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M

* Installation and Activation of Mnova NMR
* Opening and processing 1D 1H NMR
 Multiplet analysis for 1D 1H NMR

* Opening and processing 1D 13C NMR

e Peak picking for 1D 13C NMR

* Opening and analyzing LC-MS
* Reporting and publishing results

Saving the results

Note: This tutorial covers the NMR, NMRFPredict and MS plugins of Mnova



N Specifics for <xxxxxx> University
(To be completed by instructor)

> The instructions for downloading, installing and activating Mnova:

> <Link to instruction page>

> The Mnova licenses that <XXXX> University has:
> Mnova Suite (NMR, NMRPredict & MS), unlimited
> Etc.

> The sample data used in this tutorial are located at:

> <Link to data folder>.




Installation and Activation of Mnhova, and General Setup*

*You will need to have Mnova Suite (NMR, NMRPredict Desktop and MS) licenses for this tutorial.
For the Advanced tutorial, you will also need Mnova DB and Wiley DB licenses.




Install and activate Mnova in General

The Host ID for this computer

@ License Manager
] sy Location of the license file
> Download and install Mnova from = e B
. WIMFH-7CMP3152-P5L7T-38REL3IE | |8 \
www.mestrelab.com. Choose File > | '
Help > License Manager to open State Plug-in et By LicensedTo | Type | lssued Date | wys to Expi| Update Days |\
. . 35 O Mnova Verify Mestrelab Research 5.L. Dr Chen Peng,... single Fri5ep 142018 681 681 i
the Llcense Manager dlalog. 36 6 Mnova gMNMR Mestrelab Research 5.L. Dr Chen Peng,... single Fri5ep 142018 681 681 I
> Activate Mnova USing your 370 MMR Mestrelab Research 5.L. Dr Chen Peng,... single Fri5ep 142018 681 681 I
38 0 MNIMRPredict Desktop Mestrelab Research 5.L. Dr Chen Peng,... single Fri Sep 142018 681 681 I
purchased license f||eS, or apply for 38 @  PhysChem Propertie Mestrelab Research S.L. Dr Chen Peng,.. single FriSep 142018 681 681 !
45 day free trial |icenses (Click ;:ﬂa _Blate Prorcecc TaTal \ Mectrelabh Recearrd h Sl NriChen Penn cinnle  Fri Sen 14 2018 T1 RA1 B
Get/Install Licenses) | jsbilociapiicinganes o ,I
—Service Licenses
/ |
> Make sure that there are green State Mame Username Id  Issued Date Expiry Date Operations Tenant |d /Asset Id
checkmarks for NMR and other
plugins that are supposed to be
activated License expiring date
> For managing campus/site/
concurrent licenses, see License issued date
http://www.mestrelab.com/mlicser EEE

ver
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The first time you start Mnova, it asks if you want to use the “Modern” GUI. Choose it and check
“Do not ask again”. Restart Mnova, you will enjoy the modular ribbon GUI introduced since
version 12.

Use the New Graphical User Interface (GUI)

@ Introducing the new Mnova user interface ? by

Mnova comes now with an optional new Modern user interface. We believe that it greatly
facilitates the user experience. Would you like to give it a try?

B Procesing Bnalpii Siignmeing
| Wt plet Boes LI'{-:' L ol ’m: o 1'&“' JJIL e
= it Bances
et Rang S "Pa e £lean Galn TH Mo
Multiplot Curves uagration L8 98 Friing, Analss Analysis, Spectnm, Tools.,

Multipkts niegas Fitting Advanced

You can always change the user interface style from the Preferences dialog by selecting the desired option in the Theme setting.
To show the Preferences dialog, follow one of these actions:

* Press the keyboard shortout Ceel +,

* Or from the dassic interface: Go to the menu Editand then select Freferences

* Or from the modern interface; Go to the A tab and then select Freferences
Do not ask again

Note: This instruction is based on the Modern GUI. You can always switch back to the “Classic” GUI from ”File/Preferences”.



Turn on Auto Baseline Correction

- =]

Choose File/Preferences. In the NMR> Import Tab, check Baseline Correction ~ @ @@ options -
so that baseline is automatically done when you open an NMR spectrum.

O Preferences T X
Note: Automatic Baseline Correction use the default

algorithm of “Bernstein Polynomial with order of 3”, or : == 9
the one that you used previously. This option may m [ f p Uﬂ 43 g ‘}
make manual phasing of 2D NMR sluggish. In that et Phigis et TN s

case, turn baseline off from Processing .

Mass Molecule Scripting Drawing Tools  Publications

Drawing Import | Processing Save DataProc

Tip: There are many options and settings that you may

. . . P ters -
change in the Preferences Dialog, especially the e
. . . . . . | Apodization
resolution of/mage copying and image exporting in the e
Drawing Tab. Uiy Pradicion
—Apply
|| Drift Correction [ Absolute Reference
Butornatic Phace orectio | Automatic Apodization
|1 Fit to Highest Compound
——FETTCCPT TR R +| Pure Shift FID Reconstruction

5N
Step Predision: |0.001000 -

- Traces —

| Auto Attach Traces

OK Save T Load.. || Cancel
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Setup the resolution for publishing spectra

= &
Choose File/Preferences. In the Drawing Tools tab, change the resolutions for ~ @ ®® oplions -
Image Exporting and Image Copying to numbers similar to something shown o
below.
@ Preferences ? X

The resolution for Image Exporting is used when you
choose File > Save As and save the selected objects in

Mnova as a graphical image file. t f r “” u‘ ‘5 L_{}/; %
NMR

Mass Molecule  Scripting  Drawing Tools  Publications

General Plug-ins Database

The resolution for Image Copying is used when you
copy selected objects in Mnova and paste them to
another application.

(Emage Exporting -
Resolution: |400 dpi
Quality: 50 %

rImage Copying

\ Resolution: |400 dpi £

> 4

OK Save ¥ Load... Cancel




Setup the Workspace

> |n the View Ribbon, check the Pages, Full View, Parameters, and Data Browser Views

> Dock and arrange them as shown below

MestReNova

Prediction Tools Database Verification

Elucidation

Quantitation

& T 0 + [~ B~ [ rages [ well Plates [v] Parameters ** | [ Entire Page =]
\ 1l W Page Motes || Rulers 7| Data Browser | Bf - -
mln M ] Full View || Full Screen || Cursor Info !-‘\ A2
Spectrum Show/Hide Page Zoom
Full view Fu” ViEW
Pages g X | '9’1 Document 1 .
1. s v .A.
Document Header
Pages
View
The current Document View
|
[
v |4 A=

= m|

! {I} "‘53' @ options -

f_’:{ Layout Templates =

Templates
& x
Data Browser g x
Q@ QO 4 =

Data Browser

[ D

Drag or add your dataset locatio
ns here

Parameters Data Browser | €——

Licenses: O DB: ?

= ﬁ:’ '3_3 E Options =

Click here to
minimize the ribbon

Click here to switch
the panels or tables



Setup Data Browser

> Click “+” in the Data Browser, navigate to the directory where the sample NMR data are
located and click OK to add it.

> Click the Settings button to turn on the display of the meta data, date and time, and enable

sorting

> Make sure you see the data files similar to those shown below

/

Data Browser

h

@ Add location ?

Path: Iand TemplatesTraining for chemists/Training courses by Chen/Training Data Sets

Label: Training Data Sets

oK Cancel

QCD+—

Mame 1

~ " Training Dataset

Experiment

v 1D and 2D peak assignment
» T Brucine 1D and 2D NMR
Estradicl H1 and H5CQC assignment
Ibuprofen LC-MS5 and 1D and 2D NMR for assignment
w [0 Strychnine 10 and 20 MMR for assignment
— ]
=
- 12
= 13
=4
= 16
= 19
\| Strychnine.mol

0‘1 saved processed.mnova
1H NMR phase and baseline correction
© Database Search
B Ms
Reaction menitoring
Results

1D-H-zg30
1D-C-zgpg30

2D-HH-CO5Y-co..
2D-CH-HSQC-E..

2D-CH-HMEBC-h...
2D-MH-HMBC-h...
2D-CC-INADEQU..

1D-H-zg

Comm Format

Stryc..

Bruker T...
Bruker T...
Bruker T...
Bruker T...
Bruker T...
Bruker T...
Bruker T...

MestRe...
Bruker T..

Moaodification date

2019-11-03720:18:18
2019-11-03T19:48:53
2019-10-20T19:39:40

2019-10-23722:16:33
2019-10-21700:13:20
2019-10-31702:13:33
2019-10-30T19%:15:12
2019-10-30T19:15:12
2019-10-30T19:15:13
2019-10-30T19:15:13
2019-10-30T19:15:14
2019-10-30T19:15:14
2019-10-30T19:15:15
2012-07-16T23:51:54
2019-10-31T02:13:33
2019-07-09T18:51:21
2019-07-09T18:51:22
2019-07-09T18:51:23
2019-11-03T19:38:53
2019-07-09T18:51:27

@ Data Browser Settings

—View

[+] Enable sorting
[] Show date and size

| Show file meta data

rFile Formats —

Format

AB SCIEX Analyst (*.wiff)
AR SCIEX Data Explorer (*.dat *.t2d)

Advion expression CMS (*.datx)

Check all || Uncheck Al

—Wildcards

Whitefist:



1D 1H NMR Spectrum Processing, Analysis, and Reporting

Data Browser g x

© O + =
MName “  Experiment
~v B8 Training Dataset

A 1D and 2D peak assignment

Sample data \ > % Brucine 1D and 2D NMR

Estradicl H1 and HSQC assignment
\‘/’H Ibuprofen LC-MS and 1D and 20 NMR for assignment

1.fid 1D-H-s2pul
= 2 fid 1D-C-s2pul
W 3fid 2D-HH-COSY-
B Afid 2D-CH-HSQC
= 5fid 20-CH-HMBCJ
8 6fid 20-HH-MNOES
7 Results

3 Waters_UPLC-MS.raw
r_oj My H-1 C-13 and LCMS of compound xxxx.mnova
IL)] ibuprofen.mol




<

1H processing and analysis:
general procedure

\

Open the raw data

\l

Pre-process the FID: drift correct, apodize, zero fill, linear
predict, etc.

Fourier transform
Phase correct and baseline correct

Chemical shift reference
Peak-pick, integrate, multiplet analysis

Structure verification and peak assignment

VYV VYVYY

Report and publish EHs

6 7 0

YOS | l
15

' OH ‘

13 2. o4
ch/ N g
14

'H NMR (600 MHz, DMSO-d) § 12.25 (s, 1H), 7.19 (d, J = | e agsiinisg o
7.8 Hz, 2H), 7.10 (d, J = 7.9 Hz, 2H), 3.62 (q, J = 7.1 Hz, 1H), ' do G
2.41(d,J="7.2 Hz, 2H), 1.80 (dt, J = 13.5, 6.8 Hz, 1H), 1.34 e v | -

12425

(d, J=7.1 Hz, 3H), 0.85 (d, J= 6.7 Hz, 6H). ' % 5

105 b—

Note: Most of these steps are done automatically by Mnova. However, you
retain full control at all times




Open a H-1 spectrum

> In Data Browser, expand the folders Training Datasets > Ibuprofen NMR and LC-MS, and
drag the “1.fid” folder (1D H-1 spectrum) to the main window.

> Notice the H-1 spectrum is automatically processed and displayed.

L I = s {5 e; NMR MestReNova

File Home View Molecule Prediction Tools Database Verification Elucidation Processin Analysis Assignments Quantitation Chen’s Tools Lo 6 E Options ~.
’ . . 5 : e # MestReNova @
KX i Peak Curves o e i ey I J ntegrals ‘ o s
A 2l et =] A d = A eee
ﬁ P 4 Peak Labels LY V] M JE % eee ite Labels £ ——
Reference = Auto Peak — Auto Multiplet Auto Py Line Clean Data TH More
- Picking B e Analysis % LAl Integration JL <% nt UFVES  Fitting w Analysis Analysis, Spectrum. Tools -
Reference Peaks Multiplets Integrals Fitting Advanced
Pages # % [@] Document 3* x Data Browser & x +
™ - - ~
il ] o ey M Q4= _
Y
Tbuprofen 1150 Name ~  Experiment
4/8/2015 — mep— s
140 2 4 Training Data Sets =
% 1H_phase_baseline 1D-H-zg b
130 ~ = |buprofen NMR and LC-MS C\.
130 > | 1fid 1D-H-s2pul $
T nd 1D-C-s2pul g‘ ]
J,}e/ W 3.fid 2D-HH-COSY-gCOSsY
60 5 4fid 2D-CH-HSQC-EDITED-... PN
& > W 5fid 2D-CH-HMBC-gHMBC
190 > ¥ efid 2D-HH-NOESY ’
> B Waters_UPLC-MS.raw
-80 T
LDI ibuprofen.mol
70 > B9 Ms
. - 7% Multiple 1H spectra
60 > B3 Results
50 ‘@ hydrolysis - no analysis.mnova
40
30
20
10
l } LA 0
~10
4 13 12 11 10 9 7 6 5 4 3 2 1 0 <1 v
o 1 (ppm) m 2 [« L
.v_-
~ ||« » ] ‘ |

Licenses: (J DB: ©
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> |In most cases, Mnova processes the

spectrum automatically using the
parameters from the instrument. The
spectrum should be well-processed if
the original processing parameters
were well set. The Processing Tab is for
you to re-process the spectrum when
needed.

Choose Processing > Processing
Template to verify the processing
parameters. Make sure they look the
same as displayed on the right.

Click OK or Apply to re-process the
spectrum.

Verify the processing parameters

XA L o S

Processing Apodization Zero Filling Manual  Auto Phase Auto Baseline More

Templge « and LP  Correctiony Correction » Correction « Processing.
Processing

(] Proéﬂng Template ? X
M= -

f1 More Processing Analysis

Time Domain ~Frequency Domain

/| Phase Correction

Method: Imported
PHO: 100.878
PH1: 0

Truncate

Drift Correction

/| Baselne Correction -

Method: Bernstein Polynomial Fit
Polynomial Order: 7

Exclude Cuts and Blind Regions: /ake
Run on a Region: /ake

FID Shift

Multipoint Baseline Correction
Frequency Shift

Smoothing
/| Apodization

Exponential: 0.5 Hz Reverse

Absolute Reference
Zero Filing and LP
Proton Reference: : 400

Sueclamu Stz o ot = Factor: : 100.000000

Fourier Transform Reference

Protocol: None
Swap Halves: on Cuts

Mirror Image: on
Number of Cuts: ¢

Apply OK Cancel




I Change the Display Properties

> Right click on the spectrum®* and choose Properties to open the Properties Dialog, view the
properties that can be changed.
> |n the Grid Category, uncheck Show Horizontal, and Show Vertical, check Show Baseline

> Click Apply, and then Set as Default to apply the settings to 1D spectra opened in the future

6\ Properties
m—

Metadata Geometry MMR. Spectrum

ﬁ] General
|- = Show Horizontal | Show Owver
@ o Show Vertical
10 . ]
| Show Frame +| Show Baseline . .
v 82 Scales *Starting from Version 14, double-
5 Color: ght . i ;
B L_° °:!_dm = = clicking changes the display to full-
— ine Width: : = . .
| ] vertical = ' spectrum if you are in the default
P peaks pointer mode.
_& Integrals
v ){h Multiplets
_& Integrals
iﬁt Fitting
Ji‘ Assignments

Q Prediction

3

SetasDefault| | Restore Ok Cancel Apply




Navigate in the H-1 Spectrum

> Use the Spectrum Toolbar to zoom in/out, pan, and change the Y scale (see next slide for
details)

> Use the Full View to move to different zoom in area (click or drag)

v 22 s NMR MestReNova X
File Home Molecule Prediction Tools Database Verification Elucidation Processing Analysis Assignments Quantitation Chen’s Tools ) Options ~
+ CNEEN {:!' L ~ % V| Pages Well Plates Parameters o0s Spectrum Toolbar Entire Page . %
s X ﬂ[- 4N 7 _:_ 7 Page Notes | | Rulers /| Data Browser Iliijm Shortcuts —
Zoom | Previous  Next Tables r3 Layout
] M- zoom  zoom A~ A= + V] Full View Full Sereen [ ] Cursorinfo | *2 Audit Trail =R D 2l Templates.
Spectrum Show/Hide Page Zoom Templates
Full View s ‘_
I N
b il | A B B e N
Pages 8 x {Q’] Document 3% % Data Browser a8 HEY
— -~
L1 N = = 00+ =]
i})ﬂl.};roulfgn 60 Name “  Experiment M &
55 v = Training Data Sets 20 _EM_
> T 1H_phase_baseline 1D-H-zg 20
e v [ Ibuprofen NMR and LC-MS 20 ¢
45 1.fid 1D-H-s2pul 20
> W 2fid 1D-C-s2pul 20
40 > W 3.fid 2D-HH-COSY-gCOSsY 20 AI
> W Afid 2D-CH-HSQC-EDITED-... 20
35 > B sfid 2D-CH-HMBC-gHMBC 20 .lLI
| ST
30 6.fid 2D-HH-NOESY 20 JE
> T Waters_UPLC-MS.raw 20
L] 25 L ‘j ibuprofen.mol 20 "‘
& Ms 20 |
20 » 5 Multiple 1H spectra 20 |
—
05 = Results ) . 20 u‘l
[@] hydrolysis - no analysis.mnova 2000
3 o
5
[ ‘ \‘ J“‘ | 1 ]
(- = I L— | 0 '
] -
i -5
42 40 3.8 36 34 32 30 28 26 24 22 20 18 16 14 12 1.0 08 06 04 v_
o fl (ppmi o -: 4 »
=L v | |

Licenses: () DB: &




Spectrum visualization tools

> The Spectrum Toolbar is visible only after you open a spectrum.
> Learn some short-cut keys by choosing View > Shortcuts

¥ Zoomin/Zoom out (or press Z) * Shortcuts |
N

Zoom out** Command Shortcut -

42 View = Full Screen F11
v Full spectrum (or press F)

43 J\f’_ View = Intensity > Decrease

v . .
Manual Zoom in to defined ppm range | ol Ve bty s ket ety H
/M,
{_4‘ Pan Spectrum (Or preSS P) *k 45 J'C View » Intensity > Increase +
= Expansion — click&drag to draw an inset (or press E) R et e Skt
. a7 *-i. Wiew > Pan P
«“ Previous Zoom level
48 ..\, View > Zoom > Full Spectrum F
. Next Zoom level .
4% 4 View > Zoom > Manual Zoom M
JI Fit to Highest Intensity (or press H) 50| AR View» Zoom > Ned Zoum Shift+Right
llI Flt tO h|ghest Compound peak 51 a4 View = Zoom = Previous Zoom Shift+Left
. 52 t View > Zoom > Zoom In 7
X increase Intensity (or rotate mouse wheel)
Jt 53 % View > Zoom > Zoom Out Shift+Z =

Decrease Intensity (or rotate mouse wheel)

Crosshair Cursor (or press C) for measuring J-couplings
k- cut (or press X) to hide parts of the spectrum

LEl - Edit Blind regions

* Press Z several times to toggle between horizontal/vertical/box zoom
** Press P several times to toggle between free/horizontal/vertical panning




Chemical Shift Referencing

Ix

g

> This spectrum uses DMSO-d6 as the solvent. A
We can reference the chemical shifts by Reference
setting its middle peak to 2.5 ppm.

