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1. StereoFitter

StereoFitter is a multiplatform software tool for the fitting of conformational amplitudes to different NMR observables. It
computes the probability of 3D structural configurations and/or conformations, to match various forms of experimental
data inputs. Currently, StereoFitter can accept and combine six distinct types of NMR parameters in order to calculate the
best 3D structure candidate(s): NOE based distances, J-couplings, chemical shifts, and chemical shifts, anisotropic data
such as Residual Dipolar Couplings (RDCs), Residual Chemical Shift Anisotropies (RCSAs), and pseudocontact shifts

(PCSs) obtained in systems with paramagnetic tags.

Information can be supplied from one or more of the techniques in parallel, and it is this potential for combining information
from different types of parameters in one calculation that makes StereoFitter uniquely powerful. Predicted NMR
observables of configurational/conformational models are compared to experimental ones, each given a score, and results

presented in order of best fit.

StereoFitter starts with a set of possible 3D configurations and/or conformations of a molecule. These can be imported
from external programs, or generated within StereoFitter using built-in 3D coordinates generation (Balloon) and
conformational search (GMMX) utilities. All possible relative configurations can be obtained within StereoFitter from an
initial 2D structure if the stereochemical configuration of any chiral centers are not known. Various formats of external
structure file formats are compatible: SDF; XYZ; MAE, outputs from quantum chemistry programs (Gaussian09/16, Orca,
Jaguar, NwChem, ReSpect) and others. 3D structures can be viewed, manipulated, and their properties measured within

StereoFitter using an interactive OpenGL based molecular visor.

Chemical shifts can be used within StereoFitter using results from DFT calculations, either importing users” own
computational log files or by using MestReLab computational servers. It is also possible to use DFT computations for the

analysis of J-coupling data in a similar way.

1.1. Technical background considerations

1.1.1. Conformational deconvolution of NMR properties

Under fast exchange in solution NMR properties are observed as time-averaged values.! In the general case a property
<T>, such as chemical shifts, scalar couplings, NOE/ROE integrals or volumes is the result of instantaneous contributions

from all the visited region of the potential surface

(T)=w(R)T(R)d(R) @

where R is a vector describing the 3N coordinates of the molecule, W(R) the weight or probability of point R in the

phase space and T (R) the instantaneous value of the property T at the point R.
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However, if the basins of the potential surface are deep enough the continuous movement, i.e., the molecular dynamics, of
the molecule over the potential surface can be approximated as a discrete collection of instantaneous jumps between the

minima in the potential surface and therefore we can approximate the continuous integral in (1) as a summation of terms.
_ [}
T=awT @

where w; is the population of each visited discrete conformation and 7; the value of the considered property for the i-th

conformation.

Hence for a particular set of properties {T}, a set which can involve different type of observables such as chemical shifts,
scalar couplings, NOE intensities, or anisotropic properties such as residual dipolar couplings or residual chemical shift
anisotropies. we can try to determine the individual contributions of each conformation by fitting the data to individual T;

values obtained through different empirically calibrated or ab initio procedures. I.e., we will deconvolute the spectrum into

a series of discrete conformation contributions.

Generally, the set of discrete conformations can be generated using appropriate molecular modeling conformational search
techniques such as different Monte Carlo methodologies, simulated annealing procedures, etc. When generating this initial
ensemble of conformations we must ensure that the topology and generated geometries are sufficiently accurate. For
organic compounds with common functional groups, small-molecule oriented force fields as MMFF94,2 OPLS3%# or others
can provide a sufficient degree of accuracy. This initial ensemble can be employed at it is, but in some circumstances it
can be desirable to refine the geometries at a higher level of theory such as modern DFT methods. There are nowadays
many excellent introductory books on the subject as well as detailed protocols for the application of isotropic®’ and

anisotropic data® to three-dimensional structural elucidation problems.

If the individual contributions 7} can be predicted for each j-th conformation the averaged values 7@ can be computed

(o] i .
as 'I'ic""’C = aWjTiJ . The agreement between the so-computed values can then be expressed as a sum of quadratic terms.

2 _ Ti@(p 'TicalC
=T 3)

Where »? is the associated uncertainty, as a standard error, to the property Ti . Minimization of »? respect to the population

weights w; will provide then a set of best fitting populations.

StereoFitter may currently handle different types of NMR properties and restraints:
e Chemical Shifts & and chemical shifts differences A 6
e Scalar couplings J and scalar couplings among groups of not-fully assigned spins (J-groups)
o Residual Dipolar Couplings (RDCs) D

¢ Residual Chemical Shift Anisotropies (RCSAS)
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e Pseudo contact shifts (PCSs)

e Internuclear distances d derived from quantitative NOE experiments.

Hence equation (3) can be expressed as

z_l\clfj(d@(p a’“"’“\ % (gee - geie) df(dexp d°6“°\ N .
“ralTs ) f'f}k e AT )t @

For instance, D, RDCs measured in polymeric gels may be attributed a common uncertainty of 1.2 Hz, whereas we can
associate to the 3J,,,, couplings, predicted with the Haasnoot-Altona Karplus-type equations,” an uncertainty of 0.5 Hz. It

is very important to note that changing the uncertainties o will change the relative weight of the different NMR properties
to the fitting.

A very simple but practical way to estimate the uncertainties o will be to fit a particular kind of property 7in a known rigid
molecule of known molecular structure.’® Polycyclic molecules such as camphor, B-pinene, strychnine etc. are good targets
for this purpose. Once the desired properties have been measured, they can be fit inside StereoFitter. The RMSD between

the experimental and computed properties can be the used as your uncertainty o to be applied in your particular structural

problem

1.1.2. Model selection

Like older NMR property conformational deconvolution methods such as NAMFIS,* StereoFitter relies in the use of a set
of conformations obtained through molecular modelling. I. e., the “jump” approximation is applied where whole molecular
dynamics is approximated as a series of instantaneous jumps between discrete conformations and vibrational effects are
neglected. This set of conformations is usually obtained through molecular mechanics conformational searches procedures
and in some cases can be later refined through DFT optimizations. A key parameter is therefore how many conformations
are stored in the ensemble. It is essential that conformations that are present in the experimental “true” ensemble are not
missed in the modelled ensemble. Commonly, a ~5 kcal/mol window has been recommend in published protocols using
the MMFF94 force field.> However in molecules which could potentially present hydrogen bonds the intramolecularly
bonded conformers are usually over-stabilized by the computational methods and a larger cutoff, up to 10 kcal/mol might

be necessary.1 13

Since in many cases very large conformer ensembles can be obtained in this way a useful strategy can be to use a second
cutoff where DFT energies are used to define a second more strict energy-threshold. The use of functionals which include
dispersion effects, either built-in (M062X* and many others) or empirical approaches as for instance the popular D3BJ*®

method as well as the use of implicit solvation'® can be beneficial.
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After filtering structures using the MM/DFT cutoffs, StereoFitter will ignore, by default. computed energies and
conformational populations will be obtained by fitting to the experimental data. If desired however they can be read from
and used in the fitting.

In order to avoid overfitting of the data StereoFitter will perform a model selection using the well-known Akaike
Information Criterion (AIC)Y The AIC is a statistical parameter which tries to find the most statistically parsimonious

(“simplest”) model which still explains the data according to the data uncertainties. This criterion has a very simple form
AIC= ¢*+2k 5)

Where k is the number of independent parameters in the model. In our case k is just the number of conformations in the

model, m, minus one. l.e.,

AIC= ¢?+2(m-1) 6)

A well-known criterion in the structural analysis of biomolecules, the AIC has been applied in several occasions to the
analysis of RDC data in small organic molecules.8-20

To avoid astronomical computation times the AIC is computed for models of increasing number of conformations until a
minimum, respect to the number of conformations is found. If the number of conformations is increased and all the
ensembles furnish a higher AIC the computation is stopped and the model with the lowest AIC is printed as the solution
to the structural problem. The solution with the lowest AIC is the simplest, statically most parsimonious, model that fits
the data according to experimental uncertainties. This strategy has been applied to the analysis of anisotropic data (RDCs)%
as well as multiparametric RDC/chemical-shift computations.®

The first step in using the StereoFitter module is to load a conformational ensemble either by using the built-in molecular
modelling tools (GMMX) or loading the conformations from the corresponding files in external computations. Once the
conformations are read the user must load an input file. The format of this file is very similar to that used in the RDC

module. Each field in the input file follows the format,

keyword {
}

comments should be preceded of the # sign

keyword {
#this is a comment

}

Note that the input file is not case-sensitive.

The following block names for input data are recognized in the Fitter module
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e noedistance data

e jcoupling_data

e jcouplinggroup_data

e rdc_data
e rcsa data
e pcs_data

e chemicalshift_data

e chemicalshiftdelta_data

1.2. StereoFitter Ribbon

This section gives a brief overview of the tools available in StereoFitter. A license is required to activate the ribbon. Once
activated a new menu will appear, inside which are a collection of tools and features that allow the user to follow workflows

to determine 3D structure.

(9]

wEAEE X EAE B .B0 @THI6S

iyl = i A 0% *) P o & Hp & (] s

Load From Load From  Balloon GMMX Save Delete Conformers Generate 3D Auto 3D NMR Run More Results Histogram Start 1H 13C

File + Folder Conformers By Energy Stereoisomers  [Molecule] NOE Correlations ~ Assignments Tools « Calculations Prediiction Prediction
Load 3D Structure 3D Correlations StereoFitter DFT Prediction

3

z

Above is a screenshot of the StereoFitter ribbon. What follows is a brief introduction to each of the items on this ribbon

Load section
The Load section of the ribbon contains two icons:
e Load From File

e |Load From Folder

3D Structure section
The 3D Structure section of the ribbon contains various tools that handle chemical structures used for the 3D calculations:
e Balloon & GMMX: A set of conformers for any imported 2D configuration can be generated using either Balloon
or GMMX programs. More information can be found in 'Using nOes to determine 3D structure’ or 'Using RDCs to
determine 3D structure' workflows.
o Save Conformers: Conformers generated from Balloon or GMMX within StereoFitter can be saved to disk, possibly
for further manipulation by external programs.
o Generate Stereoisomers: All possible and plausible sterecisomers can be generated from a 2D structure. Note that

NMR cannot generally distinguish between enantiomers, so it is necessary to either delete half of the resulting
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isomers to avoid redundancy in any 3D calculations further downstream or (recommended) start with a molecule
with a stereogenic center of known configuration

o Delete Conformers by energy: to delete conformers with energies exceeding the minimum energy conformer plus a
delta value.

o 3D Molecule: Toggles the display of the 3D Molecule popup window. More details about the functionality present

in the 3D Molecule window can be found here.

3D Correlations section
The 3D Correlations section of the ribbon contains tools that interact with NMR spectra and back-calculations of NOE
distances:

o Auto NOE: When nOes are being used to generate 3D structure(s), it is necessary to back-calculate the theoretical
distances from nOe volumes. The 'Auto NOE' button will carry out those calculations and place the results in the
Assignments Table.

¢ 3D Correlations: Toggles the display of the 3D Correlations popup window. The window has two tabs, RDC &
NOE, each of which are used to manage information extracted from spectra (RDC), or to review the distance
information calculated from the nOe volumes (NOE). From either tab the information must be saved to the NMR
Assignments table before it can be used in the 3D calculations.

¢ NMR Assignments: Toggles the display of the NMR Assignments table.

StereoFitter section

The StereoFitter section of the ribbon contains tools to run the 3D calculations, and to display results of those calculations.

e Run: Starts the 3D calculations. Alongside is a button that opens a window to select various options for the 3D
calculations. Also, there is a button to import an external input file for the 3D calculations.

o Results: Toggles the display of the Results popup window. After 3D calculations have been completed, results are
displayed in the Results popup window.

o Histogram: Toggles the display of the Histogram popup window. After 3D calculations have been completed on a
set of configurations, a histogram is displayed in a popup window.

e More Tools: It provides the capability to create and save input files from Mnova.

DFT Predictions section

A separated DFT Predictor license is required for running these calculations. The DFT Predictions section of the ribbon

contains tools to predict 1H or 13¢ chemical shifts using results from a server-based DFT program:

e Start Calculations: Start the DFT calculations

NMR DFT Predictions: Toggles the display of the DFT Predictions Manager table

Connection Settings: Opens a popup window where settings for the DFT calculations are displayed

1H Prediction: Predict 1H chemical shifts from the DFT results

1H Predictions Table: Toggles the display of the 1H Predictions table
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o 1H Prediction Options: Opens a popup window where settings for the prediction of 1H chemical shifts are displayed
e “C Prediction: Predict “C chemical shifts from the DFT results
« “C Predictions Table: Toggles the display of the “C Predictions table

e “C Prediction Options: Opens a popup window where settings for the prediction of “C chemical shifts are displayed

1.2.1. Load section

The Load section of the ribbon contains two icons: '‘Load From File'; and, 'Load From Folder'.

== B
- i

Load From Load From Balloon
File + Folder

4 Conformers L
I Stereoisomers

I RS "

To import conformations or stereochemical configurations, click on the 'Load From File' icon, which will show a sub-
menu. To import a conformer, or a set of conformers, click on ‘Conformers'. This will open a file requester, from which
files of type MDL V2000 ( *.sdf, *.mol), Macromodel/Maestro (*.mae), XYZ (*.xyz) and output files from the quantum
chemistry programs Gaussian09/16, NWChem, ReSpect, Orca and Jaguar can be opened. To import a stereoisomer, or set
of sterecisomers, click on 'Stereoisomers' from the sub-menu. This will open a file browser, from which files of type SDF,
MAE, or XYZ can be opened.

To open all conformers or sterecisomers within a folder hierarchy, click on the ‘Load From Folder' icon. This will open a
file browser, from which a folder can be selected. All compatible files containing conformers or stereoisomers will be

loaded together.

If there is an assigned molecule in the Mnova document, then the assignments will be transferred to the incoming

conformers and/or stereoisomers:

Stereoisomers will be loaded in Compounds
' Table. The assignments of the active
® molecule will be transfered to all
stereoisomers.

OK
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1.2.2. 3D Structure section

The 3D Structure section of the ribbon contains various tools that handle chemical structures used for 3D calculations.

RE 8 2 « [0

Balloon GMMX Save Delete Conformers Generate 3D
Conformers By Energy Stereoisomers | IMaolecule

3D Structure

Balloon and GMMX

A set of conformers for any imported 2D configuration(s) can be generated using either Balloon?*2* or GMMX%

algorithms. More information can be found in 'Using nOes to determine 3D structure' or 'Using RDCs to determine 3D

structure’ workflows. Both Balloon and GMMX use the MMFF94 force field? and they can handle a large number of

chemical motifs. The MMX force field is also available in GMMX computations.

Balloon it is always used for the 2D to 3D conversion step. It will generate a conformational space using the distance
geometry methodology. Note however that we only recommend Balloon as a quick and dirty way to obtain 3D geometries.

For production conformational analysis the GMMX engine should be used.

When the GMMX option is applied to a 2D structure, the 3D structure will be first generated through Balloon and then

passed to GMMX for the conformational analysis. You can control the most important flags in GMMX computations:

Home View Molecule Prediction Tools Data Analysis Database

=R

om Load From = Balloon GMMX Save Delete Conformers Generate 3D
~ Folder Conformers By Energy Sterecisomers | Moleg
Load 3D Structure
'cul @ GMMX Options ? %
2/
Parallelization Search
le ed
Number Of Threads |Auto . Found Rate: 2.00 .
> -
Max Search: 300 -

Computation

Method
Force Field | MMFF94s

| Cartesian | Bonds
Energy Window (kcal/mel): |5.00 2

GBSA Solvation Amides
Rotate Peptide bonds

v| Set Amides Configuration

Sulfoxides

Solvent Dielectric |78.30 - v| Retain Sulfoxides Configuration

Allenes

+| Retain Allenes Configuration

Internal Dielectric |1.00 . Rings
v | Search Rings
Recommended for macrocycle searching

* Turn off the cartesian option if several
epimerizable centers are present

oK Cancel
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Number of Threads: If you set the option to Auto; GMMX will take control of the number of threads which will be equal
to the number of logical cores minus two. For instance, in most laptops, which have dual core with hyperthreading two
threads will be available.

e A higher value should produce a faster result. Keep in mind that there is a maximum value, according to the cores
of each computer. GMMX computations may benefit from hyperthreading so you can use all the available logical

cores.
e The spent time can be checked in the Mnova log file, label "GMMX: Elapsed Time".

When running GMMX, the number of threads set is indicated in the Conformational Search progress dialog (at the
beginning) and also in the Mnova.log (in <GMMX Control> block).

When the Number of Threads is Auto, the number of threads displayed is 0:

@ Conformational Sear.. ? X

Conformational Search in progress... 1/1

Less << Cancel

Numthreads 0 P

)

rt - Nmin: 2 Nfnd: 1 Ecur:
.5031 Emin: 55.5031 Rate: 50

Result: Ident Dupl: O High: |«

J »n
w N

).

The “ForceField” option can have the MMFF94, MMFF94s and MMX values. Generally, the MMFF94 force field should
be chosen excpt for the case of carbocations where MMX presents a better performance. The MMFF94 force field considers
the amides to be pyramidal, while in the MMFF94s force field the amides are considered as flat structures. Additionally
the MMFF94s option implements the parametrization of Wahl and coworkers?® which improves the torsional behavior of

phenylpyrroles and N-arylamides.

The 'Energy Window' will control the range of energies of the resulting conformers. Conformations below this threshold
will be kept in the conformational ensemble.

The 'Found Rate' tells the program how low should be the ratio between new found structures and total found structures.

For production calculations values between 2.0 (default) and 1.0 are recommended.

The 'Max Search' is the maximum number of steps. Generally, a value of 3000-5000 should suffice for small molecules.
Difficult cases such as cyclic peptides or linear molecules with a large number of rotatable bonds might need larger values
of up to 20000-30000.

The “GBSA Solvation” box allows to perform computations with inclusion of the Generalized Born implicit solvation. It

is possible to define the dielectric constant of the solvent as well as internal cavity one.
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The “Method” option allows to perform the search using bond rotation, stochastic cartesian displacements or both.

In the “Amide” box it can be controlled if peptide bonds are being included in the list of rotatable bonds or not. When this

option is OFF: amides are not analyzed, all the amides returned by the GMMX conform the resultant list of conformers.

When this option is ON: a dialog will be shown every time GMMX is executed, where the amide bonds and their

configuration (“cis"/"trans™) can be set. The resultant list of conformers should have the specified configuration by the user.

The configuration "cis"/"trans" on this dialog is determined by the indexes of the atoms.

