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Overview of Mnova

Opening and processing 1D and 2D NMR data
Peak picking and integration

Multiplet analysis for 1D *H NMR

Report analysis results

Assigning 1D and 2D peaks to a structure
Stacking and superimposing spectra
Predicting spectra from a structure

What else can be done....



MestreNova v.12 — Modern Interface

All functions and
options are

available - R
through the . s T & Vgt ahrs Ehasidaticn e ELnE Anakin e~ (1) W Options -
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Right-click in the spectra display

window for more options




All functions and
options are
available
through the
menus

“Pages” window
allows you to
browse files
loaded into
Mnova

Many other

windows and
tables can be
docked here

3 g o o | uE e

MestreNova — Classic Interface

a Preferences

Quick links to
common
display options

@ D«

@ Y

P

General Plug-ins Import MNMR Mass Molecule  Scripting  Drawing Tools Publications
Interface Print & PDF Updates Memaory Open & Save Log

Language: Endglish - Large Toolbar Icons

Theme: Madern - | Antialiasing Drawing

OpenGL Engine:

Mouse Scroll
Modify intensity scale:

Event Buffer:

Preferred -

Vertical Tabs in Dock Areas

Enabled -

Small -

Crosshair & Mouse Position

| Mouse position information

Ok Saw

=

-

Load...

Cancel

Right-click in the spectra display
window for more options

- . Main window



To open and transform your NMR data

* Choose File | Open to open the raw data
* Ordrag an fid file from a file browser to Mnova *
* Mnova automatically transforms the raw file into a spectrum

(including Windowing function, Fourier transform, phase correction etc) **

- \n Jx View Tools Help
NMR.
cul Tools Processing Analysis Assignments ~ @® options -
- L] Open Burn Mew folder
1o Auto Phase  Auto Baseline More
Templat: and LP orrection -~ Correction ~ Processings R R
| Quinine v Mame
Pages -2 *
Quinine. 1.id B B ; g1
a | pdata
23000 7 i 2
{22000 f} | — acqu
{21000 - . 3
...... +20000 * || acqus
{19000 y 4 .
Al audita. bt
18000 Al]l 5 —
+17000 x -
16000 "t 5
4 4
15000 ! || formattemp
L4000 M-
H3000 m- follist
Drag & d =
ra rop fw- | i~
g p (11000 ’W = | pulseprngrar‘n

9000
+8000
7000

16000
5000
14000

UJ“ ISR -

1-1000

-2000

6 5 4 - E E
f1 (ppm) -

an|

Licenses: ()

*You can drag multiple folders that contain fid (or ser) files to Mnova to open multiple spectra simultaneously.
**Parameters from the raw data are used for processing. You can view or change the processing parameters
by choosing Processing | Processing Parameters.
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To visualise your spectrum

Zoom in/Zoom out (or press Z) *

Zoom out

Full spectrum (or press F)

Manual Zoom in to defined ppm range

Pan spectrum (or press P)**

Expansion — click & drag to draw an inset (or press E)
Fit to highest intensity (or press H)

Fit to highest compound

Increase Intensity (or rotate mouse wheel)

Decrease Intensity (or rotate mouse wheel)
Crosshair Cursor (or press C) for measuring J-couplings
Cut (or press X) to hide parts of the spectrum

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

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

Quinine 1H 1H Quinine Click E, then click
' ' and drag to define | 2eo00
the range for the
‘ inset 20000
|J| -
— 10000
I}; \ / = 5000
_—_LI ﬁ;"_ﬂ_ﬁ__;lul!kﬂ__l—_ :ﬂ

T T T T
10 3
fi (ppm'



Editing your display preferences

Double click on spectrum or right-click and select “Properties”

Mt = Ty mm T

@ Properties

= -

Metadata Geometry MNMR. Spectrum

A o
hd Scales
Horizontal

ﬂ Peaks

Quinine 1H 1H Quinine

—Background
Color:

Opadity:

e

Title

Font: |

MS She

LT]

T

48

i

I

Format: |{|:|arn1r "Title"H{br}parm, "Commer l |

— 10000

= 5000

-+o

Position:
Integrals Agrment: E llﬂ
v |tk Multiplets Ot
Integrals Harizontal: 0.00% =
Fitting vertical: 0.00% 2]
Assignments
@ Prediction
|Set as De1'ault| | Restore oK | | Cancel | | Apply

T
&

5
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Editing your display preferences

Double click on spectrum or right-click and select “Properties”

@ Properties

=- A8

Metadata Geometry MMR. Spectrum

¥
hd Scales
Horizontal

Vertical

Vertical

v [ Multiplets
Integrals
Fitting
Assignments
Prediction

[ Label:

Max. Decimal Places:
Primary Tics:

Secondary Tics:
Minimum Width:

Pasition:

Intensity

Auto

158,00 mm

Right

N

Quinine 1H 1H Quinine

LB

— T T
L& E4 52

al

— 10000

= 5000

By

T
10 9

| 1)

|Set as Default| | Restore

QK | | Cancel | |

Apply
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Manual Processing

¥ = (o @ =
Home View Molecule Prediction Tools Processing
' Ei f1 -~ h\._ h 0 )\; )1’; }:h_
FT1 - 3 v
Processing Apodization Zero Filling Manual Auto Phase Auto Baseline
Template - and LP Correction= Correction -

Processing

Many options available

Most common:

* Apodization (Weighting functions)

e Zero filling*

» Referencing (under NMR — Analysis)*
* Phasing*

e Baseline correction*

* Recommended for most data

MMR

Analysis

TIs

A

Assignments

Mare
Correction ~ | PrOCESSINg=

Group Delay...
FID Shift...

Signal Suppression...
Drift Correction...
Truncate...
Frequency Shift...

Fourier Transform... Shift+F

Symmetrize L4

Cowvariance MMR L4
Mormalize...

Binning...

Compression...

Smoothing...

Denoise...

Resolution Booster..,

Reference Deconvelution...

