Experiment 1 - Literature Searching

OBJECTIVE

e understand the benefit of doing research before working in the lab

e learn how to find professional chemistry information
INTRODUCTION

Organic chemistry boasts an incredibly long and fruitful research history. The results of experi-
ments done more than a century ago—or even as recently as last week—are still highly relevant to
modern chemists, and often this information is easily found online once one knows where and how
to search. Specialized chemistry databases, reference books, and websites have been developed to
help you sort through this enormous storehouse of chemistry information. Part of one’s chemistry
education is learning how to use these powerful tools effectively.

Doing some preliminary research can save you time and money. You may uncover a method of
synthesis developed on another continent 150 years ago that still turns out to be the simplest, most
cost-effective way to obtain a needed chemical. Or, it may turn out that simply buying a needed
reagent online is the best course of action. More importantly, doing your research ensures that you
understand any important safety precautions necessary when working with particular chemicals.

These days, the majority of chemical information is available online. Even many decades-old
journal publications have been digitized. This does not mean that it is easily Googled or otherwise
available for free. Most information is available to researchers only through a university or corporate
library, because, like any valuable business information, it requires paid subscription access. But it
does mean that in many cases you can complete all of your research work from any computer.

PROCEDURE
View the Literature Search! video that shows you the process step by step.

You will pick a compound to research from the list at the end of this chapter. Starting only
with the name, you will try to find all pertinent data, listed in the table below.

All of this information would be important if you were to use the compound. The remain-
der of this chapter discusses how chemistry information is produced, why each of these pieces of
information are necessary, and how to find them.

"https://www.youtube.com/watch?v=I7RjjOXgMHO0
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Data required Importance

* Reduces synonvm confusion — different sources often use

Identifiers: different names forthe same compound
» Chemical Abstracts Service s CASnumberis constant across sources
Registry Number, or CAS » Reduces spelling and typing errors
number of the compound. s Needed to check onthe status of government regulation
*  Svnonvms of the material

s TUsed to refer to the compound in literature and patents

Determine feasibility of use (in conjunction with properties
Cost to order it from a chemical and synthesis information):

supplier. * Isiteasyto obtain?

» TIsitmore expensive to buy or synthesize?

Basic understanding of chemical and help determine
feasibility of usingit. Structural information is important in
advanced chemistry information searching: vou may need to
determine theidentity of a chemical when vou only know the
structure.

Physical properties such as structure,
boiling point, melting point, density,
refractiveindex, etc.

Hazardous properties: any unusual
biological activitv (e.g., is the compound

a carcinogen, teratogen, mutagen, . » )
Obvious importance of determining the precautions that must

lachrymator, etc.), any ald
achrymator, etc.), any unusual dangers be taken when working with the chemical

that the compound presents (e.g..is it
extremely flammable? pyrophoric?
easily detonated?)

Spectra:
s Infrared ("I-R" or "FT-IR"}
spectrum, and Provides structural information about the compound.
+ Proton (or 1H) nuclear magnetic
resonance ("NMR") spectrum.

Svnthesis is central to organic chemistry. How can vou
develop a needed compound from other chemical building

blocks?

A method of synthesizing the
compound.

After you have completed your literature search, you will be expected to turn in a literature
report (two copies are included at the end of this chapter). The report should include as much of
the information suggested above as you can find in a reasonable period of time (4-5 hours).

’Be sure to cite all sources of information. ‘

Go to http://go.ncsu.edu/ch224? for links to all recommended sources and details on using
them.

About Chemistry Information - Journals

Dr. Blake, a chemistry researcher, conducts an experiment and learns about a new way synthe-
size benzoyl peroxide (a familiar substance in acne medications) from a particular base chemical
using a procedure never before documented. How does she report her findings?
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New findings, procedures, useful reactions, and other important chemistry findings are ultimately
published in scholarly journals. Journals are similar to magazines: they are published periodically
(e.g., every week, or every month) and contain articles. But unlike popular magazines, the articles
are written by researchers, for researchers. These articles are usually very specific (perhaps on a
specific reaction rather than a sweeping account of how chemical reactions work—that is the domain
of entire books). A reader not familiar with the field of study would have difficulty understanding
the content. The whole point is to convey information to the research community. Once published,
the information is available to all other researchers in perpetuity, and further, authors get credit
for their discoveries. (Many researchers are required to publish their findings regularly as part of
their jobs!)

