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Why Just NMR?Why Just NMR?

Information in very well arranged form:

• Chemical Shifts → Chemical Nature of Compound

• Coupling Constants → Connectivity & Stereochemistry

• Intensities → Quantitativity

• Relaxation Times → Kinetics
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What About Proton NMR?What About Proton NMR?

• The most sensitive and useful NMR nucleus

• Chemical shifts sensitive to experimental conditions (solvent, 
temperature, concentration)

• Coupling patterns change with shift-changes 
in non-first-order spectra

• Couplings contain structural information and vice versa !!

A simple data-base approach cannot work well
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NMR Spectral PredictionNMR Spectral Prediction

Proton NMR

Prediction

SpectrumSpectrumStructureStructure

8.00 7.00 6.00 5.00 4.00 3.00 2.00 1.00
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NMR Prediction - MethodsNMR Prediction - Methods

• Increments
• Spectral Libraries
• Hose Code
• Neural Networks
• Quantum Chemical Calculations
• Model It HNMR
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IncrementsIncrements

• Simple
• Very fast 
• Limited to classes 

of substances
• Substituent effects 

are NOT additive!

SpecTool
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Spectral LibrariesSpectral Libraries

• Chemical (sub)structure
• Experimental data
• Manual comparison 

tedious
• Proton NMR spectra 

SpecInfo
HaveItAll NMR
SDBS
ACD
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The HOSE-CodeThe HOSE-Code
Hierarchically Ordered Spherical 

description of Environment

SpecInfo
ACD
PredictIt NMR
CSEARCH 

• Requires large database
• Slower 

• Limited descriptors
• Stereochemistry?
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3D HOSE-Code3D HOSE-Code

• Stereochemistry represented by up/down-bonds

• Stereochemistry described by interactions over 
3, 4 and 5 bonds

• Additionally descriptors for 
axial/equatorial substitution

• No 3D-coordinates needed

• Dynamics?

• Other than ax/eq?

CSEARCH 
ACD?
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Neural NetworksNeural Networks

• Extremely fast 

• Limited number of 
descriptors

• Time-consuming training 
required (optimization of 
weights)

CSEARCH 
ACD?
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PERCH NMR SoftwarePERCH NMR Software

• 3D-Structure

• Conformation

• Molecular flexibility

• Solvent

• Higher order effects

Most realistic descriptors !
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Proton NMR PredictionProton NMR Prediction

1. Chemical Nature - Proton Type

2. Connectivity - Substituent Effects

3. Stereochemistry - 3D Structure

4. Time - Flexibility & Dynamics

Conventional
Programs PERCH
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Prediction
Model for 1H & 13C
Parameterized Chemical 

Environments, Solvents and 

2D/3D

Conversion

MC/MD

Analysis

Solvent

4D Parameterized

Proton Environment

Spectral

Parameters

Advanced NMR PredictionAdvanced NMR Prediction

3D-Structure

Conformational Space

2D-Structure

N

O

N

O

Predicted
Spectrum

8.00 7.00 6.00 5.00 4.00 3.00 2.00
|∆|av :1H  = 0.11 ppm (sp3) 

13C = 2.2 ppm (sp3) 

NEW: pH, ionic strength &
concentration
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Parameterized Proton EnvironmentParameterized Proton Environment
� Proton type (sp, sp2, sp3, aromatic)

� Charges (substituent effects, bond anisotropy)
� 3D-Structure (distances, bond angles, torsion 

angles, rotation etc.) 

� Correlation parameters
� Aromatic shielding/de-shielding

Dihedral Angles

� Averaged over conformational space ! 