Invert

Reverse Spectrum L4
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Apodization / Weighting Functions

- MMR
Home View Molecule Prediction Processing Analysis Assignments
L
v [ 11 ]
Processing Apodization JZero Filling Manual Auto Phase  Auto Baseline Maore
Template = and LP Correction= Correction =  Correction = Processing-
Processing
Apodization along t1
Average T2% = 0.274 s, Line Width = 1. 160 Hz
. . . Integral-to-noise effect = 2,419 s Reference
No weighting function
Functions
Basic Advanced
<] Exponential (0,30 - | Hz
Gaussian 1.00 - ||eB[Hz] ~
Sine Bell 0,00 : 2
Exponential multiplication SreSqmre  [90.00 2]
—_ Sine Bell IT 0.1 - 0.1 z
|b_03 HZ ine Be 0.0 % 50.0 %
Sine Square II 0.0 - | % 50.0 <%
h___. First Point 0.50 =
Apodization increases signal to noise at the
expense of resolution
+| Interactive
oK Cancel
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Zero Filling

.
¢ NMR

°Zer0 Filling and LP alang £1 @

Zero Filling
Home View Molecule Prediction Tools Processing Analysis Assignments From FID Sizs  Spectrum Size
'\._ h 0 )1; )1; ):h_ (6553 (6% B
= Originak 32768
» v e LP Filling

Processing Apodizatioy Zero Filling Manual Auto Phase  Auto Baseline Maore
Template = and LP Correction= Correction =  Correction = Processing-

Linear Prediction
Processing

Backward Forward
Zero filling increases the apparent acquired length of the vethod: [Tosit: <] | | metoct [nimex -

Options Options

FID, resulting in higher digital resolution and a — R
Ilsmoother” Spectrum Coeffidents: |24 2 Coeffidents: (15 =
Recommended to be 4 times the FID size ox pa—

L]

Lo L2400
Original Size VA filli
g ero 1iing

Fa0m0 t
| L2100
F7s00 Laa0
L7000 H1900
1800

6500 t
| L1700
Fe0ug Ligon
= 1500
| 11400

5000 [
‘ L1300
[&% L1200
Laan 100
[ 11000

L5 [
| )
Faom Lea
L2500 700
Ls00

2000 [
| Lso0
1500 Lo
| 1000 Fa00
£

= [
| L1oo

Lo Ly
500 F-100
Lann

M 4312 41D 4300 430 4304 $02 4300 4390 459 4036 412 4090 K00 4006 4204 4002 4,000 £070 4576 4074 4072 4570 4060 4065 4364 4262 4560 4936 4952 491043004306 4904 41200 4050 405 4154 4692 403 4500 5105 4004 4502 410 4170 4075 4574 72 437D 4560 456 4954 4562 4.0
1 (rem
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Phasing

mNova does an initial phase correction when data is loaded
Further phase correction is often needed

+12000
——————————————————————

11000

+10000

l"

5
f1 (ppm)
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Automatic phasing

L I='|| = MME MestReMova
Home View Molecule Prediction Tools Processing Analysis Assignments
PR B RGNy
FT1 - ? v ses
Processing Apodization Zero Filling Manual Auto Phase | Auto Baseline hore
Template - and LP Correction~| Correction = Correction = Processing-
Processing “’I, Automatic

Pages @ D tz‘
‘ | 1. Quinine. 1.fid ‘
I

F h
° Automatic Phase Correction Options M

Automatic phase correction:

—Algorithms
Global Min. Entropy * Initlal phase
Selective Baseline Optinization » Zero (no phase correction)
:;igm | Regions Analysis * Imported (from spectrometer)
* Current (MestreNova values)
Initial Phase: Imported =
el ranes ohted e Experiment with different options for
oK Cance best results
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Manual phasing

MNME

ile View Muolecule Prediction Tools Data Analysis Processing Analysi:
B o f- r_ ho 4& ﬁ? ﬁh
| M ] |_ El = ssse
FT1~ = v
Processing Advised Apodization Zero Filling Manual Auto Phase  Auto Baseline Mare
Template ~ Processing= and LP Carrection= Correction = Correction = Processing=
Processi "U— Manual Correction Shift+P

Pages g X @] Docur

4 Magnitude

0 order = frequency independent
15t order = frequency dependent

left button for PHO correction or
right button for PH1 correction.
(hold Ctrl key for fine tune)

Some processing steps (e.g. baseline correction) are nof
Bppled duning interactive phasing. The final spectrum
may differ from &he provisional representation.

PHO: |125.47 2 || +180 | | PH1: |48.79

—Pivot Point

Position: 0.782 z Biggest
\

)y

—;

Adjust pivot point

1. dexamethasone - MeQD, 1.fid ‘ = A Power
1. Quinine. 1.fid = I
i I
N Pivot point for O order phasing
f1 [f2 /

S J@ﬂ_JLWmuLLMJ ..... 15




Manual phasing

NMER
View Molecule Prediction 00 Processing Analysis Assignments
-
v L1
Processing Apodization Zero Filljg Manual Mito Phase  Auto Baseline More
Template = and LP Correction= Jorrection ~  Correction - Processing-
g cessing
1. Quining. 1.fid = I | l
L L
Hold and drag mouse buttons inside
L bl phase:
—— ue area to phase:
f1 |f2
Click here and drag mouse |
up or down holding: /
e — * LMB for O order
{hold Ctrlkey for fine tune)
Pt ot sl | * RMB for 1st order
may differ from the provisional represenitation. _
PHO: |125.47 2 4180 | | pras 48,79 : ° H Id CTR f f' :
f o) L for fine tuning
Position: 0.782 - Biggest

q




Baseline correction

Poor baseline:

* |naccurate integrals

e Difficult to analyse and compare spectra
* High quality spectra for reporting in publications

17



Baseline correction algorithms

g I|=|I = MME. MestReMova
Home View Maolecule Prediction Tools Processing Analysis Assignments
T f1 - \ n t cF e
ﬁl i L1 1]
FT1 =
Processing Apodization Zero Filling Manual Auto Phase | Auto Baseline More
Template - and LP Correction= Correction =|  Corfectiol Brocecein