TR : NEEREREEEE

Load From Load From = Balloon GMMX Save Generate 3D Auto 3D NMR Run More Results Histogram Start
File v Folder Conformers ~ Sterecisomers | Molecule NOE Correlations = Assignments Tools v Calculations

Load 3D Structure ° GMMX Options ? X

D Molecule
Parallelization Search

B &8 & = B 7 4 W
Load File Load Folder Save Report Copy Delete ~ Select Distance Angle Dihed Number-Of Threads Found Rate: 2R
Sy Computation Max Search: 500.00

Method

Force Field | MMFF94s

Energy (kcal/mol): 6.72 Population (%): |54.2(

< V| Cartesian [v| Bonds
Energy Window (kcal/mol): |5.00

GBSA Solvation Amides ~
Rotate Peptide bonds

V| Set Amides Configuration
Solvent Dielectric |78.3
Sulfoxides

| Retain Sulfoxides Configuration

Internal Dielectric |1.00
Allenes

Retain Allenes Configuration

OK Cancel
i
0 Amide Bonds ? X
Select Amide Bonds
Amide Bonds = Configuration
1 7 9 dis
221516 dis
#10f 24
0K Cancel

Please bear in mind that the amide configuration "cis"/"trans" (or sZ/sE) is determined by the atom numbers around the C-

N bond as it is shown in the picture below:

O| ,Ym Oi ,Yn
N >N
X, Z, Xi Zn

o cis

i<j

m<n

Similarly, in the “Sulfoxide” and "Allenes" it is possible to filter out conformations, in molecules containing sulfoxide or

allenes group where their configuration does not match the initial one.
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It is also possible to perform a so-called ring-search as it can be seen in the screenshot below. In this procedure, one of the
ring bonds, the so-called “closure bond” will be broken and a torsional search will be performed on the rotatable bonds of
the ring. This option should be used for large rings, at the very least ten-membered ones, If the ring contains epimerizable
centers the “Cartesian” option should be checked out in order to prevent may failed steps which will significantly slow
down the procedure. For small rings at least up to ten-members the Cartesian option will suffice to explore the
conformational landscape of those rings. In any case the user can explore different search protocols to obtain optimal

results.

8 X |g] Document 1= % ) Document 2% % ©) Amides_rings X X
m B A & ¥ ks

@ GMMX Options ? X Load File Load Folder Save Report Copy Relaxation Delete - | Select Dit

3

Parallelization Search

Energy (keal/ml): Population (%):

Number Of Threads | Auto : Found Rate: 2.00

Computation Max Search: 50.00

Method

Force Field MMFF94
= v
Energy Window (kcal/mol): (5.00 Cartesian Bonds LY

GBSA Solvation Amides

Rotate Peptide bonds

] Set Amides Configuration

Solvent Dielectric |78.30 : Sulfoxides - -
| @ Rings and Amides
| | | Retain Sulfoxides Configuratien

Select Rings and Closure Bonds Select Amide Bonds

Allenes:

Rings Closure Bonds Amide Bonds Configuration
Internal Dielectric |1.00 : | Retain Allenes Configuration . !

1715432 15 17910 cis
Rings :

27126783 26 2 41516 cis
v| Search Rings

3 |v] 43,817,16,15,14,13,12,109 34

OK Cancel

oK Cancel

Save Conformers

Conformers can be saved to disk, in SDF format, possibly for further manipulation by external programs. When several

molecules are selected one SDF file is created for each molecule, each of them containing the corresponding conformations.

Generate Stereoisomers

All possible and plausible sterecisomers can be calculated from a 2D structure by clicking this button. Note that NMR
cannot generally distinguish between enantiomers, so it is necessary to delete half of the resulting isomers to avoid
redundancy in any 3D calculations further downstream. See the 'Using RDCs to determine 3D structure: relative

configuration of stereoisomers' section for more details on how this feature is used.
3D Molecule

This button toggles the display of the 3D Molecule popup window. More details about the functionality present in the 3D

Molecule window can be found in the next section.
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1.2.2.1. 3D Molecule window

The 3D Molecule popup window is where conformers and/or stereoisomers can be viewed, manipulated, and measured.

This window has many functions available on its toolbar:

3D Molecule n

B g =| ] @ g = [ V4 %l \&/ ., ® N W
Load File Load Folder Save Report Copy Relaxation Delete - Select Distance Angle Dihedral Coupling Show Wireframe = Sticks CPK

> = .l

Energy (kecal/mol): |87.53 Population (%): |82.03

#1 of 11

Click and drag the mouse while in the black display section to rotate the displayed molecule in all three dimensions. Scroll

the mouse wheel to grow or shrink the displayed molecule.

Save

A SDF file is created for the molecule currently being displayed containing the corresponding conformations.

Report
Click the 'Report' icon to place a copy of the black display section of the 3D Molecule window on the currently active page

in Mnova.

Copy
Click the 'Copy" icon to place a copy of the black display section of the 3D Molecule window on the clipboard. This can

be pasted as a raster image into other applications.
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Delete

The 'Delete" icon is a sub-menu, which allows for deletion of conformers in the set of conformers selected:

. k7 R

1 | Delete = Select Distance | An|

H‘ Current

— ,_-'5 By Energy Level

[+ opuraaOl

Click 'Delete' > 'Current' to delete the currently displayed conformer. Click 'Undo’ to reverse this action.
Clicking 'Delete' - 'By Energy Level' will bring up a pop-up window, where a threshold value above the minimum energy

conformer of the set should be entered:

3D Molecule -
= ® = & (= =) L Vs n! A& & ) )
Load File Load Folder Save Report Copy —Relaxation |Delete = Select Distance | Angle Dihedral Coupling = Show Wireframe | Sticks CFK
| - =% Current

J By Energy Level
Energy (keal/mol): |87.33 | RO (%a): |61.97

@ Delete Conformers ! X

Delete conformers with energies exceeding the
minimum energy confomer plus this delta value:

delta (keal/mol): 1.50 -

#1of4
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(=] = B = X V4 % & ® N @
Load File Load Folder Save Report Copy Delete ~ Select Distance Angle Dihedral Show ~ Wireframe Sticks CPK
> =
Energy (kcal/mol): 110.00 Population (%): 27.17

s
@ Delete Conformers

Delete conformers with energies
exceeding the minimum energy
confomer plus this delta value:

delta (kcal/mol): | 5.00

Distance(H44, H45) = 2.465

When 'OK' is clicked on the 'Delete Conformers' pop-up window, all conformers with an energy above the value of the

minimum-energy conformer + delta will be deleted from the set of loaded conformers. Click 'Undo’ to reverse this action.

Select

Click the 'Select' icon to disable other modes of action, e.g., Distance, Angle, etc.

Distance

Distances between atoms in a displayed molecule can be measured, in units of A, using the 'Distance’ tool. Load a molecule
into the 3D Molecule window, choose the desired display mode (wireframe, sticks, or CPK), then click the 'Distance’ icon
on the 3D Molecule window toolbar. The 'Distance’ icon will be greyed to confirm that it is active. Rotate, move, and/or
manipulate the molecule to bring the two desired atoms into clear view. Click on one of the atoms whose distance is to be

measured, and a diffuse red ball will highlight the atom:
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© 3D Molecule

s @ M (2] A = . V4 5 \ Z L) N »
Load File Load Folder Save Report Copy Relaoxation Delete ~ Select Distance Angle Dihedral Coupling  Show Wireframe | Sticks CPK
| 3 s 4
Energy (kcal/mol): 109.56 Population (%): 36.13

Click on the second atom whose distance is to be measured from the first. The highlight will disappear from the first atom,

and will be replaced with the distance between the two atoms, displayed at the bottom of the 3D Molecule window:

Q 30 Molecule
e - A b= RS V2 a, \% Vi « \
Load File Load Folder Save Report Copy Relaxation Delete ~ Select Distance Angle Dihedral Coupling  Show Wireframe  Sticks
> b s 4

Energy (kcal/mol): 109.56 Population (%): 36.13

Distance(H44, H45) = 2.465

The distance information can be copied to the clipboard by right-clicking on the text, then selecting 'Select All' from the
context menu, right-clicking again, then selecting 'Copy' from the context menu. Alternatively, click & drag across as much

of the text as desired, then right-click and select 'Copy' from the context menu:
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© 30 Molecule
e ¢ = & V4 % it Z. « \
Load File Load Folder Save Report Copy Relaxation Delete ~ Select Distance Angle Dihedral Coupling Show Wireframe | Sticks
> » s 4
Energy (kcal/mol): 109.56 Population (%): 36.13

Distance(H44, H45) = 2.465

Repeat for another distance measurement by clicking on the first and then the second atoms.

Angle

Bond angles in a displayed molecule can be measured using the 'Angle’ tool. Load a molecule into the 3D Molecule
window, choose the desired display mode (wireframe, sticks, or CPK), then click the 'Angle’ icon on the 3D Molecule
window toolbar. The 'Angle" icon will be greyed to confirm that it is active. Rotate, move, and/or manipulate the molecule
to bring three atoms that make up the bond angle into clear view. Click on one of the atoms that represents one end of the

three-atom chain that makes up the bond angle, and a diffuse red ball will highlight the atom:

L BRI
M A b= ) z % 2 4 W N @
Load File Load Folder Save Report Copy Relaxation Delete -~ Select Distance Angle Dihedral Coupling  Show Wireframe ' Sticks CPK
> = 4
Energy (kcal/mol): 109.56 Population (%): 36.13

Distance(H44, H45) = 2.465

Click on the second atom at the vertex of the bond angle, and a second diffuse red ball will highlight that atom:
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© 3D Molecule
M A o X v <, \& ® \
Lozd File Load Folder Save Report Copy Reloation Delete - Select Distance Angle Dihedral Coupling  Show Wireframe | Sticks
> b S
Energy (kcal/mol): 109.56 Population (%): 36.13

Distance(H44, H45) = 2,465

Click on the third atom that makes up the bond angle, which represents the other end of the three- atom chain. The highlight
will disappear from the first two selected atoms, and will be replaced with the angle between the three atoms, displayed at
the bottom of the 3D Molecule window:

© 30 Molecule

M (2] A . V4 e, \ Vi L) N
Load File Load Folder Save Report Copy Relaxation Delete -~ Select Distance Angle Dihedral Coupling  Show Wireframe | Sticks
> » z 4
Energy (kcal/mol): 109.56 Population (%): 36.13

Angle(H32, C10, H33) = 104.88

The angle information can be copied to the clipboard by right-clicking on the text, then selecting 'Select All' from the
context menu, right-clicking again, then selecting 'Copy’ from the context menu. Alternatively, click & drag across as much
of the text as desired, then right-click and select '‘Copy' from the context menu. Repeat for another bond angle measurement

by clicking on three atoms directly connected to each other.
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Dihedral

Dihedral angles in a displayed molecule can be measured using the 'Dihedral’ tool. Load a molecule into the 3D Molecule
window, choose the desired display mode (wireframe, sticks, or CPK), then click the 'Dihedral’ icon on the 3D Molecule
window toolbar. The 'Dihedral' icon will be greyed to confirm that it is active. Rotate, move, and/or manipulate the
molecule to bring four atoms that make up the dihedral angle into clear view. Click on one of the atoms that represents one

end of the four-atom chain that makes up the dihedral angle, and a diffuse red ball will highlight the atom:

© 30 Molecule
T 7 [l Lo . » V a, \2 Vi B N
load File Load Folder Save Report Copy Relaxation Delete ~ Select Distance Angle Dihedral Coupling Show Wireframe | Sticks
> b s 4
Energy (kcal/mol): 109.56 Population (%): 36.13

Angle(H32, C10, H33) = 104.88

Click on the second atom directly connected to the first, i.e., the second atom in the four-atom chain, and a second diffuse
red ball will highlight that atom:

© 3D Molecule
) 1 A % 7 a, Y 7 o \ Y
Load File Load Folder Save Report Copy Relaxation Delete - Select Distance Angle Dihedral Coupling  Show Wireframe | Sticks CPK
> » = 4
Energy (kcal/mol): 109.56 Population (%): 36.13

#10f9

Angle(H32, C10, H33) = 104.88
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Click on the third atom directly connected to the second, i.e. the third atom in the four-atom chain, and a third diffuse red
ball will highlight that atom:

©Q 3D Molecule
H f J Asy o N 7 a, i y " ' \
Load Fle Load Folder Save Report Copy Relaxation Delete - Select Distance Angle Dihedral Couplng Show  Wireframe | Sticks
> » = &
Energy (kcal/mol): 109.56 Population (%): 3613

Angle(H32, C10, H33) = 104.88

Click on the fourth atom that makes up the dihedral angle, which represents the other end of the four-atom chain. The
highlight will disappear from the first three selected atoms, and will be replaced with the angle between the four atoms,
displayed at the bottom of the 3D Molecule window:

8 @ vw o % NPFEY ¥ 2 e \
Load Flle Load Folder Ssve Report Copy Relmation Delete - Select Distance Angle Dihedral Couplng  Show Wireframe | Sticks
> b $ X
Energy (kcal/mol): 109.56 Population (%): 36.13

Angle(H31, C8, C11, H35) = -114.82

The angle information can be copied to the clipboard by right-clicking on the text, then selecting 'Select All' from the
context menu, right-clicking again, then selecting 'Copy' from the context menu. Alternatively, click & drag across as much
of the text as desired, then right-click and select 'Copy' from the context menu. Repeat for another dihedral angle
measurement by clicking on four atoms directly connected to each other.
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Show

The 'Show' icon is a sub-menu, that allows for display of atom numbers, indexes, symbols as well as experimental or

calculated Js, NOEs. RDCs.

3D Molecule n

£ B B B @ gl = R Z. O N @
Load File Load Folder Save Report Copy Relaxation Delete Select | Distance Angle Dihedral Coupling | Show Wireframe | Sticks CPK
[ 3 IR Qg Numbers
% Indexes
Energy (keal/mol): 87.53 Population (%): |82.03
% Symbols

Js Calc,
NOEs Calc.

41
140_40

To display atom numbers on the displayed molecule, select the 'Numbers' option on the 'Show' sub-menu:

© 3D Molecule

&) 8 ¢ = N 7 o o . Wl @
Dihedral Show ~ Wireframe Sticks CPK

Load File Load Folder Save Report Copy Delete ~  Select Distance Angle

> =z

Energy (kcal/mol): 109.56 Population (%): 36.13

#10fg

Distance(H44, H45) = 2.465
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Wireframe

Click the 'Wireframe' icon to display the molecule in wireframe display mode:

3D Molecule n

& B a8 v o= W Y W 4 e \ @
Report Copy Relaxation Delete Select Distance Angle Dihedral Coupling  Show Wireframe Sticks CPK

El

Load File Load Folder Save

L R

Population (%): 58.90

Energy (kcal/mol): 87.33

#10f 14

Sticks

Click the 'Sticks' icon to display the molecule in sticks display mode:
3D Molecule n

B g @ % * B 7y Y YWz s ol @
Select Distance Angle Dihedral Coupling — Show Wireframe | Sticks CPK

E & ] =
Load File Load Folder Save Report Copy Relaxation Delete
L NI S

Energy (keal/mol): 87.33 Population (%): |58.90

#10of 14

CPK
Click the 'CPK' icon to display the molecule in space-filling calotte (Corey-Pauling-Koltun) display mode:
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3D Molecule n
" B A & Lo =2 Bl 7 4 Y 4 | e \ @
Load File Load Folder Save Report Copy Relaxation Delete ~ Select Distance Angle Dihedral Coupling  Show Wireframe  Sticks = CPK
L B
Energy (kcal/mol): 87.33 Population (%): 58.90

#10of 14

First/Previous/Next/Last Conformer

When more than one conformer is loaded into the 3D Molecule window, then the four arrow icons will become active to

navigate through them:

e« 4 > b

The total number of conformers, and which one of the set is currently displayed, is shown in the lower left corner of the

window, e.g. #1 of 14:

© 3D Molecule

= El @ = [3 7 9 & e Wl e
Load File Load Folder Save Report Copy Delete - Select Distance Angle Dihedral Show ~ Wireframe Sticks CPK
[ -
Energy (kcal/mol): 109.21 Population (%): 35.65

#10f13

Align Conformers
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To align all the conformers using heavy-atom coordinates click the button:

"l"

which will show a message with information about the alignment. Note that this aligning procedure only affects how the

conformations are displayed and not the actual coordinates, when for instance exporting to a SDF file.

E| & B & b = Y 7 Yy . ® S ED
load File Load Folder Save Report Copy Relaxation Delete - Select Distance Angle Dihedral Coupling —Show  Wireframe | Sticks CPK
>z
Energy (kealfmol): |87.33 Population (%): 58.90

@ MestReNova x

Molecule has been succesfully aligned to confarmer 1
(using non-hydrogen atoms coordinates).

Minimum RMSD: structure #7 : 0.755468
Maximum RMSD: structure #12 : 1.41795

#1of 14

Superimpose Conformers

To superimpose all the conformers, displaying all of them at the same time, click the button:

And all the conformations will be rendered simultaneously. The currently selected conformation is displayed in a different

color
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3D Molecule n
5T B A @8 &® % 2PNz How £z e @
Load File Load Folder Save Report Copy Relaxation Delete - Select Distance Angle Dihedral Coupling  Show Wireframe Sticks CPK
L JRIEIE Y
Energy (keal/mol): Syperimpose Conformers | Population (%): 58.90

#1 of 14

Make sure that the display is in Wireframe mode, otherwise an error message will be displayed:

© MestReNova x

o Simultaneous rendering of frames only available in Wireframe
mode

OK

Numbering atom. Labels vs Indexes

An important thing to note is that Mnova assignment tables use Mnova atom numbers which do not necessarily form a

contiguous set. However, internally, the StereoFitter computational engine uses atom indexes (1 to N). When generating

StereoFitter input files the mapping between numbers are indexes is done automatically. However, if the users generate

their own input files they need to take into account that not necessarily numbers will match indexes. Indexes can be

displayed in 2D mode by right clicking on an atom, click the Edit Atom entry. On the opened window click the Number

Format cell and add the Atom Index macro.
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i 7
® @ Edit Atom ? X
|
Symbol: H
. a = Atom Index: 39
H H
Heoo 1 +Add... R remove
\I’/\":)JYHM:\‘Q\‘QS/;!
Epﬁﬁ~—§,+‘l® Property Value -
Oa |7 ol
P gl S S 1 Number 39
" 7 | 7 H [ |
PPN e oot [sorinig
H \H | Il 3 Annotation
: N W
H B N H 4 Color
a2 | 13 34
5 Hightlight Color
] | ]
6 Name H
-
oK Cancel Apply

If you load a molecule with differences between visible numbers and atom indexes and you try to run From External Input

File, you will get a Warning message with the list of correspondence between Visible Number (atom number) - Index
(atom index):

@ Run From Input File ? X

il

noedistance_data {

(12,14) 15 1.856

12 19 2.575

1520 2.098

15 16 2.454

16 (22,23,24) 2.786

16 (29,30,31,25,26,27) 3.056
(16,17) 18 2.099 =
16 19 2.621

18 19 2.461

18 28 2.572

19 (22,23,24) 2.754
19 28 2.320

20 21 2.654

21 (22,23,24) 2.799
21 (25,26,27) 2.657
21 28 2.805
(25,26,27) 28 3.108
5

>

noedistance_standard_error {
} -

Warning!

