Preserving Nuance in
Chemical Nomenclu’rure
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| in the field of chemistry has been the
By Roger Sayle ‘J development of its nomenclature.
w That the world around us contains a
/ multitude of substances with differing
properties has been known for cen-
turies, but it is only with the relatively
recent arrival of molecular chemistry
that scientists are now fully able to

i
% = F ' ‘ classify and characterize different

s

compounds. Where once medieval
alchemists could distinguish perhaps
a thousand different substances,

o |- modern analytical chemistry can dif-

¥ ferentiate an unlimited number.
| \ \ The need to communicate the
‘ \ structures of these molecules has led

the field to develop its own special-

ized terminology and complex gram-
\ matical rules that attempt to give each
molecule a unique name. As the sci-
ence of chemistry continues to
advance, so does its nomenclature.
Hence, one of the many challenges
faced by translators is the dynamic
nature of chemical terminology. For
instance, many names that were used
20 years ago differ from those used 10
years ago, which differ again from
those used today. Likewise, the names
used to identify chemicals can also
vary among scientific disciplines.
Scientific articles describing the same
drug may use one name in a medical
journal, a different name in a pharma-
cology journal, and yet another in an
organic chemistry journal. An under-
standing of the origins of these differ-
ences can often help when translating
a document or interpreting informa-
tion from one language to another,
where frequently multiple valid terms
exist for a single molecule in both the
source and target languages.
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Types of Names
To help readers start to understand
why there is so much variation when
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Figure 1
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Figure 2
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* English: 3-(4-methylsulfonylphenyl)-4-phenyl-2H-furan-5-one

e Dutch: 3-(4-methylsulfonylphenyl)-4-phenyl-2H-furan-5-on

e English: 3-(4-metilsulfonilfenil)-4-fenil-2H-furan-5-ona

e French: 3-(4-méthylsulfonylphényl)-4-phényl-2H-furan-5-one

e Kana: 3-(4-metylsulfonylfenyl)-4-fenyl-2H-furan-5-on

e Polish: 3-(4-metylosulfonylofenylo)-4-fenylo-2H-furano-5-on

e Hungarian: 3-(4-metilszulfonilfenil)-4-fenil-2H-furdn-5-on

e Russian: 3-(4-meruicy ibpouniipennn)-4-gpennsi-2H-@y paHon-5

o Japanese: 3-(4-A TN ANR=NT £ = )-4-T = =)V 2H- 7T -

* Chinese: 3-(4- H BRI )-4- K -2H- 0 -5- B

it comes to naming chemical com-
pounds, let me start by introducing a
broad categorization of the major
naming styles used in chemistry. This
list is not exhaustive, as many small
branches of chemistry continue to use
their own terminology internally.
However, the descriptions will high-
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light the tensions between naming
conventions and explain why the field
continues to evolve.

Common Names

Common names are those of
ancient origin that predate any attempt
at standardization. They include words

like water, gold, copper, and urea. For
example, through basic necessity, all
human cultures had a need to denote
water, and the word used to represent
this element is universally among the
oldest words in any language. It is
interesting to observe that English
and Dutch use the same word for
water, reflecting their shared Anglo-
Saxon roots. Likewise, Chinese and
Japanese use the same character for
water, 7K, which predates the diver-
gence of the two languages some
3,000 years ago. Similarly, many
Latin-based languages share similar
terms for water: aqua (Latin), agua
(Spanish), agua (Portuguese), acqua
(Italian), and apa (Romanian).

A common pitfall for translators is
when names are “common” in one
language but not in another. An
example is Japanese, where most
chemical nomenclature is translated
phonetically using katakana—the
more angular, less commonly used of
the two Japanese syllabaries—but
common names have their own Kanji
characters. An English-Japanese
translator needs to be aware that indi-
vidual compounds, like chrysan-
themic acid and mucic acid, are
exceptions to this rule. (See Figure 1).
Due to the lack of regularity, common
names must be translated via a dic-
tionary.

