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Part Vil Identification of Unknowns with “Spectraless” Libraries®1°
Introduction
ChemSpider

The free chemical database

Accurate mass (174 M entries)

L C-MS" Candidates list narrowed Confirmed
e SCIFINDER
S
(67 M entries)
Overview:

»Need to identify compounds not found in Commercial or “Crowd-Sourced” Libraries

»Compounds can be readily identified with accurate mass LC-MS" data and large databases

»Most useful databases: Scifinder'?-15> (CAS Registry) and ChemSpideri6-18 (Royal Society of Chemistry)
»These are primarily “Spectraless” databases

»Candidate compounds are found by searching either molecular formulae and/or accurate mass (+/- error)
»Candidates list narrowed by no. of associated references, key words, substructure, etc.

»Confirmed by interpreting MSMS spectrum, no. of exchangeable protons, UV-VIS spectrum, relative
retention time, micro-synthesis of mixture, purchasing, etc.



Origin of Term “Known Unknowns”

»Compounds whose identities are known in the world, but unknown to us
»Term “known unknowns” stolen by us from Rumsfeld’

*“. .. there are known knowns; there are things we know we know. We also
know there are known unknowns; that is to say we know there are some
things we do not know. But there are also unknown unknowns -- the ones we
don't know we don't know. And if one looks throughout the history of our
country and other free countries, it 1s the latter category that tend to be the
difficult ones.”

Donald Rumsfeld, weapons of mass destruction in Iraq News Briefing, Feb.
12, 2002
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Part VIII Identification of Unknowns with “Spectraless” Libraries
Overall Process Including NIST Library Searches of El and Tandem Spectra

14 Lo

»The SciFinder/ChemSpider is part of our overall search
» Total approach shown in flowchart below (1)

MS - THE PRACTICAL ART
»Discussed in LCGC Article® (2)

Identifying “Known
Unknowns” in Commercial
Products by Mass
meeeesssss SPectrometry 2

1 Simplified Flowchart for Identifying “Known Unknowns”

Obtain Mass NIST MS yes Possible
Spectrum Search Identity
yes
Possible
Identity Cland L i N O No
accurate mass et Results!
J
yes
g No
Logical? 5
Results! Generate MF Examine CID and
El Spectra
. Candidates from yes = Candidates from
Examine CID and ChemSpider or CAS ChemSpider or CAS
El Spectra by MF by MW

MF = molecular formula; MW = molecular weight; CID = collision-induced dissociation; CI = chemical ionization; £/ = electron ionization



ChemSpider Internet Searches

»ChemSpider has 67 million structures from 100’s of data sources

»Free service with internet interface offered by Royal Society of Chemistry

»Narrow candidate list by sorting in descending order by the number of associated references

» Best method is to use molecular formula at lower molecular weights

»Better to search by monoisotopic mass at molecular weights>600 because difficult to narrow to one
specific formula in that range

8,000,000 *
7,000,000
§ 6,000,000
3 5,000,000
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€ 4 000,000
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%5 3,000,000
S 2,000,000
1,000,000

Molecular Weight Ranges
Determined in 2012 (26 million entries)




CAS Registry Using SciFinder and STN Express

»CAS Registry with SciFinder has 174 million unique organic and inorganic chemical substances
»Fee based service from American Chemical Society

»Narrow candidate list by number of references, substructure, key words from sample history, etc.
»Best method is to use molecular formula

»Does not search by monoisotopic mass, only molecular weight using STN Express

»STN Express is a command base interface, SciFinder much easier to use

»Error for latter is 4-5 times greater
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Average MW distribution of compounds in CAS Registry (Dec. 2009) determined hy s /mw command in
STN Express.



Summary Comparing ChemSpider and CAS Registry Approaches

Search
Approach

Pros

Cons

ChemSpider

-free via internet

-good user interface

-automation by instrument
manufacturer using Web API
(Application Program
Interface)

-ability to search monoisotopic
mass

-smaller No. of entries (~26 M) and
references
-can’t refine by key word

CAS Registry
with SciFinder
or STN Express

-larger No. of entries (~65 M)
and references

-refine by key word

-good SciFinder user interface
for MF searches on internet

-fee charged

-no API available for instrument
manufacturer automation

-no ability to search by monoisotopic
mass, only MW with complicated STN
Express interface




Example 1: SciFinder Search of CAS Registry

Search CAS Registry with SciFinder by MF: UV Additive in Polymer

» Request to Identify UV additive in polymer
» Found in LC chromatogram by characteristic UV spectrum
» MF by accurate mass and isotope pattern

_ #1 1,252 Ref

~65,000,000 > 2,256 ~
CAS Registry Get Substances Sort by Number #3 19
CpoHzgN;0 of References #1 Correct
| 2256 Substances 0 Selected |

Select All  Deselect All | Sort by: | Number of References = | 4

" 1. Substance Detail
25973-55-1
~1252

Me

Me— C— Et

Me

,/“‘x |
\ t|:—Et

Me
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Example 1: SciFinder Search of CAS Registry

Confirmation of Candidate Structure

» Interpretation of MS/MS Spectrum
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Example 1: SciFinder Search of CAS Registry

Confirmation of Candidate Structure (continued)

» UV spectrum characteristic of UV Absorber

204 Diode Array
iy Spectrum
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» One exchangeable proton by deuterium exchange via infusion in
solvent mix with minimal D,O

“ Ultimately confirmed by purchased standard



Example 2: SciFinder Search of CAS Registry

MF Search Refined with Key Word for More Obscure Compounds

» |ldentification of greenish yellow species in baby diaper adhesive

~65,000,000 > 264 482 1 Ref.
CAS Registry Get Substances Get all references Refined all references with
C30H420, for all substances “greenish yellow”
OH
0O,
—
[Ox]
ISBHT”

Problem Solved!
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Example 3: ChemSpider

Search by Monoisotopic Mass: Antioxidant in Polymer

» |dentification of additive in polymer
» Search ChemSpider by monoisotopic mass

#1 29 Ref.
~26,000,000 2 16 > 51 > #2 5
. #3 2
ChemSpider Search by Sort by Number
783.520 +/-15 ppm of References #1 Correct
ID Structure Molecular Molecular # of Data # of References

Formula Weight Sources h
84061 ' C4aHasN0; 784.078 17 29
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Example 3: ChemSpider

Confirmation of Antioxidant Candidate Structure

» Initially confirmed by MS/MS fragmentation pattern

NI el

CID AN
s I

Goodrite (Trganox) 3114
+
[M +NH,] m/z 219.1743

theoretical m/z 801,553

observed m/z 801.558
» 3 exchangeable protons by infusion in solvent mix with D,O
» Ultimately confirmed by purchased standard
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Live Demo on YouTube
LC/MS Unknown Identifications Using MSMS Libraries
Part VIl Identification of Unknowns with “Spectraless” Libraries
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