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THE OBJECTIVES OF THIS WORK

1) To develop a fast and simple QSPR methodology for prediction of 17O carbonyl chemical shifts in substituted benzaldehydes, comparable to the empirical model of Li&Li (LL)

2) To  show that this methodology is based on well understandable chemical concepts and that the QSPR models can be validated unlike the LL model

3) To use  the QSPR models for general substituted benzaldehydes, in advance of the LL model

THE  STORY

EXPLORATORY ANALYSIS & DATA MINING

QSPR MODELS

ACKNOWLEDGEMENT: FAPESP

1
2

7

3

8

9

14
13

11

15

OH

CH3

OH

OH

OH

N
CH3 CH3

OH

O
CH3

OH

F

OH

Cl

OH

Br

OH

CN

OH

NO2

OH

CH3

OH

OH

OH

O
CH3

OH

NO2

OH

Br

OH

Cl

OH

Cl

OH

F

OH

CH3

O

OH

OH

OH

NO2

OH

Br

OH

O
CH3

OH

OHCl

OH

OH

Cl

OH

OH

O2N

OH

OH

O
CH3

OH

OH

OCH3

O

OH

OH

OH

OH

OH

Cl

OH

OH

OH

OH

OH

O
CH3

OH

OH

F

OH

OH

Cl

OH

OH

Cl

Cl

OH

OH

Cl

Cl

OH

OH

ClCl

OH

OH

Cl

Cl

OH

OHCl

Cl

OH

OHCl

Cl

OH

OH

OHO
CH3

OH

CH3CH3

CH3

OH

OO

O
CH3

CH3CH3

OH

O

O
CH3

CH3

O
CH3

OH

O

O
CH3

CH3

O
CH3

OH

Cl

OH

Cl OH

OH

OH

Cl
Cl Cl

OH

OH

Cl
Cl

Cl

OH

OH

Cl

Cl

Cl

OH

OH

Cl

Cl

Cl
Cl

OH

p

oo'

mm'

1

2

1 2 3 4 5 6 7 8 9

10
11 12 13 14 15 16 17

18 19 20 21 22 23 24

25 26 27 28 29 30 31

32 33

34 35 36

37 38

39

40

41 42 43 44

45 46 47 48

49

50

OH

F

O2N

OH

OH

Br

N CH3CH3

OH

Br

OH

OH

OH

OH

OH

OH

Cl

Cl

Cl

Cl
Cl

OH

ClCl

Cl

OH

I

OH

O
OH

O
OH

OH

Cl

O

O
CH3

CH3

OH

OH

CH3

H

O

55

56

51

5352 54

60

58
57 59

The empirical Li&Li (LL) model1:

1Li LD, Li LS (2004) Magn Reson Chem 42:977

Empirical equation for calculation of 17O NMR chemical shifts in 
50 benzaldehydes (Figure 1), based on contributions ∆ of 
individual o-, o’-, m-, m’- and p-positioned substituents and
correction C for polar solvents:

New QSPR methodology:

1)Substituted benzaldehydes (training set: 50, Fig. 1; prediction set: 
10, Fig. 2) were modeled and optimized at semi-empirical PM3 level.
2) Various global and local molecular descriptors of electronic and
steric nature were generated.
3) Variable selection was performed for PLS, PCR and MLR models
(autoscalled data) which were validated by leave-one out 
crossvalidation and additionally externally validated.
4) The models were compared with the LL model and used to 
predict 17O carbonyl shifts in the prediction set.
5) Additional exploratory analysis (PCA and HCA) and data mining
in the Cambridge Structural Database (CSD) were performed to 
rationalize the relationships among the samples and variables.

QSPR models versus LL model:

-the same prediction power for the training set as of the LL model
-better applicable for more general data sets than the LL model
-can be validated and the LL cannot
-all descriptors with clear chemical background, contrary to the LL model
-fast and simple methodology, does not need substituent constants

Figure 1. Substituted benzaldehydes 1-50 (training set).

Figure 2. Substituted benzaldehydes 51-60 (prediction set).

Selected molecular descriptors:
1) ECC – C1-C2 nuclear-nuclear repulsion energy
2) QOesp – electrostatic potential-based partial atomic charge of the carbonyl oxygen O
3) σd – standard deviation of the six C-C bond lengths in the benzene fragment
4) dCC – C1-C2 bond length
5) QC2mul – Mulliken partial atomic charge of C2
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Figure 3. Correlation of experimental 17O NMR shifts with independent 
variables from the LL model (upper plots) and calculated in this work 
(lower plots).
Samples with (lower shifts) and without (higher shifts) internal -HC=O …
HO- hydrogen bond are separated by a dashed horizontal line in all plots.
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Figure 4. Experimental against calculated 17O NMR shifts as obtained from PLS (left), 
PCR (middle) and MLR (right) QSPR model. Solid squares account for the samples from 
the external validation set. The dashed line separates samples with internal -HC=O …
HO- hydrogen bond from those without it. 

External validation of the regression models
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Proposed QSPR models:

QSPR and LL predictions
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Figure 5. Scores plot (left) with two clusters (left top) and subclusters (bottom) and HCA 
dendogram for samples (right). Clusters I and II contain samples with and withouth the
internal hydrogen bond, respectively.
PC1 – related to cumulative electron withdrawal/donation effects felt by the carbonyl oxygen
PC2 – related to variations in the benzaldehyde heteroaromatic character

Figure 6. Loading plots (top) and HCA dendogram for variables 
(bottom) for the training set variables (left) and modified training set 
(with negative variables –dCC, -QOesp and -QC2mul, right).

Figure 7. Relationships between structural variables demonstrating electron delocalization in 
substituted benzaldehydes. Left top: Bond length-bond order relationship for interaction of the carbonyl 
oxygen with the closest o-hydrogen or closest atom from the o-substituent. Relationships between bond 
lengths C=O and C1-C2 (right top), C=O and mean C2-Co (Co – o-carbon atoms, left bottom), and C1-C2 and 
mean C2-Co (right bottom) with experimental data (from the CSD database, white squares) and calculated 
data (for 1-60 in this work, solid squares). These findings agree with QSPR models and exploratory
analysis and can explain intramolecular interactions affecting 17O carbonyl shifts.


