
T H E  INFRARED FREQUENCIES AND INTENSITIES O F  T H E  HYDROXYL 

BAND I N  ORTHO-SUBSTITUTED PHENOLS' 

ABSTRACT 

The infrared frequencies, intensities, and half-band widths of the fundamental stretching 
vibration of the hydroxyl group have been measured for a large number of ortho-alkyl phenols. 
I t  has been found tha t  phenols containing a single ortho-alkyl substituent exist as cis and trans 
isomers in unequal amounts, the trans isomer being the more abundant. The  difference in 
free energy between the two isomers in dilute solution in carbon tetrachloride a t  24O C has 
been measured for ortho-cresol, 2,3-dimethyl phenol, and several ortho-tert-alkyl phenols. 

INTRODUCTION 

The fundanlental frequencies of the hydroxyl group in o-allryl-substituted phenols 
have been reported for a rather limited range of allryl substituents by a number of worlrers 
(1 ,  2, 3, 4 ) ,  but, with the exception of 2,G-di-t-butyl-4-substituted phenols ( 5 ) ,  there has 
been no systematic study of the effect of these substituents on band intensities. The 
present work describes a compreheilsive examination of both the frequencies and the 
intensities over a large range of o-allryl substituents. 

The 0-H vibrational frequency, in carbon tetrachloride solution, of 2,G-di-t-butyl 
phenol is 36 cm-' higher than phenol ( 5 )  and since the 0-H band is coplanar with the 
ring in both cases ( 5 )  i t  should therefore be possible to observe two bands in the spectra 
of o-t-butyl phenol, and perhaps in other a-t-allryl phenols as well. The two bands woulcl 

I 
I correspo~~cl to geometrical isomers i.e. cis and trans structures in which the 0-H group 
I 

1 points towards the alkyl substituent and away from it ,  respectively. These two bands 

, were, in fact, observed in all o-t-alkyl phenols, and while this xvork was being prepared 
for publication Goddu (6) reported finding two bands in o-t-butyl phenols and in 2-t-butyl- 

I 
1 6-methyl phenols. 
I The possibility of detecting geometrical isomerism in non-tertiary-allryl-o-substituted 
I 
I phenols was also examined. 

I 
EXPERIMENTAL 

A Beckman I. R. 4 spectropl~oto~neter with lithium fluoride optics was used to measure 
the 0-H bands, the frequencies being calibrated by the standard absorption lines of 
water vapor. The effective slit width was about 4 cm-'. Carbon tetrachloride was emplojred 
as the solvent and solution concentrations ( C )  were in the range 0.01 to 0.002 molar. 
Three cells of thickness ( I ) ,  1 ,  5 ,  and 10 lnnl were used. Throughout this paper the term 
"intensity" ( A )  refers to the ratio, for the substituted phenol to phenol, of the apparent 
integrated absorption intensities, i.e. the band areas, and numerical values of :I ai-e given 
relative to the illtensity of phenol. The band areas were obtained fro111 the product of the 
half-band width ( 4 ~ ; )  and the nlolecular extinction coefficient (E,,,,, = (1/Cl)  loglo 
(Io/I)urnns) (7). 