> Zoom to the DMSO peak at around 2.5 ppm.

Choose Analysis > Reference, and click on
the top of the middle peak. © Reforence slona 1 S
> Set it to 2.5 ppm either manually or from :
. 0Old Shift: 2.5021 ppm 2| rL| Auto Tuning-
the SO|Vent LISt New Shift: 2.5000 ppm = .RangeWidth: 0.1000 ppm = .

Annotation DMSO-d6

-Solvent List -
‘ ‘ Name Shift (ppm) Multiplicity J ((*
Deuterium Oxide 4.790 1
Dimethyl Sulfoxide-d6
3.330 1
Ethanol-d6 5.290 1 ¥
4 4
‘ Restore Defaults Add... | Edit... Delete
|
2.5000 |‘ ||.|| ‘| OK Cancel Solvents <<
\

e e gk N

270 265 260 255 250 245 240 235 230 225 220
f1 (ppml.




Peak picking

L&t % i= Peak Curves
> Click the Peaks > Options %, to verify the peak picking options. % 5 [V peakLabels
Default settings are used here as shown to the right. Auto Peak o i
) o ] Picking )L_ see ¥
> C(lick the Auto Peak Picking tool to pick all the peaks PRk
> Using other peak picking tools to display/delete/add/change peaks
as needed.
i . 1110 @ Peak Picking Options ? s
Ibuprofen % 233
4/8/2015 (% MmO —® oagmr\xgznv—cmzr\h—cor\mm\oﬁ_loo Method: 65D ”
o ZEES R T RESRERREET | Peaks Type:
\ N Vb n SrAn A e
L90 Only Positive ¥
80 ~ Settings
~Refinement Level
70 Ref. 1 ( 2 fitting cycles )
‘ " .
60
Quantitative GSD
F50 Improvement Cycles: |4 =
40
v| Auto Classify |Impurities/Compounds...
30 :
Defaults Advanced <<
20 OK Cancel
L -0
A ] L._.h___i—‘_()
--10

f1 (ppm)




Multiplet analysis

-t ﬂ-‘L * {3; Multiplet Boxes

> Click the Multiplets > Options %, to verify the multiplet analysis @ ses ¥ [v] Multiplet Ranges
: ; ; Auto Multiplet
options. Default settings are used here as shown to the right. Analymf INEL v| Multiplet Curves
> C(lick the Auto Multiplet Analysis tool to do the multiplet analysis Multiplets

based on the picked peaks

1 r110
o O O
Ibuprofen Q823
4/8/2015 3 N o oml\ml]\::-gzm'—qmvr\n—qor\mr\uo%,loo . . .
& 2858 TECBRRRITIRRIRARANEI Y @ Multiplet Analysis Options ? K
S NKNKNK P R N R P PN IN N - B S
| N N Nee—mmm——————
90 rIntegral Calculation- . oK
e Calculation Method: :
C (d) Ed) | | Hl@) = =5 ——
7.09 2.41 0{85
3(7.90) 37.17)| |3(6.68) 70 Method Parameters - 1 | |Restore Defaults
AG) B (d) D (q) F (dp) Excluding: Default  ~
12.24 7.19 3.62 1.80 60 .
: 3(7.88) 3(7.12)||3(13.50, 6.74) -
L | Expert
1,34
(714 L40
r30
"
J J J 20
]
L | H0
L ‘ XJJJQ_‘_O
- P o R
S S& 3 Se&a
: — . ‘ : ——— : ; === = ‘ : 10
4 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1

f1 (ppm)



Multiplet Manager

> Double click on a multiplet label to open the Multiplet Manager.
> Use the tools there to verify and change multiplet analysis

results if needed. Multiplet Manager B
K| 2N - 4 p]
. 3.62 (1H, q, J=7.1 Hz)
Ibuprofen é
4/8/2015 g % E é § L0
STNN i
Name: D Class: |q ~ |
Los o: 3.623 ppm V| Middle
J-list: |7.14, 7.12, 7.12 | (@] [LL] <:
/| Discard Peaks
20
Color: | Il Purple -
8 Total Nuclides = 18-
37.12) "
Nudlides: [l1 2] | Auto
Integral: |1.01 =10¢
Ho0 Absolute: 687.448 )
The simulated quartet B —
5
0
T

T T T T T T T T T T T T T T T T T T T T T T T T T T
378 3.76 3.74 372 3.70 368 3.66 3.64 3.62 3.60 3.58 3.56 3.54 3.52 3.50 348 3.46 3.44 342 340 338 336 334 332 330 3.28
f1 (ppm)



Multiplet Manager

> Double click on the spectrum to open the Properties
dialog.

> Choose Multiplets, and check J’'s Tree to display the J-
coupling tree for visual verification of the multiplet
analysis results. L =

Metadata Geometry NMR. Spectrum

@ Properties ? X

Titl
1 8 General -] Multiplets Labels
Ibuprofen —— ,f
/82015 gd3d 8 Grid Font: MS Shell Dig 2 -
# N
1D Line Width: 2.5 2
v *,& Scales Label: Name (Category) / Shift / 1's -
7.14 5 . ) -
[;] Horizontal Shift Decimals: 2 =
7.12 @ D Vertical Js Decimals: 2 =
712 ﬁ Peaks Margin: 55 % S
/| Follow Peak Visibility Rules /| Show Label Box
‘& Integrals
v m Multiplets 4. s Tree
‘[&(‘ | Show Label
géqz) Integrals |
37.12) ﬁt Fitting
2 Assi t:
N\, Assignments
Q Prediction

Set as Default Restore OK Cancel Apply

5

1.01+

T T T T T T T T T T T T T T T T T T T T T T T T T T
3.78 376 374 372 370 3.68 3.66 3.64 3.62 3.60 3.58 3.56 3.54 3.52 3.50 3.48 3.46 344 342 3.40 338 3.36 3.34 332 330 3.28
f1 (ppm)




> Open the Ibuprofen.mol file from the Data Browser.

Verify the number of Hs

Multiplet Manager

> Note the number of protons from multiplet analysis vs. that from the R | LN & 4|
structure
3.62 (1H, q, J=7.1 Hz)
i * gEEs
4ef2015 g | 8852 SEZ2E2E5558257BEAEE & - | |
. % - g P TRy TR [ iiis il s T D JSela |
0: 3.623 ppm | Middle
CH 100 - e
7 ? J-List: |7.14,7.12,7.12 | Q| LIL B
8 7 (o) ;
= CH, |1/ e \T%W ] 50 | Discard Peaks
15 L
[ ‘ Color: | M Purple v
H c/e“‘w—./‘\o/‘ 3 oo - : -
% 2 ;
1 - Total Nuclides = 18 (18 in molecule) ﬁ
" . " [co @ |
{37009 1350, 6.74) - Nuclides: \1 .| Auto
E B b | [e@ | |[e@ - 101 =1 A
fz[; 5 19—‘ 362 241 134 Len Lty 101 1A
= e B L] S Absolute: 687.448 @)
Hi(d) |
o|as =0
J{g.68) x| Y
From: |3.705 ~-|To: 3.540 -
40
30
20
1
! 10
l_a |J-_L|-n_~u—l—'_o
5 it T P
g 28 g 52 5 & =
10
P 5 o i 0 ] s 7 : 4 3 1 0 3
fi (oom)




Report the multiplets

. - ‘ . ﬂ,\ R 5 [V] Multiplet Boxes
> Use the Multiplet Table tool to display the Multiplets &
see T ||| Multiplet Ranges
Table. Auto Multiplet > — ' ’ ’

> Click Setup Report to change the reporting format ) L e

. . Multiplets
> Click Report to report the multiplets texts
@ Multiplet R... ? X
NiGlflees ﬂ ﬂ ﬂ 3. Nat. Prod. [~
— 4 Angew. Chem.
4] ) ] x .
Report Multiplets ~ Copy Multiplets ~ Setup Report ~  Delete ; n:td‘PEggr"‘
'H NMR (DMSO-ds, 600 MHz) & 12.24 (1H, s), 7.19 (2H. d, /=7.9 Hz), 7.09 Japanese Patent
(2H, d, J=7.9 Hz), 3.62 (1H, q, /=7.1 Hz), 2.41 (2H, d, /~7.2 Hz), 1.80 (1H, Organometallics
dp. /=135, 6.7 Hz), 1.34 (3H. d. J=7.1 Hz), 0.85 (6H, d, /=6.7 Hz) 0 hediens
Tetrahedron
Tetrahedron Letters ¥

Shift Range H's ntegra Class I's
v'| Use Extended Solvent Names

085 092.078 6 593 |d 6.68 T,

134 141127 3 298 d 7.14 Shift Number of Decimals: 2

Js Number of Decimals: |1

-
-

1.80 1.91.1.70 1 1.02 dp 6.74, 6.74,6.75,6./... )
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(3H, d, J=7.1 Hz), 0.85 (6H, d, J=6.7 Hz)



Publishing a spectrum

3
1 {ppm}

@ Properties
To publish the spectrum on a black and white journal, - [
double click the spectrum to open the Properties Dialog, i 1 R
and set the 1D properties to as shown on the right. BTN
. . . Style: Line b
> Choose other properties to display, such as the peak labels, " Color: Btk .
. . 1D = L -
multiplet labels, integrals, etc. v 8 scies Line Wicth 10 -
H [:] orizontal
> Copy the spectrum and structure objects and paste them to fj:ﬁ I“
other documents, such as MicroSoft Word or PPT. ﬁpeaks
k[ntegrals
£'.[bupr\:ren REER v m Multiplets
wans & $835A20E 2505 ERRRALE P ntegras
I e B I ﬂﬁt‘ting
CH5 JO“A Assignments
- | \j)\fo . QPrediction
/K - oH !
H,C
Set as Default Restore 0K Cancel Apply
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Display the parameters

> Check View > P Table to display the P e =
ec iew > Parameters Table to display the Parameters = =
b §om B %

Table, and report the parameters on the spectrum. Report: Copy | Sehip | Cuttomive

Manually resize the text box to similar to as shown below. Parameter Value -
> Report the multiplets and resize the box to as shown below. 1 | C:/Mestrelab/Projects/MarcommyLiter...
2 Title 1
Ibuprofen
3 Comment 4/8/2015
1 =233 ok z
Thuprofen SEEE 4 Origin Varian
yga0s E 2858 SooEREEDgRINEREAR i
d SRoes SHnanmalssNaRssanis = Bramete: Yol
| A e e e R [ b Projecs
1 Dsts Fle Name ﬁ;&ﬁrdi}z:ﬂ 5 Owner
CH, h g
chem
o e e Pt O
and LGMS 1.
CHy 2 THe o
i e 7 Instrument VNMmrs
H;C ) )
4 Origin Varizn
5 Owner 8 Author
& Se
7 Instrument ynmrs
& Auhor 9 Solvent dmso
% Solwent dmso
| W Temparzwe 250
r 11 Pulse Sequence sZpul
| | mngie) 10 Temperature 25.0
13 Probe Imm_cokd_HCN_PODL
s of
“ ' o : 11 Pulse Sequence s2pul
15 Receiver Gain 24
16 Rel=carion Delay 1.0000
i i; ;;lsiet\'fnti_h 30000 :
csatucation
| adeisioiny 12 Experiment 1D
| 19 Acquisition Time1.7039
I | 1 20 Aoq.'. isition Date 2015-04-08T10:34:36
L L ; - 21 aiction’ " 207504 08315.46:0% 13 Probe 3mm_cold HCN_P001
s i) il P it o pryens
= N3 = 2 S 23 Specomets 599.76
. . | . ; ; . | ; . ; : : : . Frequency 14 Number of Scans 1
4 13 12 11 10 9 ] 7 s 4 3 2 1 L] -1 24 Specr=l Width 96154
f1 (ppm} Zibl_faulst -1193.6
=9
"H NME. (DMSO-d, 600 MEHz) 6 12.24 (1H, ), 7.18 (2H, d, J=7.9Hz), 7.09 (ZH, 4,J=789 Hz), 3.62 (1H, q, ~7.1 Hz), 2.41 (ZH.d, % MJcIa;n 1H 15 RECEi\I’Er Gain 24
J=7.2 Hz), 180 (1H, dp,J=13.5, 6.7 Hz), 134 (3H, &, J=7.1Hz), 0.85 (65, d, S=6.7 Ho) 27 hoquired Sa 16384
28 Spectral Sze 5536
16 Relaxation Delay 1.0000
b4
17  Dulea \Width 2 OO0




Create a layout template

o

> C(lick on View > Layout Template and choose Create Layout

. Layout
Template to save a layout template. You can edit it. Tomplates,
> Choose File > New and open the H-1 spectrum again, and Lay out in Template Document...
choose View > Layout Template > [Saved Template Name] Apply Processing Template
to apply it. Layout Template Options...

Create Layout Template Document... C:

o

Layout
Templatesy

Molecule

Lay out in Template Document...
Apply Processing Template
NMR Spectrum: 1D, [1H] Layout Template Options...

NMR Table, [Parameters 1 C:/Users/chenp/Desktop/template.mnova <::

Create Layout Template Document...

Tip: Mnova uses all pages in the
document to create the layout
template. So if you have multiple
pages, make sure you delete the

Text: Report Special, [Multiplets, 1H] unwanted ones before creating the
layout template.
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More about H-1 processing

There are several other 1D H-1 NMR spectra in the
tutorial datasets that you can use for practice.

When the spectrum is more crowded and has more
artefacts or impurity peaks, you can also use the
manual multiplet analysis tools to have more
control

There are many other ways to correct the multiplet
analysis results, such as splitting and assigning
individual lines to different mulitplets. See File >
Help > Contents > Analysis Tools > Multiplet analysis
for more details.

If you start the auto multiplet analysis without any
peaks, it will do a peak picking automatically

Integration is always done automatically during
multiplet analysis. If you do manual integration
before multiplet analysis, the integration regions
will be used for multiplet analysis, and the
integration values will be retained as the integrals
of the resulting multiplets.

