
3,4-diCQA caffeic acid caffeic acid hydrogen
3,5-diCQA caffeic acid hydrogen caffeic acid
4,5-diCQA hydrogen caffeic acid caffeic acid
3,4-CFQA ferulic acid ferulic acid hydrogen
3,4-CFQA ferulic acid caffeic acid hydrogen
3,5-CFQA ferulic acid hydrogen ferulic acid
3,5-CFQA ferulic acid hydrogen caffeic acid
4,5-CFQA hydrogen caffeic acid ferulic acid
4,5-CFQA hydrogen ferulic acid caffeic acid

very difficult to distinguish if researchers are not well-acknowledged
with their nomenclature (see below). Figure 3 clearly shows if a spa-
tial structure for illustration of chlorogenic acid is not used, there is
no possibility of recognizing the two above mentioned enantiomers
between each other. Nevertheless, some authors use such figures in
their articles, which can be seen, for instance, in the works of Mills et
al.** or De Maria et al.* This problem is also common in a plenty of
research and web pages. However, according to International Union
of Pure and Applied Chemistry (IUPAC) numbering system published
in 1976,* there are strict rules, which makes easier to differentiate
these two enantiomers.

OH
OH

OH
Figure 3. 2-D structure of a compound which could be named 3-CQA or
5-CQA

Quinic acid according to IUPAC

As was mentioned, CGAs are composed by various types of
trans-cinnamic acids always bound to quinic acid. It has to be
stated the latter one could be incorrectly considered as a saccharide.
However, it is a type of cyclitol which are generally not regarded to
be a carbohydrate.” Because of that, the nomenclature for cyclitols
deals with another rules described in the IUPAC system recommen-
dation.* Therefore, the numbering system of CGAs is related to the
numbering of cyclitols that was suggested by Maquenne in 1900.*
He proposed a fractional notation, where numerals in the numerator
denote hydroxyl or other group (with exception of hydrogen) above
the plane of the ring and numerals in the dominator denote hydroxyl



532 Kremr et al.

or other group (with exception of hydrogen) below the plan of the
ring. However, Maquenne did not specify the exact way of allocation
of the numerals to the specific positions. Afterwards, Posternak*
developed another system of numbering which was very popular to
use until the above-mentioned year 1976, when the IUPAC system
for nomenclature of cyclitols was published. Lower in that paper is
exactly described how the quinic acid ring should be numbered.*

In the literature, there can be found names like D-quinic or
L-quinic acid. As is well known, these symbols label whether the
configuration at the reference carbon in the Fischer projection is the
same (or the opposite) as that one in the D-(+)-glyceraldehyde.**
However, this is an old labeling which occurs mostly with names of
natural compounds (or substituents made from natural compounds).
Nowadays, enantiomers are distinguished as R- and S- isomers. This
system is sometimes called the CIP (as the abbreviation of three
authors - Cahn, Ingold, Prelog - who suggested this system) or the
R-S system.* Also, it is possible to meet names like (-)-Quinic acid
or (+)-Quinic acid. Those symbols introduce only information about
rotation of plane of polarized light.

According to papers, however, it is (-)-quinic acid or D-(-)-quinic
acid, which results in different types of CGAs by its conjugation
with one or more of the above-named trans-cinnamic acids."*“ In
the IUPAC system, D-(-)-quinic acid is defined as 1L1(OH),3,4/5-
tetrahydroxycyclohexanecarboxylic acid. Regarding the R-S system,
the name of this acid is (1S,3R,4S,5R)-1,3,4,5-tetrahydroxycycloh
exanecarboxylic acid.

As was already written, the biggest problems are with the com-
mutation of 5-CQA and 3-CQA. Nowadays, both of these compounds
are available in a pure crystal form purchasable from commercial sup-
pliers. Unfortunately, majority of the suppliers keep the pre-IUPAC
nomenclature and sell chlorogenic acid as 3-caffeoylquinic acid. This
is probably because of the fact that in 1976, when IUPAC numbering
system for cyclitols was published, the name for chlorogenic acid
was really 3-caffeoylquinic acid and pure form of neochlorogenic
acid was not yet purchasable.

The evidence of unremitting wrong nomenclature can be found
in recent studies.**** Besides, in a work of Moeenfard et al.,”' the
problems with nomenclature are rightly mentioned and pointed out,
although these same authors also used the wrong one. Furthermore, in
the discussion they wondered about their results, dealing with CGAs
contained in coffee brews, and compared them to the results published
in other papers. Some of them are in agreement with Moeenfard’s
results and some are not. The work in compliance was published
by Gloess et al.,”” but they also used the wrong nomenclature. Both
of these authors mentioned 3-CQA as chlorogenic acid. Therefore,
according to them, 3-CQA was the most abundant compound. On
the other hand, in the other compared work of Fujioka,*® the main
compound observed was 5-CQA. Fujioka, however, did not use trivial
names. From the mentioned is obvious that authors compared different
compounds — chlorogenic and neochlorogenic acid.

According to the current rules, however, the structure of chloro-
genic acid for the reason of this term should definitely be 5-CQA.
Hence it is clear that 3-CQA is an abbreviation for neochlorogenic
acid. These results have to be considered by researchers if CGAs are
targets of the research.

CONCLUSION

This short review has been written due to an obvious and unre-
mitting wrong nomenclature occurring in chlorogenic acid family.
These discrepancies are caused by the fact that 5-caffeoylquinic acid
(5-CQA) was firstly discovered and subsequently isolated already
in the middle of 19" century. However, from that time up to 1976,
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when IUPAC published the exact rules and definitions describing a
new system of nomenclature, the right name for the current 5-CQA
was actually 3-caffeoylquinic acid. In spite of that fact, researchers
and also chemicals suppliers have been still using this pre-IUPAC
nomenclature. Therefore, the authors of the present article expect
that this work will help further researchers to avoid any mistakes
and disagreements, so it could be much easier to correctly compare
different studies dealing with the chlorogenic acid family.
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