The input file works with atom indexes rather than atom numbers.
Please check your numbers!

23 differences have been found in the active molecule:

Visible Number Index [l
C18 12

C19 13

C20 14

c21 15

c22 16

Cc23 17

H24 18

H25 19

H26 20

H27 21

H28 22

H29 23

H30 24

H31 25

H32 26

H33 27 ‘
H34 28 =
H35 29

H36 30

H37 31 v

0K Cancel
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You can also display the atom indexes from the 3D molecule viewer:

3D Molecule n
Bl m B 3 E g = 3 7 My Z © W @
| load File Load Folder Save Report Copy Relaxation Delete - Select Distance Angle Dihedral Coupling | Show: Wireframe | Sticks CPK
[SIEY 'L{, Numbers
% Indexes
Energy (kcal/mol): |87.33 Population (%): |61.56 o
w4

1.2.3. 3D Correlations section

The 3D Correlations section of the ribbon contains tools that interact with NMR spectra and back-calculations of NOE

distances.

NN Eﬂ Eﬂ
A (%] *)
Auto e NMR
MNOE Correlations = Assignments

30 Correlations

Auto NOE

When NOEs are being used to generate 3D structure(s), it is necessary to back-calculate the theoretical distances from

NOE volumes. The 'Auto NOE' button will carry out those calculations, and place the results in the Assignments Table.

NOE Options

Allows to select integration method and reference distance.

3D Correlations
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Toggles the display of the 3D Correlations popup window. The window has two tabs, RDC & NOE, each of which are
used to manage information extracted from spectra (RDC), or to review the distance information calculated from NOE
volumes (NOE).

From either tab the information must be passed to the NMR Assignments table before it will be used in the 3D calculations.
This is done by pressing the 'Save' button at the bottom of the 3D Correlations window. More information is available in

the '3D Correlations window' section.

Note: The 3D Correlations icon will be disabled unless there is a molecule object present on the current Mnova page, or a
single compound selected on the Compounds table.

NMR Assignments
Toggles the display of the Assignments table

1.2.3.1.3D Correlations window

The 3D Correlations window contains two tabs: RDC; and NOE. Depending on which type of spectra are being analyzed
will determine which of the two tabs are populated with information.

RDC tab

Below is a screenshot of the RDC tab with some experimental information displayed:

RDC | NOE

ARG JiR
Isotropic spectrum:

SELU Artemisinin Gel Iso.16.ser -
Anisotropic spectrum:

SELU Artemisinin Gel Aniso.4.ser -

Experimental J-scaling: 1.00
Splittings and RDCs

H C(X) m Iso,Hz m Aniso,Hz Mult. RDC, Hz
121 1 173.69 162.02 1 -11.67

Splitting Details

Save
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More information on how RDC information is entered into this tab can be found in the 'Using RDCs to determine 3D

structure' section.

NOE tab

Below is a screenshot of the NOE tab with some experimental information displayed:

3D Correlations n

RDC NOE

Dadit JRNEN

Integration method: 2D Peak Volumes

Pos1 Pos2  #H1 #H2 ppm Diag1 Diag2 Cross1 Cross2 Using Dist(&)
1 30 29 1 1 (1.55,2.30) 114206 80153.7 -188554 -2057.46 cl1|d2|c2|d1 2.64
2 27 26 1 1 (1.55,3.17) 114206 132663 -26075 -2617.59 cl|d2|c2|d1 2.63
3 28 31 34 2 1 (1.77,3.50) 105821 52053.2 -2101.87 -204532 cl|d2|c2|d1 2.66
4 283 36 2 1 (1.77,5.58) 105821 668452 -743.1 cl|d2 3.29
5 2831 41 2 1 (1.77,7.51) 105821 830946 -946.028 c2|d1 3.04
6 25 29 1 1 (1.86, 2.30) 78477.1 80153.7 -1962.84 -1943.85 cl|d2|c2|d1 2.57
7 29 33 1 1 (2.30,3.09) 80153.7 132663 -2617.89 -2393.08 c1|d2|c2|d1 2.56
8 32 26 1 1 (269, 3.17) 115065 132663 -15596 -15696.5 c1|d2|c2|d1 1.95
g9 35 34 1 1 (2.69,3.50) 115065 52053.2 -104349 -10259.1 c1|d2]c2|d1 1.91
10 26 36 1 1 (3.17,5.58) 132663 668452 -1408.1 -1379.02 cl|d2|c2|d1 2.77
11 26 42 1 1 (3.17,7.25) 132663 760318 -2187.12 -223559 cl|d2|c2|d1 2.60
12 26 41 1 1 (3.17,751) 132663 830946 -935.067 c2|d1 3.16
13 34 36 1 1 (3.50,5.58) 520532 668452 -134354 -129568 c1|d2|c2|d1 2.61
14 48, 46,47 42 3 1 (3.90, 7.25) 220974 760318 -4034.27 cl|d2 2.71
15 48, 46,47 45 3 1 (3.90,7.32) 220974 879378 -4034.27 cl|d2 2.78
16 36 42 1 1 (5.58,7.25) 668452 760318 -475512 -5194.08 c1|d2|c2|d1 2.16
17 36 41 1 1 (558, 7.51) 668452 830946 -781.265 c2|d1 2.92
18 45 44 1 1 (7.32,7.97) 879378 733313 -173265 -1807.92 cl|d2|c2|d1 2.61
19 41 43 1 1 (7.51, 8.63) 83094.6 738944 -2637.95 c2|d1 2.46
Save

More information on how NOE information is entered into this tab can be found in the 'Using NOEs to determine 3D

structure' section.

1.2.4. StereoFitter section

The StereoFitter section of the ribbon contains tools to run the 3D calculations, and to display the results of those

calculations.
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LB @

Run More Results Histogram
Tools ~

StereoFitter

Run

This button starts the 3D calculations. Alongside is a button that opens a window to select various options for the 3D

calculations. Also, there is a button to import an external input file for the 3D calculations.

Results

After 3D calculations have been completed, results are displayed in the StereoFitter results popup window. This button

toggles the display of the results popup window.

Histogram

After 3D calculations have been completed, where more than one molecule has been submitted at the same time, a
histogram is displayed in a separate popup window. This button toggles the display of the Results Histogram popup

window.

More Tools

It provides the capability to create and save input files from Mnova.

1.2.5. DFT Prediction section

A separated DFT Predictor license is required for running these calculations. The DFT Predictions section of the ribbon

contains tools to predict "H or “C chemical shifts using results from a server-based DFT program.

@ ° ® oy @
% % %

Start
Calculations

DFT Prediction

Start Calculations

Start the DFT calculations. When started, the DFT Predictions Manager window is displayed, to allow for monitoring of

the calculation. This button will be disabled unless a valid 'DFT Predictor' license is installed.

NMR DFT Predictions
Toggles the display of the DFT Predictions Manager table:
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‘@ @ DFT Predictions Manager
= »® D

Send ta Mnova Continue  Delete Setup

Formula Method State

Molecule

Progress

B3LYP-6-31G*-

Start Date End Date

CuaHze0z \anireas

Done Tue

Nov 513:02:15 2019

Tue Nov 5 13:21:19 2019

Once the calculation is complete, click the 'Send to Mnova' button to export the DFT results to the Mnova document.

Connection Settings

Opens a popup window where settings for the DFT calculations are displayed:

Method:

Server

URL:

@ DFT Predictor Options

B3LYP-6-31G*-MMFF94

https://mnovatools.mestrelab.com

Username: |pnonymous

OK Cancel

-

'H Prediction

Predict 'H chemical shifts from the DFT results. This button will be disabled if DFT results are not available.

Once complete, a new predicted 'H spectrum will be created on a new page in the Mnova document. The "H Prediction

Table and the predicted spectrum are interactive:

] ]
1’redicted 1H NMR Spectrum 2e 35 3625
T t0.24
[2911.82 37, 38,39 .
1 t0.22
[ ) @ 1H Prediction ;3\/12\
B i= Hem J* el 3 5] o o 10.20
Report Copy  Ungroup | Group  NewJ  Expand Collapse Setup 1O
o ¥ Ty 10.18
Field: 500.13 MHz - ) ‘ | .
Atom A Value Error 0/*\4/5\7/8 10.16
21 CH 5.41 ppm 0.15 ppm -l |
22 CH 3.07 ppm 0.15 ppm 17 10.14
23 CH 2.01 ppm 0.15 ppm
24 CH2 1.79 ppm 0.15 ppm l0.12
25 CH2 0.94 ppm 0.15 ppm :
26 CH2 1.62 ppm 0.15 ppm 0.10
27 CH2 1.10 ppm 0.15 ppm 3324 26 rv.1ve
28 CH 1.55 ppm 0.15 ppm 32 3023 2931 28 27
29 CH 1.82 ppm 0.15 ppm +0.08
30 CH2 213 ppm 0.15 ppm
31 CH2 1.70 ppm 0.15 ppm +0.06
32 CH2 2.29 ppm 0.15 ppm
33 CH2 1.92 ppm 0.15 ppm 10.04
34,35,36 CH3 1.21 ppm 0.15 ppm
37,38,39 CH3 0.96 ppm 0.15 ppm 10.02
40,41,42 CH3 0.68 ppm 0.15 ppm - ’
4 PL e L 1g.00
-0.02
56 52 48 44 40 36 32 28 24 20 16 12 08 04
flppm,H1
] ] |
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'H Prediction Table
Toggles the display of the "H Predictions table:

@ @ 1H Prediction
@ = H— J* 24 5
Report Copy Ungroup Group New J Expand Collapse

Field: 500.13 MHz =

Atom 4 Value Error
21 CH 5.41 ppm 0.15 ppm
22 CH 3.07 ppm 0.15 ppm
23 CH 2.01 ppm 0.15 ppm
24 CH2 1.79 ppm 0.15 ppm
25 CH2 0.94 ppm 0.15 ppm
26 CH2 1.62 ppm 0.15 ppm
27 CH2 1.10 ppm 0.15 ppm
28 CH 1.55 ppm 0.15 ppm
29 CH 1.82 ppm 0.15 ppm
30 CH2 2.13 ppm 0.15 ppm
31 CH2 1.70 ppm 0.15 ppm
32 CH2 2.29 ppm 0.15 ppm
33 CH2 1.92 ppm 0.15 ppm
34,35,36 CH3 1.21 ppm 0.15 ppm
37,38,39 CH3 0.96 ppm 0.15 ppm
40,41,42 CH3 0.68 ppm 0.15 ppm

This button will be disabled if DFT results are not available.

'H Prediction Options

Opens a popup window where settings for the prediction of 'H chemical shifts are displayed:

YK © 1H Prediction Options
From: -2.00 ppm S s
To: f10.00 ppm : Cancel
Number of Points: 32K -
Frequency: 500.13 MHz -
Line Width: 0.75 Hz -
Solvent: Chloroform-d -
Regression Parameters:
Slope: -1.02900 :
Intercept: 33.000 = Restore Defaults
Error: 0.150 ppm .

Reset

“C Prediction

i

Setup

Predict °C chemical shifts from the DFT results. This button will be disabled if DFT results are not available. Once

complete, a new predicted “°C spectrum will be created on a new page in the Mnova document. The “C Prediction Table

and the predicted spectrum are interactive:
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. ] ]
"Predicted 13C NMR Spectrum 1518 0.17
[6181.44 17 r
1 12 +t0.15
o © 13C Prediction 5/\13\/ » ’
& B i 3 & ?10% 12 9
Report  Ci Expand  Coll Set 10, 18 L
lepol opy Xpan ollapse up 0 -~ \gae’ \g/ 5 8 0 13
Field: 125.032 MHz & L fli
=
Atom 4 Value Error o~ 4/ ~ 0.11
1CH 100.9 ppm 2 ppm - LA S
3C 175.7 ppm 2 ppm r
4 CH 34.4 ppm 2 ppm 1 10 |4 0.09
5 CH 40.0 ppm 2 ppm .
6 C 81.4 ppm 2 ppm
7 CH2 17.3 ppm 2 ppm
8 CH2 28.5 ppm 2 ppm 0.07
9 CH 29.2 ppm 2 ppm
10 CH 46.5 ppm 2 ppm 13
11 CH2 25.2 ppm 2 ppm +0.05
12 CH2 38.5 ppm 2 ppm
13 C 106.0 ppm 2 ppm [
15 CH3 24.9 ppm 2 ppm 10.03
17 CH3 13.6 ppm 2 ppm
18 CH3 18.0 ppm 2 ppm v
] » 0.01
+-0.01
220 200 180 160 140 120 100 80 60 40 20 0 -20
f1¢(ppm,C13
] n ]

“C Prediction Table

Toggles the display of the “C Predictions table:

@® @ 13C Prediction
i B
Report Copy Expand Collapse Setup

Field: 125.032 MHz =

Atom A Value Error

1 CH 100.9 ppm 2 ppm A

3C 175.7 ppm 2 ppm

4 CH 34.4 ppm 2 ppm

5 CH 40.0 ppm 2 ppm

6 C 81.4 ppm 2 ppm

7 CH2 17.3 ppm 2 ppm

8 CH2 28.5 ppm 2 ppm

9 CH 29.2 ppm 2 ppm

10 CH 46.5 ppm 2 ppm

11 CH2 25.2 ppm 2 ppm

12 CH2 38.5 ppm 2 ppm

13 C 106.0 ppm 2 ppm

15 CH3 24.9 ppm 2 ppm

17 CH3 13.6 ppm 2 ppm

18 CH3 18.0 ppm 2 ppm hd
4 »

This button will be disabled if DFT results are not available.

C Prediction Options

Opens a popup window where settings for the prediction of “C chemical shifts are displayed:
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® o © 13C Prediction Options
From: -20.00 ppm - oK

To: 230.00 ppm - Cancel

Number of Points: 128 K -

Frequency: 500.13 MHz =
Line Width: 1.50 Hz -
Solvent: Chloroform-d =~

Regression Parameters:

Slope: -1.06000 -
Intercept: 197.500 S Restore Defaults
Error: 2.000 ppm -

Reset
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1.3. Conformational Analysis: Using NOEs to determine 3D structure from a set of

conformers

This section describes a typical workflow using StereoFitter and a NOESY (or ROESY) spectrum to determine the best
candidate 3D conformer, or conformers, of a molecule from a supplied set of conformers.
Open a NOESY (or ROESY) spectrum in a new Mnova document, along with a 2D or 3D molecular structure (making

sure that all the protons are explicit).
Integrate all possible crosspeaks and diagonal peaks in the NOESY spectrum.

From the Analysis ribbon, use the 'Integrate' tool or ‘Peak by Peak’ tool, depending on the integration method selected in
NOE options, to integrate diagonal and cross-peaks associated with atoms in the molecule. The more volumes that can be
extracted from the 2D NOESY spectrum, the better the 3D structure result will be.

Make the assignments of the picked NOESY correlations to the molecular structure. The 'Assignments' table will have

populated the NOESY column, that summarizes the picked regions:

[ ] Q Assignments
?_E x 3,1* a “\@ »
Report  Copy Delete Expand  Collapse  Hide
Atom 6 ([bom) NOESY =

24 C

25 H 184 v 29

26 H 3.7 v 27,29, 32, 33,42

27 H 154 v 26

28 H 177

29 H 230 v| 25, 26, 30

30 H 154 v 29

31 H 177

32 H 268 v 26

33 H 3Mm v 26

34 H 3.50 v| 36

35 H 268 v 34

36 H 558 v| 26, 27, 28, 34, 35, 41, 42
37 H 575

38 H 4.05

39 H 4.98

40 H 4.94

41 H 751 v| 26, 27, 28, 43

42 H 7.24 v| 26, 46, 47, 48

43 H 8.63 v M

44 H 7.97 v 45

45 H 7.32 v 44,46, 47,48

46 H 3.90 v 42,45

47 H  3.90 v| 42,45

48 H 3.90 v 42,45

Back-calculate internuclear distances from the NOESY integral volumes

NOE distances can be derived automatically from the assigned NOESY and peak volumes by just clicking the Auto NOE
button in the StereoFitter ribbon. It uses the peak volumes from the integrals or peaks picked in the NOESY spectrum,
depending on the integration method selected in NOE options, and automatically sets a reference distance between two
vicinal aromatic or geminal aliphatic protons. The 'Assignments' table will now have a newly populated column, 'NOE',

with a summary of the distance information.
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‘@ Q Assignments
@ x 23 T W 31 &
Report Copy Delete Expand Collapse Hide Setup Deduce
Atom & (oom) NOE NOESY =

24 C

25 H 1.84 2.43(29), 2.75(41) v/ 29

26 H 347 2.48(27), 2.48(30), 1.85(32), 1.85(35), 2.62(36), 2.46(42), 2.90(41) V| 27,29, 32, 33, 42
27 H 154 2.49(29), 2.46(33), 2.48(26) 7| 26

28 H 177 2.35(34), 2.89(36), 2.75(41)

29 H 230 2.49(27), 2.49(30), 2.43(25), 2.77(40), 2.69(39), 2.41(33) V| 25, 26, 30

30 H 154 2.49(29), 2.46(33), 2.48(26) v 29

31 H 177 2.35(34), 2.89(36), 2.75(41)

32 H 2.68  1.85(33),1.85(26), 1.81(34) vl 26

33 H 31 2.46(27), 2.46(30), 2.41(29), 1.85(32), 1.85(35), 2.50(36), 2.36(42), 2.76(41) /| 26

34 H 3,50  2.35(28), 2.35(31), 1.81(32), 1.81(35), 2.46(36) v 36

35 H 2.68  1.85(33), 1.85(26), 1.81(34) vl 34

36 H 5.58  2.89(28), 2.89(31), 2.50(33), 2.62(26), 2.46(34), 2.04(42), 2.03(45), 2.86(41) [ 26, 27, 28, 34, 35, 41, 42
37 H 575 2.86(41)

38 H 4.06

39 H 498  2.69(29)

40 H 494  277(29)

M H 7.5 2.75(28), 2.75(31), 2.75(25), 2.76(33), 2.90(26), 2.86(36), 2.86(37), 2.35(43) V| 26, 27, 28, 43
42 H 7.24  2.36(33), 2.46(26), 2.33(48), 2.33(46), 2.33(47), 2.04(36), 2.43(44) .| 26, 46, 47, 48
43 H 863  2.35(41) v 41

44 H  7.97 2.43(42), 2.47(45) v/ 45

45 H 7.32 2.55(48), 2.55(46), 2.55(47), 2.03(36), 2.47(44) v 44, 46, 47, 48
46 H 3.90  2.33(42), 2.55(45) /| 42,45

47 H 3.90  2.33(42), 2.55(45) /] 42,45

48 H 3.90  2.33(42), 2.55(45) /| 42,45

This process can be also made manually or semi-automatically following these steps:

1. From the StereoFitter ribbon click the '3D Correlations' icon, which will display the '3D Correlations' window. If

not already selected, select the 'NOE' tab.