JE %5
MR
% _' Am | Multiplet Range
Auto Multiplet

Analysis i ¥| Multiplet Curves
Multiplets

|§ MestreMova Manual

o e = W 8 6

Hide  Back Fori Home  Print  Options

Contents Index Search Favorites

2] @ Introduction
([ Installation Guids
@ Mnova 14.1
@ Fast Vizual Guide to process routing 10-MMR datasets
@ Fast Visual Guide to process routing 20-MMR datasets
E Q The Mnova interface
&3] Q Frocessing Basics
B () Analysiz Took
] @ Chemical Shift Referencing
[ @ Peak Picking
[ Q Integration
o = Q@ Multiplets analysis
tultiplet b anager
@ Using G5O for multiplets analysiz
@ Setting multiplets
@ How to resolve overlapped multiplets?
@ Multiplets Table and Reparts
@ Multiplet Analysis options
@ Multiplets Properties

@ Importing spectral data from literature to synthesize a spectrum




1D 13C NMR Spectrum Processing, Analysis, and Reporting

Data Browser g x

© O + =
MName “  Experiment
~v B8 Training Dataset

A 1D and 2D peak assignment

Sample data > [ Brucine 1D and 2D NMR

Estradicl H1 and HSQC assignment
v Ibuprofen LC-MS and 1D and 20 NMR for assignment

\-’ > 1.fid 1D-H-s2pul
> W 2hd 1D-C-s2pul

W 3fid 2D-HH-COSY-
B Afid 2D-CH-HSQC
= 5fid 20-CH-HMBCJ
8 6fid 20-HH-MNOES
7 Results

3 Waters_UPLC-MS.raw
r_oj My H-1 C-13 and LCMS of compound xxxx.mnova
IL)] ibuprofen.mol




Open a C-13 spectrum

> |n Data Browser, open the C-13 spectrum of Ibuprofen.

L ‘ == (e @; NMR MestReNova
File Home View Molecule Prediction Tools Database Verification Elucidation Processing Analysis Assignments Quantitation ~ Chen’s Tools
A= L& N = Peak Curves @ M’L ® i Multiplet Boxes ok ntegrals t ol i _& “‘
A 2 - . B L Y =l /| eee
P & V| Peak Labels N B e V| Multiplet Ranges ntegral Labels s i
Reference  Auto Peak ~ Auto Multiplet . Line Clean Data More
- Picking EB . Analysis A v| Multip Curves | Fitting . Analysis ~Analysisy Spectru Tools
Reference Peaks Multiplets Integrals Fitting Advanced
Full View +
‘ A
— T e L L I_I e e e s Wl s .
Pages 8% [Q] Document 3* @ Document 14 < Data Browser e
RO ; = OO+ = "u
[ Torcien 26000 {“\
[z Name “  Experiment M 'f'
-2a000 e
v Training Data Sets 20 E;]
22000 > T2 1H_phase_baseline 1D-H-zg 20,
2.2 ~ T Ibuprofen NMR and LC-MS 200 4«
e > T 1 fid D-H-s2pul 20
[ )
- 2 D-C-s2pul 20 ¢
// > 'mw 3fid 2D-HH-COSY-gCOSY 20 ‘dI
y > [ 4fid 2D-CH-HSQC-EDITED-... 20
w 5fid 2D-CH-HMBC-gHMBC 20 JLI
‘/ e > = 6.id 2D-HH-NOESY 20 Jt
12000 > 5 Waters_UPLC-MS.raw 20
D ibuprofen.mol 20! A‘
[10000 [~ MS 20!
a0 » T Multiple 1H spectra 20 =
> 5 Results 20,
eoo0 @ hydrolysis - no analysis.mnova 20,
000
200
2000 - 7 >
230 20 210 200 150 180 1M 160 150 140 530 1 10 100 % 8 M & 0 4 0 20 10 o @ a
=i |
v |4 » ] Multiplet Manager ~ Multiplets | Data Browser | Peaks
Licenses: O DB: ¥
]




Verify the processing parameters

> Choose Processing > Processing id ::1: b b Jﬁ ¢ )"’3 cee

Processing Apodization Zero Filling Manual  Auto Phase Auto Baseline More
Template[ and Set the pa ramete rs Template « and LP Correctiony Correction » Correction « Processing
. . . Processing
similar to the ones shown to the right. |
> Click OK or Apply to re-process the (] Pro}essing Template ? X
spectrum.
- B .
1 | More Processing Analysis
5 ~Time Domain - r Frequency Domain -
prseia - = [v| Phase Correction -
14000 Method: imported
; . PHO: 70.4187
3000 Drift Correction - - PH1: -23.8171
- S | | [v] Baseline Correction -
[ Method: Whittaker Smoother _
10000 Median Filter: Aufodefect < I
[ Frequency Shift- Smooth Factor: Aufodetect

[ ] Smoothing—

8000

/| Apodization -

- Exponential: 2 Hz < pueine

| | Absolute Reference-

[ Zero Filling and LP
F4o00 < Proton Reference: : 599.76
i Spectrum Size: 65536 | ... = Factor: : 25.145070
oo Fourier Transform - = [ ] Reference-
| 1000 Protocol: None )

Swap Halves: on || Cuts

L Number of Cuts: 0

Apply OK Cancel




M

> This spectrum uses DMSO-d6 as the
solvent. We can reference the chemical
shifts by setting its middle peak to
39.52 ppm.

> Zoom to the DMSO peak at around 39
ppm. Choose Analysis > Reference, and
click on the top of the middle peak.

> Set it to 39.52 ppm either manually or
from the Solvent List.

Chemical Shift Referencing

Ix

g

A

Reference

@ Reference along f1

Qld Shift: 39.9239 ppm
Newr Shift: [39.5200 ppm

Annotation |DMS0-d6

-Solvent List

=/ r|_| Auto Tuning

Ll 3

7 | Range Width: |0.1000 ppm =~

Name
Cyclohexane-d12

éDimethyI Sulfoxide-d6

ECEEE

Shift (ppm) Multiplicity 1*
26.430 5

Ethanol-d6 56.960 5
17.310 7 |¥
4 »
.Restore Defaults . Add... Edit... Delete
Cancel Solvents <<




Peak picking

L&t LY 55 Peak Curves
> Click the Peaks > Options %, to verify the peak picking options. #* % 55 [V] peak Labels
Default settings are used here as shown to the right. Auto Peak * 3
_ o . Picking ! o wee ¥
> C(lick the Auto Peak Picking tool to pick all the peaks PRk
> Using other peak picking tools to display/delete/add/change
peaks as needed.
, @ Peak Picking Options ? s
‘g/%‘;ggsen 7 58 2% 15000
K B8 8§ Method: GSD :
NYARRY 14000 Peaks T .
[ ype
13000 Only Positive ¥
12000
~ Settings
11000 ~Refinement Level
10000 Ref. 1 ( 2 fitting cycles )
9000 ‘ .
8000 r Quantitative G5D
7000 Improvement Cycles: |4 =
6000
[ 5000 v| Auto Classify |Impurities/Compounds...
4000 .
Defaults Advanced <<
3000
I L2000 OK Cancel
1000
0
-1000

T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)



Report the C-13 peaks

Hi_/t % i= Peak Curves
i A e a8 :
> Use the Peak Table tool to display the Peaks Table. 95 (Y] peakLabels
. . Auto Peak
> C(lick Setup Report to change the reporting format Picking R E ..~
> Click Report to report the multiplets texts ek
n n n
U U U @ setup PeakR..  ? X
Peaks =
g igl ® | '
= 2 e K2 Le |J. Am. Chem. Soc. | ¥ |
Report Peaks ~ Copy Peaks ~ Setup Report * Delete Select Peaks
A % & Ascending order shifts
« = » £
Sync From Spec  Filter Sync To Spec  Set Flags  Set Compound Ascending order of Js
3C NMR (151 MHz, dmso) & 175.5, 139.6, 138.5, 129.0, 127.1, 44.3, 44.3, v| Only report compound peaks
39.9.39.8,39.7,39.5,394,39.2,.39.1,29.7,22.2.18.6. Report 13C assignments
Report 13C multiplicity
V| Use Extended Solvent Names
Number of decimals: |1 p
pn ¥ ntensit Width = Area Type Flags ty/Comr 1notati = Fill style : Transparent ~ |
1 17551 2394.8 238  1646.. Compound None r2b
b
2 139.57 2468.5 2.76 1701... Compound None :
/| Report f1
3 13937 33.1 2.81 25430 Artifact Weak 7| Report £2
4 138.69 225 2.73 162.48 Artifact Weak
(0] Cancel
5 138.52 2264.7 2.79  1575... Compound None o
6 129.18 36.8 2.85 279.84 Artifact Weak
13C NMR (151 MHz, DMSO-d,) § 175.5, 139.6,
7 1129.15(53.3 2.99 445.71 Artifact Weak -
- 5 138.5,129.0, 127.1, 44.3, 44.3, 29.7, 22.2, 18.6.




Verify the structure by predict and compare

o
> Make a copy of the C-13 spectrum (Ctrl-C and Ctrl-V in the Pages View). ﬁ
> Open the Ibuprofen.mol to bring in the structure to the C-13 spectrum. Predict
> Choose Predict > Predict Compare. Compare
Fredeed T Spaci
Pages 5 x
SO 7 2
%Hg ”/C\T/?\T%ﬁ 6
HSE/”\Q/E\E/‘ e : i
22 | |

3. (1) Predicted 13C NI

T T T T T T T T T T T T T T T T T T T T T T T T
B0 220 210 AN00 190 180 1M 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 10 i} -10

f1 {ppm)

Tip: if you want to delete the predicted C-13 spectrum from the stack, choose Stacked > Stacked Items Table, and use the Delete tool in the
Table to delete the predicted C-13 spectrum.



More about C-13 processing and analysis

> There are several other 1D C-13 NMR spectra in the

ir:" J;Ft % 12 Peak Curves
tutorial datasets that you can use for practice. A P ®RE [V peak Labels
Auto Peak -
> When the spectrum is more crowded and has more icking A% B o

. . Peaks
artefacts or impurity peaks, you can also use the

manual peak picking tools to have more control.

> You can also do multiplet analysis for the C-13
peaks, especially when you there are F-C couplings,
and report the results from the Multiplet Table.




LC/MS Processing, Analysis, and Reporting

Data Browser g x

© O + =
MName “  Experiment
~v B8 Training Dataset

A 1D and 2D peak assignment
Brucine 10 and 2D NMR
Estradicl H1 and HSQC assignment
~ [0 lbuprofen LC-MS and 10 and 2D NMR for assignment

1fid 1D-H-s2pul

T 2fid 1D-C-s2pul
T 3fid 2D-HH-COSY.
> B 4fid 2D-CH-HsQC
Sa m p | e d ata > 5 sfid 2D-CH-HMEQ
_\ > B0 6fid 2D-HH-NOES

> @@ Results

\’ > B Waters_UPLC-MS.raw

5.7 My H-1 C-13 and LCMS of compound xxxx.mnova
'L)] ibuprofen.mol




Open the LC-MS data

> |n Data Browser, open the LC-MS data Ibuprofen (low resolution data acquired on

Waters).

> The PDA, TIC and the mass spec at the highest TIC peak are displayed.

=

Home

Crosshair
/Seledt ~ [

Pages

View Molecule Prediction Tools Data Analysis Database Verification

Elucidation

Mes...

Chemometrics

MASS

Tools Analysis ‘Quantitation

o

H-1

C-13 f

MS

] L] (Al
[N
Select | Find Fragment New Show Mass g Plots Export
Manually lonSpectrum | Chromatogram=  Browser Lkl visibilitys | Chromatagrams=
Select View Compare Export
5
#x | 8 Document 1* = Data Browser gx
|~ -
I oQ+ =
C\Users\chenp...rs_UPLG-MS.raw\ Indion 1 PDA - Total Absorbance Chromatogram
3208 Name ~ Experi
st
— ~ T Training Dataset
~ % 1D and 2D peak assignment
% Brucine 1D and 2D NMR
40000 »
Estradiol Hi and HSQC assignment
~ [ lbuprofen LC-MS and 1D and 2D NMR for assignment
20000+ e | 4315 . B
1793 531% _l 1_1_3_1‘% = > 1.fid
Lo . e =S > 2fid
| = > B 3fid
r T T T T T T T T T B Afid
0.0 0.5 1.0 LS 20 . 3.0 15 4.0 4.5 5. G
Retertion time (min) 5fid
Ci\sers\thenprs_UPLCMS.ravi| Inpchion 1 M5 5+ TIC B 6fid
6.0%10% bl L esults
— Waters_UPLC-MS,
a = T Eupreten.mel
+.0x10™
i | 1 Strychnine 1D and 2D NMR for assignment
30107 & 5 1H NMR phase and baseline correction
20x10™ T Database Search
rosro®y oo I B 5 :I:action monitoring
(2 i T e e B Results
os 10 s 20 25 10 15 a0 as 1-\| TH NMR phase and baseline correction.zip
Retertion time (min) | Database Search.zip
Cr\er \chenp. .rs_UPLC-MS.raw| Inedtion 1 M5 B5+ M5 + spectrum 0.62 =3
1570 L1 mszip
[} Reaction monitoring.zip
E‘Xl(l”
0.01
T T T T T T T T T T T T T T T T 4 L2
200 300 400 500 600 700 800 500 1000 1100 1200 1300 1400 1500 1600 1700 1800 1500 200¢ -
m/z (0a) = |
¥
= K] v 13... Co... Pa.. Da..

Licenses: () DB:

5




Display chromatograms

> The Mass Browser is automatically displayed.*

> Open the negative polarization TIC by double clicking on “MS ES-”

> Right on the PDA and choose Hide Plot to hide PDA.

C:\Users\chenp...rs_UPLC-MS.raw\ Injection 1 PDA - Total Absorbance Chromatogram

3.204
60000-| Bz
so000] PDA
0.567
29.05% 4315
20000+ 2o 131%
0
T T T T T T T T T T
0.0 0.5 1.0 15 2.0 25 3.0 35 4.0 45 5
Retention time (min)
C:\Users\chenp...rs_UPLC-MS.raw\ Injection 1 MS ES+ TIC
6.0x10% {0616
4.0x10°
2.0x10% 325
3600 4'142,
0.01 S =
T T T T T T T T T
0.5 1.0 15 2.0 2:5 3.0 3.5 4.0 4.5
Retention time (min)
C:\Users\chenp...rs_UPLC-MS.raw\ Injection 1 MS ES+ MS + spectrum 0.62
157.289
100.00%
7| 176.234 M
s.0x107) | ez ass spec
166.761
14.54% 302.110
3.42%
e Ll P
T T T T T T T T T T T T T T T T T T T
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900  200(
m/z (Da)
C:\Users\chenp...rs_UPLC-MS.raw\ Injection 1 MS ES- TIC
3.248
2.0x107 TI C( ) 16.84%
, 133 4.567
1.0x10° 16.67%
0.938 1.268 1.962 2.362
1.93% 122% 1.69% 1.47%
0.0

T T T T T 1
0.5 1.0 1.5 20 2.5 3.0 3.5 4.0 4.5 5
Retention time (min)

*If the Mass Browser is closed, you can open it using the Show Mass Browser tool in the MASS Tools ribbon.

]

()

Show Mass
Browser

Data Source

ouprofen LC-MS and 1D and 2D NMR for assignment\Waters_UPLC-MS.raw\ L]

Browser
+ X HikORE S BRI
Dataset
v ...Ibuprofen LC-MS and 1D and 2D NMR for assignment\Waters_UP
v Injection 1
v Functions
v MS ES+
MTic
MS + spectrum 0.62
MS ES-
v Traces

BSM System Pressure
Sample Pressure
Room Temp
(2) ELSD Signal
PDA - Total Absorbance
v DAD
PDA - Total Absorbance Chromatogram

Information

Analyzer: Unknown
Type: MS

Polarity: Negative
Spectra count: 288



Verify the elemental composition

S +
> Open the Ibuprofen.mol file from the Data Browser. = 'Q*

o
> Choose Molecule > Compound Table to find its monoisotopic Compounds New
mass: 206.13 Table Chromatogram

+
> Hight the TIC(+), click Mass > New Chromatogram > Manually, A Manually.. |
and enter a value of 207.13 +/- 0.25 Da to display the new FS—
chromatogram (also called Extracted Icon Chrom., EIC) @ & X | 2 @)

Report Add Delete Setup  Graphical Props = PhysChem  In Columns

. . C:\MEStrEIab\P.BrzEUPLC-MS.raw\ Injection 1 MS ES+ TIC MDIEEUIE prﬂ pErﬁES
x10" - 1
gaz02302774 Molecular Formula: CisHi0s
ax10° TI C CH, Average Mass: 206.28
+ T Monoisotopic Mass: 206.13
3.26 8 T O | Name: ibuprofen.cdx
21’ 7271907.91 414 g N i P i
0.22 3.60 .0 ! ‘C;Hg i 5 § Label: ibuprofen
386122141 i bt I || | [ Color: [ None
0 13 2. 4 i .
w . : ; : : ‘ . - e S Assignments:
05 1.0 15 2.0 25 3.0 35 4.0 4.5 3 S =
Retention time (min)
Lsxitf C:\Mestrelab\P...rs_UPLC-MS.raw\ Injection 1 MS ES+ m/z 207.13
5107

10107 EIC 207.13 +/_ 0.25 Da o \ @ New chromatogram ? X

502‘76;30 1.61 355 3.78 4.07 4.61
0od ‘j\r '/\r ‘BT‘.81v - $10.‘53 - 3696‘.97 ;851[.47 3336.27A 4Z$7.94r . Range - OK
05 10 1s 20 25 30 35 40 45 = |
C:\Mestrelab\P...rs_UPLC-MS.raw\ Injection 1 MS ES- TIC Retenton tme (min) From: Cancel
201107 7015069 To: [207.1300m/z -
} TI C(_) Tolerance: 0.250 - |Da  ~
1.0x10°+

3.49
0.59
0.23 20273504 0.94 1.96 72932.12

31209.73 79200.92 69342.33

0.0
05 1o s 20 25 30 3s 40 45 5 o New chromatogram ? X
Retention time (min)
C:\Mestrelab\P...rs_UPLC-MS.raw) Injection 1 MS ES- myz 205.13
C s
4000000 R -Range- OK
30000001 E I C 205 13 +/ o 25 D /' )
o000 ] . . d From: [205.13p0 mjz ~ : el
1000000 To: 205.1700 m/Z =
0- ST

: ; : : . \ w w w w Tolerance: 0.250 - |Da  ~

0.5 1.0 15 2.0 2.5 3.0 35 4.0 4.5 5
Retention time (min)




Find the molecule ion peaks
I

Crosshair

> Click the Crosshair tool, and click on the peak around [ Select <
3.25 min in both TIC(+) and TIC(-) -i- Manual C:I

F -= Peak

> Zoom into the mass spec to find the mol. lon peaks at {ls  Peok (backaround sbi
around 207.13 and 205.13 Da, respectively. Set Tolerance...