Scholarly Journal Popular Magazine

Figure 1

There are thousands of scholarly journals in chemistry. Some are well-known by all chemists
and publish the most highly-regarded research:

e Nature (publishes articles in all scientific fields, but widely considered to be the most presti-
gious science journal)

e Journal of the American Chemical Society (JACS)
e Journal of Organic Chemistry (JOC)

to name just a few. But these can also be the most general too, and not publish research very rele-
vant to a given chemist’s specialization. Many more specific journals exist for specialized chemistry
research. Dr. Blake writes up her findings and submits the paper to a journal she thinks might be
interested. If the editors agree that the research is important, they will publish her article.

Meanwhile, all over the world, thousands of other researchers are conducting other experiments
and making other discoveries. They are also publishing their findings. All of this work results in a
wealth of published chemistry information. This is referred to as the chemistry literature. These
journals are further referred to as the primary sources, implying that this is the first published
report of this information. (Many fields consider the journal literature to be the primary source for
their field. But not always: history, for example, considers the original writings of historical figures
to be their primary sources.) A staggering amount of information is available to all chemists, but
there are tools to make your task of searching through it relatively easy.

Here is an excerpt of a chemistry journal article. Various pieces of the article are collected in
other sources for easy searching.
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Excerpt from Kzmat 5.5,

etal (2011). "Enzymatis,,

POURNAL OF THE AMERICAN CHEMICAL SOCINTY Pl achong/IACS W&G&?
Methyladaning, Journal
Enzymatic Deamination of the Epigenetic Base N-6-Methyladenine of the American Chemical
. _— ' . ) ) . . e e Socien: 133 (7 3
Siddhesh 5. Kamat,' Hao Fan," |. Michael Sauder,” Stephen K. Burley,' Brian K. Shoichet,® Andrej Sali” and Society, 133 (7). p. 2080.
Frank M. Raushel™
*Depastent of Chemistry, Tesas A&M University, .0, Box 30012, College Station, Texas 778423012, United States
*Eli Lilly & Company, Lilly Biotechnology Center, 10300 Campus Point Drive, Suite 200, San Diego, Californis 92121, United States
"Drepanment of Biensgineering and Thenpeatic Sences, SDiepaneent of Pharmaceutical Chemistry, snd Californis Inasitsng for
Caantitative Bioscienoes, University of California, San Francisco, 1700 Fousth Steeet, San Francisco, Californis 941 58, Urited States This data will be
O srreay emstm Table 1. Kinethc Constants for BH0E1T and BeuDé 560" harvested and made
bt 7Y kB (™Y . .
ABSTRACT: Two enrymes of umlnown function froen the e o Ll = g zearchable in online
amidobydrokse superfamily were discovered to catalyse the BT Ma N Mehd (L (29 02) = 10* ~
deamination of N-f-methylidenine to hypoxanthine and BhOET P NéMand 14123 (3£ 0 = 10 reference hbooks.
methyl amisve. The methylation of adenine in bacterial DNA | Za NbMeAd  1BS£3 (25 :£02) « 10"
s a common moddification for the protection of host DINA S ™ adesine 503 ]
against revtriction endonucleases. The enzyme from Bacillue BhodxT Ma  EMOAd
kalodurans, BWG3T, catalyies the deamination of N-&- - Mo SMMCP s
methykidenine with a k, of 185 57" and a k /K, of L mand other
28 x 10° M ", BhOS37 catalyses the deamination of fethiE0 Ma o NeMald1HED pie * )
N-é-methyladenine 2orders of magrstude fater than adesine., . Il.-ﬂnw\ Ma — Alked (W0 LA x W chemistry databases will
A comparathve model of BhISIT was computed wing the 4 "\I‘:"‘J = Netemctbpledesioe, 8MOAL = & methoryadeaine, ) _ )
thre-dimensional dmecee of Modle (PDB code SMMCF = & methyim raptoparine ndex thiz reaction.
INCH) a5 & stroctursd semplate and |.<|:||||1.ﬂ1lul|u| Jl:\l.l|¥
was msed to natiorlie the preferemisl unkestion of N6 Scheme 1. Reacton of N6 Methyladenine Deaminase Researchers can search
methylsdenine over sdenine. This i the first identification (6-MAD) for the chemicals

of an N-&-methylgdenine deaminase (&-MAD).

mvolved as reactants,
reagents, or products.

All pertinent information in this article, including title, author, abstract, chemicals reactions, and data will be
harvested and made searchable in chermistry databases. Free search engines like Google may mdex some ofthe
text but will miss the chemicals andreactions. Using tools designed for chermistry research will work better.

Figure 2

About Chemistry Information - Chemical Abstracts

One problem with journal literature is that there is a lot of it. It’s cumbersome for researchers
to dig through if they just want one piece of data. To relieve this problem, the American Chemical
Society (ACS) began indexing chemistry literature through its Chemical Abstracts Service (CAS)
in 1907, and began publication of the Chemical Abstracts. While Chemical Abstracts are still
available in enormous printed volumes (researchers used to thumb through these printed indexes to
find articles), they are now searchable through the SciFinder database. Chemists have numerous
reasons to use SciFinder and not Google for chemistry research. The information in SciFinder is
logically organized for chemistry. Plus one can search for structures and reactions.

