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Abstract—Ortho-tolyldi-t-butylcarbinols exist in two well-defined. stable forms: anti-periplanar. 3 and syn-
periplanar. 8. The rate constant for the acid-catalysed dehydration of the ap isomer in anhydrous acetic acid at 25°C
is about 10° times greater than that of the sp isomer. Generally speaking, the high reactivity of the ap alcohols is
due to ground state steric strain, but secondary steric effects upon resonance stabilisation of the intermediate
carbonium ion and entropy effects lower the rate ratio in the case of the 4-methoxy and prehnityl derivatives.
respectively. The activity of pheaykdi-t-butylcarbinols, 4 lies halfway between that of 3 and 5. When p-
nitrobenzoy] chloride is added to the 3 and § alkoxides, only the ap akohol gives a p-nitrobenzoate. 2. This PNB
solvolyses at 25° about 10° times faster than phenyldi-t-butylcarbinyl PNB. 1. Comparison of the rate ratios for
akohol dehydration (3/4) and PNB solvolysis (2/1) shows that the leaving group has only a small effect upon the
ortho-tolyl/phenyl rate ratio. Reaction constants, p for alcohol dehydration are very similar for the three series
(—4.19, ~3.90 and -4.12 for 3. 4 and 8, respectively) showing thus little variation of substituent-sensitivity with
reactivity. In contrast, that of the more reactive PNB, 2 is — 1.93, amongst the lowest ever found for Sy1 solvolysis,
while that of 1 is very different, —2.96. Since neighbouring group effects are absent in these systems. these latter
variations can only be attributed to differences in the extent of charge separation in the solvolysis transition state.
both being earlier than that of t-cumyl PNB (p = —4.60).

In tertiary carbinyl systems, when an aryl group is
attached to a C atom bearing other bulky substituents,
the solvolysis reactivities of the p-nitrobenzoate esters
(PNB) are affected by secondary steric effects upon
resonance stabilisation of the incipient carbonium ion.
Predictions based on the anticipated effects of strain
relief then fail: thus, anmst all expectation, phenyldi-t-
butylcarbinyl PNB, 1 is less reactive than t-cumyl
PNB.'? A Me substituent m the ortho-position of 1,
however, enhances the rate® by a factor of 10* at 85°,
clearly a primary steric effect.
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X = 4-Me

X =5-Me
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X = 5-Cl

: X =3,4,5-Me,
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In studies on the solvolysis of such systems it has been
the custom to use the p-nitrobenzoates since they are
very often the only stable derivatives available.
However, in recent years, it has been realised that the
choice of the leaving group has an important bearing
upon the relative rates of solvolysis. The abnormally
high renctmtm of compounds such as tri-t-butyicarbinyl
PNB,* 2-t-butyl-2-adamantyl PNB® and trans, trans,
trans-perhydro-9b-phenyalyl PNB® owe a great deal to
leaving group steric effects. We have therefore adopted a
small leaving group, water, to investigate substituent
effects upon solvolysis rates in sterully congested
systems.! Akobol dehydration can be considered as
acid-catalysed solvolysis and, since in anhydrous media

t-Bu

the rate determining step is formation of the carbonium
jon,” this reaction is directly comparable with the
solvolysis of p-nitrobenzoates.

The recent synthesis of rotameric ap 0] and sp (5)
onho-tolyldl-t-butylcarbmols gave us a unique oppor-
tunity of examining, by comparison with phenyldi-t-
butylcarbinols, 4, steric effects upon reactivity and
substituent effects in highly congested systems of well-
defined geometry. The structure of 2 has not been pre-
viously considered, but in order to discuss leaving group
effects upon reactivity by comparing PNB solvolysis and
alcoho! dehydration, we have determined its confor-
mation on the basis of circumstantial evidence.

22 %

t-Bu 1-Bu

3 (ap) 8 (sp)

Steric effects upon alcohol dehydration rates. Ortho-
tolyldi-t-butylcarbinol exist in two atropisomeric forms,
syn-periplanar (sp), 5 and aati-periplanar (ap), 3. In the
former the OH group is very close to the ortho-Me
group, whereas in the second the OH group is close to
theG-hydro.en.theZ-Mebemlnthevwmtyof thet-Bu
groups.”