S TLEEEELE “(_ Baseline Correction... B
Pages g X @ Document 1% = ‘,J;',“ Full Auto (Whittaker Smoother)
1. Quinine. 1.fid - A Multipoint Baseline Correction |
|
* Click on “Baseline Correction”
@ Baseline Correction along f1 @lﬂ ¢ or nght'Cth in Spectrum and select
Method ok
Whittaker Smoother - <_ e
™ Extract . .
— Many options available :
Parameters
Filter (2.11Hz) |23 = [#] Autodetect ) N
o *  Whittaker Smoother
e Polynomial Fit
Smooth Factor: |32768 =[] Autodetect ] ] ]
, , | | o e Bernstein Polynomial Fit
* Ablative Splines
- <

* Whittaker Smoother usually a good first choice



Baseline correction algorithms

g I|=|I = MME. MestReMova
Home View Maolecule Prediction Tools Processing Analysis Assignments
E 1 - 1 n t ] le
ﬁi i L1 1]
FT1 =
Processing Apodization Zero Filling Manual Auto Phase | Auto Baseline More
Template - and LP Correction= Correction =|  Correction = Processing-
IR ;’;‘; Baseline Correction... B
Pages g X @ Document 1* % | % Fyll Aute (Whittaker Smeother)
1. Quinine. 1.fid - A Multipoint Baseline Correction |
| | —

Model the baseline by selecting points that fall on the baseline and then
interpolating between these points.

Control points

Baseline model
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Referencing

Home View Molecule Prediction Tools Data Analysis Processing

A
A 41

MR

P N Peak Labels Jlo IR v| Multiplet Labels

’[: 5 Peak Curves E| e | ¥ Multiplet Boundaries
Reference| Auto Peak 1% Auto Multiplet y )
- Picking .\ B . Analysis A Multiplet Curves
_';L Reference Multiplets
F i Graphic Reference R @ Document 1% 3

Analysis Assignments

Auto -
Integration x :l

A Reference By Solvent ‘

* Select peak to use as reference
* Use the dialogue box to define the reference

4.8005 | 2200

+2000
+1800
+1600
H1400
+1200
1000
+E00
HE00
H4m0

F200

200

T T T T T T T T T T T T T T T T T
4925 4920 40915 4910 4905 4900 4.895 4830 4865 48980 4875 4870 4885 4060 4855 4660 4845
1 (ppm)

Ir
° Reference along f1 @
Old shift: 4,350 ppm : Auto Tuning
New Shift: W‘ Range Width: |0.100 ppm -
+| Annotation MeCD
rSolvent List
MNarme Shift (ppm)  Multiplicity J(Hz) |
3.560 1
1110 m
Methanol-dd 4.870 1 f
3.310 5 17
Methylene Chloride-d2 5320 3 11 F
MN,MN-Dimethylfermamide-d7 8.030 1 f
2.920 5 19 -
4 b
Restore Defaults Add... Edit... Delete
oK Cancel Solvents <=«
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1D Integration

. I . .
Click |, | to do auto integration or

click I to do it manually
Double click on an integral curve to rents

popup Integral Manager: ﬂ‘(ﬁ I JFE ¥ integrals

LII:_ % «se = ¥ Integral Labels

- Auto

- g Integration j)t a ¥ | Integral Curves
Integral Manager =]

® 4 (b i [

Integral )‘ I U / /

auw ]| ({1 [~ Use integration options to
Absokie: |104657.05 < change the method and to
Mormalized: |2.97 : f th t.
I : specify other options

f1

From: |8.541 = To 8.499 =

Linear Correction

,‘L,_,w_,,JLlM_. Click and drag P ”

i = |theleftgreen J—/

B & box to change H T H li

[ I

. . U — ‘ ||

Define a value to normalise the the range of || ) I
integrals the integral VA U
Browse, delete, change, split integrals s s om

interactively if needed
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1D Peak picking

MNMER
Processing Analysis Assignments

Peak Curves ﬂ'{ T % v| Multiplet Boxes ﬂf'; I P B | integrals t £
¢| Peak Labels % & e - |[¥] Multiplet Ranges L I % v = |[¥] Integral Labels ﬁ
Auto Multiplet Auto e Line

Analysis ¥| Multiplet Curves Integration Ll 4 | Integral Curves | Fitting~

Multiplets Integrals Fitting

Prediction Tools

Referencef

Automatic Manual

Peak picking: Click on “Auto Peak Picking” for automatic peak picking. Click on | * (for options.

Manual peak picking is also available. The manual threshold option (shortcut K) allows you to select
groups of peaks with different thresholds. The peak by peak option (ctrl-K) is useful if you have
shoulder peaks or ‘hidden peaks’ that were not selected in automatic peak picking.

Quirire 5 fidg 25 9 8 5 g 2 7 ] ] Lron
Trstrumerk 2600 13C ir % % g E 58 ] g
N ] [ i |

650

00

~EE0

00

450

400

=350

300

250

200

=150

100

50

| ) Lo

50

' e ' . ' . | : e . ' . ' . o 1 . I . ' . ' 22
160 155 180 145 140 125 1 128 120 115 110 108 100 95

30
FLippm)



Peak information

= MMER

Home View Molecule Prediction Tools Processing Analysis

K ﬁ X E Peak Curves ﬂ"{ b % v| Multiplet Boxes ﬂ(,-l' 0 IR B
—k o | Peak Labels & [ .. | Multiplet Ranges ‘k- [F

MestReNova

Assignments

L T

Reference | Auto Peak Auto Multiplet Auto ~
- Picking Analysis Tha v| Multiplet Curves | Integration [f* <3¢
Reference Multiplets Integrals
Click on & in the NMR | Analysis menu to access — =
the Peaks table g & @ |k B
Report Peal Copy Peal Setup Report Delete  Select Peal
Or select “Peaks” from View | Tables « & ® X L i

This table gives information on peak area,
intensity, linewidth, frequency (ppm and Hertz),
etc.