Each compound indexed by CAS is assigned a Chemical Abstracts Service Registry Number
(or, CAS number) which uniquely designates that compound. These numbers are vital when
searching. A compound could have dozens of common names (and a given source may not list the
name you are familiar with) but it will only have one unique CAS number recognized in nearly all
sources. They have been widely adopted by regulatory agencies such as the EPA to unambiguously
designate compounds.
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Some common examples of CAS numbers:

Nicotine 34-11-3

Caffeine 38-08-2

Quinine 130-95-0

L-ascorbic acid (Vitamin C) 50-81-7
Figure 3

An entry found in SciFinder contains a full citation of the author’s names and affiliation, the
journal in which the work appeared and the volume, year, and page numbers. In addition, a brief
abstract or summary of the paper is given. SciFinder also provides a link to the online article.

About Chemistry Information - Reference Material

Researchers often just need portions of published articles. They don’t need all the details, but
might be interested in the physical property data, reactions, or spectra. As a result, numerous
secondary sources of chemical literature are available. You will use these sources for much of the
literature searching assignment. These might take the form of chemical encyclopedias that compile
physical data (such as the handy Merck Index or the CRC Handbook of Chemistry and
Physics), usually available both in print and online. Here is an excerpt of the kind of information
you might see in the Merck Indezx:

4101, 1-Fluoro-2,4-dinitrotenzens. 2 4-Didto-1-M0o- | = Synonyms
robenzene, DNFE, FDNE, Sanger’s reagent. CgH,FN,0,. | = molecular formula
mal. w.186.11. C38.72%, H1.62%, F10.21%, N15.06%, 0 | » molecular weight

. AF. Holleman, J.W. Eeelanan, Rec. Trav. | » synthesis journal

Chim. 23, . Co annders, Nochem. J. 41, References
(1947). Usein peptide analysis: Sanger, Bochem. J. 39, 507

{1945); 40, 261 (1946); 45, 565 (1749); Porter, Sanger, 1hid]
42, 287 {1948). Tumor promoting actuvity: F. G. Bock et af.» Sometimes gives:
Cancer Res. 29, 179 (196%). Mutagenicity smdy: D.R. density, index of
Tagarnmath et @i, Mbutat.. Res. 78, 91 (1980). Review of uses: Refraction
Reagents for Organic Synthesis, L. F. Fieser, M. Fieser, Eds.
(Wiley, New York, 1967) pp 321-322.

F

NO,

« molecular sructure

» s0lid, liquid or gas phase
Pale yellow crystals from ether, mp 26° . bp 137 . Salin__| =melting and boiling points
benzene, ether, propylene glycol. » solubility information
USE: Reagent for labeling a terminal amino acid group; in | = use (almost always given)
modified Wold degradations of aldoses. As hapten.
Caution Vesicant. For proper handling see: J. §. Thompsor],
0. P. Edmunds, Axn. Oocup. Hyg. 23, 27 (1980).

Figure 4

(©2011 Advanced Instructional Systems, Inc. and George Wahl and Maria Gallardo-Williams 5



Finding Chemistry Information

So where do you look for all of this information? Where can you find good chemistry databases
and how do you use them? Can you just use Wikipedia or Google? The answer to all of these
questions is: “It depends...” The field of chemistry is somewhat unusual in that researchers might
choose different sources depending on the type of information needed. Physical properties, spectra,
and methods of synthesis might be found in entirely different sources. Also, the sources that
were helpful for one compound may not have any information for others. Even further, some
basic information for common chemicals is indeed easy to find through a quick online search—but
do not make the mistake of thinking this will always work. Learning to do chemical research
means getting familiar with the process of finding information more than the individual
sources.

Go to http://go.ncsu.edu/ch2243 for links to all recommended sources and details on using
them.

Could 1 just use Wikipedia or Google to do this?

Wikipedia and Google are probably the first places you turn for most day-to-day information,
but it’s a different story when it comes to professional research. You might find what you need,
especially if you just want some basic physical properties, and even more especially for common
compounds in widespread use. (For example, look up benzene or nitric acid. There is no shortage
of information.) But you also might find yourself swimming in chemical company websites or
anonymous blogs, or trying dozens of fruitless searches, or trying to piece together bits and pieces
of information, or finding nothing at all. You’ll avoid wasting time if you use tools designed
for chemistry research. Think of a similar example: let’s say you wanted some coffee. Would
you go to a sprawling shopping mall or a small coffee shop right next door? Sure, you’re bound to
find coffee in the mall if you search around long enough. Or you could just go right into the coffee
shop and get what you want quickly. Specialized research tools are like that specialized coffee shop.
They were designed with a specific purpose in mind.

