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Correlation of k, and k. in Solvolysis of
1-Phenyl-2-propyl Toluenesulfonate®
Sir:

For some years we have discussed solvolysis of 2-
phenyl-1-ethyl OTs and related systems? which are
marginal with respect to neighboring phenyl partici-
pation, in terms of a competion between anchimerically
unassisted ionization (k) and anchimerically assisted
ionization (k). The latter leads to the “nonclassical”
phenyl-bridged or “ethylene phenonium” cation.® The
two modes of ionization are associated with character-
istically different AS¥,* 8-D isotope effects,* phenyl
substituent effects, and response to solvent nucle-
ophilicity and ionizing power. In typical solvolysis of
such simple primary systems leakage between the
classical cation associated with & and the bridged ion or
a rearranged open ion is negligible, so that product
composition®*®® (or product stereochemistry) from
suitably labeled starting material is well correlated with
the proportions of k, and k. This latter point has been
especially well documented recently in the case of 2-
phenyl-1-ethyl OTs.! The same interpretation of
discrete k, and kg processes has been applied for some
years in the UCLA laboratories to simple secondary 2-
arylalkyl systems,?®7 and in this communication we
deal further with solvolysis of 1-phenyl-2-propyl OTs
(IS-OTs).™

To the solvolysis of 1-phenyl-2-propyl OTs we have
applied the same crucial test recently used for the 2-
phenyl-1-ethyl system.’® On the basis of the mech-
anistic significance assigned to k,, we should expect a
quantitative correlation of k. values with solvolysis
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rates (k,) of neophyl OTs? for which it is agreed? that
ionization occurs with phenyl participation at a rate
equal to k. and dependent on solvent ionizing power
but not nucleophilicity. On the other hand, the k,
process should depend on a blend of nucleophilicity
and ionizing power for which the simple 2-propyl
tosylate (2-PrOTs) should be a rather good model.
Thus, &k, would be expected to correlate rather well
with k, values for 2-PrOTs. We now report the results
of this kind of analysis for solvolysis of IS-OTs in
EtOH, AcOH, HCOOH, and CF;COOH.

The solvolysis rate constants (k) in Table I for
[S-OTs were dissected into ks and Fk, portions on the

Table I. Summary of Rate Constants for 1-phenyl-2-propyl (IS)
and 2-phenyl-1-propyl (IP) Tosylates

Solvent ROTs Temp, °C k 10k, sec™!
EtOH IS 50.0 Kis 1.41¢
AcOH IS 50.0 Kis 0.5854
AcOH IS 75.0 ki 13.1 0.1
AcOH P 75.0 kep 0.62 £+ 0.02
AcOH IS + IPe 75.0 kr + kip 3.34 - 0.02
HCOOH IS 50.0 kis 3044
CF;COOH IS 50.0 ki 3470 = 20
CF,COOH IS 25.0 kts 260 &= 14
CF;COOH IP 25.0 kip 1310
CF,;COOH IS + IPe 25.0 ke + kep 137 £ 2

@ Reference 7a. °®Calculated value using kovsd = kipFp +
kis(1 — Fp) where F, is the mole fraction of IP-OTs in the tosylate
mixture; [(k: + kiw)/kis] = 5.4 £+ 0.2 in AcOH compared to the
value of 6.1 = 0.4 reported’™ for ROBs. ¢ F, = 0.783, d Reference
1la. ¢F, = 0.50.

basis of the stereochemistry of solvolysis of IS-OTs
assuming k, leads to inversion and Fk, to retention.
As reported much earlier,”® the stereochemical outcome
of solvolysis of IS-OTs shows a trend from high inver-
sion to very substantial retention of configuration as
solvent is varied from EtOH to AcOH to HCOOH
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(Table II). More recently, Nordlander has reported
10097 retention in solvolysis of IS-OTs in CF;COOH.
The derived &, and Fk, values are listed in Table II.

To obtain k, from Fk,, F, the fraction of ion pairs
giving product instead of ion-pair return, needs to be
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Table II. Data for Solvolysis of 1-phenyl-2-propyl Tosylate at 50.0°
Stereochemistry® 108k, sec™!