z
a3

rire Fidg 1700
Tretmert QY600 13C

—ram
—wr®
i

5L
—uEm
o
1.
—1m

—

-550
: 600
;;sn
;500
)
00
l-350
lgnn
: 250
-200
;150

100

Fs0

160 155 150 145 140 135 130 125 120 115 110 105 100 95
FL (pem)

Sync From Spec  Filter SyncToSpec  SetFlags SetCompound =~ Mew Spectrum

B¢ HME (151 MHz, CDCL) & 15768, 148.00, 147 39, 14402, 141 82, 131 31, 126 59,
121.43, 11845, 11438, 101 38, 7726, T7.05, 7684, 53996, 53545, 56 9%, 55 84, 5569,
4322, 3003 3734 27 26, 27 A0, 2530, 21 A5, 12.01.

ppm ~ Hz Intensity Width Area Type Flags |~
10 | 125.52 19093.6 9.5 1.79 43.07 Artifact Weak
11 121.43 18325.5 490.9 2.08 2345.97  Compound Mone
12 118.48 17879.8 490.0 213 2877.56 Compound Mone
13 114.38 17261.8 468.0 2.23 2940,97  Compound Mone
14 101.38 15299.4  388.2 3.03 321594 Compound MNone
15 77.26 11659.8 2567.7 216 16420.89  Solvent Mone
16 77.05 11827.6 26728 271 19150.04 Selvent None
-
a— VS DR S — g
23




Multiplet analysis

* Mnova provides two approaches to multiplet analysis: r
. ]{M Fully automatic: peak picking, integration and multiplet analysis all done sl
bv one click, with peaks deconvoluted using GSD and classified * m M 9
o« M Manual: click-and-drag to pick each multiplet interactively e ;: % o

* In either case you can refine the results interactively, and report them in Hulplets
selected journal or patent formats

"H NMR (400 MHz, CDCl;) 8 8.62 (d,/ = 4.5 Hz, 1H), 7.95 (d,J = 9.2 Hz, 1H), 7.46
(d,J =45 Hz, 1H), 7.30 (dd, ] =9.2,2.7 Hz, 1H), 7.21 (d,] =2.7 Hz, 1H), 5.73
(ddd,J =17.6,10.3, 7.6 Hz, 1H), 5.48 (d,/ = 4.3 Hz, 1H), 4.99 — 4.85 (m, 2H), 3.87
(s, 3H), 3.44 - 3.31 (m, 2H), 3.11 (td, ] = 8.0, 7.5, 3.9 Hz, 1H), 3.05 (dd, J = 13.9,

10.2 Hz, 1H), 2.69 — 2.55 (m, 2H), 2.30 — 2.18 (m, 1H), 1.79 (h,J = 3.1 Hz, 1H), 1.69 R1<t6dgt)
F (dd) G (d) D (td)
7.30 5.48 3.11 M (m)
3(2.70, 9.19) 3(4.31) 1(3.92,8.04,7.50) | | 55,
A(d) B@) | C(d) E (ddd)
8.62 795 | 7.46 573 g(g; 33(;"7) Lz(g‘}) 01(5rT)
3(4.49) 3(9.18) | 3(4.52) 3(7.61, 10.31, 17.56) [ : : :
H (m)
P (d) Q (dd) K (h)
721 492 3.05 1.79
J(2.73) J910.20, 13.90)[ J(3.0{9)

Fii s

[ /]
M-

I == ——

A o i & T
0.88 088 1.00 0.95 1.05 095 113 1.85 307 190101105 210 105 110 218 165
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 T T T T T T T T
9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0
f1 (ppm)

24
*GSD (Global Spectral Deconvolution): See Help > Contents > Analysis tools > Peak Picking > GSD for details



Fully automatic multiplet analysis

The number of
nuclides (NN) in the
multiplet

Normalised integral
of the multiplet.

Click ﬂtﬂ to do automatic multiplet analysis. By
default, it does the following:

Picks peaks using GSD (if no peaks were picked) and
classify their types (compound, solvent, impurity
peaks etc.). Note these are controlled by the Peak

Picking options

Groups the picked peaks into multiplets and fits them
to J-coupling patterns, and calculates their integrals
(depending on the Multiplet Analysis options). Note

these are controlled by the Multiplet Analysis Options

Estimates the total number of nuclides (NN) and
normalizes the integrals for each multiplet

Multiplet Manager

=

AR Yo

8.62(d, J=4.5Hz, 1H)
Name: A Class: d -
a: 8.623 ppm Middle
J-ist: 4,49

Discard Peaks

Total Nudides = 24 (24in molecule)
\ Nudides: 1 1 |Auto

I

Integral: 10.95

Absolute:  93416.4

From: 8.668 |+ To: 8.577 [+

< &

Total # of nuclides from
all the multiplets and the
# of protons in the
molecule (if present)

r ~
1 Peak Picking Options &Iéj
Method: SD -
Settings
Refinement Level Resolution
Ref. 1( 2 fitting cydes ) () High
v {0 @ Mormal
) Low
© Custom [1.00}%
Auto Classify Impurities/Compounds.. .
Defaults
[ CK l [ Cancel ]
v
- ~
p1 Multiplet Analysis Options &Iéj
Minimum Area: 3,00 % +
Integration Restore Defaults

Calculation Method:

Peaks Method Parameters

—
Exduding: |Default -




Advantages of GSD-based multiplet analysis

GSD extracts the spectral information from a 'H spectrum automatically, without the need
for peak picking and integration.