Systematic Names

Systematic names use internation-
ally standardized terminology and
grammar to constructively describe
molecules. Examples include methane,
ethane, propane, and butane. These
“rational” names lie at the opposite
end of the chemistry nomenclature
spectrum from common names. For
example, in fully systematic nomen-
clature, “oxidane” is used instead
of “water.”

A truly remarkable achieve-
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Preserving Nuance in Chemical Nomenclature Translation

ment of the International Union of
Pure and Applied Chemistry’s
(IUPAC) international standardization
of fully systematic names is that it uses
what is in effect a phonetic language.
Although compound names may look
very different when written down, for
example, using non-Latin character
sets, the spoken or pronounced form is
often recognizable to chemists around
the world. A Japanese speaker at an
academic conference reciting an
IUPAC systematic name will often be
understood by a native English,
German, or Russian speaking chemist.
(See Figure 2 on page 23.) A person

the Latin word for ant, formica. The
French, acide formique, Spanish dcido

Jformico, and Romanian acid formic all

follow the same Latin root. In German
it is called ameisensdure (the German
for ant is ameisen); in Polish it is kwas
mrowkowy (from the Polish word for
ant, mrowka); in Hungarian it is
“hangyasav” (from the Hungarian
word for ant, “hangydk”); and in
Swedish it is myrsyra (from the
Swedish word for ant, myra). The
name “lactic acid” in English is
derived from milk, leading to the
German milchsdure and the Swedish
mjolksyra. The English name “butyric

Trade names pose an interesting challenge for
translators and interpreters, as the same medicines
may be sold under different brand names
geographically, even within the saume language.

Figure 3
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¢ TUPAC Name:
N-(4-hydroxyphenyl)
acetamide

¢ Traditional name:
N-(p-hydroxyphenyl)
acetamide

¢ Systematic Name:
N-(4-hydroxyphenyl)
ethanamide

¢ Africa, Asia, Central
America, and
Australasia Trade Name:
Panadol

¢ U.S. Trade Name:
Tylenol

e USAN: acetaminophen

e INN: paracetamol

does not have to be a linguist to recog-
nize that the combinations above all
name the same chemical structure.

Traditional Names

Traditional names are the result of
early attempts to standardize chem-
istry in the 1800s. The birth of modern
chemical nomenclature is considered
to be the pioneering work of Antoine
Lavoisier and his colleagues, who first
published a list of chemical elements
and a set of naming recommendations.
Lavoisier’s work introduced a number
of underlying principles that were
shared but translated differently
between languages.

For example, look at the terms
formic acid and lactic acid. The
English “formic acid” is derived from
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acid” is derived from “butter,” leading
to the German buttersdure and the
Swedish smorsyra.

Modern Names

Modern names, such as those given
by IUPAC and the Chemical Abstract
Service (a division of the American
Chemical Society), are perhaps the
most common names found in scien-
tific literature, patents, supplier cata-
logues, and government legislation.
These are effectively a pragmatic com-
promise between the unambiguous
ideal of “systematic names” and the
national “common names” and “tradi-
tional names” historically used by
chemists. As with adopting the metric
system, the difficult task of reforming
and standardizing chemical nomencla-

ture cannot be done overnight. Indeed,
the ongoing process is gradual and has
already taken several decades.
IUPAC’s rules for organic chemistry
are regularly revised and published,
most recently in 1957, 1965, 1971,
1979, and 1993 (and a new manuscript
is in preparation). Chemical nomen-
clature is becoming more systematic
with each iteration.

For example, when I was in high
school in the U.K., I was taught to use
the name “propan-2-one” instead of
the former traditional name, “ace-
tone,” which was used by the previous
generation. I was also taught to spell
“sulphur,” whereas the current gener-
ation is now being taught to use the
word “sulfur.” TUPAC allows both the
traditional prefixes “chloro” and
“bromo” and the equivalent system-
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atic prefixes ‘“chloranyl” and “bro-
manyl.” (IUPAC currently continues
to prefer the former, but the switch to
the systematic form is probably
inevitable within a generation or two.)