Preliminary measurements on the parent compound
X= H)Meddn!theapmmetmabo\nlo‘umes
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vethantbespuomerinldd-caulysed
dehydnnon Fromthemostrucuveapalcoholtothe
least reactive sp alcobol in our series, the reactivity
range is about 10 since a factor of 10° is introduced by
the high sensitivity of the reaction, passing as it does
throuhanmtemedntecarbonnmmtombmm
variation. As far as possible all rates were determined in
anhydrous acetic acid containing 3% v/v of sulphuric
acid, but in a number of cases where the half-life would
be inconveniently short (less than 303) or long (greater
than | month) it was secessary to resort to lower or
higher acidities. Data sets for 3 and § in 3% acid are
therefore incomplete. Rather than calculate the missing
data by extrapolation we prefer to consider the
behaviour of alcohols 3, 4 and 8 in 1%, 3% and 10%
acid, respectively. Data at different acidities correlate
well, with slopes near unity, for all three sets of alcohols:

log ks (3%) = 0.97 log ks (1%) + const.
(5 points, coeff. corr. = 0.999)
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log k¢ (10%) = 1.00 log k4 (3%) + const.
(7 points, coeff. corr. = 0.999)

log ks (109%) = 0.95 log ks (3%) + const.
(5 points, coefl. corr. = 0.997).

Consequently, the errors incurred in comparing reaction
constants and relative rates at different acidities should
in general be no greater than 5%.

The relative rates (Table 1) for the isomeric alcohols
are in good agreement with our previous indirect esti-
mate for the parent compounds. For the five least reac-
tive alcohols the ap/sp ratio has a mean value of 10*',
but it is significantly smaller for 4OMe and prehnityl.

Two reasons were pnvrously advanced for this large
reactivity difference:® slow protonation of the OH group
in the sp isomer, 8, and enhancement of the reactivity of
3 by relief of steric strain between the ontho-Me group
and the t-Bu groups. Subsequent work shows however
that the second factor is sufficient in itself, without the

Table 1. Rate constants for the acid-catalysed dehydration of aryldi-t-butyicarbinols in anhydrous acetic acid at
25°C (k in s™'). Reaction constants and resonasce parameters

[ Hy804)

Cod x 12(0. 18220 32(0.554%) 102¢1.82M) 1074, /kg
3 .62 x 107
4a  h-OMe 5.89 x 107> 7.2 x 1074 1.58 x 1072 0.31
sa 1.48 x 1078 1.48 x 1070 2.95 x 1074
3 1.80 x 107 2.15 x 1072
b A-ne 1.70 x 107* 631 x 1073 0.98
b 2.19 x 1078 6.62 x 107
x 9.97 x 107° 1.29 x 1072
de  5Me 8.91 x 107 2.10 x 1073 1.31
™ 9.87 x 1077 2.82 x 107
3 6.00 x 107 247 x 107
d 'Y 5.14 x 107 1.20 x 1073 1.19
54 6.02 x 1077 1.53 x 107
3e 7.93 x 107 8.81 x 107" 1.8 x 1072
e 4-cl 6.02 x 10°° 1.36 x 1074 1.06
Se 1.68 x 1078
3t 1.50 x 107° 2.23x 1074 5.79 x 1073
£ s 1.23 = 1076 4.08 x 107 1.33
5t 435 x 1077
3 7.20 x 1073 _
38 345U, 2.60x107° 3.33x 107 8.08 x 107 0.28

o" -4.19 £ 0.14 ~4.00 £ 0.05
2 * 0.16 + 0.08

o -3.90 ¢ 0.06 ~3.90 ¢ 0,06
s
- r 0.30 ¢ 0.05 0.31 £ 0.04

’ -4.12 £ 0.04
3 . 0.30 £ 0.03

# standard deviatiom follows values.
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introduction of any supplementary hypothesis. The steric
energy of 3 is calculated by molecular mechanics® to be
greater than that of § by 5.9 or 6.6 kcal/mol, depending
on the hydrocarbon model used.'® If we assume that the
activation entropy is the same for the déhydration of
both isomers, a relative rate of 10*' at 25° corresponds to
an activation enthalpy difference of 5.6kcal/mol. This
figure is so close to the difference in the steric energies,
ASE, that we can reasonably affirm that the relative
reactivity is a reflection of the relative ground state
stability of the isomers, AG®, and that no further
cxplanation is required'' (Fig. 1).