2. Click the 'Fill NOE Table automatically' icon in the '3D Correlations' window:

[ ] @ @ 3D Correlations
RDC NOE
L 4 %
Integration method: 2D Peak Volumes
Pos1 Pos2 #H1 #H2 Ppm Diag1 Diag2 Cross1 Cross2 Using Dist(A) e
1 27,30 29 2 1 (1.65,2.30) 116006 81536.7 -1912.62 -2112.41 d1|d2|c1jc2 2.49
2 27,30 33 |20 (1 (1.565,3.09) 116006 134883 -2656.2 d1|d2|c1 2.46
3 27,30 26 2 1 (1.565,3.17) 116006 134883 -2656.2 -2682.64 d1|d2|c1lc2 2.48
4 28,31 34 2 |1 (1.77 ,3.50) 107569 52970.8 -2145.81 -2093.6 d1|d2|cl|lc2 2.35
5 28,31 36 2 1 (1.77 ,5.58) 107569 67879.5 -763.796 -681.592 d1|d2|c1jc2 2.89
6 28,31 4 2 1 (1.77 ,7.561) 107569 84507 -981.358 d1|d2|c2 2.75
70| 25 29 1 1 (1.86,2.30) 79734.5 81536.7 -1995.63 -1985.99 d1|d2|c1lc2 2.43
8 25 4 1 1 (1.86,7.51) 79734.5 84507 -981.358 d1|d2|c2 2.75
9 29 33 1 1 (2.30,3.09) 81536.7 134883 -2669.04 -2445.59 d1|d2|cl|c2 2.41
10 29 40 1 1 (2.30,4.94) 81536.7 -904.61 d1|ec1 2.77
n 29 39 1 1 (2.30,4.98) 81536.7 61905.5 -904.61 -941.536 d1|d2|c1|c2 2.69
12 | 32,35 3 2 1 (2.69,3.09) 116875 134883 -15893.4 -16030.1 d1|d2|c1jc2 1.85
13 32,35 26 2 1 (2.69,3.177) 116875 134883 -15893.4 -16030.1 d1|d2|c1lc2 1.85
14 32,35 34 |2 (1 (2.69,3.50) 116875 52970.8 -10603.2 -10472.1 d1|d2|c1lc2 1.81
15 33 36 1 1 (3.09,5.58) 134883 67879.5 -1410.82 d1|d2|c2 2.50
16 33 42 1 1 (3.09,7.25) 134883 77679.2 -2285.29 d1|d2|c2 2.36
17 | 33 41 1 1 (3.09,7.51) 134883 84507 -954.968 d1|d2|c2 2.76
18 26 36 1 1 (3.17 ,5.568) 134883 67879.5 -1434.14 -1410.82 d1|d2|c1jc2 2.62
19 26 42 1 1 (3.17,7.25) 134883 77679.2 -2223.27 -2285.29 d1|d2|c1lc2 2.46
20 26 4 1 1 (3.17,7.51) 134883 84507 -774.561 -954.968 d1|d2|cl|c2 2.90
21 34 36 1 1 (3.50,5.68) 52970.8 67879.5 -1369.89 -1323.68 d1|d2|cl|c2 2.46
22 48.46.47 42 3 1 (3.90 .7.25) 224323 77679.2 -4128.96 -3480.58 d1ld2Icllc2 2.33 v

Save
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3. Inthe '3D Correlations' window, information in the 'Posl’, 'Pos2', ‘#H1', ‘#H2','Ppm’, 'Diagl’, 'Diag2’, 'Crossl', and
'Cross2' columns is sourced from the 'Integrals/Peaks' and 'Assignments' tables. Nothing new has been calculated
in these columns, it is just the same information collated from the individual tables. The 'Using' column is initially
populated by looking at the information in the diagonal and cross-peaks for the same row. 'd1' means that the
value from 'Diag1' column will be used for the distance calculation. 'd2' refers to the 'Diag2' column, 'c1' to the
'Crossl' column, and 'c2' to the 'Cross2' column. Hover over any value in the 'Using' column to see a tooltip that

explains the selection of which cross-peak it used for the distance calculation.

[ ) @ 3D Correlations
RDC NOE
| a
e o R
Integration method: 2D Peak Volumes 3
Pos1 Pos2 #H1 #H2 Ppm Diag1 Diag2 Cross1 Cross2 Using Dist(A) 00
1 27,30 29 2 1 (1.66,2.30) 14206 80153.7 -1885.54 -2057.46 d1|d2|cllc2 2.69 —
2 27,30 3 2 |1 (1.66,3.09) 114206 132663 -2607.5 dild2|c1 2.65 F
3 27,30 26 2 1 (1.85,3.17) 14206 132663 -2607.5 -2617.59 d1|d2|cl|c2 2.68 00
4 28,31 34 2 1 (1.77 ,3.560) 105821 62063.2 -2101.87 -2045.32 d1|*2 diagonal and 2 cross-peaks integrals found
5 28 31 3 2 1 (1.77,558) 105821 668452 -743.1 1l S::;z'Q;i?;:':ﬂ:f::::;;;;zz"

6 28,31 a2 1 (1.77 ,7.51) 105821 83094.6 -946.028 d1|d2|c2 2,98 =

7 25 29 1 1 (1.86,2.30) 784771 B0153.7 -1962.84 -1943.85 d1|d2|cl|c2 2.62
8 25 41 1 1 (1.86,7.561) 784771 83094.6 -946.028 d1|d2|c2 2.98 i
9 29 3 1 1 (2.30,3.09) 80153.7 132663 -2617.89 -2393.08 d1i|d2|cllc2 2.60 L

10 29 40 1 1 (2.30 ,4.94) 80153.7 112796 -886.011 d1|d2|c1 2.99
n 29 39 1 1 (2.30 ,4.98) 80153.7 61431.3 -886.011 -918.377 dl|d2|cllc2 2.91 00

12 32,35 33 (2 |1 (2.69,3.09) 115065 132663 -15596 -15696.5 d1|d2|cllc2 1.99
12 27 2R/ 2R 2 1 2 RQ 217N 11BNRR 1322RR2 -15R0R -1GRAR K A1ld2I~11~2 10Q0Q bt P
©
Save b

Finally, the 'Dist(A)' column is the calculated inter-nuclear distance between the atoms specified in the 'Posl' & 'Pos2'

columns, using the information specified in the 'Using' column.

PANIC correction is applied when diagonal peaks are selected. Cross-peak volumes are normalized by the volume of
diagonal peaks, so more robust values are obtained for NOE distances. When the difference between cross-peak volumes
is high, only the most intense is considered.

The 'Posl, 'Pos2', #H1', '#H2', and 'Using' columns are editable, if it is necessary to alter any of the values. The values in
the row will be automatically updated.

In this window, use the hand tool to select graphically integrals/peaks from the NOESY spectrum by click&drag around
the signal. Diagonal and cross peaks belonging to the same correlation are automatically detected and added in the same
row of the NOE table. If integrals/peaks are already present they will be used, if no integrals/peaks are found, new ones
will be added to the spectrum.

Use the Delete button to remove the selected rows in the table. If any changes are made, click the 'Save' button to push the
newly calculated distances to the 'Assignments' table. The 'Assignments' table will now have populated the NOE column

with a summary of the distance information taken from the '3D Correlations' window.

When adding manually a new correlation using the manual tool to get NOESY integrals, for example by selecting the cross

and diagonal integrals for atoms 42 and 36, acommand "NOE data altered" appears in the Audit Trail. The new correlation

P/N 301 R8 Page 38 of 99



Mnova StereoFitter 1.1 | User Manual

M

is not automatically transferred to the Assignments table, so the Warning button gets enabled. This is indicated in the

message obtained when clicking the Warning button:

3D Correlations

RDC NOE

@R A

Integration method: 20 Peak Volumes

145 44 1 1
24 43 1 1
3 42 36 1 1

Pos1 | Pos2 | #H1 @ #H2 Ppm Diagl

Diagd = Crossl Cross2 Using Dist(A)
(7.32,7.97) 72M83 73333 -173265 174013 c1|d2|c2|d1|2.58
(7.51.,8.63) 83094.6 733944 -2637.95 c2|d1 2.46
(7.24,5.58) 74511.9 65565.2 -53048.7  -4662.85 c1|d2|c2|d1|2.16

° 30 Correlations - NOE

These NOE values differ from the current assignments, displayed in the
! Assignments Table, Do you want te transfer here the Assignments Table NOE
data?

You can keep working with these auxiliary data pressing ‘Mo’
(Keep in mind that 'Save’ button should be pressed to make the assignments
effective).

Yes No

Imlll
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NOE options

It allows to choose the integration method and reference distance to be used in the calculation of NOE distances.

Choose Peaks Integration Method to measure integration volumes using peaks, or choose VVolumes Integration method to

measure integration volumes using 2D integrals.

The NOE distance calculation can use either specified integrals from the NOESY spectrum or just the peaks. For integrals

everything is simple — their volume will be used for the distance calculations.

If peaks are used, then the routine will use a trace along F2 and calculate the 1D sum integral around the peak. The

integration limits are determined by the peak linewidth, found by the peak picking.

For each correlation, the 'Peak integration method':
o takes the list of peaks in the area formed by the cross of the assignment ranges.
o calculates the f2 interval which contains all peaks with their widths
e takes the f1 point corresponding to the maximum intensity peak.

o takes the horizontal trace at this MaxIntensity point and sum all the trace points contained in the calculated

interval.
This sum will be the value of the 'integrated area’.

If neither integrals or peaks are present on a particular NOESY spectrum, the automatic peak picking will be applied. If
both, integrals and peaks are present, then again peaks will be used. So, peaks always have a priority —as trace integration

is more robust than 2D volumes.

Enter the relevant internuclear distance between two specified atom numbers in the 'NOE options' window. You can use
the '3D Molecule' window to measure a known reference distance between two protons in the molecule. Generally, vicinal
aromatic or geminal aliphatic protons are good choices. This distance will be used to calibrate all volumes in the NOESY

spectrum when extracted into StereoFitter:

@ @ NOE options

Peaks Integration Method

® Volumes Integration Method

Reference Distance
From: 45H ~ To: | 44H -

Distance: 247 A -

OK

Click 'OK'to save these values. The reference distance shows in bold in the 3D Correlations widget and Assignments table.
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Import a Set of Conformers, or Generate a Set of Conformers in StereoFitter

If a set of 3D conformers has been computed outside Mnova, import them using the 'Load from File' or
‘Load from Folder' options in the StereoFitter ribbon. If only a 2D molecular structure is available, select it in the
‘Compounds' table in Mnova, then generate a set of 3D conformers using the '‘Balloon' or 'GMMX' icons in the StereoFitter

ribbon. Inspect the calculated set of conformers in the '3D Molecule' window, and refine if desired.

Calculate the best candidate 3D conformer(s) from the set of supplied conformers

StereoFitter can accept four distinct types of input in order to calculate the best 3D structure candidate(s): NOEs, RDCs,
RCSAs (from external input files only), J-couplings, and/or chemical shifts. Information can be supplied from one or more
of the techniques in parallel, and it is this potential for combining information from different techniques in one calculation

that makes StereoFitter uniquely powerful.

In this example there are only NOEs available so this option should be checked prior to run the calculation. Open the
'StereoFitter options' window by clicking the "wrench & screwdriver" icon in the StereoFitter section of the StereoFitter
ribbon:

Run E!
1 P
> [
| Run More Results Histogram Start
ents Tools ~ Calculations p
StereoFitter DF
@ SterecFitter Options ? X
A | Method: AIC [~] ]
=
Max. number of conformers per combination: |3 =
=
1 Least Squares Algorithm:
@ Levenberg-Marquardt Non Negative Linear
Parallelization
Number Of Threads: Auto :

Use, when it's possible:
Is
v'| NOEs

Promediate NOE distances of methylenes
(two values are required)

RDCs

Promediate CH values of methylenes
(two values are required)

Isotropic Chemical Shifts (from DFT)

Ignore User Assignments

oK Cancel

The option to select the maximum number of conformers per combination will allow you to select the upper limit in the
combinations (between 0 and 99). You could also select an automatic value which will not impose restrictions to this
number; StereoFitter will combine the conformers in groups of 1, 2, ... N, being N the total number of conformers. This

process ends when N is reached or when a minimum in the AIC value is found.
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You will have the capability to select the 'Least Squares Algorithm'. The 'non negative linear least squares algorithm' is

between one and two orders or magnitude faster than the Levenberg-Marquadt algorithm.

Number of Threads: you can choose a numerical value or "Auto" value, which will use all the processors of the machine.

The value set by the user can be seen in the StereoFitter progress dialog.

0 Dialog ? X

Running StereoFitter...16/20
Fitting 20 combinations of 3 elements over 8 threads

Less << X cancel

! I !
STEFE0FITET -

StereoFitter job started at ju. jun. 2 16:16:22
2022
Doing 4 combinations from a total of 4

Fitting 4 combinations of 1 elements over 8
threads

When this value if different from 0 a data block number_of threads with the corresponding value is added to the

StereoFitter input file:

@ Run From Input File ? X

=

3537 2.315 -
36 38 2.864

36 (39,40) 3.685

37383.111

37 (39,40) 3.153

38 (39,40) 3.369

42 (46,47,48) 2.590

43 (46,47,48) 2.590

44 45 2.450

44 (46,47,48) 2.959

¥

noedistance_standard_error {
0.2
¥

r3_methyl_group_averaging {
false

¥

max_conformations {
3
¥

number_of threads
8
/]

oK Cancel

If you are using an external input file, you can choose between them by using the commands below:
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least squares method ({
#non linear least squares
nnls

}

or

least squares method ({
#levenberg-marquardt

1m
t

If the 'promediate NOE distances of methylenes' option is checked, all methylene groups of the molecule will be grouped
in the input file and the NOE value will be the average calculated from the two individual values. If not, all CH; protons

are written in separated lines, each one with its NOE value.

Run the StereoFitter calculation
Click the 'Run' icon on the StereoFitter ribbon. After a few seconds the 'StereoFitter Results' window will be displayed

with the results of the calculation:

[ @ StereoFitter Results
Results Original Input
@ ful
Report Copy Setup
Solution ¥? AlC Relative Probability
¥ Solution 1 (2 conformers) 119.851 121.851 1.000 -
Conformer 7: 79.4468%
Conformer 12: 20.5632%
v Solution 2 (2 conformers) 120.370 122.370 0.771
Conformer 7: 75.3494%
Conformer 13: 24.6506%
v Solution 3 (3 conformers) 118.441 122.441 0.744
Conformer 5: 26.5949%
Conformer 7: 53.7287%
Conformer 12: 19.6764%
v Solution 4 (3 conformers) 118.681 122.681 0.660
Conformer 1:14.0466%
Conformer 7: 67.1827% -
Atoms Experimental Calculated Averaae
¥ NOE distances (A) -
25,41 2.976 5.306
25,29 2.617 2.522
26,41 2.982 2.910
26,42 2.648 2.543
26,36 2.823 2.595
26,35 1.991 4.181
26,32 1.991 3.51
26,30 2.682 4.690
26,27 2.682 2.264
27,33 2.650 3.739
27,29 2.686 3.869
28,41 2.976 2.817 -
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The result of this calculation suggests that Conformer #7 & Conformer #12, at a ratio of 79.5% & 20.5%, are the most
likely 3D structures from a set of thirteen supplied conformers. Solutions 2-5 are less likely ( 'Relative Probability' column
), and are listed so that the differences between possible solutions can be viewed. The most probable solution has a
normalized relative probability of 1.000. All other relative probabilities will be less than 1.000. The further from 1.000 the
other solutions are, the more confident one can be that the first solution is an accurate representation of the result. If more
than one solution has a relative probability near to 1.000, then there is less confidence that the first solution is the best

result.

The 'StereoFitter Results' and '3D Molecule' windows are interactive. Select a conformer in the upper part of the

'StereoFitter Results' window, and that conformer will be displayed in the '3D Molecule' window:

@ StereoFitter Results

(=] E { = L # % [+ P Results  Original Input
LosdFie Load Folder Save  Report Copy  Delete -  Select Distance Angle  Dihedral  Coupiing
] 1
e 4 » s 4 Report  Copy Sotup
Energy (kcal/mol): 110.73 Population (%): 2.99 Solution ¥ AIC Relative Probability
Solution 1 (2 conformers) 119.851 121.851 1.000 -
Conformer 7: 79.4468%
Conformer 12: 20.5532%
Solution 2 (2 confarmers) 120.370 122.370 0.771
Conformer 7 75.3494%
Conformer 13: 24.8506%
Solution 3 (3 conformers) 18.441 122.441 0.744
Conformer 5: 26.5049%
Conformer 7. 53.7287%
Conformer 12: 19.6764%
Solution 4 (3 conformers) 118.681 122.681 0.660
Conformer 1:14.0466%
Conformer 7: 67.1827% =
Atoms Exerimental  Calculated Averace
NOE distances (A)
2541 2.976 5.191
25,29 2,617 2518
26,41 2.982 4129
26,42 2.648 2.450
26,36 2.823 2533
26,35 1.991 4.175
26,32 1991 3.499
26,30 2.682 4.667
26,27 2,682 2272
27,33 2.850 3.833
27,29 2,686 3.873
28,41 2.976 2715

With the same conformer selected, hover over one of the rows in the lower table in the 'StereoFitter Results' window. Two

red diffuse balls will highlight the corresponding atoms in the ‘3D Molecule' window:

O SteraoFitter Results

@ q o [ 7 % (] # Results | Original Input
LoadFile LoadFolder Save | Report Copy  Delete - | Select Distance Angle Dihedral  Coupling
g '
e « > 3 4 Report  Copy Sewp
Energy (kcal/mol): 110.73 Population (%): 2.99 Solution ¥ AlC Relative Probability

Solution 1 (2 conformers) 119.851 121.851 1.000 B
Conformer 12: 20.5532%

Solution 2 (2 conformers) 120.370 122.370 0771
Conformer 7: 75.3494%
Conformer 13: 24.6506%

Solution 3 (3 conformers) 18.441 122.441 0.744
Conformer 5: 26.5949%
Conformer 7: 63.7287%
Conformer 12: 19.6764%

Solution 4 (3 conformers) 18.681 122.681 0.660
Conformer 1:14.0466%
Conformer 7: 67.1827% -

Atoms Experimental Calculated Average

NOE distances (A) -
2541 2.976 5191
25,29 2.817 2.518
26,41 2.982 4129
26,42 2.648 2.450
26,36 2.823 2,533
26,35 1.991 4175
26,32 1.991 3.499
26,30 2.682 4.687
26,27 2.682 2.272
27,33 2.650 3.833
27,29 2.686 3.873
284 2.976 2.715

The molecule can be rotated at any time in the '3D Molecule' window to get a clearer view of the highlighted atoms.

