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IR spectroscopic observation of the intramolecular 0-H...fl hydrogen 

bonding in olefinic and aromatic alcohols has recently been widely applied to 

determination of the configuration of the hydroxyl group with respect to the 

olefinic and aromatic centers. le2 In contrast with the O-H...0 hydrogen 

bonding,' however, less effort seems to have been made to correlate 

quantitatively the spectroscopic parameters4 with the molecular geometry. 

The situation may be due to difficulty in locating the site of the proton 

accepting center which is distributed over more than one carbon atoms 

carrying the n-electrons: in the case of O-H . ..O bonding it is easier to 

define the site of the lone pair of &SctronS of the proton acceptor. We now 

wish to report a useful empirical correlation which allows one to estimate the 

conformation of R-phenylethanols from their O-H stretching frequencies(bo_H). 

In Chart I are summarized the tio_H absorption frequencies of a wide variety 

of conformationally-fixed $-phenylethanols. The spectral measurement was 

carried out on a Perkin-Elmer 112G grating infrared spectrometer as described 

before. 2 All the data quoted from the literature are explicitly mentioned to 

have been obtained on a dilute solution in carbon tetrachloride with a 

spectrometer equipped with a grating or a fluoride prism. 

It is not always proper to regard the apparent difference in frequencies of 

the doublet absorption peaks of a given alcohol as the to-R shift representing 

the strength of the hydrogen bonding, because the conformational environment of 

the hydroxyl group which is well-documented with its influence on the fio_H 
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frequency l3 is not necessarily equal in the free and the bonded forms. To 

avoid this ambiguity and for simplicity's sake, the bonded frequency itself 

is to be compared in this paper without reference to the free PO-h. It is 

apparent that the lower the bonded O-H frequency the stronger is the 0-H...n 

bonding. 

As a convenient measure expressing the geometrical relationship between the 

hydroxyl group and the aromatic n-orbital8 in B-phenylethanols, let us define 0 

as the dihedral angle between the plane of the benzene ring and that made by the 

carbon atoms Ca and C 
B 
of the side chain, and Cl of the benzene ring. Note that 

aa shown in Figure 1 the OH should be contained by definition in the quadrant 

defined by 8, and not by the supplementary angle of 8. For each alcohol in 

Chart I, the angle 8 was measured on a Dreiding model and/or estimated on the 

basis of the geometry of the partial structure when this is known. The 8 values 

are also included in Chart I. 

Graphic presentation gives the reasonably smooth bonded S-H versus 0 curve 

as shown in Figure 2, which could be approximated by Equation 1. 

'0-H bonded(cm-l) = 3625 - 50 cos 2(@- 300) 

The relationship may well be rationalized by inspection of molecular models (see 

Figure 1) in such a way that, when e= 120°, the OH hydrogen atom is situated 

right above the n-cloud of the Cl atom of the benzene ring and the overlap 

between the hydroxyl group and the n-electrons is expected to be maximum. 

Compounds & to &I are the typical examples. At 8= 30°, the hydroxyl hydrogen 

lies on the plane of the benzene ring, pointing the node of the n-electrons with 

the result of no effective bonding at all. Correspondingly, b_H's appear at 

the normal free Po_H region of 3620~3627 cm" in 5, g and &. The argument 

is based on the reasonable assumption that, in most of the bonded conformation 

of p-phenylethanols. the C a-O bond may be staggered with the Cg-Cl bond; in 

other words the dihedral angle between the planes of O-Cm-C 
B 
and Ca-CB-Cl will 

be approximately 60°. 

Application of the relationship found in this paper to the conformational 

analysis of chromsr&-ols will be reported in due course. 
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