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Introduction

Historically, organizations haveemployed analyticalchemistry groups to handlethe acquisition,
processing, and interpretation of routine analytical data generated in support of synthetic chemistry
efforts. Now, however, thanks in large part to advancemen | n-A¢ Opesn” -upr “aWall kt i c
instrumentation, many routine experiments are elicited by the synthetic chemists themsélhes
advantage of this approach is twofold) It reduces the sample burden placed upon the analytical
support group andhus the turnaround time associated with their activitieand 2) It places well
defined results or data into the hands of the individuals mfasniliar with the chemistry of the
samples Unfortunately, the evolution of opeaccess data handlingreates its own set of issue®r
chemists. Thelrawbackof waiting for results has been replaced with therden ofprocessing, analysis,
and interpretation of their ownanalytical datatypically within different software applicationsThis
added workload hashanged thepriorities of synthetic chemistsrequiring them to spend more time
interrogating analytical data, which can have a negative impact on their overall productivity

This application note will highlight the benefits of having good software foolanalytical data viewing
and processingwhichchemists can accessm computersin their own labs or officedn addition, it will
address howsimple, yetsophisticated software toolsanevenaid chemists in their interpretation of
analytical datathus accelerating the decisiemaking process.

What Can an Offline Desktop Processing Tool Provide for a Chemist?

Depending on the environmeng&ccessing raw and pigrocessedanalytical datafrom a synthetic

¢ h e mpesspectivecan range fronsimplisticto cumbersome. In some opegiccess environments, the
chemistsare responsiblefor processing their raw data and analyzing their spectra via one shared
computer in the instrument roomWhen more than a fewchemistsmust frequentlyaccessa single
computer it becomesumbersomeand inefficient to get results Other environments may have a few
satellite stations where chemists can access and process their data. In many cases, the setup on the
instrumentsystemcan be forced to automate son@ all of the processing steps to limit the amount of

time a chemisheedsto sperd using theanalysisoftware.

Examples of more simplisticenvironmens often involve theautomateddelivery of analytical data plst

or reports generated directlyby softwarefrom a walkup system.While these reports can provide a
simple way to check if the desiredropoundis present on a routine basis, the reality is that not all
reactions proceed as planned. Reports like the ones showed in Figure 1 are static and, as doresultt
always lend themselves well for closer inspectamd certainly noford e e per anal ysi s of
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Figure 1 Examplsof analytical data reports generated frowalk-up NMR and LC/UV/MS systems

ACD/Spectrus Processor giv®ups with operaccess bottleneckan inexpensive and easyay to
provide each chemist with accessat their analyticallata on their desktops in their own lab or office.
Thisavoidsqueues in the instrument room and allows chemists to focus on thedis at their own pace.
With improved accessibiliysynthetic chemists camspect live dataeasily using variety of beneficial
features

Support of All Techniques and Instrument Formats in one Application

Having one software package that can acadifferent types of analytical data is desirable. However,
such a software package falls short if it cannot deal with the variety of disparate data formats from
different instrumentationin the analytical chemistry department gbur organizationnow and h the
foreseeable future While standardizing on one instrument type (and format) mayabealternative,it
representsan unrealisticcompromisei n t @rmhlgtizalesvironment.This is especially so when data
from diverse techniques such as NMIRromatography, mass spectrometignd spectroscopy are all of
interest and relevant to confirming compounds.

Whether your operaccess instruments aré\gilent (Varian) Bruker, Waters or more likely a
combinationof different instruments ACD/Labsuppots import of datafrom these vendoformats and
allows the user to easilyiew and processhis data. The ability to suppor variety offormats allows
organizationsto use whichever instrumestcan provide them with the mostonvenienceand most
desiredresults

Fast and Efficient Manual or Automated Processing

How the data looks when a chemist opens it for the first time is very important. Some organizations or
chemists prefer to just receive the raw datgme prefer preprocessed datawhile others choose to
automate the process as much as possible to save time. For those who prefer the manual process,
Figure 2 shows thaACDSpectrusProcessor includea variety of routinesand featuresfor fast and
efficient dataprocessingData thatis automatically processed from the instrument (i®Bruker 1r and