Many of the phenols ernployed were conlmercial products which were purified by 
recrystallization or distillation before use. The purity of the liquid samples \vas checlted 
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by gas chrornatography and some of the phenols were purified on a preparatory 
column. The phenols 2-t-amyl-4-illethyl; 2,6-di-t-amyl-4-methyl (8); 2-t-t-octyl-4-methyl 
(m.p. 50-51.2') (9) ;* 2,6-di-t-t-octyl-4-methyl (n1.p. 53.2-54.2') (9) ; 2-triethylmethyl-4- 
methyl (m.p. 43-44') ; and 2,6-di-trietl1g~lmethyl-4-methyl (m.p. 44') were obtained by 
alkylation of p-cresol with the appropriate olefin by the method of Stillson, Sawyer, and 
Hunt (8). The hindered (2,6-substituted) and partially hindered (2-substituted) p-cresols 
were separated by adsorption chrornatography on alumina. The yield of the last two 
hindered phenols was only 5 or 10%. 2-t-Butyl-5,6-dimethyl phenol ( m . ~ .  52-53") was 
obtained by alkylation of 2,3-dimethyl phenol with the theoretical amount of isobutylene. 
2,6-Di-t-t-octyl-4-formyl phenol (white needles, m.p. 157-158") was prepared in 25% 
yield from the 4-methyl derivative by oxidation with bromine (10). The main product 
of this reaction is a yellow crystalline material 111.p. 124' C, the infrared spectrum of 
which suggests a para-quinolide structure (11). Since it appears to contain an equimolar 
quantity of HBr the analysis suggests it is 4-broino-4-methyl-2,6-di-t-t-octyl-cyclohexa- 
diene-2,5-one-1, hydrobroinide. Analysis: Found C ,  56.4; H, 8.15; Br, 32.6. Calculated 
for Cz3H40OBr2: C,  56.1; H,  8.19; Br, 32.4. 

2-t-t-Octyl-4-methyl-6-t-butyl pheilol (111.p. 33-34"} was prepared by butylating 
2-t-t-octyl-4-methyl phenol. 

We are indebted to the Eastinan Kodak Co. for gifts of the following phenols: 2,4,6-tri- 
sec-butyl; 2,4-di-n-ainyl; 2,4,6-tri-n-amyl; 2-n-decyl-4-methyl; and 2-sec-dodecyl-4- 
methyl. 

RESULTS 

I t  has been shown previously (5) that the frequencies of the 0-H band maxima 
(v,) for 4-substituted phenols and for 4-substituted-2,6-di-t-butyl phenols can be corre- 
lated by a Hainmett p a  relation. Two parallel straight lines were obtained whose slopes 
(p) were both -13.7 cm-'. The intensities of the two groups of substituted phenols 
relative to phenol and to 2,6-di-t-butyl phenol respectively can be represented on a 
Hammett plot by a single straight line whose slope equals 0.37 (5). The measured values 
of V, and of the intensity relative to phenol (A) for the phenols studied here have therefore 
been compared with the values calculated from the Haininett equation to show up any 
departures from the predicted values. Av, represents the difference between the measured 
and calculated values of v, and AA represents the difference between the measured 
and calculated values of A .  I t  has been assumed in the calculations that the a constant 
for an ortho substitueilt is the same as that for a para substituent (12). The a values for 
the t-t-octyl and triethylinethyl groups have been assumed to  be -0.19 and -0.18 
respectively for structural reasons. All results are averages of a t  least two experiments. 

The frequencies of single bands and of the main band in those phenols which sllow a 
double band are probably relatively correct to within 1 cm-I. j Relative intensities should 
be correct to within about f 0.05. The absolute intensity of phenol obtained by graphical 
integration over the absorption band using log 10 (Io/I) and applying Ramsey's correctioil 
for the wing absorption (7) has been redetermined to be 5.30 (1 X lo4 mole-' liter cm-2). 
If the band is ineasured only to the flat wings of the cur\-e (13) the intensity is 4.35 in the 
same units. These values are in good agreement with other recent estimates (13). 

The results obtained with those phenols which were substituted with a t  least one 
t-alkyl group in an ortho position are given in Table I. The syinmetrically substituted 

*The t-t-octyl group i s  (CH,)3CCH2(CH3)2C-. 
tFrequencies given in reference 5 were low by 2 or S cm-I owing to a n  error in the spectrometer calibration. 
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INGOLD AND TAYLOR: ORTHO-SUBSTITUTED PHENOLS 473 

phenols show only a single band but the asymmetrically substituted compounds show a 
coinplex band which consists of a inail1 band a t  approximately the same frequency as 
pheilol and a smaller, inco~npletely resolved band a t  a frequency approximately that of 
the 2,G-di-t-alkyl phenol. The value of v,, for the side band is probably correct only to 
2 or 3 cm-l, owing to the difficulty of separating the contribution from the main band. 
Typical spectra are shown in Fig. 1. Table I also includes the ratio of the intensities of 
the two bands (denoted by -4 (trans)/A (cis)). 

