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1
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OF BLUE H-BOND -Si-H...Cl 
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Until now, much effort has been put to elucidate the properties of the hydrogen bond, but in 

spite of this fact, the nature of this important noncovalent interaction is not fully understood.  

During the investigation of this fascinating phenomenon, a few types of hydrogen bonds have 

been identified and one of these is a blue shift hydrogen bond first observed in o-

nitrobenzaldehyde.
1, 2, 3 

Occurrence of this type of hydrogen bond in systems Z-X-H
......

Y is 

explained by electron transfer from the electron density donor Y to the acceptor, which in this 

case is the antibonding orbital �*(Z-X) directed away from Y. In cases where X is substituted 

by more H atoms than one, the Z substituent can be another H atom. The electron transfer is 

accompanied by a rehybridization of the orbitals involved in the X-H bond proximate to Y. In 

consequence, this latter bond undergoes a contraction concerned with a blue-shift of its 

stretching frequency and decrease of the  
1
JXH spin spin coupling constant

4,5
. Recently, we 

have observed one of the most clear evidences of  this kind of hydrogen bonds involving the 

methyl hydrogens in  9-methyltriptycene derivatives substituted by halogen atoms in the peri

positions
,6,7

.    

 Now we report on the diverse NMR properties of the individual Si-H bonds in two 9-

silyltriptycene derivatives, 1,4-dichloro-9-silyltriptycene (DCST) and 1,4-dimethylo-9-

silyltriptycene (DMST), synthesized by us. These observations suggested the occurrence in 

DCST of the blue H-bond.  
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These compounds are characterized by very high barriers to the rotation of the silyl 

group. The pertinent activation energies, obtained from variable temperature NMR 

experiments, are 15.04 kcal/mol  for DCST  and 12.44 kcal/mol for DMST. At low 

temperature, where the silyl group dynamics is frozen (these are probably the first 

observations of hindered silyl group), we measured the spin spin coupling constants involving 

the individual silyl group protons: 
1
JSiH  and  

2
JHH.  For DCST we observed that 

1
JSiHa  = 190.7 

Hz and 
1
JSiHb = 217.4 Hz (the labelling of the protons is given in the scheme). For DMST, the 
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corresponding values, 198.9 and 207.6 Hz, come in the same order but the difference between 

them is much smaller. We believe that in DMST this effect is due to a contraction and 

concomitant strengthening of the Si-Hb bonds, as compared to the Si-Ha bond, because the 

former are exposed to much stronger repulsion by the methyl group in the peri position  than 

the latter. In DCST, such a repulsion effect may also be present. However, despite of the fact 

that Cl and CH3 have similar Van der Waals radii, the difference between the coupling values, 

26.7 Hz, is much more substantial than the corresponding difference (8.7 Hz) in DMST. It is 

therefore plausible that such a substantial increase of the difference is due to an involvement 

of the lone electron pairs of Cl. This supposition was confirmed by theoretical calculations. 

We carried out natural bond orbital analyses at the HF/aug-cc-pVDZ  level for the optimised 

geometry (at B3LYP/6-31G level) for DCST. It turned out that there exists an electron density 

transfer from two lone pairs of Cl to the orbital �*(Si-Ha), the bond located trans to the donor, 

with the total stabilization energy of about 4.5 kcal/mol. For DMST, a similar  transfer cannot 

occur for obvious reasons. Such a transfer is a hallmark of the occurrence of the blue H-bond 

in DCST. That is, similarly as in the 9-methyltriptycene derivatives,
6,7

 among the three Si-H 

bonds, the main recipient of the electron density from the donor is the Si-H bond directed 

away from the latter.   

 The occurrence in DCST of the blue H-bond is consistent with the above mentioned 

differences in the activation energies of the silyl group rotation in DMST and DCMT. In the 

latter compound, this effect provides an extra stabilization of the ground torsional state and 

thereby an enhancement of the barrier to the silyl group rotation.  
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