2rr files) can be imported directlgsis. Finally routine data processingand analysis stepzan be
automatedso that chemists can make decisions as quickly as possible follblgimgport. LC/UV/MS

raw unprocessed data, including most additional analog channels, will be imported but additional
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routine data processing and analysis steps can be automated so that chromatographic peaks are
detected, and also mass chromatograms and speatea generated. Manually it is also easy to add
peaks, to extract and view chromatograms for masses and wavelengths of intenelsto generate
spectra for peaks
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Figure2: How do you like your datadp fromleft to right: raw NMR datdBruker FID), processed data
(Bruker 1n)fully verified data (ACD/Labs ESB)ttom from left to right: LC/UV/MS data (Waters SQD
raw data), postimport processed data, and assigned data.

Quick Creation of Formatted Multiplet Reports for Notebooks, Patents, and
Publications

During the patent or publicatiomriting process, measuring the coupling constants ifHaNMR
spectrum and creating a specifically formatted multiplet report can be the most tedious step.
ACDBSpectrusProcessor automatically meassréhe dvalues and prepares a formatted multiplet report
on the fly during processingaving chemists a significant amount of time in the patenting process.




Multiplet Report X

'H HME (500 MHz, DMS0-45) 6 ppm 1.71 - 1.81 (m, 3
H)187- 195 (m, 3 H) 2,99 - 308 (m, 3 H) 331 (4, J=
1261 Hz, 3 H) 3.67 - 3.76 (m, 1 H) 3.86 (s, 4 H) 7.06 -
7.10 (m, 2 H) 7.99 - 8.03 (m, 2 H)

Copy to I:Iipl:u:narl:l] ’ Cptionsg ] ’ ? Help

Figure3: Using ACL8pectrug’rocessor, a chemist can quickly prepare a formatted multippirt for
their patents and publications like the one above in uridainute.

The Ability to Add Chemical Structures and Assign/Annotate Spectra

One of the unique features that you will find in AGPéctrus Processas the ability to assign
peaksmultipletsbandsin a spectrum tahemical structures/atoms/functional groupghis can be done
by simple clickand-drag motions in the processing window, and tiectronic assignments can then be
stored within the data file, providing chemists with mareaningful electronic data.

Assigning NMR Data Electronically

Users can assign multiplets to atoms in a chemical structure or vice versa. In addition, the software
suggests potential assignmer{tgeen)for interpretation assistance
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Figure4: Using AD/SpectrusProcessoto assigna multiplet in a'H NMR spectrum




Assigning LC/UV/MS Data Electronically

Users can add a structure, formutar mass data to the Table of Components to automatically extract a
relevant mass chromatogram, or assigieak togenerate a mass spectrum. In addition, cetoded

MS match indicateconsistency of monoisotopic and isotope peaks.
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Figure5: Using ACBpectrud’rocessoto assigna component structure to a peak in an LC/UV/MS
dataset



Assigning IR and Raman Data Electronically

Users camake spectrum/structure assignments in IR and Raman spectra.
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Figure6: Using ACBpectrugrocessoto compare an experimental IR spectrwith a match froma
database searcto reveal which structural group (red gidouldrationalize particulapeaks ¢reen
highlighted.

How Can Software Accelerate a Chemist’s Decision-making Process?

In general, a synthetic chemist watquire'H NMR andMS or LC/UV/MSlata once a reaction is
complete. They are then faced with two fundamental questions regarding this data:

» Did I make what | thought | made?
* Is it pure?