Hovering over any row in the lower table of the 'StereoFitter Results' window will move the highlights around the molecule.
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Clicking on a row will add a yellow annotation to the '3D Molecule' window, which shows the two atoms selected, the

calculated average internuclear distance, and the experimentally derived internuclear distance in '<>' brackets:

© SterecFitter Resuits

= i b=1 i 7 o ] 7 Results | Original Input
loadFlle LosdFolder Save  Report Copy  Delete -  Select Distance Angle Dihedral  Coupling
tEl I
o« Report  Copy Setup
Energy (kcal/mol): 110.73 Population (%): 2.99 Solution s AIC Relative Probability

Solution 1 (2 conformers) 119.851 121.851 1.000 =
Conformer 7: 79.4468%
Conformer 12: 20.5532%

Solution 2 (2 conformers) 120.370 122.370 0.771
Conformer 7: 76.3494%
Conformer 13: 24.6506%

Solution 3 (3 conformers) 118.441 122.44 0.744
Conformer 5: 26.6949%
Conformer 7: 53.7287%
Conformer 12: 19.6764%

Solution 4 (3 conformers) 118.681 122.681 0.660
Conformer 1:14.0466%
Conformer 7: 67.1827% -

Atoms Experimental Calculated Averaae

NOE distances (A) =
254 2.976 5191
25,29 2817 2.518
26,41 2.982 4129

I N Y —

26,38 2.823 2.533
26,35 1.991 4.175
26,32 1.991 3.499
26,30 2.682 4.667
26,27 2.682 2.272
27,33 2.650 3.833
27,29 2.886 3.873
28,41 2.976 2715

All NOE derived distances can be displayed simultaneously in the 3D Molecule window by selecting 'NOEs Exp.' from
the 'Show' menu:

Q@ 3D Molecule

| B @ = 3 7 & ] O N @
| Load File Load Folder Save Report Copy Delete ~ = Select Distance Angle Dihedral Show ~ Wireframe Sticks CPK
a € » | = . &  Numbers !
. @  Symbols
Energy (kcal/mol): 110.50 Population (%): 4.42

NOEs Exp.

P/N 301 R8 Page 45 of 99



Mnova StereoFitter 1.1 | User Manual "

You can run StereoFitter analysis from an external input file containing the information of your NOE distances (with the

capability to support nonoe values).

. B |
eee
Ru More Results His

Tools «
StereoFitter

7% Run From Input File

When the action 'Run From Input File' is pressed a new dialog is displayed, where the input file can be loaded/saved, shown
and edited:

@ Run From Input File ? *
noedistance_data {
29 63 1.898
32 48 2.037
(32,49) 52 1.893
48 49 1.750
51 (70,71,72) 2.247
(55,46,56) 57 1.633
57 59 1.611
(56,46,55,59) 60 1.611
61 63 1.898
62 63 1.691
63 (78,79) 2.101
j

noedistance_standard_error {
0.2

}

r3_methyl_group_averaging {
false
j

#atom1 atom2 j_value j_uncertainty
#j_uncertainty value is optional. Default value = 1.5 Hz
jcoupling_data {
26 45 13.000
27 53 12.000
27 52 4.600
27 30 12.000
29 54 12.000
29 55 7.500
29 30 12.000
41 43 10.100
42 43 5.000
43 45 11.800
43 44 3.000
51 53 3.000
51 52 2.000
54 57 5.600
54 56 11.100
59 61 10.100
59 62 4.490
60 62 10.200
60 61 6.400

}

oK | Ccancel
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By default, this dialog will show in the TextEdit widget the input file created from the contents of the Assignments Table,

according to the StereoFitter settings. If there is no available data in Assignments Table, this TextEdit widget will appear

empty.
Here you can find an example of an external input file:

noedistance_data {

#MRC numbering

#H2 H3 reference of 2.42 Angstrom
20 19 2.42

##When we do not know a priori the assignment of peaks.

and get a

# r~-6 distance from that volume
#H2 H10a e HlObeta

20 (25,26) 2.39

#NOE from a methyl group to a single proton
#H2 Meld

20 (28,29,30) 2.71

#H7 H11

21 27 2.19

#H7 Meld

21 (28,29,30) 2.39

#Any NOE is observed between 8 and Mel3, we use the nonoe keyword

#8 Mel3

22 (34,35,36) 2.82
#7 Mel3

21 (34,35,36) nonoe
}

r3_methyl group_averaging {
false

}

You could also combine chemical shift and J-couplings information as in the example below:

chemicalshiftdelta data {
22 (27,28,29) 0.62

23 (27,28,29) 0.62
(30,31) (27,28,29) 1.95
20 (27,28,29) 2.13

21 (27,28,29) 2.47

P/N 301 R8
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24 (27,28,29) 4.32
}

max_ conformations {

4
}

chemicalshiftdelta standard error ({
1 0.1

6 0.25

}

jcoupling group data {

#21 (20,22,23) (5.6,6.6,6.6) 0.5 altona
20 (30,31) (3.5,4.6) 0.5 altona

}

jcoupling data {
20 21 5.4 0.5 altona
}

least squares method ({
#nnls
1Im

}

noedistance data {
26 24 2.67

26 (22,23) 2.99

26 (30,31) 3.67
#26 (27,28,29) 2.9
}
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1.4. Configurational Analysis: Using RDCs and predicted chemical shifts to determine

3D structure from a set of stereoisomers

This section describes a typical workflow in StereoFitter using predicted **C chemical shifts and F1- coupled HSQC spectra
together to determine the best candidate 3D stereoisomer of a molecule from a supplied set of stereoisomers. For each
stereoisomer, a 3D calculation will be performed to determine the best conformer, or conformers.
Open a pair of F1-coupled HSQC spectra, in uncompressed (or unstretched) and compressed (or stretched) media into the
same Mnova document, along with a 2D or 3D molecular structure. If the spectra have not already been assigned to the
molecular structure, then this will need doing first. Make sure that all spectra are linked in the 'Assignments' table before
going to the next section:

® @ Assignments
B ® x| - w9 @ @
Report Table Copy Delete Expand Collapse Hide Setup Deduce
Available spectra: Linked spectra:

SELU Artemisinin Gel Aniso.4.ser Ar
SELU Unknown A.4.ser cmese_HSQ
SELU Unknown A.1.fid

SELU Artemisinin Gel Iso.16.ser Arte

4
4 »
Atom 6 (oom)  Min..Max (oom) Qualitv Predicted Shift NOE ~
1C 93.69
20
3cC 171.92 hd
4 »

Extract RDCs from experimental spectra
Open the '3D Correlations' window, and select the 'RDC' tab:

RDC | NOE

@ R
Isotropic spectrum:

<Select one> -

Anisotropic spectrum:

<Select one> -

Experimental J-scaling: 1.00 =

Splittings and RDCs

H C(X) m Iso,Hz = Aniso, Hz Mult. RDC, Hz

Splitting Details

Save
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Open the 'Isotropic spectrum' menu, and select the uncompressed/unstretched F1-coupled HSQC spectrum from the list of

loaded spectra in the Mnova document:

| @ @ 3D Correlations

RDC = NOE

CdiNE JNE
Isotropic spectrum:

v <Select one>
SELU Artemisinin Gel Iso.16.ser
SELU Artemisinin Gel Aniso.4.ser
SELU Unknown A.4.ser
SELU Unknown A.1.fid

Splittings and RDCs

H C(X) m Iso,Hz m Aniso,Hz Mult. RDC, Hz

Splitting Details

Save

Open the 'Anisotropic spectrum' menu, and select the compressed/stretched F1-coupled HSQC spectrum from the list of

loaded spectra in the Mnova document:

| @ @ 3D Correlations

RDC NOE

&+ %

Isotropic spectrum:

SELU Artemisinin Gel Iso.16.ser -
Anisotropic spectrum:

v <Select one>
SELU Artemisinin Gel Iso.16.ser
SELU Artemisinin Gel Aniso.4.ser
SELU Unknown A.4.ser
SELU Unknown A.1.fid

Splitting Details

Save
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Enter the J-scaling factor used in the acquisition of the F1-coupled spectra:

RDC | NOE

CdiEE IR
Isotropic spectrum:

SELU Artemisinin Gel Iso.16.ser
Anisotropic spectrum:

SELU Artemisinin Gel Aniso.4.ser

Experimental J-scalingy 1.00 =

Splittings and RDCs

H C(X) m Iso,Hz m Aniso,Hz Mult. RDC, Hz

Splitting Details

Save

Select the isotropic spectrum in the Mnova document. Click the 'Get splitting interactively from the current spectrum’ icon

#* _Click and drag over the spectrum to define a rectangle with the two peaks that display F1 splitting:

. ] . .

SELU Artemisinin Gel Aniso.ser
Artemisinn amcse_HSQC

sl RS

0.5

{2.08.-0.96) 196,097}, fl-ﬁl.'ﬂ-i?}
NS .
" t /
o N 8
hd 30 | Nuzlesny
sy 73
e
1 {1a-0Mly, .
. 4 Yool
11.76,-0:44)
.
- v e |
Feerr) -sk" @780 uz\ I r}u‘uuz)
' (us.n,«\ I Lon el e
'
- B 0w
E3tasy usiom N\ S
b
s | Tltess’ | Yaos.099)
! 115,147
{182.1. sl\. { '
: Mo.s5.1.45)
75 70 6.5 6.0 5.5 5.0 4, 3.0 25 20 1.5 1.0 0.5 0.0

4.0 35
2 (ppm) o

1 epm)
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After dragging across a pair of F1 splittings, an entry will appear in the 'Splittings and RDCs' section of the 'RDC' tab":

RDC | NOE

FdENE JHR
Isotropic spectrum:

SELU Artemisinin Gel Iso.16.ser -
Anisotropic spectrum:

SELU Artemisinin Gel Aniso.4.ser -

Experimental J-scaling: 1.00 2

Splittings and RDCs

H C(X) m Iso,Hz m Aniso,Hz Mult. RDC, Hz
121 1 173.69 0.00 1 0.00

Splitting Details

Save

Now select the anisotropic spectrum and click & drag across the same pair of F1 splittings. The splitting information will
be added to the same row, and the RDC will be computed from the difference between the splitting in the isotropic and

anisotropic spectra:
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RDC NOE
@ XK
Isotropic spectrum:
SELU Artemisinin Gel Iso.16.ser -
Anisotropic spectrum:
SELU Artemisinin Gel Aniso.4.ser -

Experimental J-scaling: 1.00 =
Splittings and RDCs

H C(X) m Iso,Hz m Aniso,Hz Mult. RDC, Hz
1211 173.69 162.02 1 -11.67

Splitting Details

Save

Repeat this for all F1 splittings. The more RDCs that can be extracted from the F1-coupled spectra, the better the 3D

structure will be.

Individual splitting details can be viewed in the 'RDC' tab by checking the 'Splitting details' checkbox, then selecting any

one of the entries in the 'Splittings and RDCs' section:
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@ © 3D Correlations

RDC | NOE

FdRRE I
Isotropic spectrum:
SELU Artemisinin Gel Iso.16.ser
Anisotropic spectrum:

SELU Artemisinin Gel Aniso.4.ser

Experimental J-scaling: 1 1.00 2

-

Splittings and RDCs

H C(X) m Iso,Hz m Aniso,Hz Mult. RDC, Hz

121 1 173.69 162.02 1 -11.67
2 22 4 126.44 115.48 1 -9.96
3 32 12 255.06 240.96 2 -7.05
4 23 5 130.12 110.13 1 -19.99
v| Splitting Details
Property Value -
1 Spectrum: SELU Artemisinin Gel Iso.16.ser
2 Iso/Aniso: Isotropic
3 H: 21
4 C(X): 1
5 Peak1 (ppm,ppm): (5.889, 0.696)
6 Peak2 (ppm,ppm): (5.889, -0.685)
7 Splitting (Hz): 173.69 -
Save
P/N 301 R8
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Once all RDCs have been extracted into the 'RDC' tab of the '3D Correlations' window, click the 'Save' button to push the

RDC information into the 'Assignments' table:

® © Assignments
B x 524 s W m e
Report Copy Delete Expand Collapse Hide Setup Deduce
Atom & (oom) RDC HSQC -
1C 93.69 -11.67(21H) 21
20
3cC 171.92
4C 32.93 -9.96(22H) 22
5C 45.01 -19.99(23H) 23
6 C 79.38
7C 23.32 24,25
8C 33.45 26, 27
9C 37.56 28
10 C 5012 29
1 C 24.79 30, 31
12 C 36.05 -7.05(32H) | 32,33
13 C 105.22
14 0
15 C  25.23 34, 35, 36
16 O
17 C 12,57 37, 38,39
18 C 19.86 40, 41, 42
19 O
200
21H 5.88 -11.67(1C) 1
22 H 34 -9.96(4C) a4
23 H 179 -19.99(5C) 5
24 H 189 7
256 H 110 7
26 H 1.80 8
27H 11 8
28 H 143 9
29 H 139 10
30H 201 "
31H 1.5 1
32 H 245 -7.05(12C) 12
33 H 2.06 12
34 H 146 15
35 H 146 15
36 H 146 15 -

Import a Set of Configurations/Stereoisomers

If a set of 3D stereoisomers has been computed outside Mnova, import them using the 'Load from File' or 'Load from
Folder' options in the StereoFitter ribbon. They will be loaded into the '‘Compounds' table. Each stereoisomer may have

multiple conformers available.

If DFT results are included with the set of stereoisomers, then they will be imported at the same time. Otherwise, compute
the DFT results using the 'DFT Predictor' in StereoFitter for each of the stereoisomers.

Imported sterecisomers can be inspected using the '3D Molecule' window.

If only a 2D molecular structure is available, select it in the 'Compounds' table, then generate the complete set of

stereoisomers using the 'Generate Stereoisomers' icon in the StereoFitter ribbon:
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[ JON ) @ List of Stereoisomers
x E Copy to Table Copy to Document and Table
Delete Setup
Structure v Stereo -
b
H-,l;;‘g’ 34
! pu}o
1 Hbge SRRSRSS
i A {ﬁﬂ \\oz
4 RN
Mo 0

Has |
7o
2 A RRRSRSS
|

SRSSRSS

o
a  plghede RRSSRSS

5 thighiQ iﬁH\‘“ SSRSRSS

o
\ el
6 il u?{‘j;';;z RSRSRSS

If you have a 2D assigned molecule and you import the 3D stereoisomers, the assignments will be automatically transferred
to all the sterecisomers.

If the 2D structure already contains chiral centers, then the number of computed stereroisomers will be constrained.

Note that NMR cannot generally distinguish between enantiomers, so it is necessary to delete some of the resulting
stereoisomers to avoid redundancy in any 3D calculations further downstream. Delete any unwanted stereoisomers from
the 'List of Stereoisomers' window by selecting one, or selecting a range by shift-clicking, then right-clicking to reveal a
context menu, from which 'Delete’ should be chosen. Once only the desired set of stereoisomers remain in the 'List of
Stereoisomers' window, choose either 'Copy to Table' or 'Copy to Document and Table' icons at the top of the window.

The stereoisomers will be copied into the '‘Compounds' table.
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Calculate the best candidate 3D configuration from the set of supplied stereoisomers
StereoFitter can accept four distinct types of input in order to calculate the best 3D structure candidate(s): NOEs, RDCs,

J-couplings, and chemical shifts.

In this example RDCs and predicted chemical shifts are available so these options should be checked prior to run the
calculation. Open the 'StereoFitter options' window by clicking the "wrench & screwdriver" icon in the StereoFitter section
of the StereoFitter ribbon:

AN S—— P N ... B T . . . B,

@ Stereofitter Options ? Yo

Method: AIC -

L 13 Max. number of conformers per combination: |Automatic .
X @| Documen uy

Least Squares Algorithm: M

o Levenberg-Marquardt MNon Negative Linear

Use, when it's possible:
Js
MNOEs

Promediate NOE distances of methylenes
(two values are required)

v/| RDCs

Promediate CH values of methylenes
(two values are required)

+/| Isotropic Chemical Shifts (from DFT)

Ignore User Assignments

oK Cancel

The option to select the maximum number of conformers per combination will allow you to select the upper limit in the
combinations (between 0 and 99). You could also select an automatic value which will not impose restrictions to this
number; StereoFitter will combine the conformers in groups of 1, 2, ... N, being N the total number of conformers. This

process ends when N is reached or when a minimum in the AIC value is found.