B Aopend <

C:\Mestrelab\P...rs_UPLC-MS.raw\ Injection 1 MS ES+ TIC

6x10* 3325%332.77'
4x10°
T I C ( + ) 3.26
2%10°-] 7271907.91 S 414
38611).22221.41 ‘JATMET_“#A
o4 T i B
0:5 1:0 115 210 215 3.‘0 3.‘5 4.‘0 4.‘5
Retention time (min)
MS ctr 3.26
6x10° =S 207.28
38.04%
ax10%] Tip: Use the Mass Browser to hide or
207.46 . .
1] => % 2020 delete unwanted plots. Right-click on
T 20645 | 2013 a plot and choose Move up/Move
0_ I - i a
: , : : : : : , : : : ‘ : : ‘ : ‘ : Down etc. to re-order of the plots
2045 205.0 2055 206.0 206.5 207.0 207.5 208.0 208.5 209.0 209.5 210! !210.5 211.0 2115 212.0 2125 213.0
/z (D
C:\Mestrelab\P...rs_UPLC-MS.raw\ Injection 1 MS ES- TIC m/z (B2) £
335
799158.69

TIC(-)

1.0x10"

3.49
1.96 72932.12
69342.33 by AN

94

0.59
0.23 0.
292738.14 7920092

31209.73

0.0+

T
0.5 1.0 1.5 2.0 25 3.0 35 4.0 4.5 5.

Retention time (min)
MS - spectrum 3.25

4000000 Q 20532 _
100.00%

30000004
20000004
205.02 206.32

1000000+ 16.46% 13.23% 207.57

| | 0.91%

o .
T T
209.0 209.5

T T T T T T T T T T T T T T T
201.5 202.0 2025 203.0 203.5 2040 2045 2050 2055 206.0 206.5 207.0 207.5 208.0 208.5
m/z (Da)



M

> Open the Ibuprofen.mol. Click Molecule Match.

Use Mol Match to verify the elemental
composition
@

Molecule

> The Molecule Match Table shows the matching results. Match +

> Click on the structure in the table to display the mol match results on the spectrum

C:\Mestrelab\P...rs_UPLC-MS.rawh Injection 1 MS ES+ TIC
0.62
6.0x10% paz20277
\
5.0%10%+ A
| (+)
401084 | I| TIC + ﬂ
E | |
3.0x10% ‘ |
\ 3.26

2.0%10%4 \\ 7271807.91 4

1ox1p84 022 o f\ 269 6635023.36

: oot . S I 2oss34a89 \ Co

P | = WA Ly i
05 10 15 2.0 25 30 35 40 45
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Predict and verify the molecule ion peaks

> Click the Predict tool, and choose the MF C13H1802

and press “+”

to use it for prediction

> |n the Mass Prediction List, highlight the first row. The
predicted molecule ion and isotope peaks are displayed
on top of the experiment peak for comparison.

5010

5 D10+

C\Mest =) P...rs_UPLGME.ravi, Injection 1 M5 B5+ TIC
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Predict
@ Molecular Formula ? x
Molecular Formula: ML
¥ Recent A | -
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C27H33NO2d &8
C19H38N202
¥ Compounds >
Formula Weight
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Mass Prediction
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Save the results

Choose File > Export to PDF to save a PDF report of the page.
Chose File > Save as to save all the results to a .mnova file.

In the Advanced Tutorial we will learn to save the results to a
database.

> Now can close the document or continue to add other spectra to it.
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More help information

> Use the Help Facility of Mnova: Help > Contents

> Visit www.mestrelab.com for manuals, tutorials, videos and publications

> Email support@mestrelab.com for technical questions

©
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" Close

Recent
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Im Open Directory...
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Help
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License Manager

Get licenses information like

Request Licenses

Buy or request evaluation lice

Check for Updates
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Contents Index Search Favorites

1 Introduction P
@ Installation Guide
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@ Fast Visual Guide to process rou
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[H® Processing Basics
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7@ Integration
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Using GSD for multiplets analysis

Exploiting the power of GSD for an improved Multipl
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 Opening and processing 2D NMR

e Assigning peaks to atoms

* Reporting assignment results

* Creating a database to save the data

e Searching Wiley C & H databases

Analyzing arrayed spectra for reaction monitoring

Note: This tutorial covers the NMR, NMRPredict, MS, DB plugins of Mnova, and Wiley DB2.



N Specifics for <xxxxxx> University
(To be completed by instructor)

> The instructions for downloading, installing and activating Mnova:

> <Link to instruction page>

> The Mnova licenses that <XXXX> University has:
> Mnova Suite (NMR, NMRPredict & MS), unlimited
> Etc.

> The sample data used in this tutorial are located at:

> <Link to data folder>.




Processing 1D & 2D NMR Spectra Together

Data Browser & %

@ Q% =

Mame ~  Experiment

~ [0 Training Dataset

hd 10 and 2D peak assignment
~ [T Brucine 1D and 2D NMR

H 1D-H-zg30
B 13C 1D-C-zgpg30
@ cosy 2D-H-COSY-cos...
T8 DEPT 1D-C-DEPT-1353-...
5 HMBC 20-H-HMBC-inv...
B HSOC 2D-H-H5QC-inv..,

brucine-assigned-results (version 14.1).mnova

|| brucine.mol
~ [0 Estradiol H1 and HSOC assi t . .
Samp le data Pl Raivgia i N Tip: There are a total of 4 datasets with 1D and
19, Eotrach ..
__ K ksl TH LSO minovs _ 2D NMR spectra for practicing spectral
lbuprofen LC-MS and 1D and 2D NMR for assignment ; i}
> T 1fid 1D-H-s2pul processing, peak assignment (and structure
2fid 1D-C-s2pul . . . . . . .
o 20 HH.COSY-g.. elucidation, which is not covered in this tutorial).
‘;:': iﬁiﬁﬁﬁ? The Ibuprofen one used here is the simplest one
i -CH- -G . .
£ bR £2D-HH-NOESY compared to the others (Brucine, Strychnine and
T8 Waters_UPLC-MS.raw .
i Estradiol).

j ibuprofen.mol
. Strychnine 10 and 20 NMR for assignment

10 1D-H-zg30
W 1D-C-zgpg30
> 12 2D-HH-CO5Y-co..,
= 13 20-CH-H5QC-E...
14 20-CH-HMBC-h...
W 16 2D-NH-HMBC-h...
- 19 20-CC-INADEQU...

Processed and assignment results.mnova
| Strychnine.maol




Open a 1D and 2D spectra of Ibuprofen

> Choose File > New to open a new blank document.

> |n Data Browser, choose the 1D H/C, 2D HSQC, HMBC, COSY, and NOESY spectra and drag all of
them to the main window.

> Re-process and analyze the H-1 and C-13 spectra according to the Basic Tutorial.

rBEad o @s
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v Picking B E .. 3 Al Ve Integration M 3 S Fitting ~ Analysis  Analysis, Spectrum. Tools
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Full View L2 +
Pages # % [g] Document 3* x @) Document 14 x [@ Document 30% % Data Browser i N
2.2 =] - [ eR I b
~ ; 2N
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“ | v [ Training Data Sets Z of
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6 [ v T2 Ibuprofen NMR and LC-MS 2
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4.4 B £ 4 ! > Waters_UPLC-MS.raw P
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[ g ts > 5 Ms E
" é > 5 Multiple 1H spectra 2
’E‘ bl > T Results P
- =1 H 7 [] hydrolysis - no analysis.mnova 2
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i |1 9
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E E ? 11
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= i F12
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Which is which?

> Check View > Parameters Table to display the Parameters Table
> The Experiment and Pulse Sequence parameters usually indicate the type of NMR data

Parameters =
ﬂ W oW OB %

Report Copy Setup  Customize

V| Pages Well Plates v/| Parameters Tt Value -
Page Notes Rulers V| Data Browser 7 Instrument VIMIS
Tables ) | )
- | | FullView | | Full Screen| | Cursor Info 8 lanboe
Show/Hide
9 Solvent dmso
10 Temperature 25.0
r
11 Pulse Sequence gHSQCAD
12 Experiment HSQC-EDITED
A\
13 Probe 3mm_cold HCM_P001
14 Number of Scans 8
15 Receiver Gain 44
. . . . 16 Relaxation Del 1.0000 I
Tip: You can display the Experiment as part of the spectrum title. et -
Double click on the spectrum and setup the Title in the Properties 4| b |

Dialog.
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Rules of thumb for 2D processing

When a 2D is opened in Mnova, it is automatically processed
starting from the raw data (ser or fid) with the parameters from
the instrument. If the results are not satisfactory, you may need to
adjust the following parameters to improve the results:

> Apodization: To improves the line shape, resolution and S/N
ratio
> COSY: Use Sine Square 0 for F2 & F1
> Others: Use Since Square 90 F2 & F1
> Zero Fill and LP (Linear Prediction): To improve resolution
> F2: at least double of the original datapoints, 2048 or 4096
> F1: At least double of the original datapoints, 1024 or 2048
> F1: Do LP if original datapoints <= 128 (optional)
> Phase Correction: To improve line shape
> Use Imported or Automated (Regions) first
> Do manual correction if needed.
> Baseline Correction: To reduce noise
> Use Bernstein Polynomial Fit on either dimension
> Other 2D-Specific parameters (optional):
> COSY, NOESY: Use Symmetrize with caution
> HSQC, HMBC: Use Reduce T1 Noise Reduction when needed.

Processing
Template «

0 Processing Template

w- B8
2

Time Domain

2D-specific

Truncate

FID Shift

Frequency Shift

/| Apodization

Sine Square: 90°

Zero Filling and LP
Spectrum Size: 2048

Fourier Transform

Protocol: None
Swap Halves: on
Mirror Image: on

More Processing Analysis

Frequency Domain
/| Phase Correction

Method: /mported
PHO: -36.4183
PH1: 0

/| Baseline Correction

Method: Bemstein Polynomial Fit
Polynomial Order: 3

Smoothing
Reverse

Absolute Reference

Proton Reference: : 599.76
= Factor: : 100.000000

Reference

Cuts

Number of Cuts: 0

Apply oK Cancel




Rules of thumb for 2D processing

Processing
Template +

The 2D processing parameters that you may want to adjust and their recommended values*

Apodi Zero-fill & Linear Phase Correction Baseline Correction Others
-zation Prediction
Cosy Sine square 0 | At least double to 2K Use imported parameters Use Bernstein Do COSY-style
on both F2 or4Kon F2; or 1K or first. Use auto or manual Polynomial Fitting (3 symmetrization with
and F1 2K on F1. Do linear phasing if needed on both | order) for F2 and F1 caution
prediction on F1 if # of F1and F2
increments < 128
HSQC Sine square Same as above Same as above Same as above Use Reduce T1 Noise
90 on both to reduce T1 noises
F2 and F1 with caution
HMBC Same as Same as above Same as above Same as above Same as above
above
NOESY/R | Same as Same as above Same as above Same as above Do COSY-style
OESY above symmetrization with
caution

*These are recommended starting points for conventional 2D NMR processing. You can try many of other combinations as appropriate.

Once you are satisfied with the results, you can save all the parameters as a processing template, and apply it to similar spectra later.




Re-process HSQC spectrum
> Reprocess the HSQC spectrum as shown below. Do dia

> Note the apodization functions for F2 and F1 Template +
> Note the forward linear prediction for F1 applied here

Q Processing Template ? X o Processing Template

F—E - H.E .

=? f2 1 2D-specific ~ More Processing  Analysis :? 1 2D-specific ~ More Processing Analysis
1 —Frequency Domain

~Time Domain - 1 Frequency Domain il ~Time Domain -
o | Phase Correction - LN
S riineate S b o] . : =? | Phase Correction
= runcate - — :
PHO: -36.4183 ;‘ﬁtnh";,i impaen
FID Shift e PH1: 0
Frequency Shift- . .
| Baseline Correction -

|| Baseline Correction -

Method: Bernstein Polynomial Fit Method: Bemstein Polynomial Fit

Polynomial Order: 2

[ ] Frequency Shift- . !
Polynomial Order: 3 7| Apodization -
Smoothing i . gge ing-
| Apodization ,:’. Sine Square: 90 Smoothing
=? Sine Square: 90° Reverse Reverse -
i Zero Filling and LP
i i Absolute Reference " Spectrum Size: 1024 Absolute Reference
= = i | Forward LP: [128 256] 112, 15 = ]
Spectrum Size: 2048 Proton Reference: : 599.76 Proton Reference: : 599.76
= Factor: : 100.000000 = Factor: : 25.145020
<o Fourier Transform - -
Fourier T f — eference - ererence -
SR RIS Protocol: Echo-Antiecho
Protocol: None Swap Halves: on
Swap Halves: on Cuts- Mirror Image: on i
Mirror Image: on Number of Cuts: ¢ Number of Cuts: 0
Apply OK Cancel Apply OK Cancel

Note: The Fourier Transform method is automatically set and normally you don’t need to change it.
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Re-process HSQC spectrum

> The re-processed HSQC spectrum shows better line shape, and higher resolution on the
F1 dimension

I o

Ibuprofen °
4/8/2015 i 20

50

4

re

Ibuprofen
4/8/2015

r20

F24
l26

r28

T T T T T T T

T T T T
75 70 65 60 55 50 45 40 35 30 25 (4] i] [+
2 (ppm) a6

R A L L e S S B S S B S I AL LA S R S S R S B I S R e e
3.8 3.73.6353433323130292827262524232221201.91817 16151413 12111009038



Re-process HMBC spectrum

> Reprocess the HMBC spectrum as shown below. ;
Processing
> Note the apodization functions for F2 and F1 Template
> Note the forward linear prediction for F1 applied here
@ Processing Template ? X @ Processing Template ? X
- 2| |- M 2
) f2 f1 2D-spedific More Processin Analysis f1 2D-specific More Processin Analysis
P g Y P 9 Y
i Time Domain - | [ Frequency Domain ' Time Domain - -Frequency Domain
: ; B
Friireate q /| Phase Correction S Q Phase Correction
Method: Magnitude Method: Imported
' PHO: ¢
L_| FID shift | Baseline Correction ) EHL ¢
Frequency Shift . .
Method: Bernstein Polynomial Fit v| Baseline Correction -
Frequency Shift ]:? Polynomial Order: 5 Method: Bernstein Polynomial Fil
. V| Apodization - — Polynomial Order: 3
Smoothing - :
V| Apodization . Sine Square: 90° Smoothing -
Sine Sq ag° Reverse - " .[’
ine uare: Reverse -
=> Zero Filling and LP
Zero Filling and LP- BBl iE Relecence ) Spectrum Size: 1024 Absolute Reference
Proton Reference: : 599.76 . 'f) Forward LP: /128 256] 112, 15~ Proton Referenice: = 59976
Spectrum 5Size: 2048 = -+ 100.00000 rence: : 599.76
=? Fadon: & (.00 = Factor: : 25145020
Fourier Transform =
Fourier Transform Reference - e Reference -
Protocol: Echo-Antiecho
Protocol: None Swap Halves: on
Swap Halves: on Cuts ) Mirror Image: on Cuts
Alleae Inkage o Number of Cuts: ¢ Number of Cuts: 0
Apply oK Cancel

Cancel

Apply OK

Note: The Fourier Transform method is automatically set and normally you don’t need to change it.
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Re-process HMBC spectrum

> The re-processed HSQC spectrum shows better line shape, and higher resolution on the
F1 dimension

5 10
Ibuprofen
—1 4/8/2015 ’ . . o 20

[ |

100

f1 (ppm)

110
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— %o ° ° 130

— 0® - ° ° +140
150
160
170
180
190
200

T T T T T T T T T T T T T T T T T

T T T
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Re-process COSY spectrum

r
> Reprocess the COSY spectrum as shown below. !!;rgl
> Note the apodization functions for F2 and F1 i e
> Note the forward linear prediction for F1 applied here Templateg,