Glancing at the mass spectrum and chromatogsahan LCUV/MS dataset can provide the chemist
with some cafidence in their success of having obtained the desired product with fair purity. Mass
spectrum interpretation is not always straightforward, however. More sophisticated software can help
the syntheticchemist reliably interpret the mass spectrum and itignthe [M+H] or [M-H] to help
reduce falsepositive product confirmationsVloreover, 1D'H NMR experiments allow chemists to verify
the chemical structure of a compound. A chemist will often be able to confirm a successful reaction
from this spectrum.When the interpretation poses more of a challenge, howewaE€D/Spectrus
Processorcan be used toprovide immediate feedback on the level of correspondence between a
proposed structure and an experimental spectrum. Armed with this information, the chemigthas



an increased level of confidence to either go along with their intuition, or question the outcome of their
reaction. This allows the chemist to make faster, more informed decisions about the relationship
between a chemical structure and an NMR dp@n. With the click of a button, a user caaceive
immediate feedback on the consistency between the structure and the spectaashown ifFigure?.
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Figure7: The verification output is a simple statement that the structure is (or is not) consigterihe
spectrum. The user also has the option here to keep the automatic assignments or not.

When there is an inconsistency between the spectrum and structure, the user is informed of exactly
what the inconsistency is, and where it is located on ttracture, as shown irFigure8. Whether a
chemist is 99% sure that they indeed made the correct structure, or whether they are unsure, the
software can provide an invaluable resource to help them in the interpretation process.
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| | Ohserved 1H chemical shift 5.28 ppm differs from 6.55 ppm expected for stom(s) 5 |

41

10 HHMRB Yenfication Result: Inconsistent

Figure8: The verification output when there is an inconsistency between the spectrum and structure. In
this example, the predicted shift does not match well with the experimental for @&torthe chemical
structure.




Create Custom Reports That Can Be Attached or Pasted To Notebooks

Traditionally, once structure confirmation is complete, a chemist would tape or gle@pw of their
spectrum into their paper lab notebook. With the emergence of electronic laboratorybootes (ELNS)
chemists now have the ability to link to electronic data files from their ELN, export spectrum reports as
PDFs, or paste images of spectra into their ELN interface Sp€Efus Processielps an organization
support all of these options indalition to providing a wealth of information about the spectrum in
electronic form (i.e., experimental parameters, chemical structures, data tables, etc.). Furthermore, all
reports created in ACBpectrus Processare searchabl®y structurefor easy repat retrieval.

SAMPLE REPORT
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Figure9: Examples of reports created by ACD&Bpectrus Processor

Verify Starting Material or Quickly Identify Unknown Elements with Database
Searching Capabilities

Prior to running a chemical reaction, chemists will often verigy dtarting materials for their reaction to
ensure no issues are present. ACD/Spectrus Processor supports this exercise by offering the synthetic
chemists access to analytical data stored in an organiZaticorporate analytical database. In effect,

the software serves as the gateway to an analytical data repository. For example, the Aldrich NMR
Library of FT Spectra is available in ACD/Labs database format. With this, chemists can perform a variety
of peak,spectrum similarity, structure, substructurer metadata searches to verify the identity of their
starting materials, identify known impurities, contaminants; other databased componentsas
depicted inFigurelO.
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Figurel0: Result of NMR spectrakéarch in ACD/Spectrus Processor. Query spectrum (green) is
compared directly to the hit spectrum (red) in overlay mode. Users can browse throuoin hits
comparisons. Full searching capabilities are available for all other analytical techniques as well.

Conclusion

With the emergence of opeaccess instrumentation and electronic laboratory notebooks (ELNS), the
need to retain dataand knowledgeelectronically has become more demanding. Offline desktop
processing tools can provide chemists with the coneroe of accessing and processing tlagialytical
data in their own environment and at their own pace. In addition, ApBcttrus Processarovides
chemists with flexible and eadg-use software with many valuable features. Once spectra are
processed andnalyzedsoftware toolscan be used to help the chemist make faster, smarter, and more
independent decisions about thesultsof their reactions. Finally, this data can be seamlessly created as
an electronic report complete with spectral expansionstrimaent parameters, data tables, and more.

This information can be archived as a PDF or elements copy and pasted into a word processing

application. With the help of ACBpectrus Processohuge boosts in efficiency can be achieved in
t 0 day -ascedgbmatories.