You will have the capability to select the ‘Least Squares Algorithm'. The 'non negative linear least squares algorithm' is

between one and two orders or magnitude faster than the Levenberg-Marquadt algorithm.
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If you are using an external input file, you can choose between them by using the commands below:

least squares method {
#non linear least squares
nnls

}

or

least squares method {
#levenberg-marquardt
Im

}

If the 'promediate CH values of methylenes' option is checked, all CH; groups of the molecule will be grouped in the input
file and the RDC value will be the average calculated from the two individual values. If not, each C-H vector in the CH;

groups will be written in separated lines, each one with its RDC value.
Click 'OK' to select these options for the calculation.
Run the StereoFitter calculation

Select all of the stereoisomers in the '‘Compounds' table, then click the 'Run' icon on the StereoFitter ribbon. After a few

seconds the 'StereoFitter Results' window will be displayed with the results of the calculation:
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StereoFitter Results n

Results Original Input

@ @
Report  Copy Setup
Solution e x> AIC Relative Probability -
v Solution 1 (3 conformers) 0.488 5.860 9.860 1.000

Conformer 2: 53.5205%

Conformer 3: 13.3119%

Conformer &: 33.1676%
 Solution 2 (3 conformers) 0.551 6.616 10.616 0.685

Conformer 2: 44.6195%

Conformer 5: 21.1238%

Conformer &: 34.2567%
* Solution 3 (3 conformers) 0.623 7477 11.477 0.446

Conformer 2: 54.6063%

Conformer 3: 11.0258%

Conformer 4: 343679%
* Solution 4 (4 conformers) 0.480 5762 11.762 0.386 -
Atoms Experimental Calculated Average
~ RDC couplings {(Hz)

10,24 -12.000 -12716

14,31 -10.300 -10.309

822 -20.800 -21.236

(11,25) (11,26) -2.400 -2.324

(13,29) (13,30 -12.500 -12.527

9,23 -21.400 -21.895

7.21 -23.800 -21.866

(12,27) (12,28) -8.500 -8.852

(16,32) (16,33) -7.600 -7.582

(20,40) (2041) (20,42) -2.400 -3.422

(19,37) (19,38) (19,39) -4.700 -4.234

(17,34) (17,35) (17,36) -3.900 -5.436

A 'Results Histogram' will also be displayed, showing the results from the 'StereoFitter Results' in graphical form (including
AIC, ¥, ¥*"and pAIC values). Clicking on the save button will allow you to export the results and a SVG file. You will
have also the option to copy the histogram to the clipboard (to be pasted in a third party application).

@ Results Histogram ? x
B &
v W v ¥ v| B AIC v| B pAIC v| ® Lower AICs

artemisin_RRRSRSS-out. Chiz= 5.9

196.5

147.4

49.1

0.0

artemisin_RSSRRRR-out -

artemisin_RRRSRSS-out I

artemisin_RSSSRRS-out
artemisin_RSRSSS5-out

Hovering the mouse over any bar will display on the upper part of histogram the molecule label, and the value of each bar.

Clicking on one of the bars will make the corresponding molecule of the compounds table as the active one.
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The more stable sterecisomers will contain an orange mark (Lower AICs). These points can be shown/hidden clicking on
the corresponding checkbox of the legend box. Clicking on one of these points will make the applicable molecule as the

active one.

You can display the pAIC values!? (which represents the relative probabilities respect to the best model for each
diastereoisomer) when selecting all the compounds from Compounds table. The pAIC values are computed according to

the following expression:

AIC,-AIC,,

pAIC, =-log,e 2 (7)

Each stereoisomer will have its own results displayed in the StereoFitter Results window, representing the best (set of)
conformer(s) for that sterecisomer. Click on any of the 3D compounds in the Compound table or the Results Histogram
to display the results for each stereoisomer in the StereoFitter Results window.

The result of this calculation, displayed in the screenshot above, suggests that conformers 2, 3 and 6 from stereoisomer
RRRSRSS, at a ratio of 53.5%, 13.3% and 33.2%, are the most likely 3D structures from the set of three supplied
conformers. Solutions 2 & 3 are less likely (‘Relative Probability' column), and are listed so that the differences between
possible solutions can be viewed. The most probable solution has a normalized relative probability of 1.000. All other
relative probabilities will be less than 1.000. The further from 1.000 the other solutions are, the more confident one can be
that the first solution is an accurate representation of the result. If more than one solution has a relative probability near to

1.000, then there is less confidence that the first solution is the best result.

The 'StereoFitter Results' and '3D Molecule' windows are interactive. The molecule can be rotated at any time in the '3D
Molecule' window to get a clearer view of the highlighted atoms. Select a conformer in the upper section of the 'StereoFitter
Results' window, and that conformer will be displayed in the '3D Molecule' window:

3D Molecule B X | Stereofitter Results n
| = =] 5 = = X 7 ﬂ—r‘ ¥ Results | Original Input
Load File Load Folder Save Report Copy Relaxation Delete - | Select | Distance Angle Dihedral
laapp .4 & o
Report  Copy Setup
P fmol): ion (%):
Energy (keal/mol): [1.02 Population (%): [13.73 | coraton = " =
v Solution (3conformers) 0488 5860
[Conformer 2: 53.5205%
Conformer 3: 13.3119% :
Conformer 6: 33.1676% 1
~ Solution 2 (3 conformers) 0.551 6.616
Conformer 2: 44.6195%
Conformer 5: 21.1238%
Conformer 6: 34.2567%
* Solution 3 (3 conformers) 0.623 7477
Conformer 2: 54.6063%
Conformer 3: 11.0258%
Conformer 4: 34.3679% -
4 »
Atoms. Experimental Calculated Average
*~ RDC couplings (Hz)
10,24 -12.000 -12.716
14,31 -10.300 -10.309
8,22 -20.800 -21.236
(11,25) (11,26) -2.400 -2.324
(13,29) (13,30) -12.500 -12.527
9,23 -21.400 -21.895
721 -23.800 -21.866
(12,27) (12,28) -8.500 -8.852
(16,32) (16,33) -7.600 -7.582
(20,40) (2041) (20,42)|-2.400 -3422
(19,37) (19,38) (19,39) | -4.700 -4.234
(17,34) (17,35) (17,36) -3.900 -5.436
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With the same conformer selected, hover over one of the 'RDC couplings (Hz)' rows in the lower table in the 'StereoFitter

Results' window. Red diffuse balls will highlight the corresponding atoms in the '3D Molecule' window:

3D Molecule 5 X | Stereofitter Results n
= = {g] o A b=} / o o
B lu E ::| Lt [% 7 | | >3 Results Original Input
Load File Load Folder Save Report Copy Relaxation = Delete ~|Select Distance Angle Dihedral
= J e
Harp L Report  Copy Setup
Energy (keal/mol): (1.02 Fopulation (%): |13.73
) | | | Solution X x° -
* Solution 1 (3 conformers) 0.488 5.860
Conformer 2: 53.5205%
Conformer 3: 13.3119%
Conformer 6: 33.1676%
~ Solution 2 (3 conformers) 0.551 6616
Conformer 2: 44.6195%
Conformer 5: 21.1238%
Conformer 6: 34.2567%
* Solution 3 (3 conformers) 0.623 TAT77
Conformer 2: 54.6063%
Conformer 3: 11.0258%
Conformer 4: 34.3679% =
4 »
Atoms Experimental Calculated Average

~ RDC couplings (Hz)

1024 -12.000 12716
14,31 -10.300 -10.309
822 -20.800 -21.236
(11,25) (11,26) -2.400 2324
1(13,29) (13,30) -12.500 -12.527
923 -21.400 -21.895
7,21 -23.800 -21.866
(12,27) (12,28) -8.500 -8.852
(16,:32) (16,33) -7.600 -7.582
(20,40) (20,41) (20,42) -2.400 3422
(19,37) (19,38) (19,39) -4.700 -4.234
(17,34) (17,35) (17,36) -3.900 5436
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RDCs values can be displayed in the 3D Molecule widget by selecting each solution in the upper part of the table and

clicking each RDC row in the bottom part:

3D Molecule g x
£ I:E E a : AH \:’ IE 7 Sl i Results Original Input
Load File Load Folder Save Report Copy Relaxation Delete - | Select Distance Angle Dihedral
TR IEE? B @ l
Report  Copy Setup
Energy (kcal/mol): |1.UZ Population (%): |13.3’3 ‘ - @ I -
~ Solution 1 (3 conformers) 0488 5.860
Conformer 2: 53.5205%
Conformer 3: 13.3119%
Conformer &: 33.1676%
* Solution 2 (3 conformers) 0.551 6.616
Confarmer 2: 44.6195%
Conformer 5: 21.1238%
Conformer & 34.2567%
* Solution 3 (3 conformers) 0.623 7477
Conformer 2: 54.6063%
Conformer 3: 11.0258%
Conformer 4: 34.3679% =
4 >
Atoms Experimental Calculated Average
¥ RDC couplings (Hz)
10.24 -12.000 -12.716
14,31 -10.300 -10.309
822 -20.800 -21.236
(11,25) (11,26) -2.400 -2.324
(13,29) (13,30) -12.500 -12.527
923 -21.400 -21.895
721 -23.800 -21.866
(12,27) (12,28) -8.500 -8.852
(16,32) (16,33) -7.600 -7.582
(20,400 (20,41) (20,42) -2.400 -3422
(19,37) (19,38) (19,39) -4.700 -4.234
(17,34) (17,35) (17,36) -3.900 -5.436

P, e . oSS - -

Hover over one of the Chemical Shifts (ppm)' rows in the lower table in the 'StereoFitter Results' window. A red diffuse

ball will highlight the corresponding atom in the '3D Molecule' window:
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t
X

3D Molecule

Bl & B g @ b I Y ey

Load File Load Folder Save Report Copy Relaxation Delete - | Select | Distance Angle Dihedral

Results Original Input

LI IS i ) 2
Report  Copy Setup
Energy (kcal/mol): ‘U.UU Population (%): |77.22 | — o e -
~ Solution 1 (3 conformers) 6.093 262.013
Conformer 2: 49.1813%
Conformer 3: 14.4943%
Conformer 6: 36.3244%
~ Solution 2 (4 conformers) 6.082 261.508
Conformer 2: 49.0597%
Conformer 3: 13.9226%
Conformer 4: 6.57268%
Conformer 6: 30.445%
~ Solution 3 (4 conformers) 6.094 262.023
Conformer 1: 0.581595%
Conformer 2: 48.8907% =
4 »
Atoms Experimental Calculated Average -
(20,40) (20,41) (20,42) -2.400 -3473
~ Chemical shifts (ppm)
6 79.380 83.036
7 50.118 46.076
8 45.014 42121
9 37.557 30.326
10 93.686 99.686
1 23.320 24.527
12 24.790 23.463
#of6 13 33.450 29.084
14 32.928 38.765
15 105.220 106.286
16 36.054 37.522 -
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You can run StereoFitter analysis from an external input file containing the information of your RDC values (with the

capability to support RCSA’s values).

Run
-~ 3
Run More Results His

Tools «

StereoFitter

% Run From Input File

Here you can find an example of an external input file containing RDC values:

rdc_data {

121 -12.000

4 22 -10.300

523 -20.800

7 24 -2.400

8 26 -12.500

9 28 -21.400

10 29 -23.800

11 30 -8.500

(12,32) (12,33) -7.600

(15,34) (15,35) (15,36) -2.400
(17,37) (17,38) (17,39) -4.700
(18,40) (18,41) (18,42) -3.900

}
rdc standard error {
1.2
}
superimpose {
true
}
superimpose atoms {
auto

}

and here containing RCSA values:

rcsa data {
#C1

4 0.282 0.015
#C2

3 0.183 0.012
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#C3

2 0.249 0.012
#C4

1 0.293 0.013
#C5

6 0.154 0.011
#C6

5 0.196 0.015
#C7

9 -0.004 0.011
#C8

8 -0.088 0.025
#C11

19 -0.022 0.011
#C12

20 0.037 0.014
#C13

16 0.013 0.011
#C14

15 0.029 0.012
#C15

14 -0.025 0.011
#C16

13 0.010 0.025
#C17

10 0.022 0.011
#C18

11 0.043 0.012
#C20

25 0.001 0.012
#C22

23 0.192 0.011
#C23

22 -0.043 0.011
}

Syntax for Pseudocontact shift restraints are similar to that of RCSAs. The pcs_data keyword is needed to defind a PCS
block. The molecule should contain a paramagnetic center (tag) where the index of the tag is specified using the tags
keyword. The tags block may contain more than one index however the presence of multiple paramagnetic centers it is not

yet supported in StereoFitter.

pcs_data {
#13C pcs
13 -13.04
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15 -9.54
19 -8.09
21 -7.88
20 -10.50
17 -12.28
18 -8.84
22 -8.62
23 -6.44

}

tags {

49

temperature {
298.15
}

spectrometer frequency {
600
}

pcs_standard error {
6 0.2
}

least squares method {

nnls

}

Additionally, the spectrometer_frequency and temperature keywords are needed in order to be able to define the scale
factor between the alignment tensor and the anisotropy of the magnetic susceptibility one. The pcs_standard_error keyword
is used in order to define a global error (ppm). Individual errors are given after the PCS values similarly to RDC or RCSA

data.
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1.5. Data Blocks and keywords

In this section we will describe the NOESY/ROESY, J-couplings, chemical shifts and RDCs and RCSAs data blocks with
the applicable keywords.

1.5.1. Fitting to NOESY/ROESY determined distances

The noedistance_data block

The noedistance_data block is used to enter distance restrictions obtained by the means of quantitative NOE experiments.
The requirements and protocols for quantitative NOE measurement, based on the Macura/PANIC correction,?” have been
carefully tailored by the group of Craig Butt’s in several publications.?®?° Note that determination of distances from
ROESY experiments require the compensation of offset dependence. This can be easily obtained through the use of

adiabatic pulses as for instance in the popular EASY-ROESY?® experiment.

The noedistance_data block follows the following format

noedistance data {
#a distance of 3 A between protons 15 and 25
#the default uncertainty for NOE computations will be used

15 25

#a distance of 1.9 A between protons 26 and 36
#experimental uncertainty is 0.3 A

16 26 0.3

}

When having equivalent by symmetry or synchronous group of nuclei it is possible to directly use them in the fitting by

grouping them inside parentheses.

noedistance data {

#a noe distance between a CH2 and a CH3 group
(10,11) (20,21,22) 3.10

#a noe distance between a CH and the two methyl
#groups of an i-propyl group

30 (40,41,42,43,44,45) 2.95

}
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A useful feature is the ability to use NOE restraints in unassigned groups. Let us consider the case when a CH have a
NOESY cross-peak with asynchronous diastereotopic protons. The assignment of these peaks can be avoided by

determination of a r -6 averaged distance by summing up the NOESY volumes for the two cross-peaks.

noedistance data {

#an averaged noe distance between a CH two unassigned
#diastereotopic CH2 protons

10 (20,21) 2.85

}

It is also possible in StereoFitter to use the absence of a NOESY/ROESY cross peak as a restraint. To do that the indexes

of the spins of group of spins must be followed by the nonoe keyword.

noedistance data {

#lack of noe between two protons

30 31 nonoe

#lack of noe between two methyl groups
(20,21,22) (23,24,25) nonoe

}

Note that is possible to use a <r -3>2 model for NOEs involving methyl groups. This feature can be invoked using the

r3 methyl average block keyword to true of false.

In order to be able to linearize the fitting of NOE distances when using non-negative least-squares algorithm (see below)
StereoFitter internally converts the distances in the input to volumes using a V o <R 6> relationship. It is the case that if
we consider a fixed distance uncertainty o, the associated uncertainty for the volumes will grow as ¢ = 6R"'c, which will
be absurdly small for protons located far away. To compensate for that we looked for a weighting function which penalizes

noesy restraints between protons located far away. We chose a hyperbolic tangent function of the following form

W = g€-e”
NOE — e +e* ®)
x=(d/3)”

Where wy is the weighting factor associated to the NOE restraint with distance d. For the nonoe restraints they are

associated with a zero experimental volume and the uncertainty is computed using the following relationship

5,=6%2.07s, 9)
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Figure 1. Weighing vs distance in NOESY/ROESY restraints

1.5.2. Fitting of scalar J Couplings

The jcoupling_data block

A useful feature in StereoFitter is the possibility to compute couplings through any a large variety of Karplus-type

equations. The interface used by StereoFitter is fully compatible with the MSpin program as previously described.
Currently, only SJHH proton-proton couplings can be introduced through the assignment table but any kind of coupling

can be used in the input file provided that an empirical equation is available or they have been computed at the DFT level.

Experimental J-couplings are introduced through the jcoupling_data block

jcoupling data {

#a proton proton coupling of 8.2 Hz between nuclei 15 and 25
#with an uncertainty of 1.0 Hz

#and computed using the karplus equation

15 25 8.2 1.0 karplus

#a proton proton coupling of 6.0 Hz

#using default uncertainty of 1.0 Hz

#and the default altona equation

16 26 6.0

#a proton proton 3JH-Calpha-N-H coupling using the Pardi equation (for oncoming versions)
#with an uncertainty of 1.0 Hz

17 27 4.0 1.0 Pardi-[H-N-Ca-H]

}

Note that in the current version of the module in the case of equations with different sets of parameters associated the first
set listed in the JCoupling program?’ is loaded. However, in the case of the Altona equation different parameters sets are
used for different substitution patterns according to the original publication.
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The program will check if the given couplings can be computed using the specified equations. If not the computation will

be aborted.

It is also possible to use J-couplings obtained in DFT computations. In order to do that the dft keyword is used instead of

the equation name.

jcoupling data {

#a coupling between nuclei 10 and 11 the computed values will
#be retrieved from the original outputs

10 11 2.0 0.1 dft

}

You can also use unsigned couplings as in the example below:

jcoupling group data {

#21 (20,22,23) (5.6,6.6,6.6) 0.5 altona
20 (30,31) (3.5,4.6) 0.5 altona unsigned
}

max conformations {
4
}

jcoupling data {
20 21 5.4 0.5 altona unsigned

}
The experimental values displayed in the results table under the J couplings section will appear as absolute numbers when

they are marked as "unsigned" in the input file. These absolute values are shown in Combinations and also in the

Conformers items.
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StereoFitter Results u StereoFitter Results n
Results Original Input Results Original Input
g O g 8 @ £
Report  Copy Setup Report  Copy Setup
Solution x° AIC Relative Probabi Solution % AIC Relative Probabi
~ Solution 1 (3 conformers) 23.025 27.025 1000 * Solution 1 (3 conformers) 23.025 27.025 | 1.000
Conformer 1 28.9981% Conformer 1: 28.9981%
Conformer 5: 46.4279% Conformer 5: 46.4279%
Conformer 9: 24.5741% iConformer 9: 24.5741%
' Solution 2 (3 conformers) 28.718 32718 0.058 ~ Solution 2 (3 conformers) 28.718 32718 0058
Confarmer 1: 27.5374% Conformer 1: 27.5374%
Conformer 5: 49.1959% Conformer 5: 49.1959%
Confarmer 8: 23.2667% Conformer 8: 23.2667%
~ Solution 3 (3 conformers) 31.787 35787 0013 ~ Solution 3 (3 conformers) 31.787 35787 0013
Confarmer 1: 28.6188% Conformer 1: 28.6188%
Conformer 4: 45.9564% - Conformer 4: 45.9564% -
. Fefmee e n. Ar anann o . PRSI Ar_anannr ;
Atoms Experimental Calculated Average - Atoms Experimental Calculated Average -
~ NOE distances (R) ~ NOE distances (&)
24,26 2670 2059 24,26 2,670 2,059
(22,23),26 2.990 3.862 (22,23),26 2.990 3.862
26,(3031) 3670 6,152 26,(30,31) 3.670 6.152
~ ] couplings (Hz) ~ Jcouplings (Hz)
20,21 |5.400] 0962 20,21 15.400] 0.962
20,(30,31) |3.500],14.600] 5372,11.189 20,(30,31) 3.500],4.600] 5.372,11.189
~ Chemical shifts deltas (ppm ~ Chemical shifts deltas (ppm
22,(27,28,29) 0.620 0.375 22,(27,28,29) 0.620 0.375
23,(27,28,29) 0.620 1.043 23,(27,28,29) 0.620 1.043
(30,31),(27,28,29) 1.950 1.860 (30,31),(27,28,29) 1.950 1.860
20,(27,28,29) 2130 2100 - 20,(27,.28,29) 2.130 2.100 -

If the computational burden to compute J-couplings at the desired DFT level is too high is possible to fit a Karplus curve
in a proper model system, by computing J-couplings at different values of the chosen dihedral angle, and to fit the DFT so
obtained DFT couplings to a cosine series or cosine/sine series depending if the curve is symmetrical or not around a 0°

dihedral value. See the jcoupling_data block entry for more details.