> Turn off Symmetrize in the 2D-specific Tab

@ Processing Template ? X @ Processing Template ? X
1 o — v
= =
=:> f2 f1 2D-specific More Processing Analysis ? 1 2D-specific More Processing Analysis
r~ Time Domain - => Frequency Domain ' ~Time Domain - | Frequency Domain -
/| Phase Correction - Phase Correction

Truncate: Truncate -
Method: Magnitude
/| Baseline Correction -

FID Shift : .
v - : ;
e Conion Frequency Shift- Method: Bernstein Polynomial Fit
=} Method: Bemnstein Polynomial Fit Polynomial Order: 3
Frequency Shift Polynomial Order: 3
; /| Apodization — Smoothing -
Smoothing- [ >
— | Apodization - P S Square: 05 Reverse-
Sine Square: 0° B
»| ZeroFilling and LP = Absolute Reference
s Absolute Reference- - | (K ) :
::a Zero Filling and LP - | Spectrum Size: 2048 Proton Reference: : 599.76
Spectrim Size: 2048 Proton Reference: : 599.76 Forward LP: (128 256] 112, 15 = Factor: : 100.000000
- = Factor: : 100.000000 - o : )
Fourier Transform — D ArarAneas Fourier Transform - - Reference -
Protocol: None Protocol: None
Swap Halves: on Cuts - Swap Halves: on Cuts -
Mirror Image: on Niher ot Cute Miszar image- og Number of Cuts: 0
Apply oK Cancel Apply oK Cancel

Note: The Fourier Transform method is automatically set and normally you don’t need to change it.
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Re-process COSY spectrum

> The re-processed COSY spectrum shows better line shape, and higher resolution on the
F1 dimension

| “ ) l X

3
Ibuprofen
4/8/2015

f1 (ppm)

10

11

F12

12 11 10 9 8 7 6 5 4 3 2 1
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Re-process NOESY spectrum

> Reprocess the NOESY spectrum as shown below.
Processing

> Note the apodization functions for F2 and F1
Template «
> Note the forward linear prediction for F1 applied here
@ Processing Template ? X @ Processing Template ? X
w- B - |- B -
=> f2 f1 2D-specific More Processing Analysis m 1 2D-specific More Processing Analysis
i Time Domain - | [ Frequency Domain ' Time Domain - -Frequency Domain
Friir Cate ﬁ /| Phase Correction qd Phase Correction -
Method: Magnitude Truncate- Method: /mported
PHO: ¢
L_| FID shift | Baseline Correction ) EHL ¢
Frequency Shift . .
Method: Bernstein Polynomial Fit v| Baseline Correction -
Frequency Shift ]=> Polynomial Order: 5 Method: Bernstein Polynomial Fil
@ _ | Apodization - L Polynomial Order: 3
Smoothing . N
/| Apodization " Sine Square: 90° Smoothing -
Sine Square: 90° e R
= everse -
=> I N Zero Filling and LP -
Zero Filling and LP- BBl iE Relecence ! Spectrum Size: 1024 Absolute Reference
Proton Reference: : 599,76 Forward LP: /128 256] 112, 15 Proton Reference: : 599 76
Spectrum 5Size: 2048 = -+ 100.00000 rence: : 599.76
= RCRIC o ceitl = Factor: : 25145020
Fourier Transform =
Fourier Transform Reference - e Reference -
Protocol: Echo-Antiecho
Protocol: None Swap Halves: on
Swap Halves: on Eoi ' Mirror Image: on Cuts-
Alleae Inkage o Number of Cuts: ¢ Number of Cuts: 0
Apply OK Cancel Apply oK Cancel

Note: The Fourier Transform method is automatically set and normally you don’t need to change it.
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Re-process NOESY spectrum

> The re-processed NOESY spectrum shows better line shape, and higher resolution on the
F1 dimension, though there still some phase errors

6
Ibuprofen
4/8/2015 ¥ F-1
0
- ] 1
- (I 4 2
— + ° L)
3
[} .
i <
4
5
T
s 8
—_ <d»' 7
8
F9
F10
F11
_ 4 F12
F13
T T T T T T T T T T T T T T T T _14
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Phase correction for NOESY spectrum

> Do Manual phase correction for either both dimensions. )1;
> Also applied +180 for PHO to make the cross peaks negative and Manual
. i Correction-
diagonal peaks positive
“ l Phase Correction n
| . :
: . A
6
Ibuprofen .
(/812015 . R ' i u? rt Click here and drag mouse
up or down holding:
3 ' R B left button for PHO correction or
_ X N " right button for PH1 correction.
(hold Ctrl key for fine tune)
' 3 Some processing steps (e.g. baseline correction) are not
= ! . applied during interactive phasing. The final spectrum
4 may differ from the provisional representation.
_5 11
5 PHO: 54.60 211 +180 || PH1: 0.00 =
L6 " Pivot Point
. | Position: 0.854 = Biggest
e N ' 7 i
B
8
9
10
11
— ' . 12
12 11 10 9 8 7 6 5 3
f2 (ppm)



Change the Display Properties

> Right click on the spectrum to open the Properties Dialog, view the properties that can be
changed

> |n the 2D Category, adjust the highlighted parameters and click Apply to see the effects

> Click Set as Default to retain the settings for 2D spectra display in the future

@ Properties

-

Metadata Geometry

General
Grid
1D
. 2D
Traces
v *,& Scales
g Horizontal
_{:] Vertical
ﬁ Peaks
Ik Integrals

®
M Assignments

Q Prediction

Set as Default Restore

?
NMR Spectrum
Legend
Width: 4.23 mm =
Text Width: 12.70 mm =
Palette: Red-Blue (Gradient) - | |N;
Plotting Method: Contour -
~Contours: -
Number of Positive Contours: 20 -
Number of Negative Contours: 20 =
Scaling: 1.500
Line Width: 25 P
OK Cancel Apply

4
Tbuprofen
4/8/2015

Processing
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Peak Assignment Using 1D & 2D NMR Spectra Together

Sample data

Data Browser

F X

@ Q% =

MName

S~ T 3fid

~

Training Dataset
~ [0 1D and 2D peak assignment
~ [T Brucine 1D and 2D NMR
> @ 1H
& 13C
@ cosy
T8 DEPT
75 HMBC
B HsQC
& brucine-assigned-results (version 14.1).mnova

[ brucine.mal
e Estradiol H1 and H5QC assignment
[ Estradial-1H+HSQC - assigned.mnova
|@] Estradiol-1H+HSQC.mnova
~ [ lbuprofen LC-MS and 10 and 2D NMR for assignment
o 1fid
2 fid

4fid
5.fid

&.fid

| 2D-HH-NOESY

Waters_UPLC-MS.raw
B8 results

j ibuprofen.mol
. Strychnine 10 and 20 NMR for assignment

| 10

W

> 12

= 13

14

W 16

- 19

'61 Processed and assignment results.mnova

\| Strychnine.mol

Experiment

1D-H-zg30
1D-C-zgpg30
2D-H-COS5Y-cos...
1D-C-DEPT-135-...
20-H-HMBC-inv...
20-H-H5QC-inv...

1D-H-s2pul
1D-C-s2pul
2D-HH-COSY-g...
2D-CH-H5QC-E...
2D-CH-HMBC-g...

1D-H-zg30
1D-C-zgpg30
2D-HH-CO5Y-co...
20-CH-H5QC-E...
20-CH-HMBC-h...
2D-NH-HMBC-h...
20-CC-INADEQU...

Tip: There are a total of 4
datasets with 1D and 2D
NMR spectra for practicing
spectral processing, peak
assignment (and structure
elucidation, which is not
covered in this tutorial). The
Ibuprofen one here is the
simplest one compared to
the others (Brucine,
Strychnine and Estradiol).




Chemical shift referencing for H-1

Ix

g

> This spectrum uses DMSO-d6 as the solvent. A
We can reference the chemical shifts by Reference
setting its middle peak to 2.5 ppm.

> Zoom to the DMSO peak at around 2.5 ppm.

Choose Analysis > Reference, and click on
the top of the middle peak. © Reforence slona 1 S
> Set it to 2.5 ppm either manually or from :
. 0Old Shift: 2.5021 ppm 2| rL| Auto Tuning-
the SO|Vent LISt New Shift: 2.5000 ppm = .RangeWidth: 0.1000 ppm = .

Annotation DMSO-d6

-Solvent List -
‘ ‘ Name Shift (ppm) Multiplicity J ((*
Deuterium Oxide 4.790 1
Dimethyl Sulfoxide-d6
3.330 1
Ethanol-d6 5.290 1 ¥
4 4
‘ Restore Defaults Add... | Edit... Delete
|
2.5000 |‘ ||.|| ‘| OK Cancel Solvents <<
\

e e gk N

270 265 260 255 250 245 240 235 230 225 220
f1 (ppml.
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Chemical shift referencing for other spectra

> Choose Analysis > References > Absolute Reference,

and click OK to the dialog.

> This applies referencing to all other spectra in the
document using the H-1 spectrum as a standard.

> |f needed, further align the 1D and 2D spectra

manually using the Graphic Reference tool.

Mo o |8

4
Ibuprofen
4/8/2015

2403 44.165,

T T T T T T T T T T T T T )
3.7 3.6 3.5 3.4 3.3 3.2 3.1 3.0 2.9 2.8 2.7 2.6 2.5 2.4

r44.6

r44.8

r45.0

5.2

Reference

A Reference
y _A_ Graphic Reference R

Absolute, Reference...

&’ Auto Abgolute Reference

e

e 2

J=  Xi Values...

&
@ Absolute Reference ¢ ? X
Use as Reference: |1: 599.763 MHz >

Spectra E
[1] 1: 1H, 599.763 MHz  ==100.000000 (Me4Si CDCI3, @ = 1%)

2:13C, 150.826 MHz ==25.145020 (Me4Si CDCI3, ¢ = 1%)
2D-COSY: 3
[H] 1H, 599.763 MHz ==100.000000 (MedSi CDCI3, ¢ = 1%)
[H] 1H, 599.763 MHz ==100.000000 (Me4Si CDCI3, ¢ = 1%)
2D-HSQC-EDITED: 4
13C, 150.822 MHz ==25.145020 (Me4Si CDCI3, ¢ = 1%)
[A] 1H, 599.763 MHz ==100.000000 (Me4Si CDCI3, @ = 1%)
2D-HMBC: 5
& 13C, 150.826 MHz ==25.145020 (Me4Si CDCI3, ¢ = 1%)
[H] 1H, 599.763 MHz ==100.000000 (MedSi CDCI3, ¢ = 1%)
2D-NOESY: 6
(1] 1H, 599.763 MHz Z=100.000000 (Me4Si CDCI3, ¢ = 1%)
(6] 1H, 599.763 MHz ==100.000000 (Me4Si CDCI3, @ = 1%)

= Values...
Show in spectrum title Show in parameters table

oK Cancel




Open the structure for peak assighment

4

Open the Ibuprofen.mol file from the Data Browser.

v

Choose Molecule > Compound Table to show the structure on the side.

4

Note: Open the same molecule only once. If needed, use Report on the Compound Table to
report the structure to other pages. Do not open the same structure multiple times.

> Display the Assignment Table. Make sure all spectra are “linked” in it.

rREE ¢ @s NMR MestReNova

File Home View Molecule Prediction Tools Database Verification Elucidation Processing Analysis Assignments Quantitation -~ Chen's Tools

@ ® < N (¥3) cm /| Assignment Labels
Mo My M 7 B
® £

Assignment Qualities
Auto Manual NMR  Molecule

Assignment Assignment

Assignments

Full View

=i
Pages # x (9] Document 3% x Compounds e i d
A -l 5 & % | B Z Q N
Report Add Delete Setup  Graphical Props = PhysChem | In Columns
=
u Molecule Properties HS
Tbuprofen r4s
4/82015 i ] Molecular Formula| -4
o b} Average Mass:
| CHs Monoisotopic Mass C&,
[0 6 Name: =
6 Label: E t
= ="
i CH; 7N NP Color:
e 35 ‘E I | | Assignments:
Croai T 1 A OH -
R HBC/ \12/ \a/ 1
30 “ y
N Al
3.3 4 4 lk
Phase Correction MS Browser Multiplets Data Browser Compounds I
A(S) 20
- 12.24 " Assignments g Jt
9 ol ¥
15 5 | % | i ® 8 & A A
Report Copy Delete Expand Collapse Hide Setup Deduce NOE |
4.(1)4 Available spectra: Linked spectra: Sl
P ||| 3 Ibuprofen 4/8/2015 - q;l .
—p 6 Ibuprofen 4/8/2015 =
4 4 Ibuprofen 4/8/2015 m »
5 Ibuprofen 4/8/2015 "
! ! '
Atom Chemical Shift Quality Predicted Shift ] | =
by ol )
5.5 g =22 v 1C |~
= y - . T T ™ L e
5 13 12 1 10 9 8 7 6 5 4 3 2 1 0 -1 2 C
B L opm) g ]l ¥ 3G
Al H
o S v
K » I 4 »

Licenses: o pB: ©
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Show 2D correlation as arrows

> Right-click on the structure (or click on Graphical Props in the Compounds Table)
> |n the Arrows Tab, turn on the display of HMBC and NOESY correlation as different colors
> The correlations will be displayed when the assignments are added later

@) Properties ?
-
Metadata Geometry Molecule
Atoms Bonds Arrows General

~Correlation Arrows -

@ Show Statically Show on Atom Mouseover

[v| HMBC [ | ROESY [v| NOESY
B siate blue > [ | green o B ed x
Cosy | (S, H2BC
| green i [ ] green bt [ green v
Line Width: 1.00 %] Axes Ratio: 0.80 $
Arrow Width: |7.00 2| Arrow Height: |20.00 %
. Set as Default . Restore . . OK || Cancel Apply

Molecule
»CH3
,/BO |\_“r 0
CHs* 21 * _\‘T P ?’/ 10
g&\, L A4 OH
H3Cm_.x12u3 11

Tip: Click Save as Default button to save the settings




Assigh H-1 multiplets

> Click A key to switch to Manual Assignment mode
Y _ gnmer N M. Shortcut = A
> Click on a multiplet label and assign it to an atom (This is the most Ml
common way to assign H-1 peaks) Assignment
> Click on a peak and assign it to an atom
> Click and drag on the spectrum, and assign the range to an atom
> View chemical shift assignment grids on the other “linked” spectra
1 08838
Ibuprofen . QEEE " 45
4/8/2015 & K838 2ANBERE85RNS RISk MRY fi]
Compounds o Rk TeEEhnnTTIaaaRRRHES -
W @& X £ Z (@) | s RN B
Report Add Delete Setup Graphical Props =~ PhysChem |InC
Molecule
r35
CH, 0
oy
. :
i CHs X NP0 Ao o [
3(11.90) J13.50, 6[74)
1 ll /l _Olﬁ ne B|(d) D() | | E[@) || G|@) %
719 3.62 2(41 1134
ch/ \12/ \\3/ 11 ‘ 1121'24 11ke8) 17.12)| |3417)|[37.14)
14 o
(4.68)
r10
] /
*This tutorial is focused on manual B
assignment, although it is possible to try the
Auto Assignment first, and then do manual TS R T}
correction. g £3 z g Tadg”
4 13 12 1|1 10 9 8 % 6 5 “1 3 é i (I) 1




Predict and Compare for H-1 assignment

> Optionally, you can choose Predict > Predict and Compare to have H|H Shortcut = A
a predicted H-1 spectrum stacked above the experimental one to ortcut =
guide your assignment of some peaks Manual
. . Assignment
> For example, the predicted quartet for H-7 is very close to the
quartet observed at around 3.62ppm, so we can assign that
observed quartet to H-7, by clicking the atom and then the
multiplet label in the Manual Assignment mode.
> You can assign more multiplets in this way.
Predicted 1H NMR Spectrum
CHs
8 ! 14
E|§H3 1I/C\\i/f\5i/4o1a = B
= s 1 0/13\12’/2\1/ " ‘
Tip: Use the following short cut keys to accelerate ; £ L,
your assignment: =
A: Assignment mode i
Z: Zoom in mode |
S: Swap the assignments of two atoms i JI__JL
<Ctrl+Space>: Switch to Zoom in mode temporarily
<ESC>: Exit from any of the modes above -
buprofen
If you need a copy of the structure in a page, click the jvetei fi [
structure in the Compounds Table and click Report. ! f f 7
cm) Fen| [
To delete the predicted C-13 spectrum, choose Stack 719 Lo | 9
> Stacked Items Table, and delete it from the Table. | fz.(i B?.(I“;J 73(6112) ‘EEEIJ Cigje -1
= l | J i
] el d I 21
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Assign C-13 peaks

@)
> Make a copy of the C-13 spectrum. M Shortcut = A
> Choose Predict > Predict Compare to predict the 13C spectrum Manual
> Use the prediction to guide the manual assignment Gl
Predicted 13C NMR Spectrum 14, 15
3
i
Compounds g
@ @ %X @ O 2 Sk
Report Add Delete Setup Graphical Props  PhysChem | In| -
Molecule 8 52
CHs3 H
l 2
6 7 O Ibuprofen
1 CHy e N \8%10 4/8/2015
P PR
13 2 4
He | T N i !
14 8
|

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)




General guidance for assigning 2D spectra

> Since Mnova version 14.1, the assignment of a 2D peak is based on a “2D multiplet”, which can be either a
single peak or a group of peaks.