It usually gives good results when the spectrum is of decent quality and resolution, as

shown here:

The GSD-based multiplet
analysis gives a more
accurate J-coupling
constant (4.31 Hz) than
the apparent peak
separation (3.83Hz)

8
g 2 I
i) T hneee RBa §
M MMy oM m M m
NN Vo
431 |
383 The GSD-based multiplet
analysis successfully
recognizes and separates
N ’E ( the triplet from the large
! 4 HDO peak
\\
\
\\
‘\\
4 |
wn TETTT T T [u] M Mmoo W] T T " T T T T
§ AddodAd d 6 dAadAdd o 7 36 3.5 34 1.3 32 3
A S N N A A B f1 (ppm)
1
L 11313
L [ las7
o 1.0 L ,le ,1§57
RERRE . e The GSD-based multiplet
F (dddd) e -based multiple
2.03

1(2.27, 3.57, 457, 13.13)

analysis successfully
recognises a very complex
(dddd) multiplet. Red:
experimental spectrum;
Blue: GSD peaks; Purple:
simulated multiplet

T
2.065 2.060 2.055

2.045 2.040

2.035 Z.EIEEI
1 fonm)

2.025

2.020 2.[I15 2.010 2.005 2.000




To pick multiplets manually

* Manual Multiplet Analysis 1l allows you to have
greater control of multiplet analysis (J is the shortcut MR
key) Tools Processing Analysis 4
e Zoom into each multiplet, and click and drag to define ﬂi @ 5 [v] Multiplet B
ino- ees = [¥] Multiplet R
the following: Auto Multiplet "> g y fp :
 Peak picking threshold Analysis Ji i <1 Multiplet €
Multiplets
* Integration region
* Mnova picks the peaks in the region, fits them to a J-
coupling pattern and defines the multiplet in the same o
way as in automatic multiplet analysis T Tip:
A To turn on the
5.'52_\ .
e integral curves,
Click and drag to define the . .
integration region and peak . I'Ight click and
picking threshold and a | |'|| | |'.| select
doublet will be picked ] [ .
|| I — Properties, go
i —> ] to Multiplets >
li — i Integrals.
| || | ! ] |
s | N
I ll .III I ll l. |II |I
1 '\ . - ’ I\ B
866 BE5 864 BRI 862 8P 500 853 858 £66 865 264 a_._}_'l:. 862 861 B60 858 858

27



Tools for verifying multiplet analysis results

. b =] =] = ==} =] - = o - —
Choose View > = E E E % § § § = % = I | l | Report  Copy
. . | 1 1 1 1 1 .
Properties > Multiplets Multiplet Manager B . =

and turn on the J’s Tree B __,_L_____ =
T~ e e [SERE e

R Tm—— T T
207 3.11(td, 7=48.5, 8.1, 4.0 Hz, 1H)
4

MName: M— Class: td -

B: Middle

P (dd) it:

053 Jist: 4,04, 8.51, 8.07 @]@

J(10.17, 13.85)

Color: | Il Purple v

Total Nudides = 24

Mudides: 1 E Auto

Multiplet Integral: 105 | &)

From: 3.168 || To: 3.086 =

T T T T T T T N T - T v T v T v T T T T T T T T T T T T T T T T T T T T T
318 317 318 3156 314 313 312 311 310 3#? 3&13 307 3086 305 304 303 302 A
pE

Use the simulation tool in the
Multiplet Manager to simulate
the multiplet and compare; g




Multiplet Analysis

Many other multiplet analysis functions e.g.

Split overlapping multiplets

Add missing peaks to multiplets

Re-assign peaks to multiplets (if asssigned incorrectly)

Overlapping multiplets

A small peak is
missed by automated

analysis

Alter range \

—732
731




To annotate and report manually

Select
* Click the Annotation Options button at the bottom- / Line
left corner of Mnova window /' Arrow
« Or press Tto insert a text box —_— B Rectangle
. . . o . @ Elipse
e All objects can be customized by right clicking on it @ Polygon
and then selecting the Properties command T Text -
* Tables of Peaks, Integrals, Parameters etc can be N T:|-
opened by View | Tables. Report from there
Quining/Quinine 1H/fid ' ﬁ: Paramat s Tips:
200 e | *Copy a molecule from
20000 - ChemDraw or Isis/Draw, or open
. .mol or .sdf files
5000 *Use View [ Layout Templates
' o = menu to generate and apply
= 1.000
@W) 12000 e layout templates, or request an
Aromatic peaks ' oo auto formatting script from
T I ey S Mestrelab.
L = ETE
‘ - AL e ' *Copy/paste any object(s) to your
| l [ I - document with high resolution
) o
1 ‘Ih 1 “\Ju N fUﬂ _,|\,_J".__Ju‘l}'u"‘-._ o *Click k=, to export PDF

55 90 B5 &0 75 70 65 60 50 45 40 35 30 25 20 15

A
in
g |
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A8 -

JiE

To report multiplets in journal format /% fem=
=% Options..,
A Manual ]
* Click Report Multiplets to report the _
. . — | 7i] Report Multiplets
results in a journal format: e
* To change journal format: choose % D550
View I Tables | MU|tip|etS to dISplay 'E Delete Multiplet Peak
the Multiplets Table. Click Setup #*  Add Multiplet Peak
Report v Show Multiplets
Autocdetect Nuclides Count...
Multiplets =
@ - ""—_ - @ - x - N i il
Report Multiplets  Copy Multiplets | Setup Report Delete 1 Multiplet Report m 1 Multiplet Report @Iﬂ
"H NMR (400 MHz, CDCL) & 8.62 (d, J= 4.5 Hz, 1H), 7.95 (4. /=92 Hz,
1), 7.51 — 7.43 (m, D), 7.30 (dd, J=9.2, 2.7 Hz, 1H), 721 (d. J=2.7Hz, 3acs -] - =
1H). 5.73 (ddd, /=171, 103, 76 Hz, 1H), 548 {d. /=44 Hz 1H) 490 o—
4.85 (m, 2H), 3.87 (s, 3H), 3.44 — 3.31 (m, 2H), 3.17 — 2.99 (m, 2H), 2.69 — [C] All s Ranges
2.56 (m, 2H), 2.30 — 2.18 (m, 1H), 1.90 (s, 2H), 1.83 — 1.62 (m, 3E), 1.61— m's as Ranges Ltded Chem
1.34 {m, 2H). 1.Mat.Products
.25 [ Ascending Order of Shifts ] Japanese Patent
i Organometallics
Mame Shift Range H's Integr * Report Js Polyhedran
E............................E | | . RSC
1ocm (74 7.51..7.43 1 0,99 m Reduce J List Tetrahedron ]
............................ D Lise E}(tErIdEd Snl'u'ent Mamnes Tetrahedrﬂn Letters
2 A(d) 8.62 8.67..8.58 1 0.89 [L__|US Patent =
T M 171 182 1&7 2 2 78 i [ QK J [ Cancel
1 | ] | 3
e

Tip: From the Multiplet Table, click Copy Multiplets and then paste the texts to your document. Click Copy
Table and then paste the spreadsheet to your document. The table can be customized using Setup Table. 31



To attach 1D to 2D spectra

* Open 1D and 2D spectra in the same document
(They are shown as separate pages)

* Display the 2D spectrum, click the Traces tool
options and choose Setup...