When several parameter sets are available for a particular empirical equation it is possible to choose a particular set by

appending the name of the parameter set to the equation name. See the jcoupling_data block entry for more details.

Relativistic force field computations

We have also implemented inside StereoFitter the relativistic force field method of Kutateladze and coworkers. In this
method proton-proton couplings®? are computed at the DFT level. In this protocol molecular structures are optimized at the
DFT B3LYP/6-31G* level and NBO parameters are computed on the optimized structure. A single point computation of
the proton-proton couplings, using only the Fermi-Contact term is then done on the optimized structures. The couplings

are then scaled according to the expression

J=c¢HF+cF+cH+c, (10)

Where H = h h, is the product of the NBO computed p to s hybridization ratios in the carbon attached to the coupled
protons and F is the computed Fermi Contact term. The parameters c,, ¢, and ¢, depend on the type of coupling according

to the below table.
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Presently we only support the RFF parametrization of proton-proton couplings as well as Gaussian09/16 computations.
Instructions for the preparation of Gaussian input can be found in the supporting information of the original article
describing the method.

Table 1. Coefficients for the relativistic force field computation of proton-proton J-couplings

Type 1 Cy C3 Cy

23 H-C-H -0.020 1.676 -0.151 0.300
3) H-C-C-H -0.004 1.550 0.030 -0.204
43 H-C-X-C-H 1.505 -0.027 0.381
Ny nsa 0.950 0.200

The jcoupling_group_data block

A potential problem when using J-coupling restraints is the presence of unassigned diastereotopic protons. Instead of just
averaging the values, as in the case of NOE restraints, which will lead to too much information lost we created a new type
of restriction called a J-coupling group. For instance in a AMX spin system, where M and X are unassigned diasteretopic
protons it is possible to create such a group in the following way

jcoupling group data {

#proton 1 is coupled to 10 and 11 with couplings values of 1.3 and 11.0
#but we do not know who is 10 and who is 11

1 (10,11) (11.0,1.3) 0.2 altona

#couplings to three unassigned protons

20 (21,30,31) (3.5,4.6,5.4) 0.5 altona

}

The same options available for the jcoupling_data block can be applied to the jcoupling_group_data block.

1.5.3. Fitting of chemical shifts

Chemical shift data® can be used in StereoFitter as long chemical shieldings can be computed, using ab initio or DFT

methods, for the nuclei of interest.>*® The chemical shift restrictions should be entered in the chemicalshift data block

chemicalshift data {
#some carbon shifts
1 23.0

# a t-butyl group
(30,31,32) 11.1

}
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Equivalent nuclei must be enclosed in parentheses and separated by commas. In the case of diastereotopic groups

assignment can be avoided by using the average shift as the chemical shift restriction.

chemicalshift data {

#an averaged ch2 group

(20,21) 2.1

# 1H shifts for averaged diasteretopic methyl groups
(30,31,32,33,34,35) 1.5

}

The uncertainties can be given for each datum or using the chemicalshift standard error block. The atomic number

of the nuclei must be given before the value of the uncertainty in ppm

chemicalshift data {

#protn shift, 0.10 ppm uncertainty

40 1.1 0.1

#13C t-butyl group 0.05 ppm uncertainty
(30,31,32) 1.10 0.05

}

chemicalshift standard error ({
#13C uncertainty of 2.0 ppm

6 2.0

#1H uncertainty of 0.15 ppm

1 0.15

}

Referencing

Computed shieldings must be transformed into shifts by proper referencing. StereoFitter uses a linear scaling model where

computed shifts are calculated from isotropic shieldings as follows

d=as+b (11)

The intercept b and slope a are obtained by calibration against a molecule or set of molecules of known structure and
assigned spectra. These values depend on the particular levels of theory employed for the optimization and computation of

shielding tensors. A large collection of linear scaling factors can be found in the CHESHIRE web page.3*

The linear scaling parameters must be specified for each type of nucleus through the chemicalshift references block

chemicalshift references ({
#13C b3lyp/6-31G*//mmffo4
#1H b3lyp/6-31G*//mmff94

}

P/N 301 R8 Page 73 of 99



Mnova StereoFitter 1.1 | User Manual ”

Instead of employing the linear scaling method for transformation of shieldings into shifts it is also possible to use a

multistandard (double referencing) approach. For instance, a reference can be used for carbons of sp3 hybridization whereas
another one is used for the sp2/sp ones. This is done by appending a group number after each linear scaling entry. Note

that the slope would be in this method normally set to -1.0

chemicalshift references ({

#double reference for sp3 and sp2/sp carbons

6 182.7 -1.0 1

6 184.9 -1.0 2

}

Then a refgroup label must be appended to each entry on the chemicalshift_data block

chemicalshift data {

8 211.9 2.8 refgroup=2
9 42.2 1.7 refgroup=1
10 31.4 1.7 refgroup=1
2 86.6 1.7 refgroup=1

}

The chemicalshiftdelta_data block

In some cases, particularly if data belong to nuclei of the same hybridization type or in the case of ‘H nuclei attached to
carbons with the same hybridization it is possible to avoid the chemicalshift references block. This block has a
similar syntax to the chemicalshift delta block but a chemical shift difference would be used between two groups of

spins. The first index or group of indexes correspond to the most deshielded group.

chemicalshiftdelta data {

#difference between two carbons

5 6 46.0

#difference between two methylene groups
(21,22) (17,18) 0.93

}

The standard uncertainty for the different nuclei can be controlled by the

chemicalshiftdelta data standard error block. See corresponding keyword for more details.

The chemicalshift_group_data block

In previous versions of StereoFitter the difference in chemical shift between unassigned spin groups, for instance two
unassigned diastereotopic protons, two unassigned methyl groups in an isopropyl groul and similar situations could be
managed by providing the mean value in the chemicalshift_data block followed by their difference in chemical shift using
the chemicalshiftdelta_data block and the unsigned keyword. Following 1.1.5 version it is possible to use a simplified

method by using the new chemicalshift_group_data block where a list of groups of equivalent spins is followed by a list
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of the measured chemical shift values. During the fitting a ordered list of chemical shift values is compared against the
ordered experimental values and the corresponding squared differences added to the penalty term. Note that this restriction

is not compatible with the non-negative least_squares_method (nnls) in least_squares_method keyword.

The uncertainty is again managed by the chemicalshift_standard_error keyword and reference groups can be managed

in the same way as for the chemicalshift_data block.

For example, using tow unassigned diastereotopic protons in a methylene group, as well as two unassigned methyl groups

from a isopropylgroups will be managed in the following way

chemicalshift data {

#two diastereotopic protons

[24 25] (2.04,2.53)

#two diastereotopic methyl groups
[(20,21,22) (23,24,25)] (1.05,1.23)
}

1.5.4. Fitting of RDCs, RCSAs and PCSs

Current version of StereoFitter can manage anisotropic NMR data such as residual dipolar couplings (RDCs) or residual
chemical shift anisotropies (RCSAs). The alignment tensor components are computed through the singular value
decomposition (SVD) methodology.3>%

Note that use of RDCs or RCSAs turns the fitting problem non linear and computations can be slower than those involving

only isotropic data as several trial solutions must be tested to ensure not be trapped in local minima.

RDC from any pair of nuclei can be used. StereoFitter uses the D=T-J convention where the difference in splitting between

the total coupling and the scalar coupling directly corresponds to the dipolar coupling instead of the D=(T-J)/2 convention.

The RDC data, given in units of Hz, are introduced through the rdc_data block. Equivalent or averaged groups are given

by consecutive pairs of indexes enclosed in parentheses.

rdc_data {

#1DCH coupling indexl index2 wvalue uncertainty
20 41 -20.3 0.2

#1DCH coupling, methylene group

(10,40) (11,41) -3.2 0.2

#H-H coupling methyl group

(50,51) (51,52) (50,52) -1.5 0.1

}

The global uncertainty of RDCs is controlled by the rdc_standard error keyword. RCSA data are introduced in ppm

units. Equivalent nuclei must be enclosed in parentheses and separated by commas
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rcsa data {

#a carbon rcsa index value error
10 0.0076 0.0005

#RCSA of a t-butyl group
(50,51,52) -0.0010 0.0005

}

Most commonly RCSAs use an internal reference,® in many cases the most shielded atom rather than an external one. The
atom used as reference should be indicated using the rcsa reference keyword. Currently using groups of chemically

equivalent spins such as t-butyl ones or others are not supported

rcsa reference {

#carbon 12 is the internal reference
12

}

RCSAs measured using compressible gels need of a correction of the changes introduced by solvation changes between
the relaxed and compressed states of the polymer gel.*” This solvation influence is assumed to be a fraction ¢ of the observed
chemical shift differences (after proper internal or external referencing) between the isotropic layer surrounding the gel
and the signals of the analyte inside the relaxed polymer. The factor can be either estimated from the molecular structure,
assuming that there is enough sp3 carbons whose chemical shielding tensors span the 5D space of the alignment tensor
or alternatively it can be a free parameter which will be optimized along with the ensemble populations. Isotropic correction

is activated by setting the include rcsa solvent shift to true.

Estimation of the factor is chosen by setting the estimate rcsa solvent shift scale keyword to true and
optimization of the factor is called via the optimize rcsa solvent shift scale. The scaling factor can be also

manually set through the rcsa solvent shift scale keyword.

Another set of important keywords are related to the so called single tensor approximation which is used by default in
StereoFitter. Within this approximation a single common alignment tensor is used for all conformations. This requires the
definition of a common frame for all conformations which is defined by spatial superimposition of atoms through molecular
rotation. StereoFitter implements a robust quaternion based algorithm for this purpose. By setting the superimpose
keyword to true conformations will be superimposed to the coordinates of the first frame in the ensemble. The list of atoms
to be superimposed is defined by the superimpose atom keyword. By default we apply an automatic algorithm where
heavy atoms are drop from the list of superimposable atoms until deviation between atomic coordinates reaches a defined
threshold.?! This option is called by setting the superimpose atoms keyword to auto. Setting the keyword to heavy
will use all non-hydrogen atoms for molecular superimposition. Finally, atom numbers (1 to N) can be specified through a

comma separated list (1,2,3...). This list can contain also ranges of atoms ( 1-4,8,9,...).

It is also possible to use pseudocontact shifts (PCSs) obtained in molecules tagged with paramagnetic centers. In this case
two experiments are necessary, one with the molecule tagged with a non-paramagnetic metal, Lanthanum in most of the

times, and the one with a paramagnetic center.
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pcs_data {
#data go here

The pcs_data block has the same syntax as the RCSA block. Units are ppm and you can group equivalent spins in the

same way.

pcs_standard error {
#13C standard error
6 0.8

#1H standard error

1 0.1

}

Global pcs errors are controlled using the pcs_standard_error keyword. Individual errors for each measurement can

be specified for every nucleus following the same syntax as for the chemicalshift standard error block.

Finally, the index of the paramagnetic tag must be indicated through the keyword

tags {
29
}

which will hold the index of the paramagnetic center. In principle you can define several tags but in the current version
only the first one is considered.

1.5.5. Keywords

Keywords and data blocks obey the following syntax in StereoFitter. The keyword must be followed by a opening brace,
separated by tab/spaces in the same line. Then the actual content on the block must be written in new lines. After that the

block must be closed with a closing brace in a new line. Comments must begin with a # symbol.

keyword {
#this is a comment

data/keywords value lines

List of Keywords/Blocks

AIC
. aic {

true|false

P/N 301 R8 Page 77 of 99



Mnova StereoFitter 1.1 | User Manual ”

}
default: true

The default mode of computation in StereoFitter is the AIC mode where subensembles of 1 to N conformers are generated
until the AIC does not longer decrease by increasing the number of conformations on the generated subensembles. The
default value in StereoFitter is true. If aic is set to false the program will simultaneously optimize the conformational
amplitudes for all the conformers using the chosen algorithm in the least_squares_method option in a similar way to
computations performed in the NAMFIS program.

CHEMICALSHIFT_DATA

° chemicalshift data {
atoml (integer) chemicalshift value(real) chemicalshift uncertainty(real)

}

In this block the user must input the experimental chemical shift data by given the indexes (1 to N) of the nuclei and the
experimental value in ppm. If an additional real value is given in the line this value is interpreted as the uncertainty,

otherwise a general error is employed (see the chemicalshift_standard_error keyword).

Equivalent nuclei can be given a single experimental datum by grouping them in the input

chemicalshift data {

#equivalent carbons of a t-butyl group
(30,31,32) 15

#the nine equivalent protons
(50,51,52,53,54,55,56,57,58) 0.8

}

CHEMICALSHIFT_REFERENCES

e chemicalshift references {
nucleusl (integer) intercept(real) slope(real)

}

In this block parameters to convert ab initio computed shieldings into chemical shifts are provided. Shifts are computed
from shieldings according to equation

d =slope* s + intercept (12)

Slope and intercept must be precallibrated on known compounds. A pair intercept/slope must be provided for each type of

nucleus used in the computation. For instance:

chemicalshift references ({
6 169.79 -1.001

1 32.22 -0.995

}

P/N 301 R8 Page 78 of 99



Mnova StereoFitter 1.1 | User Manual ”

It is possible to define several calibration groups (multistandad approach) by appending an integer number starting from 1

after the linear fitting parameters

chemicalshift references ({
6 182.7 -1.0 1

6 184.9 -1.0 2

}

When using this method the group to be used for a particular datum should be specified in the chemicalshift_data block:

chemicalshift data {

8 211.9 2.8 refgroup=2
9 42.2 1.7 refgroup=1
10 31.4 1.7 refgroup=1
2 86.6 1.7 refgroup=1

}

CHEMICALSHIFTDELTA_DATA

. chemicalshiftdelta data {
atoml (integer) atom2(integer) chemicalshift value(real) chemicalshift uncertainty(real)
#groups of synchronous of averaged atoms can also be used
groupl (integer, integet..) group2 (integer, integer..)

}

In this block the user must input the differene in experimental chemical shift data by given the indexes (1 to N) of tow
nuclei or groups of nuclei and the experimental value in ppm. If an additional real value is given in the line this value is

interpreted as the uncertainty. The global uncertainty is managed through the chemicalshift_standard_error keyword.

CHEMICALSHIFT_GROUP_DATA

° chemicalshiftdelta data {
[groups of atoms] (integer) (list of valus (real) chemicalshift valu(ereal)
chemicalshift uncertainty(real)

}

This block is intended to be used for groups of unassigned spin sets. Between brackets [] the user should include the N
unassigned spin sets followed by, between parentheses, the N chemical shift values. The global uncertainty is again
managed through the chemicalshift_standard_error keyword. Reference groups can be also used, similarly to the
chemicalshift_data keyword.

chemicalshift data {

#two diastereotopic protons

[24 25] (2.04,2.53)

#two distereotopic methyl groups
[(20,21,22) (23,24,25)] (1.05,1.23)
}
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CHEMICALSHIFT_STANDARD_ERROR

e chemicalshift standard error {
nucleusl (integer) error (real)

}

This keyword allows to assign general errors for each type of nucleus in the molecule. For example, this entry will assign

general errors of 2 ppm and 0.2 ppm to carbon and proton

chemicalshift standard error ({
6 2.0

1 0.2

}

COMPUTE_BOLTZMANN_POPULATIONS

o compute boltzmann populations {
true| false

}
default:false

If true the program will compute Boltzmann populations according to the molecular energies present in the loaded

molecular files. This keyword is intended to be use along with the single_point and temperature keywords.

ENERGIES

° energies {
energyl (real)
energy?2 (real)

energy3(real)

energyN (real)

}
default: not used

A list of relative energies, in kcal/mol, to be employed in

ENERGY_PENALTY

o energy penalty {
penanlty (bool)

default: not used

If true, a penalty will be added to the ¥®> term which takes into account the difference in relative energies between

conformers between those provided by the molecular modelling files, or the energies block, and those calculated taking
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into account the optimized populations. This keyword should be used along with the compute_boltzmann_populations

keyword set to true.

ENERGY_PENALTY_STANDARD_ERROR

° energy penalty standard error {

error (real)

default: 1.0 kcal/mol
The uncertainty, in the form of standard error, associated to the energy_penalty term.

ESTIMATE_RCSA_SOLVENT_SHIFT_SCALE

e estimate rcsa solvent shfit scale {
true| false

}

default: false

If true the scale for the isotropic shift correction in RCSA fitting will be estimated from the computed shielding tensors

using the method described in Nath et al.®

INCLUDE_RCSA_SOLVENT_SHIFT
° include rcsa solvent shfit scale {
true| false

}
default: false

If true RCSAs will be corrected according to the solvent shift indicated along with the RCSA value and the

computed/estimated scale factor.

JCOUPLING_DATA
. jcoupling data {
atoml (integer) atom2(integer) Jjcoupling(real) jcoupling uncertainty(real)..

..equation name (string) unsigned(string) nocheck(string) scale=value (real) (

In this block the user must input the experimental scalar couplings by given the indexes (1 to N) of the coupled atoms and
the experimental J-coupling value in Hz. If an additional real value is given in the line this value is interpreted as the

uncertainty, otherwise a general error is employed (see the jcoupling_standard_error keyword).

The equation name must match the ones in the table. Only exception are 3JHH couplings where the Haasnoot-Altona

equation is used by default if no equation name is used. StereoFitter follows the same name convention for equation names
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as the MSpin program.®! If the equation name is given as dft then J-couplings will be retrieved from the DFT computations.