> 2D multiplets can be automatically picked using Analysis > Auto Multiplet Analysis, and then manually
corrected.

> If you don’t pick any multiplets before assigning a 2D peak, it will automatically pick a multiplet around
where you clicked in the 2D spectrum during the assignment.

> A 2D multiplet can be manually resized using the green blocks shown around it when you hover the cursor
on it. A

v FAVL

Vefsors HSQC vaaats HSQC

D ]
7.10,128.89 :

128.0

7

3.62,44.35 Bt

F128.5

P
AN

Fa4.0
1l i\"'

=it E:zril\\i\?; i
\M Ha4.5

r45.0

—
I.\
L
o

-129.0

F129.5

r45.5

F130.0

; ; ; ; : ; ; .
e
3.80 375 370 405, S0 3.55 3.50 345 715 714 743 742 711 710 7.00 7.08 7.07 7.06 7.05

A HSQC multiplet with a single peak. It A HSQC multiplet with two peaks. It is
is assigned to CH(7) not assigned to any atoms yet

Tip: For better visualization of the assignment results on a 2D spectrum, it is better to suppress the display of the 2D peaks
and 2D multiplet labels. Right click on the spectrum and choose Properties, and turn off those options.




Assignment lines across the spectra
.
> If you assign a peak from a 1D H-1 or C-13 spectrum, the H|H Shortcut = A

assignment is displayed for the same nucleus on the 2D
spectra automatically

> If you assign a cross peak from a 2D spectrum, the
assignments for the corresponding nuclei/dimensions are
also displayed on the corresponding 1D and 2D spectra,
automatically

> The 1D and 2D assignment results are recorded in the ‘ L Jl
Assignment Table (Assignment > NMR Assignments) L L - (S
9 15

> You can click and drag an assignment line to change the s | HSQC

chemical shift. 4/8/2015 i

Manual
Assignment

25

35

Tip: Click and drag the number (“7”) to adjust the
chemical shift value of this assigned peak in the C-13 e i =
dimension. The change will be reflected in all other

spectra, as well as in the Assignment Table. You can \. 5 e 0

do this on 1D spectra too. B

el

4.0 3.5 3.0 2:5 2.0 1.5 1.0 0.5




Assign HSQC peaks

> Assign a cross peak to connected H-C atom pair: Click the peak first,

then the assigned CH group (or, if H is drawn explicitly, the H first, H H H H
and C next 1
) Jen
> Hold Alt key to display the Assign Dialog for more choices. Use
“original” 1D H or C chemical shifts if available*
. .LL H
4 11 4,6 7 12 13 914,15 r-10
Ibuprofen 1,3 Lo © Assign ? 3
4/8/2015
r10
— 159 9 , 20 Atoms 4,6: @~ O(1H): |1H(f2)=7.186 ppm (multiplet 4,6) ~
4 14,15 ' )
— 13 3 ! 30 Already assigned (4):7.19 (6):7.19 -
n . s - 40 Replace Add ® Keep Original
50 L
160 rlv| Assign f1-
70 £ Atoms 4,6: | ~ | 8(130):
r80 :Q ~Already assigned (4):127.02 (6):127.02 ————
%0 Replace Add @ Keep Original
100
F110
] L120 OK Cancel
b . |
1346 HS 130
= 25 140
(150 *The assigned chemical shifts can be from 1D or 2D peaks. Since a
160 1D spectrum typically has higher resolution, it is recommended to

. ; : : : : : . : : , , : : : : use those from 1D. Note you can also fine tune the chemical shift

“4 13 12 1 10 95 8 7 o (Spm) 5 4 3 2 1 0 A by moving the atom number on an assignment line.




Use Predict & Highlight to help
assigning HSQC peaks

> QOptionally, you can choose Predict > Predict and Highlight to display the
predicted range of HSQC peaks for CH groups. The ranges can be helpful for
assigning HSQC peaks to their corresponding CH groups

4 9 15 |
Thuprofen Lo
4/8/2015

[13] 30.15X

|

1

[13]1.852
T T T

*Click on CH(13), it shows the
value and error range of its
predicted C-13 and H-1 shifts.
This gives you an idea where
to look for the cross peak to
assign to this CH group.

14 13 12 11 10 9 8 7 6 5 4 3
2 (ppm)

bl



> Assign a cross peak to connected H-C with 2 or 3 bonds in

between: Click the peak first, then the assigned H. Mnova will

popup an Assign Dialog for you to choose the assigned C.

> Use “original” 1D H or C chemical shifts if available

|

I

1 .l A\

Assign HMBC peaks

C
5 11 4,6 7 12 13 914,15
Ibuprofen 1,3 Lo
4/8/2015
9 t 13,14,15, -~ 20
. 14,15 79 ]‘ 14,15, 15,14
12,13 - H
712 46,7, 9 7 40
13,12 14,15, 12
60
Q Assign (4
80
- Aom3: [ | B(1H): |f2=7.095 ppm
s -Already assigned (3):7.08-7.11
1120 z { Replace Add \# Keep Original
4,6 8. [}
13 46,1 746 .121 13 - [v] Assign f1
= 13,5 7,5 12,3 r140 :
160 atom: [12 £ B(13C): |f1=44.2ppm |
CH3 Co ~Alrea %_ |2 hed (12):44.20-44.22
8 o] ' 3 B
; 9, & -180 R 3 Add % Keep Original
I 5
\ 5]
62 T | O 200 7|
; T 0K Cancel
C / \‘5/; \18/ 10 g .
15H3 = v 220 -
— o ; T
14 7 O l, ) ‘ D 0
[ B0 2 4
He)C \\‘_‘ 12w . «3
14 a o




Assigh COSY peaks

> Assign a cross peak to a H-H pair with 2 or 3 bonds in between: 3JH_H
Click the peak first, then the assigned H on F2. Mnova will popup - H H
an Assign Dialog for you to choose the other H.

2)
> Note weak couplings between 4-5 bonds is also possible H-H
> Use “original” 1D H-1 chemical shifts if available
| ll | .l A ‘
3 11 4.6 7 12 13 914,15
Ibuprofen 13 -1 H
4/8/2015
0
914'15 - °13,014,!5 1
B g ' 2, 13 Y4,15, 13 2
| 314 I3 Q Assign ? X
77 ! '9,7 L4
5 Atoms 4,6: | ~ d(1H): |f2=7.186 ppm ~
= .
6 8 ~Already assigned (4):7.19 (6):7.19 -
= 4613 ﬁf;}, 7T Replace Add © Keep Original
,8 L
9 r[v]| Assign fi-
r10
l11 Atom: 1~ 8(1H): [f1=7.095 ppm ~
44 i L12  Already assigned (1):7.09
ri3 Replace Add @' Keep Original
T T T T T T T T T T T T T T T _14 i .
14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1
2 (ppm)
Tip: Displaying the diagonal line can be helpful to distinguish cross peaks and diagonal o [ Cancel
ones. To do that, right click and open the Properties Dialog, and check Grids > Show
Diagonal.
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> Assign a cross peak to spatially approximate H-H pair (~5A or less): Click the
peak first, then the assigned H on F2. Mnova will popup an Assign Dialog for
you to choose the other H.

Assign NOESY peaks

> For small molecules, NOE cross peaks are usually negative in phase. Positive
one may be from J-couplings and should be ignored with caution.

J ll 1 l AI

6 1 46 7 12 13 914,15 o (M-H) = 0.1 nirm
Tbuprofen 13 L1 d I:N-':I:I = [1.134 nm
4/8/2015
0
2,14, .
| M 46,913, 14,15 .1 =3 '13,.14,'f5 1
< 113 { 7,9 . ° '
13,13 14,15, 13 -2
— 12 3,12 T 14,15, 12
) 3
a7 46,7 ! 97 L4
5
ré\ -CH3
6 & 5
2,13 ., =
= 4613 W -7,;61' %48 14,15, 1,3 ’ 6" .-E 0
8
/ \ L /10
0 CHy* 21 - 8
o FA |
11 13 2 4
/ \r 1/ \ / EH
— 1 12 HSC" 12> ‘3
13 14

4 13 12 11 10 9 8 7 6 5 4 3 2 1 0 A1
2 (ppm)



Assignments table

> Click Assignment > Assignment Table to display the Assignment Table

> The check boxes can be used to turn on/off the display of individual correlations on the
structure

Assignments

o

H W X @B T ® B & A
Report Copy Delete Expand Collapse Hide Setup Deduce NOQOE ~
Chemical Shift | Quality Predicted Shift ] NOE COSY HSQC HMBC NOESY
. 1128.88 129.12 1 v|4,6, 12
H 7.09 0.71 V4,6 1 V|5, 12 v[12, 13, 14, 15
2 C 139.46 141.62 V|4, 6,12
v 3cC 128.88 129.12 3 V|12
H 7.09 0.71 3 V|5, 12 A2, 13, 14, 15
v 4C 127.02 127.66 4 7|7
H 7.19 0.71 V1 4 V12,7 CH
5C 138.41 142.54 v[1,3,7 i 3
v 6C 127.02 127.66 6 V|7 i
H 719 0.71 V[ 6 v[1,2,7 [
v 7C 44.22 44.96 7 v|4,6,9 6" /.7 /O
H 3.62 0.71 v[9 7 v|4,5,6,8,9 A
8 C 17540 180.15 V17,9 CH,’ 51/ N g7 0
v 9C 18.45 18.15 9 v|7 15 7 ‘
H3 (1.34 0.71 V|7 9 V17,8 [/ »
10 O 13 2 4
v 11 0 Y e N %H
H 1224 0.56 HyC» 12> 3
v 12 C 4416 45.12 12 V|1, 3, 14, 15 14
H2 2.41 0.71 v 13 12 V1,2, 3,13, IV S 17 1o
v 13 C  29.55 29.81 13 v[12, 14, 15
H 1.80 0.25 v[12,14,15 13 V|14, 15 v[1,3, 14,15
v 14 C 22.00 22.41 14 [V]12, 13, 15 i
H3 0.85 0.71 v[13 14 v[12, 13, 15 vI1,3,12,13
v 15 C  22.09 22.41 15 v[12, 13, 14
H3 0.85 0.71 v[13 15 v[12, 13, 14 v[1,3, 12,13




@ setup Assignments Report ? X
Options
| Include 13C and X-Nuclei Assignments
H | Include ultiplici
Report assignments | e
| Include Number of protons
Order by Chemical Shift
Report Mean Chemical Shift values
. . lT__{:} l?:_‘ % E —l Include Atom Type
> Choose Assignment > Report Assignments. i ML . L {;3 ——. .
. ¥ o Export To File:
> Report the assignments on the spectrum or paste the : Manual Swap  Deduce e -
Assignment  Assign =§ Assignments S |
table tO another document Assignments Decimal Places For 1H: 28
: CH3 Decimal Places For13C and X-Nudei: 13
| 2D Correlations
v i Format:
6” A7 ) O
CH » :1"/ \‘5/5 \8/10 n ® &(n) Atom(8)
/,. 1f) 3 - % |L “ 4 . ‘ Drop Lines Without Correlation
5%13;\\_, ;/12’\1 /4 OH oK Cancel
HsCn___~12%___#3 11
14
No &, (Multiplicity, J, nH) & ¢ (Multiplicity, J) HSQC-EDITED HMBC cosy NOESY
.85(14), 0.85(1
1 7.09 (d, 7.9 Hz, 1H) 128.9(s) 128.9(1) 44.2(12),138.4(5) 7.19(4), 7.19(6) 0 18_23( 1?3’)?2?451(( 152);
2 - 139.5(s) . . . .
0.85(14), 0.85(15),
3 7.09 (d, 7.9 Hz, 1H) 128.9(s) 128.9(3) 44.2(12),138.4(5) - 1.80(13),2.41(12)
4 7.19 (d, 7.9 Hz, 1H) 127.0(s) 127.0(4) 44.2(7),128.9(1), 139.5(2) 7.09(1) 1.34(9),3.62(7)
5 - 138.4(s) - . . .
6 7.19 (d, 7.9 Hz, 1H) 127.0(s) 127.0(6) 44.2(7),128.9(1), 139.5(2) 7.09(1) 1.34(9),3.62(7)
7 3.62 (g, 7.1 Hz, 1H) 44.2(s) 44.2(7) 18.5(9),127.0(4), 127.0(6), 138.4(5), 175.4(8) 1.34(9)  1.34(9),7.19(4), 7.19(6)
8 - 175.4(s) - . . .
9 1.34 (d, 7.1 Hz, 3H) 18.5(s) 18.5(9) 44.2(7), 175.4(8) 3.62(7) 3.62(7),7.19(4), 7.19(6)
11 12.24 (s, 1H) . . . . -
12 2.41 (d, 7.2 Hz, 2H) 44.2(s) 44.2(12) 22.1(14), 22.1(15), 29.6(13),128.9(1), 128.9(3), 139.5(2) 1.80(13) 2-8514); 0'35(15)’77'0099(8;
1.80 (dp, 13.5,6.7 Hz, 0.85(14), 0.85(14), 0.85(15),7.09(1),
13 ") 29.6(s) 29.6(13) 22.1(14), 22.1(15) 0.85(15)2.41(12) 7.09(3)
14 0.85 (d, 6.7 Hz, 3H) 22.1(s) 22.1(14) 22.1(15), 29.6(13),44.2(12) 1.80(13) 1-80(13), 2'41(12)’77'0093(13);
15 0.85 (d, 6.7 Hz, 3H) 22.1(s) 22.1(15) 22.1(14), 29.6(13),44.2(12) 1.80(13) 1-80(13), 2'41(12)’77'0099(8;
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> Choose Home > Insert Object, choose Create from File, and insert a PDF to @

Insert a PDF to the document

the document
> A preview logo of the document is displayed.

Insert
> Add a text box annotation to it Object
. . . Insert
> You can double click on the preview to open it
L
Insert Object X
£
(") Create New ] & il ]
File: Cancel . .
C:\Mestrelab\Projects\Marcomm\L\teraturz| ] A rEIatEd pUbhcat'On [ |
Browse... . - l
Result
i Inserts the contents of the file as an object into —— mé
Ol e T, A
gt kvl




Save the results

> Choose File > Export to PDF to save a PDF report of the page.
> Chose File > Save as to save all the results to a .mnova file.

> Save all the results to a database (see steps later)

> Now you can close the document or continue to add other spectra to it.

1.1
.pdf doc
'2. 2 & CH3 J
6 7 0
\ \r A
3.2 P—Y 1‘.’/ \, 5 Y g8~ 10
CHy~ tl 4
- —
7 7 .mnova doc
( ™/ -
L& —
4.3 HSC\_/12‘ 3 11
: 14
No &4 iplicity, J,nH) & J) HSQC-EDITED HMBC COSsY MNOE 5Y
1 |7.09(d,7.9Hz 1H) 128.9(s) 128.9(1) 44.2(12),138.4(5) 7.19(4), 7.19(8) 0.85(14), 1.85(15), 1.80(13}2.41(12)
5.4 2 | |139.58) = E B
i 3 7.09(d,7.9Hz 1H) 128.9(s) 12893} 44.2(12) 138 4(5) B 0.85(14), 0.85(15), 1.80(13),2.41(12)
4 (719 (d,T9HZ 1H) |127.068) 127.0(4) 442(7),128.9(1),139.52) 7.08(1) 1.348)3.62(7)
5 |- 138.4is) - L - u
- it 7.19(d 7.9Hz 1H) 127.0(s) 127.06) 44 2(7),128.9(1),138.52) 7.09(1) 1.34(9),3.62(T) Data a Se
6.5 7 382 7T.1Hz 1H) 442(5) 44.2(7) 12.50)127.0(4), 127.08), 138.4(5), 175.43) 1.343) 1.34(9)7.194), 71%(8)
. I |- 175.4(8) - = ¥ [
9 1.34(d 7.1Hz 3H) 18.5(s) 18.5@) 44 2(7), 175.4(8) 382(7) 382(7)7.19(4), 719(8)
11 1224 (8, H) L B n - 0
12 |2.41 (d, 7.2Hz 2H) 44.2(s) 44212y 22.1(14), 22.1(15),29.6(13),128.9(1), 128.93), 1395(2)|1.80(13) 0.85(14), 0.85(15),7.09(1),7.09(3)
13 |1.80 (dp, 13.56.7 Hz 1H) |29.6(5) 29.6(13) 221(14), 22(15) 0.85(14), 0.85(15),2.41(12) 0.85(14), 0.85(15)7.09(1), 7.093)
7.6 14 0.85(d,6.7Hz 3H) 1221 721(14) 22.1(15), 2956(13)44.2(12) 1.30013) 1.80(13), 241(12),7.09(1), 7.093)
¥ 15 |0.85 (d,6.7HzZ 3H) 22.1(5) 22.1(15) 221(14), 206(13)44.2(12) 1.80(13) 1.80(13), 2.41(12),7.09(1), 7.093)
.