Trade Names

Trade names are the proprietary
marketing names given to chemicals
by manufacturers and vendors.
Examples of trade names include
Zantac, Lipitor, and Viagra. These
names pose an interesting challenge
for translators and interpreters, as the
same medicines may be sold under
different brand names geographically,
even within the same language. The
headache tablet sold as Tylenol in the
U.S. is sold under the name Panadol
in much of the world, though it is
commonly referred to by its scientific
name, paracetamol, in the U.K.

Scientific Names

Scientific names are nonpropri-
etary, and are given to drugs and other
chemicals by standards organizations
as a convenient shorter name for a
widely used (i.e., marketed) com-
pound. These names are commonly
used in scientific publications and
prescriptions to avoid specifying a
particular trade name or formulation.
Examples of scientific names include
ranitidine, atorvastatin, and sildenafil
(Zantac, Lipitor, and Viagra, respec-
tively). Unfortunately, although
efforts are made to standardize drug
names internationally, the names are
assigned by different authorities, so
they sometimes differ. In the U.S., sci-
entific names are called United States
Adopted Names (USAN), and are
assigned by the USAN Council,
which consists of the American
Medical Association, the United
States Pharmacopeial Convention,
and the American Pharmacists
Association. In the U.K., they are
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called British Approved Names (BAN
names), and the World Health
Organization assigns International
Nonproprietary Names (INN names)
in English, Latin, French, Russian,
Spanish, Arabic, and Chinese. For
example, Tylenol’s USAN is “aceta-
minophen,” but its INN and BAN is
“paracetamol.” (See Figure 3 on page
24).

Preserving Nuance

Typically, there are many syn-
onyms for a chemical name in both
the source and target languages.
Choosing which synonym is most
appropriate depends upon the context,
which introduces a degree of subtlety,
tone, and meaning to a translation.

versus ethaanzuur); Polish (kwas
octowy versus kwas etanowy);
Japanese (FEf#% versus ™ % fi); and
Chinese (FEffi# versus Zf#).

The challenge is when one form is
preferred over another nationally. For
example, the traditional name is more
common in English, whereas the sys-
tematic name is more prevalent in
Chinese. Some languages fail to pre-
serve these distinctions, making the
translations from one to the other lose
some of their meaning. For example,
the element “mercury” in English has
the archaic common name of “quick-
silver,” which can be preserved in
Spanish as azogue rather than mer-
curio, but it is a distinction that is lost
in many languages, such as German,

Subtle changes in hyphenation, spacing, and
capitalization can denote completely different
compounds.

For some tasks, the goal may be to
bring the document up to date by
using the names currently recom-
mended for a particular field. For
other tasks, the goal may be to render
a translation that is faithful to the
original, thereby preserving the flavor
of the text (akin to preserving “thou
dost” in Shakespearean literature).

As an example, the names “acetic
acid” and ‘“ethanoic acid” both
describe the same molecule, “CC
(=0)0,” the first being the commonly
used traditional name, and the second
being the systematic name. This dis-
tinction is preserved in many lan-
guages, including German (Essigscdure
versus Ethansdure); Dutch (azijnzuur

where both become quecksilber. To
return to our Tylenol example, the
more up-to-date way to write this in
Chinese would be “N-(4-FRILHIL)
k% but “N-(WAREAER) AR
is the more traditional name.

One significant cause for the differ-
ences in chemical nomenclature forms
among languages is the inevitable
delay in translation and adoption of
IUPAC standards. As the preferred
chemical naming standards continue to
evolve in English, there is an unfortu-
nate lag with their implementation and
adoption in other languages. This
leads to some translations appearing
dated and quaint. For example, the
Chinese form of “methyl ben-
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Figure 4
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zoate” is X H & HE, which is literally
a translation of the more traditional
“benzoic acid methyl ester.”