Note that DFT and empirical predictions can be retrieved in the same input.

It is possible to use a certain set of parameters by using the jequation:parametername syntax which should also
match the MSpin convention. For instance one can choose the Plavec set of parameters in the 3Jue Govil equation by
specifying this set of parameters as Govil- [H-C-C-F] :Plavec-1998. Most of the empirical equations implement
some degree of chemical intelligence and will check if a coupled pair is computable of not with the equation. This can be
bypassed by using the nocheck option. As an example, to use the original 1963 parameters for the Karplus equation the

corresponding like in the jcoupling_group_data should look like

jcoupling data {

#indexes value equation:parameters
10 11 6.0 karplus:Karplus-1963

}

It is also possible to specify the Fourier Coefficients of a Fourier series of the type

J= é_cn_j cosjqg+ é_sﬂ. sinjg+w

=1 j=1

where n is the order of the Fourier Series By just specifying the order of the equation and the cosine and sine parameters
one can a Karplus curve that has been derived from fitting a Karplus equation to a DFT curve. The more general expression

would look as

jcoupling data {

#indexes value fourierseries: (n,c(n),c(n-1),.c(l),s(n),s(n=-1)...,s(1l),w)
#n is the order of the Fourier Series

#there will be 2n+l terms in the expansion

10 11 6.0 fourierseries:(2,4.0,2.0,-1.0,3.0,0.5,2.0,0.8)

}

If the Fourier series contains only cosine terms only n+1 terms need to be given in the expression. All sine coefficients will

be set to zero.

jcoupling data {

#indexes value fourierseries: (n,c(n),c(n-1),..c(1l), w)
#n is the order of the Fourier Series

#there will be n+l cosineterms in the expansion

10 11 6.0 fourierseries:(2,4.0,2.0,-0.8)

}

The unsigned keyword is used at the end of the line then the program will assume that the sign of the coupling could not
be retrieved, and the fitting will be done using absolute values of the couplings. Note that the unsigned keyword is not

compatible with the use of the NNLS fitting algorithm (see least_squares_method keyword)
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If the scale=value(real) token is used the computed value will be scaled by the value factor. This is mostly used for DFT

computations.

JCOUPLING_GROUP_DATA
° jcoupling group data {
#only valid for altona equation
atom(integer) group of atoms(list of integers) group of values(list of reals)
#onlyvalid for altona equation
atom(integer) group of atoms(list of integers) group of _values (list of
reals)uncertainty(real)
#onlyvalid for altona equation
group of atoms(list of integers) group of atoms(list of integers) group of values(list of
reals)uncertainty(real)
#any equation
atom (integer) group _of atoms(list of integers) group of ~values (list of
reals)equation name (string)
#any equation
atom (integer) group of atoms (list of integers) group of  values(list of reals)
uncertainty (real) \ equation name (string)
#any equation
group of atoms(list integer) group of atoms(list of integers) group of values(list of

reals) uncertainty(real) \ equation name (string)

This block is similar to the jcoupling_data one but it defines the coupling between a nuclei and an unassigned group of

nuclei. For example,

jcoupling group data {
#Couplings between a proton and an unassigned methylene group these couplings will be
#computed using the altona equation
1 (20,21) (4.5,2.3)
#Couplings between two unassigned methylene groups. The predicted values will be retrieved
#from the DFT computations
(30,31) (40,41) (11.0,0.5,2.0,0.8) dft
}

This restraint is mostly used in situations such as CH-CH; and CH,-CH: groups where the diastereotopic methylene groups

have not been assigned Note that jcoupling_group_data restrains cannot be used along with the NNLS optimizer.

Similarly to the jcoupling_data block jcoupling_group_data restraints can use DFT computed values by specifying DFT

as the equation name. The nocheck and scale options are also available using the same syntax.

Different parameter sets as well as general Fourier series can be used in the same form as for the jcoupling_data block.
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LEAST_SQUARES_METHOD

° noedistance data ({
levenberg-marquardt | nnls

}

This block allows to switch between the Levenberg-Marquardt least-squares optimization (default) or the newest and much
faster non-negative linear least squares method. Im can be used as a synonym of Levenberg-Marquardt. Note that not some

restraints cannot such as J-coupling groups or unsigned values cannot be used with the NNLS method.

MAX_CONFORMATIONS

° max_ conformations {
integer

}

default: not used

If a maximum number of conformations is provided in the input the program will stop the model search at the given
number of conformers otherwise it will proceed until a minimum is found for the AIC criterion respect to the number of
conformers. Consider to use this keyword for very large ensembles where the necessary computational time or memory
demandings can be too high.

NNLS_CONVERGENCE_CRITERION

e nnls convergence criterion {
nnlsconv (real)

}
default: 10

Set the threshold for convergence of the non linear least square equations. For the fitting of anisotropic data tighter values

of 107 or 10 could be necessary to reach good convergence of the alignment tensor.

NUMBER_OF_THREADS

e number of threads {
nthreads (integer)

}

default: auto

Set the number of threads for OpenMP parallelization if set to auto the default number of threads will be set to the number
of logical cores or to the environment variable OMP_NUM_THREADS if set.

NOEDISTANCE_DATA

e noedistance data {
atoml (integer) atom2(integer) distance value (real)

atoml (integer) atom2(integer) distance value(real) uncertainty(real)
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}

In this block internuclei distances, as determined from quantitative NOE experiments, are given and the experimentally
determined value in A. The two indexes (from 1 to N) of the two coupled nuclei must be given. If an additional real value
is given in the line this value is interpreted as the uncertainty, otherwise a general error is employed ( see the

noedistance_standard_error keyword).
Equivalent (or averaged nuclei) can be grouped as follow

° noedistance data {
#distance between two methyl groups
(30,31,32) (20,24,25) 2.57
#average distance from a CH to a CH2 group
40 (50,51) 2.32
}

StereoFitter allows to use the lack of observation of an NOE using the nonoe keyword.

° noedistance data ({
#lack of noe between protons 25 and 26
25 26 nonoe

}

NOEDISTANCE_STANDARD_ERROR
° noedistance standard error {
error (real)

}

This keyword allows to assign a general standard error for all NOE distances. Default value is 0.1 A.

OPTIMIZE_RCSA_SOLVENT_SHIFT_SCALE

e optimize rcsa solvent shift scale ({
true| false

}
default: false

If true the scaling factor for the solvent contribution to the isotropic shift would be optimized simultaneously with the

populations. The method is described in Hallwass et al.%

PCS_STANDARD_ERROR
e pcs standard error {
nucleusl (integer) error(real)

}
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This keyword allows to assign general errors for each type of nucleus in the molecule. For example, this entry will assign

general errors of 0.5 ppm and 0.1 ppm to carbon and proton

pcs_standard error {
6 0.5

1 0.001

}

There are no default values for this keyword.

R3_METHYLGROUP_AVERAGING
. r3 methylgroup averaging {
true| false

}
If true a <r 3>2 average model instead of <r -5> will be applied for computation NOE volumes involving methyl groups.

PCS_DATA
. pcs data {
atoml (integer) pcs_value (real)
atoml (integer) pcs_value (real) pcs_urcentatiy(real)

}

In this block the user must input the experimental data by given the indexes (1 to N) of the atom and the experimental
pseudocontact shift value in ppm. If an additional real value is given in the line this value is interpreted as the uncertainty,

otherwise a general error is employed (see the pcs_standard_error keyword).
PCSs from equivalent sites are entered in such a way that equivalent nuclei are listed enclosed in parentheses. For instance:

e pcs data {
#PCS from a t-butyl group methyl group RDC
(10,11,12) rcsavalue rcsaerror
#PCS from a rotating phenyl group, ortho carbons
(25,26) rcsavalue rcsaerror

}

RDC_DATA

e rdc data {
atoml (integer) atom2(integer) rdc value (real)
atoml (integer) atom2(integer) rdc value(real) rdc uncertainty(real)

}

In this block the user must input the experimental data by given the indexes (1 to N) of the coupled atoms and the
experimental RDC value in Hz. If an additional real value is given in the line this value is interpreted as the uncertainty,

otherwise a general error is employed (see the rdc_error keyword ).
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Couplings between equivalent sites are entered in such a way that equivalent pairs are listed as pairs enclosed in

parentheses. For instance:

. rdc_data {
#1DCH methyl group RDC
(20,40) (20,41) (20,42) rdcvalue rdcerror
#1DCH RDC for a rotating phenyl group, ortho protons
(25,50) (27,51) rdcvalue rdcerror
#1DCH rdc for equivalent couplings in a CH2 group
(30,60) (30,61) rdcvalue rdcerror
}

Hence any symmetric group can be handled despite its complexity. Note that RDCs for methylene groups coming from
conventional F1-coupled HSQCs should be input as the half-sum (1DCHa +1DCHb)/2 since only this information is

available from the experiment.

RCSA_DATA

. rcsa data {
atoml (integer) rcsa value(real)
atoml (integer) rcsa value (real) rcsa_uncertainty(real)

}

In this block the user must input the experimental data by given the indexes (1 to N) of the atom and the experimental
RCSA value in ppm. If an additional real value is given in the line this value is interpreted as the uncertainty, otherwise a

general error is employed (see the rcsa_standard_error keyword).

RCSAs from equivalent sites are entered in such a way that indexes of equivalent nuclei are listed enclosed in parentheses.

For instance:

. rcsa data {
#RCSA from a t-butyl group methyl group RDC
(10,11,12) rcsavalue rcsaerror
#RCSA from a rotating phenyl group, ortho carbons
(25,26) rcsavalue rcsaerror

}

RCSA_REFERENCE

e rcsa reference {
integer

}
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The index of the atom to be used as internal reference for RCSA fitting. The shielding tensor of this atom would be

substracted from all other atoms.

RCSA_SOLVENT_SHIFT_SCALE

e rcsa solvent shift scale {
real

}
Set the value of the scale to be used for the contributions of solvent shifts in RCSA measurements in polymer gels.

RCSA_STANDARD_ERROR

e rcsa standard error {
nucleusl (integer) error (real)

}

This keyword allows to assign general errors for each type of nucleus in the molecule. For example, this entry will assign

general errors of 2 ppm and 0.2 ppm to carbon and proton

rcsa_ standard error {
6 0.005
1 0.001

}
Default value of is defined only for carbon (0.005 ppm)

RELATIVISTIC_FORCE_FIELD

e relativistic force field {

real

default: false

Activate the relativistic force field method of Kutateladze and coworkers.32

SINGLE_POINT
. single point {
true| false

}

default:false

If true the best 2 value will be computed using the actual Boltzmann populations, usually computed through molecular
modelling relative energies, rather than fitting and selecting conformational subensembles through the Akaike Information

Criterion.
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SUPERIMPOSE
. superimpose {
true| false

}

If true the molecular frames will be superimposed in order to define a common frame for the single tensor approximation.

The list of atoms is defined in the superimpose_atoms block.

SUPERIMPOSE_ATOMS
e superimpose atoms {
(integer, integer, integer, integer...)

}

When using the single-tensor approximation in the fitting of anisotropic NMR data this block can be used to control the
atoms which will be superimposed in order to define a common tensor. The keyword auto will select an automated
procedure where all non-hydrogen atoms are initially selected and then dropped until the maximum RMSD between frames
is lower than a determined threshold. The heavy and all keywords can be used instead of an atom list to select all heavy

atoms or all atoms in the molecule

TAGS
e tag {
index (integer)

}
default:298.15
Set the index (1 to N) of the paramagnetic tag when fitting pseudocontact shifts. Tag is a synonym of this keyword.

TEMPERATURE

o temperature {
temperature (real)

}
default:298.15

Set the temperature for computation of Boltzmann populations. This temperature will also be used for conversion between

alignment and magnetic susceptibility tensors when pseudocontact shifts are employed.

USE_UNASSIGNED_CHEMICALSHIFTS

e use unassigned chemicalshifts {
true| false

}
default: false
If true the program will assign the experimental shifts to each nuclei according to the predicted values. The user can just

enter the shifts in any particular order as far as they belong to the same type of nuclei.
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1.6. Appendix. Empirical equations and parameters

Valid equations for the jcoupling_data and jcoupling_group_data blocks.

The valid syntax for choosing a particular equation is as follows. Note that equation and parameter names are case

insensitive.

jcoupling data {

#choose equation and parametername

#indexl index2 value error equationame=parametername
#indexl index2?2 value equationname=parametername

20 21 3.2 0.5 karplus=karplus-1963

if the parametername is omitted the first listed parameter set will be used. If equationname is missed the program will

chose altona as the default equation.

jcoupling data {

#choose equation and select default (first ) parameter set
#indexl index2 value error equationame

#this will choose the default Altona-1980 parameter set.
20 21 3.2 0.5 karplus

#this coupling will be computed using the Altona equation.

30 31 4.3

Empirical Equation names and parameters sets for jcoupling_data and jcoupling_group_data blocks.

Type X A B Y Name & Parameters

General

3JHCCH H Cspz  |Csp3 |H Karplus
Altona-19803°
Karplus-19634°
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3
JHceH

H

C

sp3

sp3

Altona3®
SetB i
SetD
SetE

3
JHCcH

sp3

sp3

Diez-Donders?®
Altona-2007

3
JHceH

sp2

sp2

Karplus-[C=CH-HC=C] /i
B3LYP/6-31G*

3
JHceH

sp2

sp2

Karplus-[C=CH-HCR] ii
B3LYP-6-31G*

3
JeecH

sp3

sp3

sp3

Bifulco-[C-C-C-H]**
Bifulco-2010

3
JeecH

sp3

sp3

sp3

Kalinowsky-[C-C-C-H]
Kalinowsky-19844?
Guenther-1990%3

3
JeecH

C(=0)

sp2

sp2

Tormena-[C-C-C-H]**
E-geometry-aldehydes
Z-geometry-aldehydes
E-geometry-a-ciano-aldehydes
Z-geometry-a-ciano-aldehydes
E-geometry-ketones
Z-geometry-ketones
E-geometry-a-ciano-ketones
Z-geometry-a-ciano-ketones
E-geometry-amides
Z-geometry-amides
E-geometry-a-ciano-amides
Z-geometry-a-ciano-amides
E-geometry-esters
Z-geometry-esters
E-geometry-esters-a-ciano

Z-geometry-esters-a-ciano

3
J HCNH

sp3

sp3

General-[H-C-N-H]
Govil-19714°
Fukui-199746
Fukui-2000%"
Alkorta-200448

3
J HeoH

sp3

General-[H-C-O-H]
Govil-19694°
Govil-1971%
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Fukui-199746
Fukui-2000%7
Alkorta-200448
Serianni-2007%°
33 heck H Ceps  |Csp3 |F Govil-[H-C-C-F]
Govil-19714
Plavec-1998°1
3 C N C P(O)OR Rabiller-[C-N-C-P]532
Jenep (O)OR3 [ ]
Rabiller-1982
3 C C C P(O)OR Thiem-[C-C-C-P]%3
Jceep (O)OR3 ! ]
Thiem-Meyer-1978
23 H C — N Azide2JHN-[H-C-N]54
HCN
B3LYP/pcJ-2
3; H C N N Azide3JHN-[H-C-N-N]5*
HCNN
B3LYP/pcJ-2
PEPTIDES
3
Jee
3 C(=0) (N (@ C Barfield-[C(O)-N-Ca-Cbh]°®
JC(=0)N, Ca, CB (=0) a 8 [C(O) ]
Barfield-1985
3 C(=0) |N C C(=0 Bax-[C(0)-N-Ca-C(0)]>¢
IoopN, caco) | SO « |C0) [C(0) )]
Bax-1996
3 C(=0) |C C C Schmidt-[C(O)-Ca-Cb-Cg]®’
3 6(=0), Ca, CB Cg (=0) |Cq B v [C(O) g]
Schmidt-2001
3
J cH
3 C=(O) (N C H Barfield-[C(O)-N-Ca-H
3 C(=0)N, CaH (0) q [C(O) ]
Barfield-1985%°
Mohanakrishnan-1979°8
3 C(=0) |N C H Bax [C(O)-N-Ca-H]>®
J c(=0),N, Ca,H (=0) a [€(O) ]
Bax-1995
3 (@ C N H Bax-[Cb-Ca-N-H]%°
JeB,Ca, N H B a [ ]
Bax-1997-x-ray
Bax-1997-solution
3 CH N C H Cung-[CH3-N-Ca-H]6tt
J CH3 N, Ca,H (H3) a ol ]
Cung-1980
3 C(=0) |C C H Schmidt-[C(O)-Ca-Ch-H]*"
3 c=0.Ca,, CB.H (=0) |Cq B [C(O) 1
Schmidt-2001
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3 C C C H Schmidt-[H-Ca-Cb-Cg]®’
Icy,CB,Ca,N,H vooe a [ dl
Schmidt-2001
3
JNH
3 H C C(=O |N Bax-[H-Ca-C(0)-N]>°
IH, Ca,C(=0),N a ( [ (©O-N]
) Bax-1995
3 N C C H Schmidt-[N-Ca-Cb-H]%"
IN, Ca, CB, H a 8 [ ]
Schmidt-2001
3
JFH
F N C H _[E-N-Ca-H150
Je N.Ca, H a Hammer-[F-N-Ca-H]
Hammer-1984
3
J HH
J H N Cq [H Pardi-[H-N-Ca-H]2
H N,Ca, H
Pardi-1980
3 H C C H Schmidt-[H-Ca-Cb-H]%"
JH Ca, CBH a B [ ]
Schmidt-2001
3
JeN
N Cq CB Cy Schmidt-[N-Ca-Cbh-Cg]*’
Schmidt-2001
Glycosides
23 C o] - H Carlomagno-[C-O-H]®
C,OH
3; C o) C C Milton-[C-O-C-C]%
C,0,CC
Milton-1998
33 C C o H Serianni-[C1-C2-O-H]%
C,C,OH
Serianni-2007
33 Cc (e} Cc H Serianni-[C-O-C-H]®®
C,O,CH
Serianni-1999
33 C (o] C H Tvaroska-[C-O-C-H]%’
C,0,CH
Tvaroska-1989

i The parameters for the Altona equation are chosen as a function of the substitution pattern and are automatically chosen
by the program.

ii A five term Karplus equation of the form -0.24 cos4f +0.35 cos3f+2.57 cos2f-1.82 cosf +5.59. Parameters were obtained
by fitting a B3LYP/6-31G* (four Ramsey terms) curve.

iii A four term Karplus equation of the form: -0.18 cos3f + 3.74 cos2f - 1.36 cosf + 5.71. Parameters were obtained by
fitting a B3LYP/6-31G* (four Ramsey terms) curve.
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