The prehnityl derivatives, 3g and Sg, are exceptional,
rates being higher by factors of 1.5 and 3.7, respectively,
than expected on the basis of simple additivity of substi-
tuent effects. The buttressing effect of the neighbouring
Me groups increases the steric energy of both prehnityl
derivatives, but molecular mechanics calculations fail to
reveal that the difference in the ground state energies is
smaller for prehnityl than for ortho-tolyl, as required by
the smaller rate ratio. On the contrary, when the preh-
nityldi-t-butylethanes (i.e. a Me group is taken as an
approximation to the OH group of the alcohol) are
compared, ASE rises to 7.2 kcal/mol, suggesting that the
reactivity difference between ap and sp isomers should
be greater than usual. However, this argument does not
take into account possible entropy effects which may be
important in such crowded structures where there is little
rotational freedom. Thermodynamic data on the
solvolysis of ortho-tolydi-t-butylcarbinyl p-nitroben-
zoates, given below, illustrate this point.

The deviation of the 4OMe derivatives, 3a and Sa,
cannot be explained in this way, and is attributable to
differences in resonance stabilisation of the two systems,
as is shown by the following analysis. The constancy of
the rate ratio for the meta-substituted derivatives in-
dicates that the reaction constants, p, are virtually iden-
tical for the two isomers, despite the difference in their
reactivities. They have values of —4.19 (3 in 1% acid)
and —4.12 (8 in 10% acid) which are typical of alcohol
dehydration'? and of carbonium ion reactions in general.
The value for phenyldi-t-butylcarbinols is very similar,
~3.90 (in 3% or 10% acid).

R Reaction coordinate .
Fig. 1. Eaergy diagram for the dohydration of ortho-tolyidi-t-
butyicarbinols.
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Ntz;v. the coefficient r in the Yukawa-Tsuno equa-
tion:

log kike = plo” + rAc™)

is defined s0 as to indicate the magnitude of resonance
stabilisation of the incipient carbonium ion by electron-
donating substituents. Since Ac* is much greater for
4-OMe than for the other para-substituents in our series,
the rates of 3a, 4a and Sa tend to dominate in our
estimation of r. Nevertheless, although the r values,
0.16+0.08 (3), 0.30+0.05 (4) and 0.30£0.03 (5), may
depend a little on the acidity,'® the resonance effect of a
para-substituent is clearly greater in § than in 3.

The resonance energy may be considered to follow an
equation of the form: E, = Eocos® @, where E, is the
resonance energy corresponding to a situation in which
the aryl group is in the plane of the carbonium ion, and
E, when there is an angle 6 between these planes.'” It
has frequently been assumed that r of the Yukawa-
Tsuno equation is equivalent to EJE, and that 8 can
thus be calculated." Values of 0.16 and 0.30 correspond
to angles of 66° and 57° for ap and sp, respectively. This
difference can be understood if we assume that in the
transition state the two t-Bu groups have not attained
coplanarity with the charge-bearing atom. Rotation of the
aryl ring to increase the overlap between its orbitals and
the empty sp® orbital would be impeded in isomer 3 by
interactions between the ortho-Me group and one of the
t-Bu groups. In the transition state for the dehydration of
the other isomer, no comparable interaction would arise.
Thus, although the dehydration of these two alcohols
must go through a common carbonium ion intermediate,
the structures of the transition states leading to this
intermediate could reflect the geometries of the starting
alcohols.'” In the phenyl derivative, 4 the r value is very
similar to that of the sp isomer §, probably because there
is no ortho-Me group which can interact with a t-Bu

sps

S(sp)

It must be emphasised that, however qualitative our
values of r and # may be, we do not accept the assump-
tion that the transition state or the intermediate
carbonium ion has the orthogosal structure,' in which
@=90" and resonance stabilisation is negligible. The
geometry of the transition state depends on the balance
of steric and resonance energies; it is dangerous to place
too much faith in molecular models which, of course,
completely overlook the potential importance of the
second factor. 2>