FIG. 1. The fundamental 0-H vibration bands of ortho-tert-alliyl phenols. 

The results obtained nrith phenols which do not contain an ortho-t-al1q.l substituent 
are given in Table 11. 

DISCUSSION 

The increases in frequency observed \\.it11 2,G-di-t-alkyl phenols compared wit11 phenol 
are too large to be explained by the polar contributions of the t-alkyl groups. I t  has been 
shown previously (3) that the increase associated with 2,G-di-t-butyl phenols cannot be 
attributed to the twisting of the 0-H bor~d out of the plane of the benzene ring. Similar 
evidence that the 0-H bond is coplaliar u~i th  the ring, or a t  least is nearly coplanar, has 
now been extended to 2,G-di-t-t-octyl phenols. 

The fundamental stretching frequency of the C=O group in substituted beilzaldehydes 
has been shown to follow a Haminett pu relation (14). If the 0-H group is coplanar in 
2,G-di-t-alkyl-4-forinyl phenols the effective u will be the sum of uD,,,(OH) = -0.36 
plus u,,,~, for two t-alkyl groups = 2 X  -0.12, i.e. -0.60. The shift in C=O frequency 
from benzaldehyde to P-hydroxybenzaldehyde and to 2,G-di-t-alkyl-4-formyl phenol 
should therefore be in the ratio 0.36:0.60, i.e., 3:s.  If, however, the 0-H bond is twisted 
away from the plane by the t-alkyl groups its effective u will be increased i.e. become more 
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TABLE I 
Frequencies and intensities of t-alkyl phenols 

%I Avm Avt  - A(trans) 
Substituents ZU cm-I cm-I A A A  cm-I A(cis) 

Phenol 
2-But 

2-0ctLt-4-Me-6-But -0.56 3647 27 1.22 0.43 25.5 See 
(mas) text 

3642 22 
(center) 

"2s assigned on basis of vm and A .  

positive (12, 15). The observecl C=O frequencies were benzaldehyde 1710 cm-I, p-hy- 
droxybenzaldehyde 1701 cm-I, 2,6-di-t-butyl-4-forn~yl phenol 1695 cin-I (5), and 2,6-di- 
t-t-octyl-4-formyl phenol 1693 cm-'; the frequency differences are in the ratio 9:15 in 
agreement with the ratio predicted for a coplanar hydroxyl group. 
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INGOLD AND TAYLOR: ORTHO-SUBSTITUTED PHENOLS 

TABLE I1 
Frequencies and intensities of non-tertiary alkyl phenols 

vm A vm 
A 

av 4 
Substituents Zo cm-I cm-1 A A cm-I 

Phenol 
3-Me 
4-Me 
3,4,5-Me3 

Although the O H  group is coplanar in the presence of strong electron-attracting groups 
such as CHO this does not necessarily imply tha t  it is also coplanar when the 4-substituent 
is electron releasing (e.g (31.1). Ho~vever,  the differences in frequency between the 
hyclroxyl groups of the 4-methyl and 4-formyl derivatives of phenol, 2,G-di-t-butyl 
phenol, and 2,G-di-t-t-octyl phenol are 16.5 (5), 17, and 18.5 cm-' respectively compared 
with a calculated difference of 17.5 cm-'.* T h a t  is, within the limits of experimental 
error the plots of v,,, against u for these three classes of phenols are parallel (5) and there- 
fore the OH group has the same orientation, independent of the 4-substituent, in all 
cases. 

