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Abstiset-The OH stretctung bands of several tertmry alcohols with a (partly) rlad skeleton have 
been investigated It is demonstrated that m Ccl, the observed OH vibration 1s related to the 
distances OH X, where X stands for atoms close to OH The effect of fixation of P-CH, groups 
proves to be reducable to changes m the OH 0-H distances Evidence 1s found for the presence of 
&ted methyl groups m t-but&o1 

INTRODUCTION 

As has been outlined previously [l] fixation 1s one 
of the factors entering largely mto the ultimately 
observed OH-stretchmg band of monohydrlc al- 
cohols m dilute CCL, solution For mstance the 
difference m wavenumber between t-butanol 
(3616 5) and adamantanol-1 (3606 5) 1s thought to 
originate from the fact that the /3-CH2 groups m 
the latter compound are rigidly fixed m the skele- 
ton whereas the /3-CH, groups m the former can 
(at least to some extent) rotate about the Q-C, 
axis For a better understanding of the fixation 
effect we have studied a series of tertiary alcohols, 
comparable m (sub)structure except for the fixation 
of the /3-CH2 or fl-CH3 group(s) 

Calculations with respect to the frequency deter- 
mmmg factors of the hydroxylgroup revealed [2] 
that the frequency 1s hardly affected (G 1 cm-‘) by 
changes of F,,, FHox and the mass of X because of 
the isolated character of the OH-stretching vlbra- 
tlon Frequency shifts should therefore be attrl- 
buted mainly to changes m non-bonding mterac- 
tion(s) 

EXPERIMENl.AL 

All spectra were run three times m the region 3750- 
3481 cm-’ on a Perku-Elmer 180 spectrometer eqmpped 
with a data magnetic recorder, type 109, set at a 
wavenumber mterval of 1 cm-’ The scanspeed was 
55 cm-‘/mm and the resolution better than 2 cm-’ 

The alcohols were measured m “mfrasd” cells (10 mm) 
against an, concentration 0 5-l mg/ml Ccl, The purity 
of the compounds was =98% (GLC 17 4% dlglycerol on 
teflon or 10% EGSS-X on Chromosorb) Data averaging, 
correction for blanks, integration, plotting and other cal- 
culatlons were performed on a computer (Cyber 73-28), 
programs m Fortran IV 

The bandfrequency, v, the half-bandwldth, Avt, and the 

alP ratio were derived from expanded spectra 
(1 cm-‘/mm) They are believed accurate to +O 5 cm-‘, 
*l 0 cm-’ and 8-15%, respectively The equatorial al- 
cohols VIII and IX have been separated from then axial 
conformers by column chromatography Alummumoxlde 
90 (activity II-III) was the absorbent and pentane and 
ether the eluents [12] 

RESULT?S AND DISCU!WON 

First we studied the OH-stretching bands of 
adamantanol-1 and some of Its methyl substituted 
derivatives In these compounds all /3-C-atoms 
form part of a rigid skeleton, rotation about a 
C,-C, axis 1s excluded Rotation about the C-O 
axis, though not completely free, will be possible 
At ambient temperature It 1s to be expected there- 
fore that as result of non-bonding short range 
repulsive forces the favourlte OH posltlon will be 
the one midway between two @-CH, groups, as 
indicated m Figs l(a and b) On the basis of earlier 
observations [3] the effect of the substituted methyl 
groups was thought to be neghgble smce they are 
situated far away from the OH Thus the three 
rotamers 4, B, and C, will be fully ldentlcal and 
consequently the half-bandwidth will be rather 
small The observed data are presented m Table 1 
As appears the numbers are practically identical 
endorsing the foregoing 

Next a second series of compounds was meas- 
ured, differing m skeleton The results of these 
measurements are also displayed m Table 1 The 
data for the compounds I, V and VI are very much 
the same but for norbornanol-1 (VII) both the 
frequency as well as the half-bandwidth deviate 
clearly The observed increase must originate from 
either a change m FOH or/and different non- 
bonding mteractlon(s) Regarding the structure of 
the molecules and the msensltlvlty of FOH for small 
alterations m the bond angles of the a-C-atom [2] 
the former posslblhty was ruled out The non- 
bonding mteractlons, contammg repulsive and at- 
tractive components, can be split up mto (1) mter- 
nal, between the OH group and other atoms of the 
molecule and (n) external, between the OH group 
and atoms of the solvent As forces of this type are 
inversely proportional to some power of the dls- 
tance OH X (X bemg an atom near to OH) only 
X-atoms (very) close to the OH group are lmpor- 
tant Changes m the molecule m the near vlcmlty of 
the OH group will not only affect the internal 
forces but also the external ones as the accesslblhty 
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Fig 1 Schematic presentations of a tertiary alcohol 
(a) ProJectIon m a plane perpendicular to the C-0-axls 
with the OH group m a positlon correspondmg with 
rotamer A, (other possible rotamers B, and C,) @=p- 
CH, group (b) cp rotatlon about the C-O-axis with 
cp = 0” for H-O-C-C, m a plane, & rotation about 
the C-C,-axls with +1 =O” for 0-C-C,-H,, m a 

plane In adamantanol-1 CL1 = (I~ = & = 60” 

for solvent molecules will change also In then most 
pure form the internal forces are found m the gas 
phase Dlssolvmg brings about external forces 
which m then turn might influence the molecular 
structure For Ccl, the result 1s always a shift of the 
OH frequency to lower wavenumbers The better 
the shleldmg of the OH group from the solvent 
molecules the smaller the shift [l] 