More about peak assignment

> Manual assignment of 1D and 2D peaks is not only an effective

way to verify a proposed structure, but also a proven way to
learn to understand and analyze 1D and 2D NMR.

Usually you start with the 1H, 13C and HSQC spectra, if
available, with the assistance of the predicted peaks or ranges
as a guidance. Then you extend the assignment to the other 2D
spectra such as COSY and HMBC. While assigning COSY or
HMBC peaks, conflicts with the previous assignments may be
discovered and hence corrections can be done. If the conflicts
cannot be resolved, it may imply that the structure is wrong.

There are a total of 4 datasets with 1D and 2D NMR spectra for
practicing spectral processing, peak assignment that come with
this tutorial: Ibuprofen, Brucine, Strychnine, and Estradiol,
along with results of full assignments. You can use them for
practice.

Data Browser

[

@ Q% =

MName
~ [0 Training Dataset
v [0 1D and 2D peak assignment
w [0 Brucine 1D and 2D NMR.
= H
& 13C
@ cosy
T8 DEPT
75 HMBC
B HsQC
El brucine-assigned-results (version 14.1).mnova
| brucine.mol
~ [ Estradiol H1 and HSQC assignment
_5: Estradiol-1H+HSQC - assigned.mnova
6| Estradiol-1H+HSQC.mnova

1.fid
2fid
i 3.5id
4fid
5.fid

~  Experiment

~ [0 lbuprofen LC-MS and 10 and 2D NMR for assignment

&.fid

| 2D-HH-NOESY

0 Waters_UPLC-MS.raw
B8 results
F ibuprofen.mol
©0 Strychnine 10 and 20 MMR for assignment
| 10
W
- 12
= 13
14
W 16
- 19
|@] Processed and assignment results.mnova
[ | Strychnine.mol

1D-H-zg30
1D-C-zgpg30
2D-H-COS5Y-cos...
1D-C-DEPT-135-...
20-H-HMBC-inv...
20-H-H5QC-inv...

1D-H-s2pul
1D-C-s2pul
2D-HH-COSY-g...
2D-CH-H5QC-E...
2D-CH-HMBC-g...

1D-H-zg30
1D-C-zgpg30
20-HH-CO5Y-co..
20-CH-H5QC-E...
20-CH-HMBC-h...
20-MNH-HMBC-h...
20-CC-INADEQU...




Saving Processed Spectra and Analysis Results to a Database

Data Browser & %

@ Q% =

Mame ~  Experiment
~ T Training Dataset

hd 10 and 2D peak assignment
~ [T Brucine 1D and 2D NMR

H 1D-H-zg30
B 13C 1D-C-zgpg30
@ cosy 2D-H-COSY-cos...
T8 DEPT 1D-C-DEPT-1353-...
5 HMBC 20-H-HMBC-inv...
B HSOC 2D-H-H5QC-inv..,

brucine-assigned-results (version 14.1).mnova
| ] brucine.mol

b Estradicl H1 and H5QC assi t . . .
Sam p le data Pl Raivgia i N Note: You will need a Mnova DB Client license
i Eenmciof 1 EROC oo and install Mnova MyData Server for this session

nd 10 and 20 NMR for assignment

1D-H-s2pul
1D-C-s2pul
2D-HH-COSY-g...
2D-CH-H5QC-E...
2D-CH-HMBC-g...

5 | 2D-HH-NOESY

T8 Waters_UPLC-MS.raw

70 results

Ij ibuprofen.mol

v [ Strychnine 1D and 20 NMR for assignment

| 10 1D-H-zg30

W 1D-C-zgpg30

- 12 2D-HH-CO8Y-co...

= 13 20-CH-H5QC-E...

14 2D-CH-HMBC-h...

W 16 2D-NH-HMBC-h...

- 19 20-CC-INADEQU...

!61 Processed and assignment results.mnova
=3
| Strychnine.mol




I Install MyData DB Server

> Make sure MyData Server is installed and running B Manage ~
as a service* 6
Open

> Connect to MyData Server with the default account
. Database
setting
Database

> Create and open a new database (Database >
Manage > Add)

Y Connect

@ Connection 1 ? X
Server: localhost v
Port: 5504
User: |Test

Password: database

/| Save Password |v/| Show Password

0K Cancel

*If not yet, download the DB MyData Server Installer from http://mestrelab.com/download/mnova/db/ and install
it. You may need to download the latest Java too. No license is needed for MyData DB Server.
Note: MyData is a personal version of Mnova DB Group or Enterprise Server.



M

> Choose Database > Save to Database
> Click All'in the Select Items dialog
> (Click OK to save all items to the new database

Save data to database ?
i

Save to
Database»

@ select Items ? K
- 5
-Select o ' = o
Page Type Preview Description
None )
1 7|Molecule
All -
2 1|/NMR Spectrum 1
3 2|NMR Spectrum 2
4 3|NMR Spectrum 3
5 4|NMR Spectrum F ’ 4
6 5|NMR Spectrum 5
7 6|NMR Spectrum : 6
8 7| Text Arelated publication: | A related publication:
9 T Text Chen Peng's assignment results Chen Peng =
assignment results
0 i No& H (Multiplicity,...
1 7|OLE Object =
&
OK Cancel




M

> Choose Database > Browse or Show Record

Browse and download from database

& Show Record

@ Browse

> Display the contents in Record View (or Table View)
> Choose File > New in Mnova to open a new document

> Right click on the spectrum in the Database Dialog and choose Paste
Record to Mnova to download the whole record to Mnova

@ Database - Record View = [} x

File Edit View Configure

E-RB%E

Molecule Preview & x  Button Navigator a8 x
= F S 2 mndb://Test@localhost:5504/DB1/1 - @Molecule - @Molecule C13H1802 -
4 b 4 b 4 ]
.CH,
.9 NMR Preview & % Mass Preview a8 x
o i) 0 EE-o-M =E-o-m
CHy % 35" | o710 | e : a0
e -] | \ s F 553 § w
LB 2l Z2¢ OH =
2 Sl 11 % =

HSC S
14

e

Copy Ctrl+C

Paste [tem to Mnova

Fields a % [

e @gl' g

[— {0
=E | Paste Record to Mnova
Field Content 130 [ (k) fu o
Molecular 1720 EEEXZ 0 Update 1H Prediction DB
e C13H1802 11(s) 8 @ L§§?’| o) =
Monoisotopic = Lo Je2)| pn)] i) [ Update 13C Prediction DB
10:10 B 206.13068 ws@ b
Mass 1“3?5) |
1:1:34 Title 1 1 {2
[ 13 [ [ !
1:1:38 Solvent dmso J J e J :
Fo
C:/Mestrelab/Projects/ I | lo
Marcomm/Literature & 2 33 z 3 g2 -0
Docs/Sample and - : = = SR R
S = 4 13 12 1 10 3 8 7 6 4 3 2 1 0 1
Temnlates/Trainina for 1 (ppm)
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Search your own database

7 I hrhl — H
3o TR M e
> Search by text Molecule NMR MS Other Recent
Search » Search. Search. Searches, Searches.

> Search by peaks

Search

> Search by multiplets
> Search by 2D peaks
> Search by structure/substructure




Searching Wiley C-13 and H-1 Databases from Mnova

Data Browser g X

©Q QO+ =

“~ | Experiment

Mame

~ 7 Training Dataset

Sample data \ ? 1D and 2D peak assignment

1H MMR. phase and baseline correction 10-H-zg

W Database Search
> & Quinine
\"’ T Taxal
= C-13 1D-C-pc_dec
T HMBC 20-CH-HMBC-in...

Note: You will need a subscription to Wiley Databases from Mestrelab.




Search Wiley databases

Wiley C-13 and H-1 databases are collection of published C13 and H-1
spectra of known organic compounds. They are usually installed on a
central server (Mnova DB Enterprise Server) for remote access.

Make sure you have an account to access the Wiley databases. Contact
your library administrators if you don’t have it.

Once connected to the server, the searching methods are the same as
with MyData DB Server.




o000 o

U

Wiley C-13 database

13C NMR Spectra: 268,000
Structures: 268,000
Compounds: 228,000
Replicate Spectra: 40,000

Collected and reviewed by Wolfgang Robien, with carefully reviewed
peak assignments, specific measurement and instrument parameters,
where available.

Using proprietary quality assurance measures developed by the author
and Wiley, this is the finest collection of 13C NMR spectra available
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L

Search Wiley database

1H NMR Spectra: 157,000
Structures: 157,000
Compounds: 155,000
Replicate Spectra: 2,000

Collected and reviewed by Alexander Yarkov, with carefully reviewed
peak assignments, and specific measurement and instrument
parameters, where available.

Using proprietary quality assurance measures developed by the author
and Wiley, this is the finest and largest collection of 1H NMR spectra
available.




Search a C-13 spectrum

"\® Purity

0  Open Training Data Sets > Database Search > Taxol > C-13 > fid 1 M
O Do Analysis > Auto Peak Picking, right click and choose peak search )5 Reverse
L  Peak Search Settings:

. Reverse to penalize only unmatched query peaks.

«  Tolerance = +/- 1.0 ppm
0 Choose the top hits with score > 800 (out of 1000)
O Taxol has the highest score 948

C-13 of taxol(2) with H-1 decoupling at 305K 1D 8 8 8
[afalal
— o =M~ OnNnN—unmmmMmAMNT O WM~ g

© AN HANoTHATENOG NN TYnINegARRILY oo R

I NodorN domoadagaq r~ WA I Iy Gl N R AT e Hooooq

o~ R B IR o IR A A A A A A o o Ll A b | RN S R TS I | T+ m NN A Oy

P e S As ST 72N NN

r -4 ~» L 1 *» -~ &L ~¢ *~T6m~*1T ¢ "¢~ T1 T 1T ¢~ T * L~ F"T+ ¢+ 1T * L " Ff ° O

40 230 220 210 200 190 180 170 160 150 140 130 %%(110) 100 90 8 70 60 50 40 30 20 10 0 -iC
ppm



C-13 search results

O Hit list, and preview of hits

# Database - Search Results — | 54

Eile View Configure

. Molecule Preview & X NMR Preview & X  Scores 8 x
!vamvw'l f‘.m.w.l o3 I
ﬁ@ 3 Recorq tem ltem  Search e
ﬁ - . 13 Type Number Score
el ;tr. C 1 mndb: A1 948 \
< 2 mndbi.. NMRS.. i1 948
3 mndbi.. Molec. €0 923
4 mndb:. Molec.. €0 923
s = . . 5 mndbi.. NMRS.. g1 923
o e ! . 6  mndbi. NMRS.. 1 923 o ( B
Field Content (3 r 7 mndbi. NMRS.. 1 847 ‘ ‘ 't ,St
32923:1:34  Title TAXOL - 8  mndbi. NMRS.. .1 897
| | 9 mndbi. Molec. € 0 897
ag5  SPECIUM o\ CHMURNY,B.D.HILTON S.BROBST S.ALO i o
32003135 oGNS 8.0 5. SALO.. | | 5 10 mndb:.. NMRS.. 1 897
32923138  Solvent cpcL3 ‘ | e 11 mndb:.. NMRS.. 1 897
i jas 12 mndb:. Molec.. €0 897
I | [ H I 13 mndbi.. NMRS.. 41 8a7
spgannq3 DEEFile  /home/michael/RefDBO1/data/WileyCNMR/ i g s 14 mndb.. NMRS.. 1 871
1 Name temp/CNMROC2_001_32922.dx :
I O O R R R AR N 15 mndb:... Molec... @ 0 871
Otb\e 16 mndb:.. NMRS.. .1 871
32923:1:45 Nucleus 13C ] 17 mndb:... Molec... @D 871
32923:1:46  Acquisitio... r lV\, O 18 mndb:.. Molec.. € 0 87
32923155  Spectrome... 5000 19 |mndb:.. NMRS.. A1 87
20 mndbi. NMRS.. 1 846
32923:1:57 Spectral W... 125000.0
21 mndbi. Molec.. € 0 846
32923:1:58 Temperature 298.0
T 8 x 22 mndbi. NMRS.. g1 846
GE~% ~a 23 mndb... Molec.. €0 846
Query & %
i ; 24 mndbi. NMRS.. 1 846
1D Peaks Query: 39 Peaks .~
: s 25 mndbi. NMRS.. 1 846
M 5 mndb:.. Molec.. €0 846
1 v v
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Search a C-13 spectrum

O  Right click on the spectrum, choose Paste Record to Mnova to
download the hit spectrum and compare with the experimental one

taxol.99.fid
C-13 of taxol(2) with H-1 decoupling at 305K

=,
Dl:.}
A
sz e
P T i
taxnl.99. fid :\ ,.-’1'\ 6&0. “-0
C-13 oftaxol(2} with H-1 decoupling at 305K o SF_-‘\ 4»9 o
Fe) 9.\... r

X TAXOL 4849 36 5758 60
:’A\_ :!l"l G.N.CHMURNY,B.D.HILTON,S.BROBST,S.A.LOOK, K M.WITHERUP,J.2 D:UTLER JNAT PEQE
i

Hi

T T T T T T T T T T T T T
134.0 133.0 132.0 131.0 130.0 129.0 128.0 127.0
f1 (ppm)

62

N iJJ

(G.N.C HMURNY,B.D HILTON,5.BROBST,S.A LOOK K M WITHERSE%3 ABEUTLER; J.NATPROD. 55 414(1882)
R 42

ol

T .

T T T T T T T T T T T T T T T T T T T T T T T
20 210 200 1%0 180 1¥0 180 150 140 130 120 1;1003 1?0 90 a0 70 &80 50 40 30 20 10 ]
pm




Search C-13 peaks from HMBC

==
@ Show Traces
O Open Training Data Sets > Database e] Show Vertical Trace

£
[P

Search > Taxol > HMBC > ser Show Horizontal Trace

i i .3 Fit Traces to Height
O  Choose Processing > More Processing > . i Upgesto el

Reduce t1 Noise. I Fit Horizontal Trace to Height

L Choose View > 2D Traces > Setup & e
4 Fit Vertical Trace to Height
3

O Inthe Setup Traces dialog, choose to Fit Vertical Trace To Highest Compound

display Internal Projection (Maximum) —-  Select Traces Graphically

as Vertical Trace g Setup..
@ sel\p Traces ? K
Available | D Spectra: || Horizontal Trace- :
[ Quinge13C 13C Quinine Internal Projection (Sum)

[ taxol.99.fid C-13 of taxol(2) with H-1 de v %] e

Internal Trace: |0

-] Vertical Trace

.| Internal Projection (Maximum)
v ||% 2| d&

Internal Trace: |0 Sum

Maximum

- - 1 v
| ¢ | 4 Use External 1H 1.

oK Cancel




Search C-13 peaks from HMBC

O Click Extract in the Setup Trace Dialog to generate a pseudo 1D C13 spectrum in a new
page, and do auto peak picking on the pseudo C13 spectrum.