* Choose a 1D in the Available 1D Spectrum, click
to attach it to that axis

* Alternatively, simply drag and drop the 1D spectrum

N
Show Traces

[¥%  Show Vertical Trace

xl
=

% Show Horizontal Trace

Fit Traces to Height
Fit Horizontal Trace to Height
Fit Vertical Trace to Height

gII
J.LI.
=
-|- Select Traces Graphically
E@ Setup...

onto the desired axis of the 2D spectrum _ | LJLh w1 e
Quinine HSQC
- 5 70
¥ Setup Traces l D il 9
Available 1D Spectra: 80
H Quinine 1H 1H Quinine [V] Horizontal Trace
(9 Quinine13C13C Quinine Quinine H o o
Vertical Trace o 100
Internal Projection (Sum) L
el : 110
[ 0K ] [ Cancel E o
_ __ 2 o 120
Q F130
To change the Y intensity of 1D spectra: Place /
the cursor on a 1D and scroll the mouse B 140
wheel, or click Ctrl+Shift+arrow keys 0
150
T T T T T T T T T T T T T T 1
8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 32

f2 (ppm)

f1 (ppm)



2D Peak picking

MMER MestReNova

View Maolecule Prediction Tools Processing Analysis Assignments
= w=Ts BT % 1 5 | Multiplet Boxes ﬂ‘; P E
& E ¥| Peak Labels - v Multiplet Ranges L
Reference Auto Multiplet Auto R
- s Analysis s ¥| Multiplet Curves Integration *‘ L 4

Reference Multiplets Integral

Automatic

* Peak picking: Click on “Auto Peak Picking” for automatic peak picking. Click
on |.% | for options.

* To pick peaks manually, select either the manual threshold option, or the
peak by peak option, which allows you to specify each p|ck by clicking on

the peak centre. n

i

{721,108, e
AT
)]«

13 ]3,119ﬂ¥ ==,
:'l)?" B
i

{PALLEE S
~p
=y

= v T —r v T — v - T . — T . — T v
8.3 8.2 8.1 ) 74 78 7 TE 7B 7.4 ] 7.z

=100

~108

=110

115

=120

128

=130

138

F1 {pprn]
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To assign spectra to a structure

Lol — MNMR MestReMova

Home View Molecule Prediction Tools Processing Analysis Assignments

@ # % ﬂk 6;3 @ «| Assignment Labels
& b b
"m“ “N'n“\ & - ¥ | Assignment Qualities
Auto Manual Swap Deduce MNMR Assignments Molecule
Assignment Assignment Assignments Table Window
Assignments View

* Copy chemdraw structure into Mnova file
* Choose either automatic or manual assignment mode (“A” key is a shortcut for manual
assighnment mode)

* For manual assignment, click on an atom in the structure (cursor will change to ).
Then choose the peak you want to assign. There are 3 ways to do it:
* A picked multiplet, by clicking on the multiplet label, or
* A peaktop for 1D spectra / peak centre for 2D spectra, or
* Arangein the spectrum, by click-and-dragging to cover it

A AT
S T S,

2D peaks are labelled by frequency and assignment

BN
=

HO, 12 £ 8
22"\__,/‘{ \‘N/

z|4 | H 14
NN Atom assignment

I 'H ppm

4 M \

£ L TP 1 1 FA2ERE
() (m) (m) fs (m . ‘.“\ &“_1_7 N, ) ./

_ ey 13C ppm
|

T TS 740 7455 7450 TAE T4 TS TE0 TAN T4 T A TAE T T 70 T3 73 T8 T30 7365 730
2 (pom

17
118

119

122
b3
124
s

126

B4

F1 (peen)

T T T T T T T T T T T
95 9.0 85 80 75 70 65 (] 55 50 45 40 35 30 25 ] 15



Example: assignhing a multiplet to an atom

EEE TEE: b
51 W0 /5
0 In Manual Assignment mode,

1”2 / first click the atom to assign
3]

HAC 7
313\0 - “x\w/_/ %5
" I\ |
2 4
~ F I
N 8 CHq
3 || 14
0
10
Next click on the multiplet R Eégq;:l %{if;:'
label to assign it to the atom - 212, 813) X092, 8.10) |
Assignment label is

5« displayed

*‘ | | T
| | |
|| || I|| llll... .'l ll'.l.

[ 1] o
A L= I-__ — o

T T T T T T T T T T
8.5 54 83 . ‘_B.Z \ 5.1 50 41 4.0 19 3.5

9:5 I '9:4 9:3 I '9:2 '9:1
Tip: After the assignment, the atom label is changed to green. The multiplet label shows the atom label.
The multiplet label can be turned off by unchecking Analysis | Multiplet Analysis | Show Multiplets



Example: assigning a peak to an atom

EEEE SER5 j,.:;« 3‘_ &
gad3 v A 1] 25y
e
0 First click on the
1||2 atom to assign
H-C 7 i
13\0 - “‘“\\1/’/ %5 14
" | |
2 o 0
L TN T
N 87 9 [CHj
3 || 14
0
10
Next click on the peak to
assign it to this atom
£(dd) | 5(dd)
837 B.14
212, 513) 052, 8.10)

2 G 5 ‘ ‘

i o ||

|| h ”l il|| |1 ||I Ill

I| | 0 .l \ I| | r' . '-.L\

9:5 l '9:4 9:3 '9:2 9:1 3:5 I B4 3:3 In riBI.Z . 3:]. I BI.D 4:1 4:0 3:9 3:3

Tip: By Default, Mnova automatically snaps to a peak top (with interpolation). Click Shift key one time to toggle it off if you

want to choose a shoulder peak.