Solvent % inv % ret ks Fka ka F
EtOH 93 7 1.31 0.099 0.099 Ca. 1.0
AcOH 65 35 0.38 0.205 1.11 0.185¢
HCOOH 15 85 46.0 258 258 1.0
CF;COOH 0 1002 6.6° 3463 36,800 0.0943¢

o Reference 7a. b Reference 10. ¢ Extrapolated value from plot of log ks vs. log k. for 2-propyl OTs in Figurel. 475.0° ¢25.0°

evaluated. As previously outlined,”* F may be
indirectly approximated from a kinetic analysis of the
solvolysis of the isomeric 2-phenyl-1-propyl OTs
(IP-OTs). The solvolysis of IP-OTs (k) is accom-
panied by rearrangement (k) due to ion-pair return to
the somewhat more reactive IS-OTs. The latter then
solvolyzes with a first-order rate constant equal to Kis
(eq1). Using the rate constants in Table I, the F values,
namely [k,p/(k. + kip)], may be calculated, and these,
along with the derived k, values, are listed in Table II.
Ion-pair return, measured by (1 — F), is large in AcOH
and CF;COOH; it is negligible in HCOOH™ and fairly
small in EtOH.™

kot ke ks
product <—- IP-OTs —> IS-OTs —> product )

Asillustrated in Figure 1,a good linear free energy cor-
relation exists between log k, for the secondary IS-OTs
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Figure 1. 1-Phenyl-2-propyl OTs vs. neophyl OTs and 2-propyl

OTs at 50°,

and log k, for neophyl tosylate.’*® The slope of the
least-squares line is 1.12 with a mean deviation of 0.14
log unit for the four points. Similarly log k is
linear in log k. for 2-propyl OTs. The slope of the
least-squares line is 0.914 with a mean deviation of 0.05
log unit for the AcOH, HCOOH, and EtOH points.
With the aid of this line the value of 6.6 X 10—8sec™!is
estimated for ks in CFsCOOH. Thus (ka/ks) is 5600,
somewhat lower than for phenylethyl OTs in CFs-
COOH %=

It should be obvious that the present results support
strongly the description of the solvolysis of the second-

ary IS-OTs in terms of discrete ks and ks processes.
Similar support has come from the recent work of
Schleyer'! on aryl-substituted 1-phenyl-2-propyl OTs
systems. Estimating ks from a pc line for electron-
attracting substituents which make k, negligible, £k,
for the unsubstituted 1-phenyl-2-propyl system is eval-
uated as that part of the solvolysis rate in excess of k..
The estimates of the Fk, and k. contributions to k, 1n
AcOH and HCOOH reproduce well our reported
stereochemical results.™

As regards solvent variation, we have shown that k.
for IS-OTs correlates well with neophyl OTs.  For aryl-
substituent effects we would also expect log ki for
substituted IS-OTs systems to correlate with log &, for
substituted neophy! systems, the slope of the plot being
equal to the ratio of substituent sensitivities of the two

systems.!? Shown in Figure 2 is a plot of log &, for sub-
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Figure 2. para-Substituted 1-phenyl-2-propyl OTs in HCOOH
vs. para-substituted neophyl OTs in AcOH at 75°.

stituted 1-aryl-2-propyl OTs systems in HCOOH"# vs.
log k. for the acetolysis of the substituted neophyl ana-
log.te#18  As expected, a good straight line is obtained
for the p-MeO, p-Me, p-H, and p-Cl points.'* The
slope of the line is 0.87, the mean deviation of the fit of
the points being 0.053 log unit.
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The k. values in solvolysis of simple secondary (-
arylalkyl systems other than IS-OTs are also correlated
well with k, for the neophyl system. This is true, for
example, for the l-p-anisyl-2-propyl OTs™" and
threo-3-phenyl-2-butyl OTs*™% systems. The same
general picture of competing k, and &, routes, with little
or no leakage between them, and with (k,/k,) dependent
on structure and solvent, applies generally to the simple
primary and secondary $8-arylalkyl systems.