The  intensities of the hindered phenols give further confirmation tha t  they are true 
phenols and not "pseuclo" phenols containing a non-planar hydroxyl group. The  intensity 
of phenol is two or three times as  great as  the intensities of alcohols (13, IG), and, there- 
fore, since the hindered phenols have even higher intensities than phenol, they  nus st bc 
true phenols. Moreover, the ratio of the intensities of the 4-formyl to Amethyl derivatives 
of phenol; 2,G-di-t-butyl phenol; and 2,G-di-t-t-octyl phenol are 1.66 (5), 1.51, and 1.44 

*A71 interesting diference between the OH bands of 2,6-di-t-bz~tyl and 2,6-di-t-t-octyl fihenols i s  that their 
half-band widths afifiear to change i n  ofigosite directions with a change i n  o (Table I )  (6). 
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respectively, compared with a calculated ratio of 1.48, again suggesting that the structure 
of the phenols is independent of the 4-substituent. 

Although the results quoted above strongly suggest that the OH group is coplanar with 
the ring, the accuracy of the experiments does not preclude the possibility that i t  is 
slightly twisted away from the plane. Both the resonance energy and the charge density 
a t  the carbon atom para to the resonance-inhibited group vary approximately as C O S ? ~  

(15, 17, 18) where 0 is the angle of twist. That  is, the resonance energy and charge density 
fall off rather slowly for small values of 0 and therefore we could not detect small angles 
of twist in our experiments. 

The conclusion that the OH group is in the plane, or a t  least close to it ,  makes the 
interpretation of the results obtained with single ortho-t-alkyl substituents comparatively 
straightforward. The results given in Table I and Fig. 1 clearly demonstrate the presence 
of two forms of o-t-alkyl phenols, as was predicted. Since the frequencies of the two bands 
are fairly close the one to the frequency of phenol, and the other to that of the correspond- 
ing 2,6-di-t-alkyl phenol, i t  is logical to suppose that the two forms represent geometrical 
isomers. The more intense band a t  the lower frequency will correspond to the trans 
isomer (T) and the less intense band a t  the higher frequency to the cis isomer (C). 

Geometrical isomerism has been reported previously (19, 20) for o-substituted phenols 
in which the substituent can form an intramolecular hydrogen bond with the phenolic 
hydrogen (e.g. o-chlorophenol). This isomerism, which was deduced from infrared spectra, 
arises from the attraction of the phenolic hydrogen towards the o-substituent since the 
main band occurs a t  a much lower frequency than in phenol and the minor band occurs 
near the phenol frequency. In other words, the cis form is the most stable, whereas in 
o-t-alkyl phenols it  is the trans form that is more stable. This suggests the presence of a 
steric repulsion between the phenolic hydrogen and the t-alkyl group, as might be expected. 

Substitution of a methyl group in the 6-position increases the proportion of the iso~iler 
cis to the t-alkyl group. Substitution of a second methyl a t  the 5-position increases the 
proportion of the cis isomer even further, presumably because of its LLbuttressing" action 
on the inethyl in the 6-position. 

I t  should be pointed out that  the occurrence of two bands does not necessarily imply 
that  they correspond to geometrical isomers, since the low intensity band could con- 
ceivably be due to Ferini resonance (21) a s  has been postulated for hydroxy conlpounds 
containing the -CH20H group (13). This possibility can, however, be discarded since 
the intensity of the subsidiary (cis) band decreases slightly as the two bands get closer 
together on going from o-t-butyl to o-t-amyl phenol, which is contrary to what would be 
expected from Fermi resonance. The results obtained with 2-t-butyl-&methyl phenols 
and with 2-t-butyl-5,6-dimethyl phenol would also be difficult to explain on this basis. 
Furthermore, the spectra of structurally similar phenols e.g. 9-t-butyl phenol, 2,6-diethyl 
phenol, 2,6-di-isopropyl phenol, etc. do not show any subsidiary bands. 