According to literature [4] the upper part of 

blcyclo[2 2 2]octanol-1 (V), from OH up to and 
mcludmg the @-CH, groups, 1s practically identical 
(/3-CH, groups 0 6” rotated) with adamantanol-1 
It was expected that such a small rotation would 
hardly affect the OH vibration and this 1s borne out 
by the observed data (Table 1) 

Though there can be some diversion of opmlon 

about the precise structure of norbornanol-1 (VII) 
It 1s evident that It will differ appreciably from that 
of adamantanol-1 CHIANC et al [S] and MORINO 
et al [6] have calculated the structure of norbor- 
nane and assuming that norbornanol-1 will have a 

norbornane-skeleton it follows that two /3-CH, 
groups have twisted positions compared to 
adamantanol-1 and that some angles (valence as 
well as dihedral) and bond lengths are different (see 
Table 2) The overall result proves to be that the 
OH X distances m this molecule are larger (see 
Fig 2) with maxima at about SS”, 178” (both 
2 52 A) and 295” (2 96 A) Assuming that repulsive 
forces govern the posltlon of the OH group these 
maxlma will give rise to three rotamers (B, = C, 
and 4,) of which the latter 1s most favoured (see 
Fig 2) The maxima for adamantanol-1 are found 
at 60, 180 and 300”, distance 2 43 8, Apparently 
the increase m distance 1s attended with a fre- 
quency rise of about 10 cm-’ towards 3617 0 cm-’ 
The half-bandwidth of 15 2 cm-’ indicates the pre- 
sence of both rotamers (A, and B, = C,) 

The two six-membered rmgs m .5-methyl- 
blcyclo[3 3 l]nonanol-1 (VI) may m prmclple 
be present m boat or chair form PEETERS et al 

[7] and also MCEUEN et al [8] and OSINA et al (91 
have established that the than form 1s favoured 
despite the fact that repulsion of the 3-endo and 
7-endo H-atoms gives rise to dlstortlon of the rmgs 
The observed data, fairly identical with those of the 
compounds I and V, indicate m our opmlon the 
presence of an adamantanol-l-like substructure 
around the OH group and this 1s only possible If 
both cyclohexyl skeletons have the chair conforma- 
tion and If the dlstortlon m the upper part of the 
molecule 1s small 

Had the structure of t-butanol m CCI, been 
(nearly) identical with the upper part of 
adamantanol-1 the OH absorption frequencies 
should have been alike Obviously this 1s not true 
(see Table 1) and as already noticed before [3] it 
points m our opmlon to the presence of twlsted 
methyl group(s) Undoubtedly an OH group 
positioned above and m the middle of two methyl 

groups, the most likely configuration for t-butanol, 
will affect them both equally well In view of the 
findings for norbornanol we have calculated the 
OH H distance upon rotation of a methyl group 
The results are displayed m Fig 3 In t-butanol 
rotation of two methyl groups IS limited due to 

Table 1 Parameters of the OH stretchmg band for several ternary alcohols Solvent Ccl,, dlmenslons 
m cm-’ except for a/P which IS dimensIonless 

Compound Substltuent ” AU; a/P 

I adamantanol-1 - 3606 0 134 08 
II adamantanol-1 3-methyl 3606 0 13 3 09 

III adamantanol-1 4-methyl 3606 5 14 0 09 
IV adamantanol-1 3,5,7-tnmethyl 3607 0 12 5 0 9 
V blcyclo[2 2 2]octanol-1 - 3608 5 13 5 1 0 

VI blcyclo[3 3 llnonanol-1 5-methyl 3607 5 13 5 09 
VII norbornanol-1 3617 0 15 2 0 9 

VIII cyclohexanol (OH-aeq) 1-methyl,4-t-butyl 3610 0 13 2 09 
IX Sa-cholestan-36-01 (OH-aeq) 3a-methyl 3610 0 13 1 09 
X tert -butanol - 3616 0 14 0 1 0 
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Table 2 Structural data for adamantanol-1 and norbornanol-1 
Distances m A, angles m degrees 