Do you need to visit the library in person to complete this assignment?

Probably not. The main sources for chemistry research are all accessible online. They generally
require subscription access (though there are exceptions). The library website is your gateway to
these campus subscriptions to electronic books, databases, and journals.

That said, you might need to find an older article that isn’t online. Or, you might find the print
reference books useful for portions of your research. Thorough research in all fields uses a variety
of sources, both online and in print.

Tips on Finding Different Types of Chemical Information

The guide below suggests a starting point online for each portion of the lab report. All chemicals
will be different: your information may be in the first place you look, or you may need to check
several sources before you find what you need.
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All recommended sources are linked from http://go.ncsu.edu/ch224%.
Basic information - CAS number, synonyms, cost

This information should be readily available in multiple sources and easily found online. Get
the CAS number first, gather synonyms as you encounter them. See the earlier discussion on CAS
numbers—use these to search, instead of names, whenever possible.

Start with: the Sigma-Aldrich catalog online. Sigma-Aldrich is a chemical retailer and should
provide some basics, including cost. Sigma and Aldrich are companies with a history of printing
useful reference books, and most of this information has been synthesized into their site. Like
Amazon for books, they are trying to sell something and will provide as much helpful informa-
tion as they can to potential customers. Look for physical properties, safety information, and
spectra while you’re there.

Physical Properties

Physical property all recoinformation, such as molecular formula, boiling point, etc., might be
available in hundreds of places if the chemical is simple, common, or useful. You should try to
verify anything you find in Wikipedia or an unfamiliar source by checking multiple sources. You’ll
also find that a lot of this information is copied and pasted throughout hundreds of websites.

It’s important to understand that the availability of information will be different for every
compound. Your colleague researching benzene might find every required physical property in the
first source he checks. Meanwhile, you are trying to find a complex or rare chemical, and will have
to look through four sources to find five different pieces of data, and you still won’t find everything
you want. You can’t count on the goodness of Wikipedia users to compile information like this
for you. This is where professional reference sources come in handy. They are quick to search and
contain a wealth of data.

Figure 5

e Start with: CHEMnetBASE. This is an online compendium of notable chemistry reference
books. Broad and reliable.

“http://go.ncsu.edu/ch224
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e Tried several sources and still can’t find a particular property? Consider if there may be a
logical reason why your chemical might not have information on a property. Like, does it
explode when you heat it? That might make it difficult to establish a boiling point! Are the
crystals too small to allow chemists to find a refractive index?

Hazardous properties

Hazard and safety information is usually easy to find. It’s in everyone’s best interest to make
this information widely available, and standardize its format for easy reading.

e Look for: an MSDS (Material Safety Data Sheet). Sigma-Aldrich might have one. Or try the
NC State University MSDS Management System.

Spectra

Like physical properties, information for any particular chemical compound could be in a number
of sources—you might find it the first place you look or the fourth. Unlike physical property
information, you might struggle find this specialized information with a simple Google search. Use
a good source of compiled spectra rather than a broad internet search and save time.

e Try: Sigma-Aldrich has incorporated many of their spectral atlases into their website. An-
other good source is AIST’s SDBS website, which they offer free online.

Synthesis

Finding syntheses is a central task in organic chemistry. For simple, common chemicals, numer-
ous synthesis methods have already been discovered. You wouldn’t want to spend costly time in
the lab developing a new method until you knew what was already out there. The good news is
that there are some really great tools for this task. The bad news is that they require a bit of effort
to learn how to use them.

Two outstanding databases for this task are Reaxys or SciFinder. Either works, both have a
learning curve. (Chemistry majors will find these more and more useful in later classes or when
doing research and should definitely take the time to try one or both out.) Reaxys does not require
a user account and synthesis results are easy to find, so it is recommended.

e See sources and instructions at http://go.nesu.edu/ch2245.

Another route: Use the Dictionary of Organic Compounds (online through CHEMnet-
BASE). See the online guide at http://go.ncsu.edu/ch224° for details.

Some chemistry information trivia:

e The dominant language in chemistry for much of its history was German. English became
the standard perhaps in the 1970s or 1980s. If you were a chemistry student up until that
time, you would take some German courses as part of your required education.

http://go.ncsu.edu,/ch224
Shttp://go.ncsu.edu/ch224
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LITERATURE SEARCH REPORT FORM

Download the Literature Search Report Form” at the beginning of the class. Fill out the information
and turn it in.

"worksheet.pdf
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