To display and browse assignment results

Choose View | Tables | Assignments to open the Assignments Table

The Table and the structure are correlated: You can click a row to highlight the atom (and

its assigned peak), and vice versa

QUinine 1H :5 E&2
1H Quinine P 2z
it - i
/J'H_ A
127 3 17 ~CH,
A
HO\ 12 ERT
= e
CHs St T
24 ‘ I:.L 14
O 3 8. =
2 P Ry,
“'ch/f‘“xmf;\%l
10
4{d)
7.55
X9.20)
— 1
L S
E 2
31.9‘31.3‘31.?”3‘5.315r3;1'311r3:zlalilalnl?:al?:sl?:?l?lﬁ ;
f1 { ppmi)

° Tables
[Fitt=r | O %
~ Data Analysis -
Data Analysis
~ EVis
EIVi5 Integral Manager
EIVi5 Integrals
EIVi5 Peaks
~ Mass

<

* NMR

Chromatogram Fractions
Elemental Composition
M5 Browser

Mass Assignments

Mass Peaks

Mass Prediction
Meolecule Match

Peak Purity Result

~ Modgraph NMR Predict

Meodgraph Drill Down Table
Prediction DB Browser

v Molecule

30 Molecule
Compounds

List of Sterecisomers
Maolecular Templates
Molecule Window
SDF Browser

Arrayed Data
Assignments
Blind Regions
Integral Manager
Integrals

Line Fitting
Multiplet Manager
Multiplets

Peaks

Phase Correction
Tirme Dormain NMR Quantitation

* NMR Prediction

13C Prediction

1H Prediction

Spin Simulation
X-Muclei Prediction

Ok

Cancel

* You can right click on an atom and choose Edit Atom Data to change its label. Changed labels will be used in
Assignments Table and other relevant reports.
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Example: assigning 2D peaks to an atom

* You can either first assign 1D H-1 peaks, and then assign HSQC cross peaks, or the
opposite

* Assignments in one spectrum are carried over to all other spectra in the same
document: All spectra in the same document are “correlated” by default

* To assign in HSQC, click A key to enter Assignment mode. Click on an atom in the
structure. Next click on the cross peak to assign to it*

1H assignments from
1D spectrum or HSQC

M M - _ ,Ili‘l___”_ JM__

I
|
|
95
c_‘_'J 7 ! | | | @ 100
L | .? 105
13C assignments from ) Molecules
HSQC < iii2 ® =
€ - Report  Delete  Setup
(6 Molecule
J s 13/‘15\‘1 ‘
4 : T N 7
N 4 ‘ 20“‘21 ‘
HO 12 S 16
S~
| CH, 22\11’/ {d N
ﬁ 2|4 H 14
! O\ /3\\ /96
| T
8:? 3:6 8:5 B4 83 3:2 3:1 S:Cl . ?a?(ppm 6\4'//’2\N:f,’8

—I 10

*By Default, Mnova automatically snaps to a peak top. Click Shift key one time to toggle it off if you want to manually
locate the peak center.
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The Assignment Table for multiple spectra

* Choose View | Tables | Assignments to open the Assignments Table if not yet

e The Table lists all assignment results, which can be copied to other documents

* Try Script | Report | Assighments to report the results in journal format

Assignments

]

Report Copy Celete | Expand Colapse  Setup

B 8 - - 5

b
[y = = WO 00
=
(allalals A el al=aalsa gl

[
i

[
[

el = L
=] LN

10

Ll P

4

..............

el

L

Chemical 5 Predicted & COSY TOCSY

36.08
2.35
2,29
79.42
79.40
133.54
142,27
72,46
0.24
73.13
5.68 26
45.84
58.92
203.84
75.68
3.82

2702
1.25
21,95
1.15

31.46

HSQC
1I . 1II

13, 13", ...
13
14, 14", .
14

HMBC H2BC MOESY

7 25

13, 13", ...
57,57, ...
57,57, ...

1, 2,9 28

720, 21..
11, 21,

29, 29', .
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Pages &g X
Y
1. (1) caffeine30
2. (1) 00110086-0200

Right-click on the spectra
and choose Properties to
change display properties,
e.g. colours, transparency,

etc.

To superimpose multiple 1D spectra

STACK NMR

Prediction Tools Stacked Processing Analysis Assignments

] e L A 3 == [ 1] @ ¢ Ef be;

. Bxtract Active tem

Stad Superimpose J_ . Adjust Stacked Auto  Multiply Divide | Mode Invert Show Select Stacked Align  Reference DOSY Arrayed
Ttems Ttems =l Extract All ltems Ttems Scale COrder Items Table | Spectra Alignment | Transform | Data Table
Main Scale View MMR Tools

* Open several 1D spectra in the same document

* Select some or all of them in the Pages View
e Click “Superimpose Items” to stack them in a new page:
ey
H ||| }‘
Lt )
) AW
40 935 9.30 5.25 9.20 9.15 5.10 9.05 i [pp?n?o B8.95 8BS0 B.B5 B.80 875 8,70 B8.85

ek

55

45

35

=25

15

10



To open and stack multiple 1D spectra

Pages B X : STACK NMR
{ } -H:E - i Molecule Prediction Towals Stacked Processing Analysis Assignments
1. (1) caffeine30 e %I . i =
(D 2o, @ X +Wtex 6 =
fperimpose ’ o _- o Adjust Stacked Auto  Multiply Divide | Mode Invert Show Select Stacked Align  Reference Dosy Arrayed
Ttems = Extract All Items Ttems Scale Order Items Table | Spectra Alignment | Transform | Data Table
Main Scale View MMR Tools
"""""""""""" * Open several 1D spectra in the same document
2. (1) 00110086-0200 . _
: * Select some or all of them in the Pages View
* Click “Stack Items” to stack them in a new page:
3',[.1:| Caffeine.mal :.i:] 00110086-0200-caff10_PROTONq
3
----------------------- - | -
00110086-0200-caff30_PROTONq
2
Right-click on the spectra J y -l
and choose Properties to caffeine30

change display properties,
e.g. tilting angle, colours, ;
titles, clipping vertically J
etc. -




