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Chiral Leaving Groups in Nucleophilic Displacement
Reactions. Solvolysis of 2-Adamantyl and
Cholesteryl Camphor-10-sulfonates (Casylates)

Summary: Significant rate and product differences be-
tween the 2-adamantyl D- and L-casylates upon solvolysis
in aqueous L-(+)-ethyl lactate are taken as evidence of
kinetic involvement of solvent-separated ion pairs involving
both water and ethyl lactate.

Sir: In the preceding communication® we showed that the
diastereomeric transition states of substrates undergoing
backside solvolytic displacement (a k, process?) are very
slightly different in energy. In view of efforts to utilize
chiral leaving groups in asymmetric synthesis,? the above
finding suggests that steric factors alone will not suffice
to provide a high enantiomeric excess. In this commu-
nication we show that large reactivity differences may
occur with some substrates that undergo displacement via
solvent-separated ion pair (SSIP) intermediates.

The experimental data from solvolysis of cholesteryl
tosylate (1) are consistent with a mechanism involving
solvolysis with r participation giving a SSIP intermediate,
e.g., 6, which produces rearranged or unrearranged prod-
uct.*> When cholesteryl b- and L-casylates® (2 and 3) are
solvolyzed in 80% aqueous ethanol (v/v), nearly identical’
rate constants and activation parameters are found (Table
I). These data are consistent with a mechanism involving
rate-determining formation of the tight ion pairs (TIPs)
(4 or 5) from neutral substrate (2 or 3, respectively). If
the rate-determining step were formation of the SSIPs (7
or 8) from the TIPs (4 or 5), one would expect that the
diastereomeric ion pairs would provide different steric
barriers for solvent insertion® and, therefore, a larger
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2-Adamantyl tosylate (9) is one of the very few sec-
ondary substrates known to solvolyze by a limiting (k.)
mechanism.2%°  Although recently debated, the rate-
determining step in its solvolysis is indicated by various
experimental probes to be conversion of TIPs and
SSIPs!t2 eg,, 10 to 11. Also, for a k, system, 9 differs from
the expected by its product stereochemistry, which is net
retention.’® It has been suggested? that because the
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X = p-toluenesulfonate, SOH = hydroxylic solvent

backside of the 2-adamantyl system is sterically hindered,
the principal mode!* of solvolysis is formation and collapse
by frontside attack of SSIPs. Therefore, as the solvent
inserts into the TIP to form the SSIP, crowding should
be important.

2-Adamantyl D- and L-casylate!® were solvolyzed in 80%
aqueous L-(+)-ethyl lactate.'®* Because the 2-adamantyl
fragment is symmetrical, diastereomeric transition states
are present only when chiral ethyl lactate is involved in
the activated complex. The rate data and activation pa-
rameters (Table II) show that ethyl lactate must be in-
volved as there is a significant difference in the ease of
solvolysis of the 2-adamantyl enantiomers. Product studies
provided selectivities!®!" (kgoy/ky,0): D-casylate = 0.29,
L-casylate = 0.38. On the basis of previous studies,'® the
preferential reaction with water upon solvolysis of 2-
adamantyl derivatives in aqueous alcohols is expected.
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Table I. Solvolysis Rates of Cholesteryl D- and
L-Casylate in 80% Aqueous Ethanol (v/v)

casyl- AH*,
ate T, °C 10%k, 87! keal/mol ASY, eu
D 250  0.487¢ 22.00 -4.38°%
24.2  0.442: 0.019
34.0 1.49: 0.10
45.5 5.63 £ 0.27
56.2 18.4 + 0.30
L 25.0  0.548¢ 21.8° ~5.03°

25.2  0.556 + 0.004
346 1.81: 0.02
47.4 7.65 = 0.09
56.2 19.6 = 0.30

@ Calculated from rates at other temperatures. ° Based
on 11 conductimetrically determined rates at the temper-
atures shown (r = 1.00).

Table II. Solvolysis Rates of 2-Adamantyl D- and
L-Casylates in 80% Aqueous L(+ )-Ethyl Lactate (v/v)

casyl- AH?,
ate T, °C 104k, 57! keal/mol aS*, eu
D 25.0 0.00114¢ 20.9°% -20.3%
90.4  0.728: 0.025
100.4 1.92: 0.01
125.0  10.2+ 0.010
L 25.0  0.000 098 49 27.3¢ -8.7¢
80.2 0.155: 0.011
90.3  0.450 + 0.007
100.4 1.40: 0.13
115.2  5.52 0.27

@ Calculated from rates at other temperatures. ° Based
on six conductimetrically determined rates at the temper-
atures shown (r = 0.998). € Based on 10 conductimetri-
cally determined rates at the temperatures shown (r =

0.999).

However, since the rate studies implicate ethyl lactate
involvement, the strong preference for water is surprising.
Consideration of these facts prompt us to reject simple
structures of these SSIPs with a single solvent molecule
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between the cation and leaving group (see structure 11).
Instead, a more complex ion pair involving both solvents
is more satisfactory.’®!® In such an ion pair the ethyl
lactate may be primarily involved in electrophilically
solvating the leaving group, while the smaller and more
nucleophilic water molecule is better able to solvate cations
frontside (and backside?). While our overall view of these
solvolytic processes is still somewhat rudimental, our ex-
periments utilizing chiral leaving groups have been helpful
in confirming that SSIPs are involved in the rate-deter-
mining step in the solvolysis of 2-adamantyl substrates.
Also, these studies suggest that more than one solvent
molecule is involved in the SSIP.
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