The difference in free energy (AG) between the two isomers can be calculated from the 
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INGOLD AND TAYLOR: ORTHO-SUBSTITUTED PHENOLS 477 

ratio of the intensities of the trans to cis bands in an o-t-alkyl phenol. This energy dif- 
ference should be independent of the presence or absence of a 4-substituent, since any 
change in resonance energy produced by a 4-substituent will presun~ably alter the depths 
of the two coplanar potential minima by the same amount. However, the measured ratio 
of the intensities should be corrected for the fact that when the 0-H group is cis to the 
t-alkyl group, as it  must be in 2,6-di-t-alkyl phenols, the intensity is higher than phenol, 
whereas when it is trans to the substituent the intensity probably approximately follows 
the Hainmett equation ( 5 )  and will be lower than phenol. For example, the average 
calculated cis intensity for 2-t-butyl phenol (1.09) is obtained fro111 the intensities of 
2,6-di-t-butyl phenol (1.02), and 2,6-di-t-butyl-4-inethyl phenol (0.95) by applying correc- 
tions for the polar effects of an o-t-butyl group ( -  (-0.20X0.37)) and for the effect of 
an  o-t-butyl group and a 9-methyl group ( -  (-0.20-0.17) X0.37). The calculated trans 
intensity is based on phenol (1.00) less the effect of an 0-t-butyl group i.e. 0.93. For 
2-t-butyl-6-methyl phenol the calculated intensity cis to the t-butyl group is based on the 
calculated cis intensity of o-t-butyl phenol corrected for the polar effect of the 6-methyl 
group, and the calculated trans intensity is based in the same way on the ineasured 
iiltellsities of 2,G-dimethyl and 2,4,6-trimethyl phenol. The measured trans to cis intensity 
ratio must be multiplied by the calculated cis to trans intensity ratio in order to obtain 
the true relative ainounts of the two isomers. Table I11 gives the steps in the calculatioils 

TABLE 111 
Cis - trans isomerism of o-alkyl phenols 

Av. calc. Av. calc. Calc. Measured AG 
CIS trans A ( c i ~ )  A(trans) [trans] kcal/ 70 trans % cis 

o-Substituel~ts intensity intensity A(trans) A(cis) [cis] mole isomer isomer 

of the percentage of cis and trans isomers and the difference in free energy (AG) in kcal/ 
lllole between the two isomers in dilute solution in carboil tetrachloride a t  24' C. AG is 

in calories from the relation 

[trans] AG - log10 -- - - 
[cis] 2.3RT 

The measured trans/& ratio for 2-t-butyl and 2-t-amyl have been taken from the 
values found for their 4-methyl derivatives; and for 2-t-butyl-6-~nethyl the ratio obtained 
with this phenol has been used. This was done since these co~npounds were known to be 
very pure and since the measurements were repeated a t  least six times, including once 
011 a high-resolution Perltin-Elmer prism-grating spectrometer, model 112 G. Average 
values-of the ratio for the other phenols of these types are in quite good agreement with 
the values chosen. The measured trans/cis ratio for 2-t-butyl and 2-t-butyl-6-methyl 

are in good agreement with the values of Goddu ( G ) ,  although our frequencies 
are from 3 to 8 cm-I higher than the values he reported, the differences being most pro- 
nounced for 2,G-di-t-butyl phenols and for the cis isonlers of various o-t-butyl phenols. 
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The percentages of the cis isomers given in Table I11 show, as would be expected, that  
the cis isomer decreases as the size of the t-alkyl substituent is increased, but is increased 
by substitution of a methyl a t  the 6-position or by two methyls a t  the 5- and 6-positions. 

The values of AG obtained for 2-t-butyl-6-methyl phenol and for 2-t-butyl-5,6- 
dinlethyl phenol call be combined with the value for 2-t-butyl phenol to give the differences 
in free energy between the cis and trans isomers of o-cresol and 2,3-dimethyl phenol. 
These values are also included in Table 111. I t  was also possible to obtain a rough estimate 
of AG for the two fornls of 2-t-t-octyl-4-methyl-6-t-butyl phenol. The OH band of this 
compound is asymmetric and from the degree of asylnlnetry observed on the prism- 
grating instrument AG was estimated to be 0.17 lccal/mole. The intensity of the band was 
also compared with the intensity of the combined band of mixtures of different propor- 
tions of 2,G-cli-t-t-octyl-4-~nethyl phenol and 2,G-di-t-butyl-4-methyl phenol. A value of 
AG of 0.30 lical/mole was obtained in this way. These values are in reasonably good 
agreement with the value of 0.14 kcal/mole obtained by difference from 2-t-t-octyl and 
2-t-butyl phenol. 