Apart from two exceptions, therefore, the reactivity
difference between the ap and sp alcohols is a reflection
of ground state strain. In the case of the prehnityl
derivatives, entropy effects are important and the
anomalous ap/sp ratio of the 4-OMe derivatives can be
attributed to secondary steric effects upon resonance
stabilisation of the transition states ap” and sp™. It is
less easy to understand why the reactivity of the
phenyldi-t-butylcarbinol series, 4, falls about halfway
between those of the ortho-tolyldi-t-butylcarbinols. The
calculated difference in the steric energies depends
markedly on the hydrocarbon model and, more seriously,
we have no way of estimating the energies of the two
carbocations. We shall see below that the polar contri-
bution of the ortho-Me group can enhance the rate by
only a small factor, and that conjugative effects are
similar in all three systems. It seems likely, therefore,
that the reactivity of 4 is also te be understood in terms
of the changes in steric strain associated with the
passage from the ground state to the transition state.

The solvolysis of aryldi-t-butylcarbinyl p-nitroben-
2o0ates. Solvolysis rates were determined in acetic acid
containing 0.01 M sodium acetate by the spectroscopic
method of Bartlett and Tidweil,* at temperatures rang-
ing from 30° to 130°. Rate constants at 25° are given in
Table 2. The reaction constant for PNB, 1, calculated
from the three reliable meta-substituents, Me, H and Cl,
is —2.96. From the deviations of the para-substituents,
OMe, Me and Cl, a value of 0.41 is obtained for the
coefficient r of the Yukawa-Tsuno equation.”

There is a slight difficulty in determining the reaction
coastant for the solvolysis of 2, since the 5-Cl derivative,
2¢ behaved anomalously (Experimental). Nevertheless, a
good linear correlation (Fig. 2) exists between the six
ortho-tolyl derivatives and the corresponding phenyl
derivatives, with a slope of 0.65+0.02, which cor-
responds to a p value of —1.93 if r is unchanged. If r
were significantly different in 2, the points for 2a, 2b and
2e would deviate systematically to one side or other of
the regression line through the other points. Since no
such deviation is found we presume that r is similar in 1
and 2. At present there are no structural data which
wouldnllowustomtetpmthlsresultmtermsofthe
geometries of the ground state and the transition state,
as we did for the alcohols above.

Both p values are substantially smaller than those
observed for less congested tertiary carbinyl derivatives,

~~

P 4-OMe /_
& 4-Me
k1 5-Me
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] /
" e
/ 4-c!
“s-ci

+

Log k;

nzcmwum-ﬂykmmmwmyl
p-nitrobenzoate solvolysis rate constamts (25°C; acetic acid,
0.01 M NaOAc).
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such as t-cumyl PNB where p is —4.72% or —4.60" at
25°. Frequently Sx1 solvolyses bave small p values when
the electron demand of the charged carbon is largely
satisfied by some electron donor other than the aryl
group, such as a cycloprgryl group, a C=C double bond
or another phenyl group.” The exceptionally low values
foundmthuworkmnotbeumibutedtomimnceby
any other group, noreventomna\uuueunoet«mry
systems have no requirement for neighbouring group
assistance. In fact, solvent effect studies® show clearly
that these small p values are consistent with the occur-
rence of an early transition state; at 85° the m values of 2
are 30% smaller than those of 1, and all are substantially
smallerthnexpectedfonnSNI solvolysis under these
conditions.™ The transition state occurs progressively
carlier as ground state strain increases from t-cumyl
PNBtolto2.

Leaving group effect on the reactivity of aryldi-t-
butyicarbinyl derivatives. As stated at the beginning of
this paper, before the leaving group effect can be dis-~
cussed it is necessary to determine the conformation of
2. There exist two ortho-tolyldi-t-butylcarbinols, but
there is no evidence for the existence of more than one
p-nitrobenzoate.

In the ap akcohols 3 and in phenyldi-t-butylcarbinols 4,
the OH group has been shown by spectroscopic studies
to behave similarly, as regards its accessibility, whereas
the sp alcohols § are dissimilar in this respect, the OH
group being less accessible.' It seemed likely then that 3
should behave like 4 in forming p-nitrobenzoates and
that § should not. The ortho-tolyldi-t-butylcarbinyl p-
nitrobenzoate would therefore have the ap conformation.
In the absence of X-ray crystallographic or othér unam-
?iﬂom structural data, this prediction was confirmed as
ollows.

