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The relative nucleophilicities of anions toward organic and 1norganic substrates has been
the subject of much research over the past several decades Although the relative nucleophili-

5,6,7,8,9
cities

vary considerably with substrate, the reactivities of nucleophilies toward a
given substrate, e g , the saturated carbon atom in nethylbromide, have been used to establish
. 10
empirical reactivity scales Swain and Scott developed a two parameter relationship with
11
methylbromide as the substrate relative to water as a nucleoohile Cdwards atteupted to
correlate the nucleophilicities relative to water to a four parameter equation based on both the
12

polarizabilities and bas:cities of the anions Recently, Pitchie and Virtanen correlated the
reaction of each of several carbomium 1on systems with a wide variety of anions using one enpiri-
cal parameter In all of these scales the relative reactivities of the nucleophiles vary over
several orders of magnitude In general solvation, bond strength in the product, charges on the

3 " - " 1 7,8
nucleovhile and substrate, and the "alpha effect" have been 1dentified as 1mportant variables
related to nucleophilicity In addition, syibiotic effects between the nucleophile and the
leavin, group have been 1dentified #s an 1mportant factor bearing on relative nucleophilic

13 ., 14
strengtn While FParler nas supcested that these effects are solvent dependent and should

15

becore less important in dipolar, aprotic solvents, Songstad and Engenyr have shown that this
symbiosis appears to be nore important in dipolar aprotic solvents than in the protic counter-
parts 4t present, an absolute or inherent scale of nucleophile reactivity 1n solution has not
as yet been developed

: gl o o

Bo'vme, Youn; anc Lee-Ruff have determined the nucleophilic reactivities of L. , F , Ol

and WHZN toward CH3C1 1n the gas phase at 300°K  These gas phase results indicate that the
nucleophilic reactivity of the anions studied are approximatelv the sane and do not correlate
with the gas phase basicities This suggests that solvation of the anions 1s responsible for
the large variations found 1n the reactivities of the anions in solution In a recent extention

17 -
of these studies the rate of reaction of C! was found to be surprisingly slow relative to the
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other anions Braurman, Olmstead, and Lieder18 have shown that the relative reactivities of
anions even 1n the gas phase depend on the substrate

Almost all the reported solution studlessu9 on relative nucleophilicities have been per-
formed in solvents with high dielectric constants (HZO’ CH3CH20H—H20, etc ) where the salts are
usually dissociated but the 1ons are extensively solvated Some studies have been repor:‘t:ed'r’_7 in
solvents with intermediate dielectric constants [DMF(37) and acetonitrile (39) lwhere anion solva-
tion might be expected to be less extensive However, in the solvents with lower dielectric
constants, the possibility of 1on pairing increases, thus making 1t difficult to unambiguously in-

2,3,4
P

terpret the data It has recently been reported that 18-crown-6 successfully solubilizes o-
tassium salts 1n acetonitrile producing extremely reactive anions (''naked" anions) presumeably be-
cause of the weak anion solvation forces 1n acetonitrile solutions and the complete dissociation
of the electrolytes For example, the fluoride and acetate ions usually considered weak nucleo-

3,4 Conductance19 studies on dilute solutions

philes are powerful nucleophilies in acetonitr:le
have demonstrated that these solutions contain primarily free ions In this communication, the
relative reactivities of several "naked" anions toward benzyl tosylate i1n acetonitrile are
reported and corpared to other systems

The reaction of the anions with benzyl tosylate was followed by a conductance method similar

0,21

2
to literature procedures with a Beckman model RC-18A conductivity bridce The acetonitrile

was Fisher reagent grade material which was refluxed over Cah, and distilled under nitrogen im-

2
nediately before being transferred into a nitrogen purged dry box  The 18-crown-6 was prepared
and puarified by a recent literature procedure 22 A\ll tne salt solutions studied were prepared in
the dry box by dissolving weighed amounts of salt in a 0 1 ™M 18-crown-6 acetonitrile solution
These solutions were transferred to the conductivity cell containing a sealed ampoule of benzyl
tosylate prepared by the nethod of Kochi and Hammond 23 The cell was sealed by means of a ground
glass joint and transferred to a water bath maintained at 30 00+0 05°C outside the dry box When
the bridge reading was constant, the ampoule with the benzyl tosylate was brolen by means of a
special plunger device The plots of log(ﬁt—Aw) versus time were linear for at least the first
80% of the reaction The psuedo first order rate constants were obtained from the slope of these
plots and converted to second order rate constants The products of the reactions have been iso-
lated from preparative scale runs and unequivocally identified by WM, IP and mass spectrometric

techniques to be the products of simple disvlacement Infrared studies on tne SCN solutions

indicate that benzylthiocyanate appears to be the only product formed from tiat nucleophile
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The rate constants shown in Table I have a total variation of less than a factor of 10 if
SCN” 1s deleted If a statistical factor of two 1s aoplied to NS_ and CH3COO_ these rates vary
by less than a factor of 5 These results are in direct contrast to the previously ooserved re-
lative nucleophilicities (Table I) Furthermore, 1in these studies the halides appear to be
nucleopniles with virtually identical reactivities, whereas the reactivities varv by a factor