To superimpose multiple 2D spectra

* Multiple 2D spectra can be stacked or superimposed in the same way as 1D
spectra

* Click Shift + Up Arrow key to change the active spectrum

* Rightclick on it and select Properties to change the color of the contours for the
active spectrum

| YRR

——F taxol HMBC of taxol(2) at 305K |
— § d6=80ms
; 25
— |
4 30
3 . 35
Red = HSQC : ® f
40
Grey = HMBC —] # f
- o o0 Q & [
50
— P ) I R
1 & ® o &
1 I z
] 65
; I
70
= o D 7] .
—3 09
L @ @® ° o % ® 75
@ be @
o =} : -85
90
95

||||||||||||||||||||||||||||||||
66 64 62 60 58 56 54 52 50 48 46 44 42 40 38 36
f2 (ppm)



Predicting spectra from a structure

Open a new document (File | New) or a new page -
(Edit I Create New PagE) Home View Molecule Prediction
Copy a structure from ChemDraw, Isis/Draw or H 21 = EIE E i fff”f
& L3 @
ChemSketch, and paste to Mnova, or open a .mol, . - HSOC  ¥Nudlei Brediction
CdX or a Sdf flle Spectrum Spectrum Spectrum Prediction Options
) ) NMR. Prediction
Choose a command from the Predict menu
/js\ )1 N
. 1|Z za\g 11‘; TCH,
oy =N Tips:
S -
[ | 1. Choose Molecules [ Prediction
b 2 B . .
SN Options to change settings
Predicted 1H NMR Spectrum — - T - TEE— B EE 2' YOU can turn atom numbers On/Off
: = 5t = 5 3 § ¢ haen RraEnd 0.06 by right-clicking on the structure and
o o oL aen e 0,04 choosing Properties.

B R T T

95 90 85 80 75 70 65 60 55 50 45 40 35
f1 (ppm) s

w
o
]
@]
]
o
=
w
-
=]
=]
wu
o
=]

and manually change them.

Predicted 13C NMR Spectrum T . - Py
bn oEND Eokin o o N¥RE F&§ &§39
B mptE mEARE g 5 ==k =% =g 04
8 558 EENZZ 8 £ dgf ¥ RER '
[ S NN | I | ~ lo3
| 1 I 1" ] 1 1 1 [}
0.2
] |} ]
’ ‘ ‘ 70-1
0.0
210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 O

f1 (ppm)

e 3. You can open the Prediction Table to
—ro% list the predicted shifts and J-couplings,

43



Predicting a spectrum & verifying your structure

* Open your H (or 13C) spectrum in a new page MR

Prediction Tools Processing

HC 2 4 B

-Muclei Prediction Spin Predict &

* Choose Analysis | Predict & Compare. The predicted
spectrum is stacked with the experimental one for . PO mamrion | R oo g S
visual comparison

Analysis Assignments

* Copy your structure from ChemDraw or Isis/Draw

Predich

©
6] B 24
P’ima: 1H MMR. Spectru = - - a
P ?‘ =
| =y 3
H_Qg /-2'-.. ":‘:r'-E
CH, EE I 22
® % g o 0’
T, 2 Ly 20
[ =
You can drag the label of N 15 2
a predicted peak to s - 7' m 1

0 21 ey

change its chemical / 4 76 1;? 2215 - 151'? 1z | 1H Prediction

shift. You can also — L“ 8 | ‘ = o J
change the predicted J- | d_ 1N . IILJ jl # Report Copy Ungroup | Group | Mew ]

S 1
coup'Im.gS|n the H bt Field: 399.972MHz %
Prediction Table.

Atom Value Error

4 3 CH |752ppm (0.25ppm
... |1.50 Hz

> 4 CH |785ppm | 0.25ppm

6 CH |739ppm (0,15 ppm

> 7 CH |73 ppm | 0.35ppm

4 3 CH |8.71ppm (0,25 ppm

[ (750Hz | |
11 CH |5.30 ppm | 0.45 ppm
13 .. |1.6Z2ppm |0.45ppm
13" ... |2.00 ppm | 0.45ppm
15 CH |1.82ppm | 0.45 ppm
16' ... | 2.51ppm |0.45ppm
16" .. | 2.87ppm |0.45 ppm
17 CH 2.41ppm  0.45ppm //
18 CH |5.80 ppm | 0,45 ppm

1 I | il T

el Rl Rl vl v v vl v



Other things you can do in Mnova... not covered here!

Draw chemical structures

Analyse Mass Spec data (at 2:45pm)
Copy and paste spectra directly in Word, PowerPoint etc

Analyse kinetic time course data
Simulate spectra from chemical shift and coupling data

e.g. analysing kinetic time course data:

300001
°

s
=
1
iy —
=
5
-

t
20000+

10000

= =
7 ¥
1

---------
...............
»
T b
s
N
»
e

LA | | I
0 35000 40000
r

0

i

=l 5| S=S= S S =
—§ § &&=

b \v.\
a8
1.32
0

L] T
146 144

L] Ll L
138 1.36 134
m

148 142 140
a 1H (ppm)

T T T
10000 15000 20000 25000 3000
X

5000
n
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For more information

mNova:
http://resources.mestrelab.com/

Oxford CRL NMR:
http://nmrweb.chem.ox.ac.uk/
(Home page — Software — Mnova)

NMR@CHEM.ox

Chemistry Research Laboratory
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