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Abstract - Despite the remote positive charge within the leaving group,
the specific rates of solvolysis at 25.0°C of the 2-(2-adamantoxysul-
fonyl)-N, N, N-trimethylethanasinium ion (2Ad0SO2CH7CHoNMe},1) in 28

pure and mixed hydroxylic solvents have been found to correlate, in a
linear free energy relationship plot, very well with Yorg values (slope of
1.032, correlation coefficient of 0.991). 1In 50X ethanol, the specific
rates of solvolysis are virtually identical for 1 and 2-adamantyl 2,2,2-
trifluorcethanesulfonate; for substitution in the mcthyl of the en-
thanesulfonate leaving group, one NMe3j group has the same influence as

three fluorine atoas.

Since its introductionl {n 1948, the Crunwald-Winstein equation (1) has been

log (k/ko) =@ X (1)

widely used for the correlation of the specific rates of solvolysis of Syl reactions
and, also, the magnitude of g has been used as a mechanistic criterion for unimolec-
ular (@ ~ 1) or bimolecular (g < < 1) reaction. For systeas, such as simple second-
ary alkyl derivatives, considered borderline on the basis of other criteria,
intermediate values for g are usually observed.2 In equation 1, k represents the
specific rate of solvolysis of a substrate in the solvent under consideration, k,
represents the specific rate of solvolysis of that substrate i{n 80X ethanol, and p
represents the sensitivity of the specific rate of solvolysis to changes in solvent

fonizing power Y.
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To correlate the specific rates of SN2 solvolyses, Grunwald, Winstein, and

Jones3 proposed a two-term linear free energy relationship (eqn. 2), where the

log(k/ko) =1 N +aX (2)

additional term represents the sensitivity 1 of the specific rate of solvolysis to
changes in solvent nucleophilicity N. Scales of solvent nucleophilicity based upon
the solvolysis of sethyl p-toluenesulfonats® or the triethyloxoniunm 1on3.6 are
available.

The original Y scale vas based upon the solvolysis of gfert-butyl chloride.
While this scale has given excellent service over the last forty years, there are
strong indications that a nucleophilic component (1 value of about 0.3) is
{nvolved.6-11 1t has been suggested that l-adanan:yllz or 2-nda-anty113-1“
derivatives, where backside attack is blocked or severely hindered, constitute
excellent substrates for the development of Y scales. It has been
propoocdl‘vstls'21 that different anionic leaving groups (X°) each require an
individual X, scale, for use in the correlation of the specific rates of solvolysis
of a RX substrate. For relatively poor leaving groups, Yy values are more
conveniently obtained using the 1-adamantyl derivatives (X = c18, pe8, 118,
OC6H2(N02)32°, C02CF321. and C02C3F721) and, for better leaving groups, Yy values
are conveniently obtained using the about 105 times slower reuct1n522-23 2-adanantyl
derivatives (X - OTs%.15.16 01£19.20 0c10417.20 and 050,C4F524). While large
deviations do indeed exist (for example, for solvolyses in 95% acetone,l7 the YoTs
value {s -2.95 and the xOC103 value i{s -0.23), there are several leaving groups for
vhich, for most amixed-solvent systems, the Yy values correlate quite well with the
original adamantyl-based scale (YoTs) vith a slope not far removed from unity.

Among the causes of the deviations are differences in electrostatic and/or
electrophilic solvation, in lipophilic effects, and {n the solvation of aryl and
alkyl ;roupl.zo

In contrast to scales based upon 1- and/or 2-adamantyl derivatives with ini-
tially neutral leaving groups (leaving as an anion), studies of the l-adamantyldi-
sethylsulfoniua 1on® and the 1-adapantylpyridinium fon25 (in which an initially
positively charged leaving group leaves as a neutral molecule) shov extremely modest
rate variations with change in solvent composition. For the l-adamantyldimethylsul-
foniua ion, a rate variation of less than seven wvas observed across a range of sol-
vents for vhich a rate variation of about 10® was observed for adanantyl derivatives
with initially neutral leaving groups. These findings are consistent with the qual-

itative theory of solvent effects, put forward by Hughes and Ingold,26 for renétions
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producing charges (largs effects) and dispersing charges (small effects) in going
from the ground state to the transition state.