A final subtle example of nuance in
chemical nomenclature is the effect of
dialect. Even in the English language,
British, Canadian, and Australian
chemical names differ from American
chemical names. For example, the list
below shows the names of elements in
traditional British versus American
spellings. The International entry
describes the “International English”
IUPAC-preferred spelling, which is
required for world patent filings.

¢ American:
Cesium

Sulfur, Aluminum,

¢ British:
Caesium

Sulphur, Aluminium,

¢ International: Sulfur, Aluminium,
Caesium

Examples of Complications

The near infinite number of pos-
sible molecules, each potentially with
several names, limits the traditional
use of dictionaries. Whilst technical
lexicons can be helpful for commonly
occurring substances, they are of lim-
ited use in “composition of matter”
chemical patents, which by definition
must describe a novel compound.
Each such patent can frequently claim
many millions of novel chemical
structures, making it exceptionally
unlikely that any names it contains
would previously have been trans-
lated. This same issue also limits the
utility of software based on transla-
tion memories, where chemical names
are rarely reused in many documents.

A significant source of complica-
tions in translating chemical nomen-
clature is that the lexical structure and
morphology of IUPAC compound
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names are often very different from
those of the source language. For
example, words are typically broken
by spaces or punctuation in an
English text. In IUPAC names, sepa-
rate lexemes, such as “acet” and
“amide” in “acetamide,” are not sepa-
rated by spaces, and full names often
contain spaces, punctuation,
numerals, brackets, superscripts, and
even Greek characters. Subtle
changes in hyphenation, spacing, and
capitalization can denote completely
different compounds. Typically, trans-
lation memory-based software will
need special rules to correctly identify
the start and end of each name.

An example of the significance of
spacing is that the chemical name
“phenyl acetate” denotes a different
molecule from that specified by
“phenylacetate.” (See Figure 4 on
page 26.)

An example of the significance of
capitalization is that “N-butylsulfin-
imidoylacetic acid” represents a dif-
ferent chemical structure than
“n-butylsulfinimidoylacetic  acid.”
(See Figure 5 on page 26.)

An example of an interesting minor
technical annoyance is the Chinese use
of symbols used to denote elements. In
Chinese, every element has its own
character, requiring new symbols to be
added to the character set as new heavy
elements are discovered. This moving
target means that elements over atomic
number 104, such as seaborgium, fail
to be displayed correctly in Web
browsers or to be handled correctly in
translation software. The reason: tradi-
tional Chinese characters were added
only to version 3.1 of the Unicode
standard (2001), and simplified
Chinese characters have yet to be
added (as of the most recent version
4.1 of the Unicode standard, 2005).

A potentially more serious cause
for concern is that some languages are
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Due to the lack of regularity, common names must be
translated via a dictionary.

unable to express real distinctions
found in chemical compounds in
English, resulting in unavoidable
ambiguities. Examples of this in
Japanese are shown in Figure 6 on
page 26.

Obfuscation of Chemical Patents
Usually, the task of a translator is to
produce a rendition that a native
speaker can understand easily. Perhaps
a unique exception to this rule is the
task of translating patents. A patent is

Figure 7

an exclusive monopoly granted by the
state to an inventor (or his assignee) for
a limited time in exchange for disclo-
sure of an invention. Although patents
require disclosure in sufficient detail
for a person skilled in the art, there is
no obligation to make the task easy or
to limit the amount of “skill” required.
In chemistry, this practice dates back to
medieval alchemists, who first intro-
duced chemical nomenclature to hide
their work and its results from lay folk
and competing alchemists. It is

Original Japanese:
ST T 2T LT R R

Official English Translation:

Correct English Translation:

carbaldehyde

5-(4-[3-7 Bt 43T A TR DN FF V)T = J]6-%F /U =)

5. —(4-[aniline [ the 3-chloro- 4 —(3-fluoro benzyloxy)- ]]-6- chinae-cortex
ZORINIRU)- franc 2-carbaldehyde

5-(4-[3-chloro-4-(3-fluorobenzyloxy)-anilino]-6-quinazolinyl)-furan-2-

Cl
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Preserving Nuance in Chemical Nomenclature Translation

not unusual for pharmaceutical patents
to use extremely broad and generic
titles, such as “therapeutic com-
pounds,” making the titles alone almost
useless for searching and indexing.
Pharmaceutical patents also take
advantage of the ability to assign sev-
eral different names to a single com-
pound or molecule. There are
examples of a single patent document
using four or five different names for
the same compound, none of which are
the official IUPAC-preferred name.