The PNB, 2, is most easily obtained by addition of
p-nitrobenzoy! chiloride to the product of adding di-t-
butylketone to ortho-tolyl-lithium without isolation of
the alcohol. Direct introduction of suitably treated
samples of the entire reaction mixture into the low
temperature GLC system'® shows that the PNB,
revealed by its olefinic decomposition. products,® is
formed at the expense of the ap isomer, 3. Thumult
was confirmed in attempts to obtain 2 from the purified
alcohols by the regeneration of the alkoxide in ether. No
PNB was obtained from the sp alcohol, modest yields
from the ap isomer. We conclude, therefore, that the
PNB, 2, has the ap conformation.

The introduction of an ortho-Me group causes a rate
increase of about 10° in the solvolysis of 1. Since 2 has
the ap conformation, this factor is to be compared with
that between the ap alcoho! 3 and the phenyl derivative
4, approximately 10*'. The polar effect of the ortho-Me
group (po, where 0..u, is —0.15) will be about twice as
great in dehydration as in solvolysis, i.e. in the ratio of
the reaction constants. The residual, purely steric, effect.
of the Me group is therefore about a factor of 500 in
solvolysis and 40 in dehydration.

In systems previously studied, PNB solvolysis is much
more sensitive to changes in the level of steric conges-
tion than is alcohol dehydration. Thus, the t-Bu/Me ratio
for the alkyldn-t-butylarbmyl system increases by a
factor of 750 on going from the slcohols to the PNB's.
while for 2-alkyl-2-adamantyl the increase is somewhat
smaller,’ by a factor of 120. These increases in the
t-Bu/Me ratio depend to a large extent on leaving group
steric interactions (F-strain). The relatively small change
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in the ortho-tolyl/phenyl ratio, a factor of about 10 oaly,
on going from the alcohols to the PNB’s, shows there-
fore that leaving group steric interactions are not greatly
increased by the introduction of a 2-Me group in the
aryldi-t-butylcarbinyl system. In the PNB there are
repulsive interactions involving the CO oxygen, the CO
carbon and/or the p-nitrophenyl moiety, but these do not

140

vary greatly on going from 1 to 2, except insofar as the .

interactions between 2-Me and t-Bu group distort the
bond angles and, thus, slightly increase interactions be-
tween the p-nitrobenzoyl group and the aryl group or the
t-Bu groups, depending on the position of the p-nitro-
benzoyl group.

Thermodynamic parameters of the solvolysis reaction:

. the prehnityl amomaly. Activation entropies for the
solvolysis of these highly congested p-nitrobenzoates fall
in the range 2-6 cu and may be taken as indicative that
jon-pair return is not an important process in the
solvolysis of these systems.” The valve of AS” for
series 1 is practically constant and slightly higher than
that for series 2, with one exception, theprehnityl
derivative 2g which has an anomalously high value.

The mslabilny of the ap derivatives and, consequently,
their high reactivity arise essentially from non-bonding
interactions between the ortho-Me group and the two
t-Bu groups. The prehnity! derivative, 2g, in view of the
four adjacent Me groups should be the most congested
of all the PNB's in this study and would, therefore, be
expected to be the most reactive. It might also be expec-
ted to have the lowest AH" since ground state strain
increases from 1 to 2a-f to 2g and AH™ drops by 4-
5 kcal/mol on going from 1 to 2a-£. In fact, 2g reacts 40%
faster than predicted from the rates of 2b-d, but this
enhancement is due essentially to the favourable entropy
term, about 3eu higher than for 2a-f The activation
enthalpy, on the other hand, is as high as for 2¢ or 24.

The first result supports our remarks concerning the
possible importance of entropy effects upon the ratio
3g/%g in the dehydmation of the alcohols. Secondly, the
unexpectedly high AH™ value suggests that the transition
state for solvolysis of 2g is also strained and that the
overall sumnmychanaeongmﬁ'omthemund
state to the transition state is not particularly favour-
able.® Other factors, however, such as solvation and
resonance stabilisation, may also be involved.