The ratio of the intensities of the cis to trans isomers of o-cl~lorophenol is about 50:l 
in carbon tetrachloride a t  room temperature (22, 23), corresponding to AG--2.3 lical/ 
mole. We have found that for 2-chloro-6-methyl phenol this ratio increases to >100:1 
(AG >, 2.7 Iccal/mole). The two values of AG can be combilled to obtain AG for o-cresol 
> 0.4 lical/mole, in reasonable agreement with the value gixen in Table 111. 

The results given ill Table I1 show that a single non-tertiary alliyl group substituted 
in the ortho position gives a measured increase in frequency and decrease in intensity in 
good agreement n-it11 the values calculated from the Hammett equation (5). However, 
the results given in Table I11 show that these phenols must exist as cis-trans isonlers 
in unequal amou~its. The only direct evidence for this is that the half-band n-idths 
(Av;) are definitely greater for these o-allcyl phenols than for phenol or for the corre- 
sponding 2,6-diallcyl phenols. This suggests the presence of two unresolved bands, particu- 
larly since the half-band widths \vould be expected to decrease below the value for 
phenol with alliyl substitution (5) (see also results for 3-nlethyl, 4-methyl, and 3,4,5- 
trimethyl phenol in Table 11). Failure to resolve these bands is not surprisi~lg since the 
band maxima would appear to be less than 10 cm-' apart in ge~~e ra l  and even the prism- 
grating spectrometer would not resolve the two bands of 2-t-t-octyl-4-methyl-G-t-butyl 
phenol where a separation of about 15 cm-' is expected. 

The positive values of Av,,, observed with the 2,G-diallcyl phenols in Table I1 (and which 
are also encountered with 2,G-di-t-alliyl phenols) suggest a steric interaction between these 
non-tertiary alkyl groups and the hydroxyl group. On the other hand, the values of AA 
are negative for these phenols, whereas positive values mere obtained with the 2,(i-di-t- 
alkyl phe~~ols .  This shows that the intensities cannot be simply related to the extent of 
steric interference by the alliyl groups. However, for the phenols listed in Table I1 the 
values of A v ,  and Ail both tend to increase with the expected increase in steric interaction 
(see 2,G-dimethyl; 2,3,6-trimethyl; 2,3,4,6-tetramethyl; 2,3,5,G-tetramethyl; and penta- 
methyl phenol). This result cannot be due to any saturation of the electronic effects 
producecl by the increasing number of substituents (5) since this would cause both Av, 
and AA to decrease. The magnitude of these differences may, however, have been reduced 
because of saturation effects; somewhat larger values would smooth out the curves in 
Fig. 2 (see below). 

In Fig. 2 values of Av, and AA for 2,G-dialkyl phenols have been plotted against the 
values of AG obtained from the o-alley1 phenols. There is no direct justification for this 
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INGOLD AND TAYLOR: ORTHO-SUBSTITUTED PHENOLS 

A G ( k cal  /mole1 

FIG. 2 .  Differences between measured and calculated frequencies, and intensities, O F  2,6-dialliyl phenols 
plotted against AG. 

procedure, but it  is obvious that the values of v, and A for these phenols must be related 
in some way to the steric interactioil of the allq7l groups with the hydrosyl group, and 
that this is measured approximately by AG. Both plots apparently show a discontinuity 
between the methyl phenols and the t-alliyl phenols, the curves going through a maximum 
or miniinunl. This shows that or th~-al l i~. l  groups have two different effects on the hydroxyl, 
the magnitude of the two effects varying with the size of the alliyl groups. 