© Setup Traces ? X
Avallable 1D Spectra: r Horizontal Trace-
[ Quinine13C 13C Quinine| Internal Projection (Sum)
A taxol.99.fid C-13 of taxol - v HMBC of taxol(2) at 305K
2 ghe) ¢ (% & d6=80ms HMBC > » W r10
| taxol.23.ser_projection_f: = o
Internal Trace: |0 = U Jal r20
L ‘ P A |-
V| Vertical Trace o
° L] ] " "
Internal Projection (Maximum) ® o _— . W 08 [40
] r50
|| % | 2 CT— . .
® o o ° § L60
Internal Trace:j 0 =
L i 5 S s 70
T i e s ® g 4
4] » Use ExternalfLlH Trace as Reference ® - & (B ' b0 Lso
o :
OK] Cancel 90
roo E
o
Ve F 8
r110 =
r120
L a’ el " 130
g 2808 953838 g £ER2NER 858  242IGRLSE9g ML AT - "ET)
5 KERG 89989y S THREERA 88y 2OR8ARNNNRS a g L . L140
I Sy S bl SEP APl LRSI 1S L LA ]
150
r160
L] ° ) o
y : " T 170
180
190
200
o o
T T T T T T T T T T T - T T

T T T
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0
1H (ppm)

T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
13C (ppm)




Search C-13 peaks from HMBC

Q  Right click on the C-13 spectrum and do a peak search again. Taxol is listed as one of
the top hits again

m Database - Search Results

File View Configure
Molecule Preview 8 X  NMR Preview & X  Scores 8 x
H'vaﬁv;]; GM-® ~a %1
@ Rl - i i ltem  ltem  Search 2~
- laa Record
ﬁﬁ . . | | Type Number Score
= ) B i 1 modbi.. NMRS.. 1 882
() (S . z i
g A | 2 mndbi. NMRS.. 41 832
: | [ _- 3 mndb.. Molec.. @ 0 882
clds s [ e 4 mndbi. NMRS.. 1 882
A - . .
» | - | [ 5 mndb.. NMRS.. 41 882
2 ~ 1 laa
Field Content H H ‘ . 6 mndb... NMRS... 41 882
Molecular [
eazsel | CATH5INO14 L |RERE11 RN | i A = 7 mndb.. Molec.. €0 852
32923.0:10 mommmpl[ 853.330959 A e T R R e T R & (TG RS o s
a5 : 9  mndb... Molec.. €0 852
32023:1:34  Title TAXOL Mass Preview 2t 10 b | [ =
mni
a5 |2pectum G.N.CHMURNY,B.D.HILTON,S GE-* e
32923135 o ent o B.D. 11 mndb:.. Molec.. € 0 852
32023:1:38  Solvent CDCL3 12 mndb... NMRS.. L1 852
fhome/michael/RefDB01/data/ 13 mndb:... NMRS... 1 852
32923:1:43 Data File Name  WileyCNMR/temp/ .
CNMROC2_001_32922.dx 14 mndbi. NMRS.. i1 852
nlnt 12 15 mndb:... Molec.. € 0 852
(=]
Quaty = 16 mndbi.. NMRS... 1 852
1D Peaks : 34 Peaks &
: Ql:ery i ai'! it annnmi 17 mndb:... NMRS... i1 852
| 18 mndb:... Molec.. € 0 823
1 iy 19 mndb:.. NMRS.. 1 823
' AL mm|20 mndbi. Molec.. 0 823




Processing Arrayed Spectra for Reaction Monitoring

Data Browser g X
@ Q%+ -
Marne ~  Experiment
% 70 Training Dataset :
%% 1D and 2D peak assignment
70 1H NMR phase and baseline correction 1D-H-zg
77 Database Search
> W MS
Sample data “ 75 Reaction monitorin
> w2 1D-H-zg30
18 1D-H-zg30
B 34 10-H-zg30
@ 50 1D-H-zg30
0 66 10-H-zg30
\’ > @ a2 1D-H-zg30
> B 93 10-H-zg30
W 114 1D0-H-zg30
= 130 10-H-zg30
T 146 1D-H-zg30
= 162 1D-H-zg30
i 178 10-H-zg30
::'] hydralysis - no analysis.mnova




Stack a few spectra

> Open the first 3 spectra from the Multiple 1H spectra folder in Data Browser
> The Stacked Ribbon is visible if you highlight multiple spectra in the Pages View

rREa2gd oS- STACK NMR MestReNova

File Home View Molecule Prediction Tools Database Verification Elucidation Stacked Processing Analysis Assignments Quantitation ~ Chen's Tools

X =Mtlet B M

Stack Superimpose Multiply Divide Mode Inver vSelect  Stacked

o
M Stack Options
A A

Adjust Stacked | A

Extract Active Item

Reference

ltems  ltems ct All Items Items Order Items Table Spectra Alignment  Transform
Main Scale View NMR Tools
Full View 7x g
Pages X @ Document 5% X Data Browser 5 x :
1. Multiple 1H spec - O+ -
Name ~ Experiment Modifi S
Multiple 1H spectra.34.fid L2400 3 Demo Data 2018... ’,‘
[2300 v [ Training Data Sets 2018... {:\y
[2200 5 1H_phase_baseline 1D-H-zg 2018... Eﬂ
2. Multiple 1H spec [2100 7 Database Search 2018...
2000 = Ibuprofen NMR and LC-MS 2018..
F1900 B Ms 2018 *°
1800 v 55 Multiple TH spectra 2018...
F1700 w2 1D-H-zg30 2018...
——— e L1600 / 18 1D-H-zg30 2018...
3. Multiple 1H spec M 34 1D-H-zg30 2018... _ALI
/ > T 50 1D-H-2930 2018...
766 1D-H-zg30 2018... Jt
w82 1D-H-zg30 2018... ¥
598 1D-H-zg30 2018... A
114 1D-H-zg30 2018 —l—
130 1D-H-zg30 2018... !
55 146 1D-H-2g30 2018 S\~
=162 1D-H-zg30 2018...
w178 1D-H-zg30 2018.. [~
[ Results 2018...
(@) hydrolysis - no analysis.mnova 2017
6 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 4 -2 3 -4
f1 (ppm)
v [« »
&)
=
|l € » 7] DataAnal.. Assignm... Compoul... Parame... Data Bro...

Licenses: ) DB: ©




M

> You can use the Stack Items or Superimpose Items tools to stack or superimpose the m H
highlighted spectra in the Pages View, or: o

Stack a few spectra

> Drag the thumbnail of another spectra from the Pages View to the current spectrum

to stack them in desired way. Stack Superimpose

. ltems ltems
> Continue to drag the 3 spectrum to the stack. Note you can put the spectrum to the

top, middle or bottom, or to replace an existing spectrum in the stack.
> Try the different Stacking Mode, and other tools in the Stacked Ribbon

Multiple 1H spectra.2.fid i ( Multiple 1H specira. 18.fid

nnnnnnnnnnn

| \ ‘ Spectrum #2 2
Drag to here ;

Spectrum #1 Spectrum #1 1

o }

6 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1 -2 -3 -4 6 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1 -2 -3 -4
£1 (nnm) £1 (nnm)




Stack many spectra

> Choose Tools > Loaded Scripts > Directory Spectra Stack, navigate to the directory
“Multiple H-1 Spectra” in the training dataset. Click OK to import and stack all of them.

?
@ Import Spectra stack ’ A Multiple 1H spectra.178.fid
ri2
Data Folder: &s by Chen/Training Data Sets/Multiple 1H spectraH |
Order: By Name - Multiple 1H spectra.162.fid L1
~File Path Filtering |
. . e Multiple 1H spectra.146.fid
File Name Masks: fid *.fid *.jdx v 10
Folder Name Masks: v !
Multiple 1H spectra.130.fid
Preview Files i r9
Spectral Data Filtering Multiple 1H spectra.114.fid s
Parameter Nucleus v = J

Muliiple 1H spectra.98.fid
Chunking | 7

‘Mulrple 1H spectra.82.fid

First Spectrum: 1 Number of Chunks: |1

- - 6
Chunk Size: 1 - Step to Next Chunk: 2 B | i
Multiple 1H spectra.66.fid
Visualization 5
< | 1
View: Stacked ~ | Decimation Step: 1 B Multiple 1H spectra.50.fid
Palette: Default > A | l 4
Tmport Array Values Multiple 1H spectra.34.fid l s
File: I I
Multiple 1H spectra.18.fid
Processing Template I l I 2
File: Multiple 1H spectra.2.fid
\ F1
Backup | =
Folder: |C:/Users/chenp/AppData/Local/Temp
T T T T T T T T T T T T T T T T T T T T T

oK Cancel




Stacking mode and Stacked Items Table

> Choose Stacked > Mode to try different display modes. Choose Superimposed mode to make sure the
baseline and phasing is OK for all spectra.

> Choose Stacked > Stacked Items Table to display the Table. You can manipulate the spectra in many
ways using the tools on this Table.

Stacked
Iltems Table

Stacked It
> If needed, you can reprocess all or selected spectra acked ltems
) t 4 t =R
Report Copy Delete InvertOrder Setup
n L ® P s 1A
Multiply = Divide © Show ~ Select ~ Adjust Stacked Items
Mutiple;LHispectra:2nd - ® Title * /G Ratio  Norm.Factor A (™
ode ; .
. |mee e [0  0.00e+00 1.00e+00  1.00e+00  0.00
- 12500 . .
@ Active Spectrum 11 [P B T sheetd 62,1 [0  0.00e+00 1.00e+00  1.00e+00  0.00
Sk [ [l s e [0  0.00e+00 1.00e+00  1.00e+00  0.00
2
B iWhiewadh Stacked o [llEEE Tisiesiet O [0  0.00e+00 1.00e+00  1.00e+00  0.00
[-m Superimposed 3 1500 Rl L specia L1 i [0 0.00e+00 1.00e+00  1.00e+00  0.00
- Multiple 1H spectra.98.fid
[#] Bitm ap 7 [0  0.00e+00 1.00e+00  1.00e+00  0.00
| | 1000 B il TH speciaB2.fid [0  0.00e+00 1.00e+00  1.00e+00  0.00
5 LIS S Spedtia 667 [0  0.00e+00 1.00e+00  1.00e+00  0.00
‘ 1500 : -
“‘ 4 [Multiple 1H spectra.50.fid O 0.00e+00 1.00e+00  1.00e+00  0.00
I =
JL J"i ”Jl 3 [qittpedt spacta 3SRl 2‘33‘* 1.00e+00 1.00e+00  0.00
I s . .
- ERli e [0  0.00e+00 1.00e+00  1.00e+00  0.00
6.0 58 56 54 52 50 48 46 44 42 40 38 3.6 3.4 3.2 3.0 2.8 26 24 22 20 18 1.6 14 1.2 10 1 Multiple 1H spectra.2.fid i 0.00e+00 1.00e+00  1.00e+00 0.00
f (ppm) dw %, »
Click and drag here \
to change the order
g Check/uncheck Check these to
these to show/hide choose spectra to

spectra change




Analyze arrayed spectra &

=2
. . : . Data
> Choose Analysis > Data Analysis > Show Table to display the Data Analysis Table. Al
. . . . . . . nd y5|57
> Click on the Empty Graph to import the X values (reaction time in this case) and display an empty XY
graph.
1.04
Data Analysis

0.8

06] 0@ A X E- &
7 oa] v _|ON& %

0.21 . -

ool D1 Model ARR_DATA(l)

6 10‘00 ZObO 30r00 40'00 50100 60I00 70b0 80]00 90‘00 : il 0
X 2 874

Multiple 1H spectra.178.fid jL F12 B 1758
Multiple 1H spectra.162.fid lL F11 4 2631
Multiple 1H spectra.146.fid L L10 5 3509
Multiple 1H spectra.130.fid k to 6 4401
Multiple 1H spectra.114.fid ) L lg 7 5299
Multiple 1H spectra.98.fid 5 L +7 8 6175
Multiple 1H spectra.82.fid N i L6 9 7049
Multiple 1H spectra.66.fid . k5 10 7922
Multiple 1H spectra.50.fid l L4 11 8811
Multiple 1H spectra.34.fid ) | l L3 12 9682
Multiple 1H spectra.18.fid " 1 | L2
Multiple 1H spectra.2.fid i Jt F1 T

6.2 6.0 5.8 5.6 5.4 5.2 50 4.8 46 44 42 40 38 3.6 34 3.2 3.0 28 26 24 2.2 2.0 1.8 1.6 1.4 1.2 1.0 0.8 0.6

Acq. Start: 004-04-3¢T21:03:34 Acq. End: 004-04-30T23:44:56
f1 (ppm)

Reaction time



Integrate arrayed spectra &

=
: : - , : : : Data
> Click the Pick Integral tool.* Click and drag on first (bottom) spectrum to define the integration range Al
. . . Nnalysise
> If needed, adjust the handlers to change the integration range **
> The integrals are displayed on the XY graph and in the Data Analysis Table.
1000004 Data Analysis t !
80000+ O~ B~ - K8 =|
5 200007 ) Y Inte(2.152.06) - ©- 4 %
40000 . X X(1) Y(X) Y'(X)
20000 x -
“ x| L b Model ARR_DATA() Integral(2.151908,2.060646)
0_ X x x
0 2000 4000 6000 8000 x . 0 195916 s
X 2 874 70729.7 0
Multiple 1H spectra.178.fid T ]L L12 3 1758 46690.9 0
Multiple 1H spectra.162.fid o B, Lig i 2631 306095 0
Multiple 1H spectra.146.fid | /L lig 5 3509 20265.9 0
Multiple 1H spectra.130.fid e . A Ly - A — i
Multiple 1H spectra.114.fid ‘ ‘ e s 7 — p—— 9;7 5
Multiple 1H spectra.98.fid :
Mu,ﬁple . Spe: . ffd s o e A # 8 6175 5940.79 0
ultiple 1H spectra.82.fi L
_ _ | ‘1 A ® 9 7049 4107.49 0
Multiple 1H spectra.66.fid + - A Ls
Multiple 1H spectra.50.fid ‘ ‘ g Ls 10 792z 2923.28 0
Multiple 1H spectra.34.fid J XA ¢ " s 11 8811 2159.99 0
Multiple 1H spectra.18.fid ‘ A ‘ N Lo 12 9682 1664.88 0
Multiple 1H spectra.2.fid ® ® L
A Acg. Start: 004-04-30T21:03:34 Acq. Endi 004-04-30T23:44:56
2.160 2.‘55 2.50 2.‘45 2.210 2.55 Z.éO 2.‘25 2.‘20 2.i5 2.‘10 2.65 2.60 1.’95 1.‘90 1.‘85 l.éO 1.‘75 1.‘70 1.é5 1.‘60 1.‘55
f1 (ppm)
*Use Sum Method (default) for integration unless you are integrating overlapped peaks. Click Options for Integration Integrals

in the Analysis Ribbon to verify. ** You can increase the # of handlers by using the Edit Model Option Tool.



Fit XY to a function

Data
. ) . .
> Click the Model cell under Y’(X) in Data Analysis. .
; _ _ _ _ _ Analysis,
> Choose the 3 function, and click Calculate to fit the XY values to a first order reaction
(with offset)
Double click here
0 Y'-Column Model Function ? X
Data Analysis ! r Functions-
O~ B | - X = =] Name Function Initialization Report Description
1 Linear Fit A+B*x A=0,B=0 Zero Order Reaction Rate
Y Inte(2.152.06) -/ @ 4 X 2 Mono-exponential Fit B*exp(-x*F) Exponential Decay, First Order Reaction Rate
X :
e X Y Y (): ! == 3 Three Parameter Exponential Fit B+F*exp(-x*G) Exponential Decay, First Order Reaction Rate With Offset
+ Model ARR_DATA(I) Integral(2.151908,2.060646) 4 Inverse Linear Fit 1/(A+B*x) A=1,B=0 Second Order Reaction Rate
1 0 105516 0 5
*®
2 874 70729.7 0
3 1758 46690.9 0
4 2631 30609.5 0 Restore Defaults
5 3509 20265.9 0 r Fitted Parameters
6 4401 13331.8 0 I Caeite
|
7 5299 8822.97 0 B= 312.388, F= 105518, G= 0.000471256
8 6175 5940.79 0 rError = 2.00941e-06, probnotmono = 0.958368
9 7049 4107.49 0
10 7922 2923.28 0 OK Cancel
11 8811 2159.99 0
12 9682 1664.88 0

Acq. Start: 004-04-30T21:03:34 Acq. End: 004-04-30T23:44:56



Report kinetic parameters

4

Data

> C(lick the Report tools from the Data Analysis Panel to report the results next to the XY Graph Al
nalysis,

> Choose Report to Clipboard and paste the results to another document

> Repeat these steps for the other peaks around 1.91 ppm.

Data Analysis

100000+ Y' = B+F*exp(-X*G) =T = X &g~ =]
B=312.4; F=1.055e+5; G=0.0004713; g
800001 Error: 0.000002009 Y Inte(2.15,2.06) R e
. 60000 X X0 Y(X) Y'(X)
40000+ ©- B+F*exp(-x*G)
+ ‘ B=312.388
20000- x Model ARR_DATA()| Integral(2.151908,2.060646) |7 o
o ] G= 0.000471256
0 2000 4000 6000 8000 1 0 105516 105831
X 2 874 70729.7 70208.4
Multiple 1H spectra.178.fid ) it 12 3 1758 46690.9 46394.2
Mulipie 1H spedra 1621 5. W L 4 2631 30609.5 30851.6
Multiple 1H spectra.146.fid | | P! 1o s 803 2026515 205036
: - — 6 4401 13331.8 13574.2
Multiple 1H spectra.130.fid ) - ° A Lo
- : -~ 7 5299 8822.97 8998.29
Multiple 1H spectra.114.fid | ‘ A ”8
8 6175 5940.79 6060.56
i S— T A 7 9 7049 4107.49 2120.01
b A 6 10 7922 2923.28 2835.76
pahyeaH Spectiaice M s o » A 5 11 8811 2159.99 1972.11
Multiple 1H spectra.50.fid \ | | ) 12 9682 1664.88 1413.35
Multiple 1H spectra.34.fid o 9 ,‘ M 3 i
Multiple 1H spectra.18.fid ‘ L3 Acg. Start: 2004-04-30T21:03:34 | Acq. End: 2004-04-30T23:§4:56
A ¥,
Multiple 1H spectra.2.fid E
° + 1
260 2.55 2.50 245 2.40 235 230 2.25 2.20 2.15 2.10 2.05 2.00 1.95 1.90 1.85 1.80 1.75 1.70 1.65 1.60 1.55 Fitting results
1 (ppm)



More help information

> Use the Help Facility of Mnova: Help > Contents

> Visit www.mestrelab.com for manuals, tutorials, videos and publications

> Email support@mestrelab.com for technical questions
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