The foregoing discussion shows that the reactivity of
aryldi-t-butylcarbinyl systems is a complex function of
primary and secondary steric effects whose quantitative
interpretation is as yet incomplete. Provided that the
modification of the crowding in the hydrocarbon part of
the molecule is small and remote from the leaving group,
the identity of the latter has only a small efect upon the
relative rates. On the other hand, an interesting feature of
this study is that the reaction constant, p, varies very

Joun S. Lomas and JacqQues-EmiLe Dusots

little,” if at all, in the case of the alcohols, 3, 4 and §
despite a reactivity increase by a factor of 10 whereas,
in the solvolysis of the p-nitrobenzoates, 1 and 2, it
drops substantially as the reactivity increases by 10°.

Diametrically opposed opinions regarding the validity
of the reactivity-selectivity principle have been expres-
sed,” but to our knowledge this is the first system which
appears to provide evidence both for and against this
relationship, depending on the leaving group. Insofar as
any secondary steric effect upon transmission of the
resonance effects of electron-donating para-substituents
is taken care of by the parameter r in the Yukawa-Tsuno
equanon.thepvaluushouldreﬂecttheextentofbond
breaking in the transition state.*® Therefore, the high p
values for alcobol dehydration suggest that the rate-
determining transition state, wherein the C-O bond is
broken, is uniformly close to the carbonium ion inter-
mediate, regardless of the ground state energy of the
molecule. In solvolysis, on the other hand, the extent of
charge separation, as evidenced by the p values of 1 and
2, is sensitive to the degree of steric congestion in the
molecule. Nevertheless, it is clear that there is no general
cause-and-effect relationship between reactivity and p
even in PNB solvolysis; although it has the greater p
value, t-cumyl PNB soivolyses 10 times faster than 1, the
rates of 1 and 2 being anomalously low because of
secondary steric effects upon stabilisation of the tran-
sition state by the aryl group. An additional possibility is
that an unfavourable strain energy change is associated
with the formation of the carbonium ion in the solvolysis
of the t-Bu derivatives® due to the fact that the C-C*
bonds are normally shorter than C-C bonds.

The difficulties involved in the quantitative inter-
pretation of large structural effects upon reactivity are
further illustrated by the following example. Whereas the
Ph/Me ratio for the solvolysis of R-di-t-butylcarbiny!
p-nitrobenzoates is already unexpectedly small (0.19 in
0% aqueous acetone at 100°),' that for the dehydration
of the corresponding alcohols™ is 10° times less than
predicted” by  the Peten-McManus—Hams
equation:™** log kme/ken=y"p*. Although the PNB
devnnoncouldconcelvablybeamibmedtom
hindrance to resonance stabilisation, that of the alcohols
certainly cannot be. The fact that the reactivity ratio,
both for Ph/Me and t-Bu/Me,** increases with the size
of the leaving group suggests that strain energy changes
are important in both cases. Unfavourable strain energy
changes would reduce the dehydration rates of the most
congested alcohols; in PNB solvolysis leaving group
steric interactions would increase the energy of conges-
ted ground states the most and, therefore, raise the
Ph/Me and t-Bu/Me ratios.

Strain energy calculations may eventually provide a
quantitative interpretation of abnormal Ph/Me and t-
Bu/Me ratios and, optimistically, of steric effects upon
solvolysis in general. It would then be possible in
examining the effect of a structural modification to dis-
cern whether the relative rate changes because one
compoundlsmmrucuveorbecamctheomeruleu
reactive than usual.” With this approach in its present
state of development, alcohol dehydration seems better
fitted to theoretical treatment than p-nitrobenzoate
solvolysis.

EXPERIMENTAL
Analytical deta for all new alcobols and p-nitrobenzoates are
given in Table 3. M.ps are uncorrected. Series 2 p-nitrobenzoatés
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Table 3. Microanalytical data for new alcohols and p-witrobenzoates
Cpd up, bp/um Cslculated Pound