6,14 There appears to be a general le-

of 200 1n water5 and a factor of 20 in direthylformamide
veling of the nucleophilicities of anions 1n acetonitrile Several reversals of the usual order
of nucleophilicities nay also be seen 1n Table I Ouite surprisingly the "best" nucleophile 1s
Ch3COO_ (wit11n experimental error) which 1s normally considered a very poor nucleopnile, while
SCu , one of the more potent nucleophiles 1n aqueous solution, 1s approxinately 30 times slower
than CH3L03— Apnarentlv, the reactivities of anions dissolved 1n acetonitrile do not vary
appreciably, a situation reriniscent of most anions studied in the gas phase This would seen

to indicate that variations 1n anion solvatilon in acetonitrile are not important factors in de-

termining the relative reactivities Tnese results tend to support the notion that 'naked" anions

in acetonitrile are solvated by much weaker forces than in protic solvents

Table 1

Kinetic Data at 30 000 05 in Acetonitrile for the Reaction of
"Naked" Anions with Benzyl Tosylate

Salt Conc ~Siope” Correlation kb’C Telative Rates
(YxlOA) (min~*x10) Coefficient (1 mole‘lsec'l) This Study Swain and Scott

kﬂ3 5 22 2 53 0 990 107 10 0 20 0
4 71 172 0 999 0 96
4 58 1 80 0 999 101

KOnc 5 60 270 0 993 0 96 96 10
3 95 2 45 0 999 0 92
5 07 1 56 0 997 0 96

RC.I 5 41 0 617 0 999 0 22 2 4 250 0
6 17 0 542 0 993 0 21
7 98 0 949 0 998 0 26

I 3 32 0 381 0 975 0 15 14 02
6 59 0 385 0 998 012

KC1 5 53 0 693 0 999 0 12 13 20
5 90 0 350 0 999 011
5 61 0 657 0 999 0 13
7 59 0 456 0 999 013

LBr 6 74 0 456 0 993 0 13 13 16 0
6 57 0 371 0 999 0 11
7 56 0 200 0 998 011

L1 7 26 0 557 0 999 0 091 10 200 0
7 02 0 256 0 999 0 084
775 0 240 0 999 0 088

KSC 5 59 0 0680 0 998 0 020 03 125 0
5 89 0 0366 0 995 0 021
6 81 0 0979 0 999 0 020
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(b)

(c)
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The slope was obtained from the plot of log (At—Aw) vs t

The second order rate coefficients of C1 , Br and SCN toward n-Bu~1 nave previously been
determined_1in Ch3 W taking into account ion pairing effects to be 4 0, 3 4 and 0 58

(x 1073 lgee- Ly, respectivelv, which gives approximately the same order of nucleophalicity
reported in this cormunication B _ _ _

The second order rate coefficients of SCh , Br and N, , C1 and AcO” toward CH,-0Ts have
been deterrmined in Cn,Ci by spectrophotometric procediires to be 2 3, 50, 25, 230 and 2600
(x 1074 11 gec™ ), réspectively The relative nucleopiilicities determined from these

rate constants are considerably different from the values reported in this communication.

Uhile tne relative nucleovhilicities in acetonitrile are similar to those found 1in the gas

phase, the absolute gas phase rates are approximately eleven orders of magnitude greater than

those found for the anions in acetonitrile.

This large difference in absolute rates i1s indicative

2
of the moderating influence of the solvent on all the reactivities In fact Kabarle‘é has demon~

strated tnat acetonitrile forms a stable adduct in the sas phase with halides ions and Coetzee

and

25
Sharpe have shown that several anions 1in acetonitrile cause the C-H stretching frequencies

of acetonitrile to shift to lower wavenumber values Conseaquently 1t can be concluded that the

anions are solvated, but the differcnces 1n solvation in the serves studied do not appreciably

effect the relative kinetic properties of the anions

=
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