The use of obfuscation in patent fil-
ings leads to two goals of translation:
1) the translation of competitor patents
so that they are understandable to the
client; and 2) the translation of client
patents so that they are difficult for
competitors to understand. For
example, under the European Patent
Convention, European patents may
be filed in one of several languages,
and the filing language may be
chosen based on the ease with which
it can be translated and understood
by a competitor.

Resources for Translators

So what are some resources for ter-
minology for translators and inter-
preters working in this field? Space
restrictions do not permit me to list
them all, but here are a few to get you
started. (Make sure to check out addi-
tional publications and websites listed
at the end of this article.)

IUPAC: An extremely useful resource
for translators is the official national
translation of [UPAC’s naming recom-
mendations. Once an IUPAC standard
is ratified internationally, it may offi-
cially be translated into other lan-
guages. A list of current translations
may be found at IUPAC’s Nomen-
clature Books website, www.chem.
gmul.ac.uk/iupac/bibliog/books.html.

Another great online resource is

VL]

the current draft of IUPAC’s provi-
sional recommendations for organic
nomenclature, which describe the
latest standards for naming molecules
in English, available at http://old.
iupac.org/reports/provisional/abstract
04/BB-prs310305/CompleteDraft.pdf.
One convenient feature of these trans-
lations is that once a chemistry trans-
lator is familiar with one version,

finding the equivalent section in
another language is much easier.

Dieter Hellwinkel: Hellwinkel’s
excellent textbook on chemical
naming, Systematic Nomenclature of
Organic Chemistry: A Directory to
Comprehension and Application of its
Basic Principles, is available in both
English and German versions.

Related Links

American Chemical Society
Www.acs.org

American Medical Association
WWw.ama-assn.org

American Pharmaists Association
www.aphafoundation.org/home /index.cfm

Chemical Abstracis Service
WWW.C0S.01g

European Patent Convention
www.epo.org,/patents,/low /legaltexts /epc.himl

International Union of Pure and
Applied Chemistry

www.iupac.org

International Union of Pure and Applied
Chemisiry Nomenclature Books
www.chem.qmul.ac.uk /iupac/bibliog,/books.html.

United States Pharmacopeial
Convention
WWW.USP.Org

World Health Organization
www.who.int,/en RS
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Wikipedia: Another excellent resource
for information is Wikipedia and its
various translated forms. Many fre-
quently occurring molecules of indus-
trial or scientific interest now have their
own Wikipedia pages, and the transla-
tions of these pages provide an unparal-
leled resource.

Translators need to be cautious
when using online resources. Unfor-
tunately, the current state-of the-art in
machine translation is frequently
tripped up by the unique properties of
chemical nomenclature. The SYS-
TRAN system, used by Google and
Yahoo! translation services, currently
translates the Japanese systematic
name for caffeine, from “1,3,7-
MU AFATY L 2,6- AL as
“1,3,7- 2,6- trimethyl pudding —
dione” instead of “I1,37-trimethyl-
purine-2,6-dione.” Even the English
translations provided by the Japanese
patent office are nonsensical, as
demonstrated by the example in
Figure 7 on page 27 for Japanese
Patent Number 2008-50363.

Whilst the situation is beginning to
improve with the first generation of
software tools specializing in the trans-
lation of chemical nomenclature, the
need to preserve nuance as described
in this article, will restrict the utility of
these software packages to the area of
machine-assisted translation.
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