In the present study we have considered a salt, 2-(2-adamsntoxysulfonyl)-N.N.N-
trimethylethanaminium triflucrosethanssulfonate (2-adamantyl [2]betylate triflate).
Although this salt contains a cation (1) of the R-X* type, during solvolysis charge
1s developed in the same manner as for the adamantyl derivatives contsining ini-
tially neutral leaving groups; the leaving group is the zwitterion (*Me3NCHs-
CR2803, 2). One would predict, on the basis of the qualitative Hughes-Ingold
theory of solvent effects, 26 large variations in the specific rates of solvolysis
upon varying the solvent composition. It will be of interest to see to what extent
a “remote” positive charge influences the logarithmic correlation of the specific
rates of solvolysis against the Yors scale, a scale based upon an initlally neutral

sulfonate leaving group.

- 0S0,(CH,):NMe,

1)

A series of [2]betylates, with simple alkyl groups have been prepared in the
presence of non- or weskly-nucleophilic counterfons and they have been found to be
good water-soluble alkylating ngont-.27~28 The more racent synthetic procoduro28
can be utilized for the preparation of 1 as its trifluorcmethsnesulfonate salt.
Several related amsylates [alkyl p-(trimethylammonio)benzenesulfonate fons] have

also basn prepared?? and thetr hydrolyses briefly studied, 30

RESULTS

The specific rates of solvolysis of the cation 1, to produce the zwitterion 2,
protonated solvent, and ether or alcohol (or s mixture of the two), have bsen
deteruined at 25.0°C in the following aquecus-organic mixtures: 90-40X ethanol (six
compositions), 100-90% methanol (two coapositions), 90-40X acetone (six
compositions), 100-70% 2,2,2-trifluorocethanol (TFE) (five compositions), 90-70%
1,1,1,3,3,3-hexafluoro-2-propancl (HFIP) (three compositions). The averags values,
using all of the integrated first-order rate cosfficients from duplicate runs, are
reported within Table 1, together with X2Ad(2]l values (calculated according to

equation 3) and YoT, values &,15,16,17,31

log(k/ko) 244050, CH,CHotMeY = X2ad[2]8 3
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TABLE 1. First-order rate cosfficients for the solvolysis of the 2-(2-
adamantoxysulfonyl)-N, N. N-trimethylethanaminium fon®.d in pure and
aqueous organic solvents at 25.0°C and Yza4({2)8° and Xor.d values.

Solvent® 108g,s°1 X2ad(2)8 YoTs

90X EtOH 0.631 &+ 0.008 -0.763 -0.58

80% EtOH 366 &+ 0.03 0.000 0.00

703 BtOH 13.1 ¢ 0.1 +0.556 +0.47

60X EtOH 35.9 + 0.5 +0.992 +0.92

50X EtOH $5.3 &+ 2.9 +1.416 +1.29

40X EtOH 262 + +1.855 +2.08f

1003 MeOH 0.136 &+ 0.005 -1.430 -0.92

90X NaOH 1.01 + 0.02 -0.559 .0.17f

90% Acetons 0.0687 + 0.0015 -1.730 -1.708 (-1.90)h
80X Acetone 0.728 3+ 0.004 -0.701 -0.798 (-0.94)h
703 Acetone 319 ¢+ 0.04 -0.060 -0.014 (.0.33)¢
60X Acetone 11.8 + 0.2 +0.508 +0.66

50X Acstone 8.9 ¢ 1l.4 +1.026 +1.26f

40% Acetone 120 + & +1.516 +1.85¢

100X TFE 196 + 3 +1.729 +1.80

97X TFE 197 + & +1.731 +1.83

90X TFE 198 + 4 +1.733 +1.874

80X TFE 207 + 6 +1.752 +1.954

703 TFE 227 4 5 +1.793 +2.00

$0% HFIP 4557 + 3 +3.09% +2.90)

80% HFIP 1746 + 3 +2.679 +2.574,J

70% HFIP 1103 + +2.47% 42,6144

4Concentration of ¢a. 0.004 M. byieh associated standard deviations.

Clog(k/ko) st 25.0°C, where k, refers to the first-order rate coefficient in 80X
sthanol. slues from reference &, unless othervise indicsted. ®Percentage of
organic soclvent by volume for aqueous-ethanol, -ssthanol, and-scetone and percentags
of organic solvent by weight for aqueous-2,2,2-trifluoroethanocl (TFE} and aqueous-
1,1,1,3,3,3-hexafluoro-2-propanocl (HFIP). fyalues from reference 15b.

8Calculated from Ygre =~ 0.868 log(k/ke)1-AdoTs + 0.027 (equation from reference
32). Blog(k/Ke)1.adoTs (references 15b and 17). {interpolated value.

Jvalues from reference 16.

The specific rates of solvolysis have alsc been determined for four TFE-ethanol
compositions, and the average values are reported (together with Yjaqi2)s values) in

Table 2; Yprs values are not available for this mixed solvent systes.