A possible explanation of these results is that mild steric interaction bet~veen the alliyl 
ancl hydrosyl groups narrows the potential-energy n-ell of the stretching inode of the 
0-13 bond; this mill increase the vibration frequency ailcl decrease its a~nplitucle and 
hence clecrease the intensity. Stroilgel- steric repulsions will begin to separate the proton 
from the electrons of the 0-13 bond since the repulsioil is exerted primnril!- on the 
electrons of the phenolic hydrogen and only through them on the proton itself. This lvill 

6 -  6+ 
tend to polarize the bond (i.e. 0-H) and increase the intensity, and a t  the same time 
will ~vealcen the internal force constant and so clecrease the frequency. Ii~ciclei~tally the 
values of AG do not increase with the size of the t-alkyl substituent as rapidly as might be 

A 
expected, which inay be because the energj- is minimized bj- an increase in the C-0-1-1 
angle. This forcing of the phenolic hydrogen an-a\. from its equilibrium position, as the 
substituents become larger thail t-butyl, would also tencl to decrease the 0-H boild 
strength and hence v,. 

The frequencies of the trails isoiners of o-t-alliyl pheilols, which are appreciably below 
their calculated values, are obviously much Inore readily influenced by the allq.1 sub- 
stituent than are the inteilsities (cf. small values of Az-1 for these pheilols in Table I ) ;  
i.e. the intensities, but not the frequencies, folloxv the usual Hamlnett pu relations. The 
low frequencies observed must llleail that an o-t-allcyl substituent has an effect on the 
h~7droxyl group even when the latter is pointing away from it. This effect might be due 
to a more rigid geometry ill the trans isomer coinpared to phenol (5). An alternative 
explanation that appears to be more consistent with the results is that t-alliyl groups 
exert van der Waals attraction on the lone pairs of electro~ls on the oxygen. This with- 
drawal of electrons froin the oxygen would be transinitted to the 0-H bond, the 
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frequency of which woulcl be decreased. This suggestion helps to explain why Av, is 
higher for the cis isomer of o-t-alkyl pheilols than for the corresponding 2,6-di-t-alkyl 
phenol. I11 the cis isomer the only effect on the hydroxyl is one of steric repulsion, whereas 
in di-t-alliyl phenols there is also the attraction of the oxygen's electrons by the second 
t-alliyl group, which will decrease the frequency. The same effect may also be operating 
in ortho halophenols since the frequency, in carbon tetrachloride solution, of the trans 
isomer decreases by 5 cm-l on increasing the size of the substituent from bromine to 
iodine, whereas the corresponding decrease for these two para-substituted phenols is 
only 1 cm-I (22, 23). 

An o-methyl or 2,3-dirnethyl group has no effect, other than the calculated polar effect, 
on the frequency of the trans isomer (Table 11). Therefore in 2-t-butyl-6-methyl and in 
2-t-butyl-5,6-diinethyl phenol Av, for the cis (to t-butyl) isomer has about the same value 
as for 2-t-butyl phenols (Table I).  On the other hand, Av, values for the trans (to t-butyl) 
isomers of these phenols are below Av, values for 2,G-dimethyl and 2,3,5,6-tetramethyl 
phenol because of the influence of the t-butyl group. Non-tertiary alkyl groups in the 
ortho position apparently, therefore, only affect the hydroxyl group when it points 
towards them. 

The barrier to rotation of the hydroxyl group in 2,4,6-tri-t-butyl phenol has been 
estimated from dielectric measurements to be 2.8 kcal/mole (24). The rotational barrier 
in this compound will be lower than in phenol owing to steric repulsion by the t-butyl 
groups (-1.6 kcal/mole) and also, perhaps, to a decrease in the resonance interaction 
between the hydroxyl and the ring because of the polar effects of the alliyl substituents. 
The barrier in phenol is, therefore, >4.4 kcal/mole. 
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