� Flexibility
� Temperature
� Solvent (CDCl3, DMSO, acetone, water …)

Conformational

Space
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Chemical NatureChemical Nature

H

sp3 sp2 aromatic

C

H

The 1st Dimension

Proton Sub - Types

H
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ConnectivityConnectivity

Non - additive Substituent Effects

Observed: 7.44 ppm 7.66 ppm 7.61 ppm
Additive: - 7.54 ppm 7.41 ppm
PERCH: 7.48 ppm 7.63 ppm 7.58 ppm

Br

H

Br

H

Br

Br

H

BrBr

The 2nd Dimension
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StereochemistryStereochemistry

PERCH:
δ (H1) = 4.46 ppm
δ (H2) = 2.65 ppm
δ (H3) = 1.53 ppm

Some other program:

δ (H1) = 4.05 ppm !
δ (H2) = 2.25 ppm !
δ (H3) = 2.02 ppm !

Configurational Term

The 3rd Dimension
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PERCH:
δ (H1) = 4.15 ppm
δ (H2) = 2.29 ppm
δ (H3) = 1.66 ppm

Some other program:

δ (H1) = 4.05 ppm !
δ (H2) = 2.25 ppm !
δ (H3) = 2.02 ppm !
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Endo-Exo-BorneolEndo-Exo-Borneol
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Aromatic ShieldingAromatic Shielding

predicted:
δ = -3.90 ppm
Literature:
δ = -4.03 ppm
J. Amer. Chem. Soc. 1987, 109, 6878

predicted:
δ = 0.46 ppm
Literature:
δ = ??? ppm
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Flexibility & DynamicsFlexibility & Dynamics

δ (CH3) = 1.10 ppm

δ (CH3) = 0.51 ppm

δ (CH3) = 0.95 ppm

The 4th Dimension

Observed δ (CH3) = 0.93 ppm

Molecular Dynamics
& Monto Carlo
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Solvent & TemperatureSolvent & Temperature

N

in CDCl3

in DMSO

in 
CD3OD

8,60 8,40 8,20 8,00 7,80 7,60 7,40 7,20 ppm

Molecular Surface Calculations

< 0.17 >
ppm

The 5th Dimension?
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Chemical Shift CorrelationChemical Shift Correlation
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ReliabilityReliability

• "Hit" Predictions RMS = 0.068 (n=4178)

• "Good" Predictions RMS = 0.203 (n=44712) 

• "Poor" Predictions RMS = 0.305 (n=7689)

• "Bad" Predictions RMS = 0.467 (n=3157)

• "Lack" Predictions RMS = 0.435 (n=1154)

All data, RMS = 0.240 (n=60890)

RMS = 0.208 (RMS < ±1, n=60451) 
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ComparisionComparision

Model It

+ More realistic descriptors

+ Enables conformational studies

+ Finds data used in model

- Slow especially in adaptive
mode

- Sensitive to conformational
errors

Database / HOSE code

+ Very fast

+ Intrinsic link to data

- Huge data base needed to find
sufficient HOSE-spheres

- Limited stereochemistry

- Poor interpolation (Finds more
than predicts)
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• Spectral Databases
- Often unassigned

- Limited parameters (field-strength, solvents)

- Missing information (temperature, concentration)

Limitations of NMR DatabasesLimitations of NMR Databases

• Non-Spectral Databases
- Based on unverifiable literature data 

- Usually not completely assigned

- Often based on rough first-order analysis only

How to improve this?
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Structure VerificationStructure VerificationStructure Verification

4.300 4.200 4.100 4.000 3.900 3.800 3.700

Observed
Spectrum

Predicted
Spectrum

Iteration
Result

Similarity-%

Match-Index

~ 0.11 ppm
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Parallel SynthesisParallel SynthesisParallel Synthesis
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39.53 | 77.40 1.01 | 0.26

33.58 | 92.70 4.18 | 1.33

18.24 | 61.50 1.04 | 0.77 2.51 | 0.81

7.34 | 15.20

20.04 | 19.70 1.45 | 0.32

1.46 | 1.83 14.32 | 7.12

2.18 | 16.80

26.90 | 27.80

Expno

Structure 
20 30 50 70 320 380 410 420 470 510

20

30

50

70

320

380

410

420

470

510 1.27 | 6.19 2.11 | 3.74 2.79 | 6.12 33.06 | 89.90

100 Iterations
20 min (3GHz PC)

Cross-VerificationCrossCross--VerificationVerification

Similarity-%

Match-Index
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