DISCUSSION

It can readily be seen, from the data of Table 1, that the first-order rate
coefficients vary snormously with the solvent composition. This behavior is in
marked contrast to the vary small rate variations observed for the l-adamantyldi-

methylsulfoniua and l-cdanantylpyridiniu:25 fons. A large variation is to be
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TABLE 2. First-order rate coefficients for the solvolysis of the 2-(2-
sdamantoxysulfonyl)-N.N,N-trimethylethanaminium ton®.d in ethanol-2,2,2-
trifluorcethanol mixtures at 25.0°C and X2pa({2]8° values.

Solventd 108,81 Y2ad[2]B
80X TFE - 201 EtOH 28.8 + 0.2 +0.896
60X TFE - 40X BtOH 4.65 % 0.03 +0.104
40X TFE - 60X BtOH 0.731 ¢+ 0.021 -0.700
20X TFE - 80% EtOH 0.135 & 0,002 -1.433

#:C5ee Table 1.  90n volume-voluse basis.

sxpected on the basis of the Hughes-Ingold theory26 for a reaction proceeding with

charge developaent in the slow step (equation 4). Indsed, inspection of Table 1
2A40S0CHCHyNMed - - - - > 2Ad% -035CHCHyNMe} (&)
shows that, for any given solvent composition, the X2a4{2)8 valus resesbles closely

the Yors velue. The two sets of Y values presented in Table 1 are plotted in the

figure.
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Figure. Plot of 1°£(k/k°)2A60502CHZCH2NH0§ (X2ad[2)8) against Yore: closed
circles: aqueous ethanol; opsn circles: aqueous TFE; closed trisngles: aqueous
acetone; open triangles: aqueous HFIP; closed squares: aqueous methanol.

In the figure, Ynr, values for 90 and 80X acetone are based directly upon 1-
adamantyl p-toluenesulfonats uolvolysln.17‘31 Allard and Casadevall3Z have
suggested, however, that, for use in conjunction with Ygrg values based on 2-
adamantyl p-tolusnesulfonate solvolysis, Xorg values of this type ars better

obtained using equation 5. When all 28 solvents of Table 1 are considered,
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Yors = 0.868 log(k/Ko)1.adoTs * 0.027 ()

a slope (m valua) of 1.032 {s obtained when lors values for 90, 80, and 70X acstone
based on squation 5 are used, and the g value is 0.987 vhen these values are bazed
directly on the 1-adamantyl tosylate specific solvolysis rates (Table 3).

Individual solvent mixtures alsc give g valuss fairly close to unity, ranging from
0.90 for aqueous acetone to 1.26 for squeous HFIP. For aquecus TFE, the points were
closely bunched together and a meaningful slope could not be obtained. It must be
concluded that the kinetic solvolytic behavior of sulfonate esters with a remote
positive charge mistcs closely that of the more familiar uncharged sulfonate esters.
The relatively high solubflity of betyla:ezza or nnsyltte:3° in highly aquecus media
presents a way of comveniently obtaining Y scales for sulfonate esters over the full
range of aqueous-organic solvent composition, without the solubility
problon:15-17'20 vhich often plague studies of neutral sulfonate esters. The very

weakly nucleophilic triflate has been found to be a convenient counterion.33

TABLE 3. Correlation of Y2aq{2|p values with Yor, values.4

Systes (n)® Slope (g value) Intesrcept <

90-40% EtOH (6) 0.999 -0.020 0.988

100-90% MeOH (2) 1.161 -0.362

90-40% Acetone (6)9 0.899 -0.097 0.998

90-40% Acetone (6)¢ 0.821 +0.023 0.996

90-70% HFIP (3) 1.258 -0.552 1.000
All (28)9 1.032 -0.126 0.991
All (28)* 0.987 -0.047 0.987

#Data from Table 1. DNumber of data points. CCorrelation coefficient.
sing Yors velues for 90 and 80X acetone calculated as in footnote g of Table 1.
®Using Yors values for 90 and 80X acetons calculated as in footnote b of Table 1.