< B L] a c B ¥ c1
le 158-9° 72.03 7.62 3.65 71.92 7.99 4.02
it 144-5° 65.42 6.49 3.49 8.78 65.38 6.30 3.85 9.24
2a dec. 69.71 7.56 3.39 69.24 7.99 3.62
2 dec. 72.51 7.86 3.52 72.36 7.92 3.92
2c dec. 72,51 7.86 3.52 72.45 8.08 3.80
2 dec. 72.03 7.62 3.65 72.10 7.34 3.58
2e dec. 66.09 6.75 3.65 8.48 65.96 7.07 3.47 8.81
2t dec. 66.09 6.75 3.35 8.48 65.80 7.03 3.80 8.13
2 dec. 73.38 8.29 3.29 73.36 7.91 3.60
3e 38-39°,- 71.49 9.38 13.19 71.64 9.58 13.38
& 34°,119°/2 81.99 1n.18 . 81.85 11.43
Ac - L107°/1.5  81.99 1118 82.09 .19
As 33°,133°/3 70.71 9.10 13.91 70.49 9.08 14.15
o - J120%2° 7071 9.10 13.91 70.65 9.46 14.00
Se - 71.49 9.38 13.19 71.66 9.60 13.42

decomposed before meiting when slowly heated to about 120°.
No liquid phase is observed until the product, p-nitrobenzoic
acid, starts to melt at about 230",

Syathesis of aryldi-t-butyicarbinols. Tertiary akobols were
prepared by addition of di-t-butyiketone to the appropriate aryl-
lithium in ether at room temp. as described previously.'*"

Synthesis of aryldi-t-butylcarbinyl p-nitrobenzostes. Phenyldi-
t-butyl-carbinyl PNB's, 1 were synthesised by the method of
Tanida and Matsumura.'! ortho-Tolyldi-t-butylcarbisyl PNB's.
2b, 2¢ and 2d were prepared by direct addition of p-nitrobenzoyl
chloride in ether to the crude akcobol mixture comtaining the Li
salts of 3 and 8. In the case of 24 this reaction was followed by
“low temperature™ GLC analysis.'® A mixture of 3d and 5d was
prepared by the addition of di-t-butylketone (0.9 g, 6.2 mmol) in
ether to a solution of ortho-tolyl-lithiom (0.2 M, 6.3 mmol) in the
same solvent. Octadecane (0.4g) was then added and a small
sample of the mixture taken for analysis. p-Nitrobenzoyl
chioride (1.17 g. 6.3 mmol) in ether (25 ml) was added dropwisely
to the cooled (~20") mixture. which was then allowed to attain
room temp. before being washed. with aqueous K,CO; and dried.
GLC analysis revealed peaks corresponding to the olefins formed
by pyrolysis of the PNB in the injector,'* and residual alcohols.
Whereas the ratio Sd/octadecane was unchanged, 3d/octadecane
decreased to 6% of its value prior to the addition of p-nitroben-
zoyl chioride.

Compounds 2a. 2¢ and 2 were prepared by a small
modification of the method of Kaiser and Woodruff® in which
ether replaced THF as solvent. Treatment of the pure ap ako-
hols, 3 with an equimolar amount of n-BuLi® regenerates the
afkoxide which reacts with p-nitrobenzoyl chloride to give the
PNB in yields of 27-47%. Attempts to prepare PNB's from §
were fruitless.

Dehydration and solvolysis rates. Rate constants were
measured conventionally.”'*2* Only in 10% H,SOJAcOH was it
necessary to use an external standard™ for GLC determination
of the alcobol concentrations. At lower acidities the hydro-
nrbomweremlcunlysolwletobeuwddnullymthe
mixture.! Solvolysis rates are the mean of duplicate detes-

minations agreeing to within (-4%. Dehydration rates are the _

mean of 2-5 rums agreeing to within 1-7%, the poorest

reproducibility being for the very slow russ where it was neces-

::Iyt?mmplesforseverddnysotmhbdmﬁw
ysis.

Difficulty was experienced in determining the solvolysis rates

of 2f: in anhydrous AcOH the UV absorption (257 nm) of the

non-linear. When the reaction was run in aqueous AcOH (2-16 M

water) this phensomenon disappeared and the rate constants could
be determined over 3 half-lives as usual. The data given in Table
2 for 2f are therefore values extrapolated by means of the
Grunwald-Winstein equation® (log k/ko=mY) to pure AcOH
(Y =-1.64).

Reaction prodacts. According to Tanida and Matsumurs,'
solvolysis of 1 gives only an olefin and a cyclopropyl derivative:
this we confirmed. The dehydration products are time-dependent:
initially the same products are formed as in solvolysis but they

are subsequently rearranged, fragmented and polymerized. No
fmhersmdyohbuesecondnyprodncumwmdom
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substituent. Johnson also claims that the use of Hammett o
values obviates “the need for special explanations for con-
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