Quite a different description of the solvolysis of simple
primary and secondary (-arylalkyl systems has been
evolved by Brown.®* Since he does not recognize
discrete k, and kg processes, his resulting treatments of
rates, phenyl-substituent effects, solvent effects, and
stereochemistry are unacceptable.
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Metal Ion Promoted Hydrolysis of Fluorocarbons
Sir:

The catalytic effect of the hydronium ion on the
hydrolysis of a number of fluoro complexes (both
cationic and anionic) is well documented.! This type
of catalysis is also found for the hydrolysis of certain
organic fluorides.? The theory of hard and soft acid-
base behavior interprets this as a specific type of hard
acid-hard base interaction. It leads to the anticipation
that hard acids other than the hydronium ion should
also prove capable of promoting the hydrolysis of
suitable fluorocarbons. In particular, the metal cations
which are hard acids should show such activity. We
have obtained unequivocal experimental proof that this
is indeed the case.

Our study has examined the effects of Zr(IV), Th(IV),
Ti(IV), AI(III), and Be(II) on the acid hydrolysis of
PF,~, BF,~, AsF;(OH)~, and benzyl fluoride. Accel-
erative effects have been general, though dependent
upon the media and conditions. Some of the most
striking results are found, however, with benzyl fluoride,
and these are summarized in Table I.

The data in Table I represent the first quantitative
evidence for metal ion catalyzed hydrolytic displace-
ment of fluoride from the C-F linkage.

For the benzyl fluoride studies the procedure of
Swain and Spalding®® was used for introduction of the
sample, whereby an aliquot of a solution of benzyl
fluoride dissolved in a nonaqueous solvent is added to
the previously thermostated solution of the other
reagents. Our observed rate constant of 1.05 X 10—°
min—! for the reaction in 3 M HCIO, with 1077 acetone
at 25° is in reasonable agreement with their value of
1.19 X 10-3 min~! for the reaction in the same medium
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Table I. Comparison of Half-Lives for the Metal lon
Catalyzed and Uncatalyzed Acid Hydrolysis of Benzy!
Fluoride at 25°

Catalyst
Hydrolysis medium Catalyst Ratio® 11/, min

2 M HCI (57 ethanol) None o 1850
Th(IV) 10.4 9.0

2 M HCIO, (57 ethanol) None . 1650
Th(IV) 10.4 7.5

2 M HCI (107} acetone) None o 3000"
Th(IV) 10.4 11
Zr(IV) 10.4 33.5
Al 10.3 350

2 M HCIO, (1077 acetone) None oL 2210
Th(IV) 9.8 9.1
Zr(1v) 9.8 28

1 M HCI! (107 acetone) Th(IV) 10.3 20.5

= Total metal ion concentration/total fluoride. Initial bznzyl
fluoride was approximately 0.004 A in each run. ° Based on the
first 209; of reaction. The first-order plot was nonlinear during
later stages of the hydrolysis, presumably from the loss of HF.

at 25.1°. We chose the 2 M acid concentration for
these initial data so that hydrolysis of the catalyst ions,
especially Zr(IV), would be retarded.

The experimental technique used to obtain the rate
data consisted of quenching an aliquot of the reaction
mixture in an acetate—citrate buffer to give a solution of
pH 5.0 followed by the measurement of the potential of
an Orion 94-09 fluoride electrode vs. sce. The fluoride
lon concentration of the resulting solution was then
obtained by comparison with standard -calibration
curves obtained with sodium fluoride solutions obtained
under identical conditions of pH, buffer composition,
and catalyst concentrations.

A commercial sample of benzyl fluoride (Columbia
Organic Chemicals, Co., Inc., Columbia, S. C.) has
been used without further purification due to the
reported tendency of benzyl fluoride to decompose via
polymerization upon distillation except under special
conditions.”® Recovery of fluoride upon complete
hydrolysis has typically amounted to 97 % of theoretical
for C;H;F. Catalyzed hydrolyses, all of which have
been conducted with pseudo-first-order concentrations
of catalyst, have produced first-order plots which are
somewhat nonlinear with respect to unhydrolyzed
benzyl fluoride. This problem appears to arise from
the amount and kind of organic solvent used and is
being investigated further.

The results here suggest strongly that the hard and
soft acid-base theory may well provide a valuable
guide in the development of metal-catalyzed substitution
processes on saturated carbon.
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Mass Spectrometric Evidence for the Gaseous
AJOCN Molecule

Sir:

In connection with the investigation of the vapor
components over the aluminum nitride-graphite
system,“? a molecule containing one atom each of
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