Combining the present results with data from the literature, it {s possibls to
compare the solvolyses of three 2-adamantyl sulfonate esters of the type
2Ad0S0,CH2X, where X (s Hls, 8?33“, or CKQNH&S {the present study); specific rates
of solvolysis in 501 ethanol at 25.0°C are 0.096 x 10°3s"} for X = K
(extrapola:od‘5‘ from dats at higher temperatures), 8.17 x 10531 for X = CF33“.
and 9.53 x 10°%s-1 for X = Cﬂgﬂﬁaj (Table 1). In terms of substitution within the
mathyl group of 2-adamantyl ethanesulfonate, one trimethylamino group has almost

exactly the same Iinfluence as three fluorine atoms. In terms of substitution within

the methyl group of 2-ad ityl meth 1fonats, both a CF3 and a CHyNMe} group

produce very close to a one hundred fold increase in the rate of solvolysis. For
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the presumably Sy2 hydrolysis of butyl [2]betylate at 35.0°C, the specific rate was
16 tises that estimated from datad for butyl methanssulfonate hydtolych,“ That
the betylate/mesylats rate ratic is higher for a solvolysis of the 2-adamantyl
esters than for a solvolysis of the butyl esters is to be expected from the
previously observed?3 larger leaving group effects for the sthanolysis of a series
of sulfonate esters vhen the Syl rather than the Sy2 sechanism operates.

Supporting the proposal that the solvolyses of 2-adamantyl sulfonate esters
with a remote positive charge parallel closely the solvolytic behavior of uncharged
sulfonate esters, it has been shown36 that the product partitioning during
solvolysis in a 2,2,2-trifluoroethanol-ethanol mixture is virtually identical for

the 2-adamantyl amsylste 1on36 and 2-sdamantyl g-toluemsulfomte.37

EXPERIMENTAL

Katerisls. The purifications of acetons, 31 othaml.n sethanol, 3! 1,1,1,3,3,3.
houfluorod-propm’wl.38 and 2.2.2-tr1f1uoroothnno139 were as previously described.
2-adsmantanol (Aldrich), 2-chloroethanesulfonyl chloride (Aldrich) and methyl
trifluoromethanssulfonate (Aldrich) were used as supplisd.

2-Adamantyl sthensgulfonate. Following a previously reported general procoduro,za
2-Adamantanol (3.05 g, 0.020 mol) was dissolved in 150 nl of ice-cold CHCl; and 2-
chlorosthanssulfonyl chloride (6.52 g) and ice-cold Et3N (7.08 g) wers added. After
30 min, the mixture was vashed with cold 10X aqueous Na3CO3 (3 x 100 al) and H20
{100 al). The CH3Cl; layer was dried (anhyd. MgS0;) and the solvent evaporated.

The crude product (3.98 g, 82X) wvas used without further purffication; 1k mm
(CDCl3) 6,6.56, §p6.39, §c6.06 (each 1 H): Jop = 16.6 Hz and Jyc = 9.6 Hz, 4.74 (s,
CHOSO3CH=CHy), 2.2-1.2 (=, 14 K).

adamantyl {21betylate triflate}. 2-Adamantyl ethenssulfonate (0.727 g; 3.0 mmol)
vas dissolved in 25 ml of ice-cold CH3Cly and MesNH (1 ml) was added. After 10 ain,
the solvent and excess Me;NH were removed by evaporation. The resulting 2-adamantyl
2-(dimethylaminc)ethanesulfonate vas immediately dissolved in CH2Cly (25 =l) and
sethyl trifluoromethanssulfonate (0.37 al, 1.1 equiv) was added. After 15 min, the
solvent vas evaporated and the residue triturated with ether. Filtration gave a
solid product (0.95 g; 70X): mp 122-130° (dec). Seversl batches were prepared and
used directly in the kinetic runs. Recrystallizatfon of a portion from acetonitrile
gave an off-white solid: mp 125-130° (dec); 1y ow (CD3yCN) 64.96 (s, 1 H), 3.72 (s,
4 H), 3.11 (s, 9 H), 2.3-1.6 (m, 14 H); IR vg,, (KBr) includes strong peaks at 1253,
1168, 1032, 918 cm'l. Anal. Calcd for CygHygNOgF3Sy: C, 42.56; H, 6.25; N, 3.10.

Found: C, 42.51; H, 6.38; N, 3.21.

7547
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Kinstic Proceduras. The kinetic runs were carried out by removing, at suitable time
intervals, S al portions from 30 ml of solution, except for the runs in HFIP-
containing solvents, vhen 1 ml portions were resoved froa 10 mlL of solution. The
portions were quenched by addition to 25 aL of scetons, cooled to solfd COj;-acetors
slush temperature and containing Lacmoid (resorcinol blue) indicator. The actd
previously producsd was titrated against a standardized solution of sodium methoxide
in methanol. First-order rate cosfficients were calculated from the integrated form
of the rate equation and all values from duplicate runs wvere averaged to give the
valuss reported in Tables 1 and 2. For runs with half lives of longer than 16 h,
the time to ten half lives (infinity titer) was reduced by addition of a portion to
S mL of water and allowing to stand overnight at 50° prior to addition of the 25 mlL

of scetons and titration in the usual manner.
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