Distances 

OH 
co 
cc1 = cc3 
cc2 
CH (average) 
angles 
LCOH 
LC,CO = LC,CO 
LC,CO 
LCC,H, 1 = ZC,H,,= 
L&H,, = LCC3H,, 
LCC,H,, = LC&H,, 
LC,CC, (*) 
&CC, (*) 
dihedral angles 
LH,,C,CO=LH,,C,CO 
LH&,CO =LH,,C,CO 
LH,,C,CO=LH,,C,CO 

Adamantanol-1 

0 956 (a) 
1 427 (a) 
1 544 (b) 
1 544 (b) 
1 073 (c) 

109 47 (e) 
109 47 (e) 
109 47 (e) 
109 47 (e) 

109 47 (e) 
120 0 (e) 
1200 (e) 

60 (4 
60 (4 
60 (4 

Norbornanol-1 

0 956 (a) 
1 427 (a) 
1 556 (d) 
1 539 (d) 
1 115 (d) 

109 47 (e) 
1192 (d) 
109 5 (d) 
111 1 (d) 

113 2 (d) 
115 9 (d) 
128 2 (d) 

(*) Angles m proJectIon m the plane perpendlcnlar to the C-O 
axls [see Fig l(b)] 

(a) Methanol values [13], (b) Reference [14], (c) Reference [13], 
(d) Reference [.5], (e) tetrahedral valence angles assumed 

300 t 

34 (d) 
61 (d) 
87 (d) 

repulsive forces arlsmg from mutual mteractlon of 
theu H-atoms and therefore we have calculated 
also the shortest H H distance of two symmetn- 
tally rotatmg methyl groups As appears from FIN 
3 P-methyl rotation of about -24” compared to 
adamantanol-1 (+24” for C& $I = 36”, I+% = -36”) 
results m equal OH H distances (2 67 A) for 
HII and HI2 The correspondmg shortest H H 
distance between the two twlsted methyl groups IS 
found to be about 2 12 A, a value which IS unhkely 
small regarding the Van der Waals radius for a 

A tl Bq % 

H-atom (1 l-l 2 A) A rotation of only 34” (JI1 = 
56”, I/I* = -56”) brmgs about a sltuatlon where the 
distance H H between OH and CH, 1s equal to 
that between the two twisted CH, groups (I e 
OH H,* = OH Hz, =H,I HIA Supposing 
that the OH forces the methyl groups to rotate 
somewhat, the “real” situation rmght be one m 
which the methyl groups are twisted more than 4” 
but less than 24” Besldes there might be small 
changes m the CCC angles Consequently the 
OH H distance IS found somewhere between 

Aq 
f\ 

1 I I I I I L 

0 60 120 180 2&o 300 -360 

Fig 2 OH X distances m adamantanol-1 and norbornanol-1 as a function of qoH (rotation about 
the C-O-axis, X = atom nearest to H) OH H (-) and OH C (- - - -) for adamantanol- 1 and 

OH H (- -) andOH C( ) for norbornanol-1 
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the same The frequency shift of 3 5 cm-’ com- 
pared to adamantanol-1 proves m our opuuon that 
the P-CH2 groups (and/or the CH3) have been 

P shghtly rotated about the C,-&-axes Dlstortlon 
of the rmg m t-butylcyclohexanes (with a few de- 
grees) due to axial CH, H repulsion has been 

H 

6 

reported by ALTONA and SUNDARALINCAM [ 1 l] on 
the basis of X-ray analysis The dlstortlon 1s said to 
be asymmetrical An unaltered skeleton with an 
OH at C, would brmg about three different rotam- 
ers Regardmg the small half-bandwldth an asym- 
metrical dlstortlon m the compounds VIII and IX 1s 
rather unlikely unless the different rotamers would 
be very much alike 

In conclusion one might say that for tertiary 
alcohols m CCL solution the earlier introduced 
so-called fixation effect 1s reducable to alterations 

/ 
H m the OH H distance(s) upon fixation of /3-C- 

atoms The resultmg frequency shift can be posltlve 
as well as negative Furthermore It seems that a 
larger OH H distance 1s attended with a higher 

2 46 and 2 67 A, but 1s anyway larger than 2 43 A, 
frequency Work on secundary and other alcohols 
Is in progress 

the distance for an adamantanol-hke structure and 
It 1s this increase m distance that, as for norbor- 
nanol, might be responsible for the frequency shift 
from 3606 5 to 3616 5 cm-’ Regardmg the fact 
that for small molecules the half-bandwldth 1s 
somewhat larger due to faster reorlentatlon relaxa- 
tion as has been set out by DIJKMAN [lo], a value 
of 14 Ocm-’ points to Just one rotamer 

The experlmental data for 1-methyl-4-t- 
butylcyclohexanol (VIII) and 3a-methyl-Sa- 
cholestan-36-01 (IX) are ldentlcal and the molecu- 
lar structure around the OH group thus very likely 

Fig 3 
methyl 

‘.. 3.5- 
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