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The relative nucleophillclties of anmns toward organic and morganx substrates has been 

the subject of much research over the past several decades Although the relative nucleopnlll- 

cltles5,6,7,S,q vary considerably with substrate, the reactlvitles of nucleophllles toward a 

gxven substrate, e S , the saturated carbon ator; m nethylbromde, have been used to establxh 

empirical reactlvlty scales Swam and Scott" developed a two parameter relatlonshlp with 

methylbronide as the substrate relative to water as a nucleoohlle Edwards" attexpted to 

correlate t!le nucleophlllcltles relative to dater to a four parameter equation based on both the 

polsrizabillties and baszcltws of the anlous yecently, Fltchle and Vlrtanen 
12 

correlated the 

reaction of each of several carbonlun ion systems with a wide vsrlety of amons usmS one enplr=- 

cal parameter In all oc these scales the xelatlve reactlvltles of the nucleophlles vary over 

several orders of nac:nltJde In general solvatloe, hond strength m tne product, charges on the 

mcleoohile and substrate, and the "alpha effect" have been ldentlGxd 7,S as mportant variables 

related to nucleophllrclty In addltxon, sy+lotlc effects between the nucleophxle and the 

leavm, g:roJp have been ldentlfled PS an 1Tportant factor bearm; on relative nucleophll~c 

strengtu l3 lihlle Far'\er 
14 

oas supzested that these effects are solvent depmdent and should 

becore less Important in dlpolar, aprotlc solvents, Songstad and CnSenyr 
15 

have shown that this 

syTblosls appears to be nore mportant m dloolar aprotlc solvents than m the protlc counter- 

?arts @.t present, an absolute or mherent scale of nucleophlle reactlvlty m solution has not 

as yet been developed 

Bo'n~e, You"; ant. Lee-?uff 
16 

have determined the nucleophlllc reactlvltles of L‘, F-, OX- 

and '\TH - 
2 

toddrd CH3C1 I? the zas phase at 300°K These Sas phase results mdlcate that the 

nucleophlllc reactlvlty of the anmns studled are approumatelv the sane and do not correlate 

with the Sas phase baslcltles This suggests that solvatlon of the anIons 1s responsible for 

the 1arSe varmtrons found m the reactlvltles of the anions m solution In a recent extentlon 

of these studies 
17 

the rate of -eactlon of Ci- was found to be surprxmgly slow relative to the 
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other anl.ons Brautnan, Olmstead, and Lieder 
18 

have shown that the relative reactivities of 

anions even xn the gas phase depend on the substrate 

Almost all the reported solution studies 
5-9 

on relative nucleophilicities have been per- 

formed in solvents with high dielectric constants (H20, Cti3CH2@1:-1120, etc ) where the salts are 

usually dissociated but the 10"s are extensively solvated Some studies have been reported 
5-7 

1" 

solvents with rntermedlate dlelectrx constants [D'lF(37) and acetonitrrle (39)lwhere anIon solva- 

tlon might be expected to be less extensive However, m the solvents with lower dlelectrlc 

constants, the posslbllity of ion pairinS Increases, thus making it difficult to unambiguously in- 

terpret the data It has recently been reported that 18-crown-6 successfully solublllzes 2p3.4 PO- 

tassium salts in acetonitrile producing extremely renctlve anlons ("naked" anions) presuneably be- 

cause of the weak anion solvatlon forces ln acetonitrlle solutions and the complete dissociation 

of the electrolytes Tar example, the fluoride and acetate ions usually considered weak nucleo- 

phlles are powerful nucleophllles m acetonltrlle 334 Conductance 
19 

studies on dilute soldtlons 

nave demonstrated that these solutions contain prxmarlly free ions In this corxnunication, the 

relative reactivitres of several "naked" anIons toward benzyl tosylate in acetonltrile are 

reported and corrpared to other systems 

The reactlon of the anrons lllth benzyl tosylate was followed by a conductance method simrlar 

to literature procedures 
20,21 

with a Beclman model <C-l&I conductlvlty bridge The acetonitrlle 

was Fisher reagent Srode material which war, refluxed over Cah2 and dlstllled under nItroSen em- 

nedlately before beinS transferred Into a nitrogen purzed drv box The l&crown-6 was prepared 

and p.n-ifled by a recent literature procedure 
22 

111 t7e salt solutions studled were prepared in 

the dry box by drssolving weighed amounts oE salt in a 0 1 ‘I 18-crown-6 acetonrtrlle solution 

'Rese solutions were transferred to the conductlvlty cell contaInin:. a sealed anpoule of benzyl 

tosylate prepared by the nethod of Koch1 and Hammond 
23 

The cell was sealed oy rr.eans of a ground 

glass joint and transferred to a water bath malntalned at 30 OOiO 05'C outsrde the dry box When 

the bridge reading was constant, the ampoule wrth tne benzyl tosylate was brol.en by "cans of a 

special plunger device The plots of log('I+_-A,) versus time were linear for at least the first 

80% of the reactlon The psuedo first order rate constants were obtalned 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 'Tn. I? and mass spectrometric 

techniques to be the products of simple disolacement Infrared studies on tne SCU- solutions 

Indicate that benzylthlocyanate appears to be the only product forned from tlat nucleophile 
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Phe rate constants shorn I" Table I have a total varlatlon of less than a factor of 10 If 

WI- 1s deleted If a statIstIca factor of two 1s aoplled to N3- and CH3COO these rates vary 

by less than a factor of 5 These results are m direct contrast to the previously ooserved re- 

latlve nucleophlllcl:les (Table I) Ftlrthermore, m these studies the halldes appear to be 

nucleopn~les 5'1th virtually ldentlcal reactlvltles, whereas t'le reactlvltles varv by a factor 

of ZOO I" water 
5 

and a factor of 20 I" dmwthylformam~de 
6,14 

There appears to be a general le- 

velmg of t\e nucleophlllcltxs of anions I" acetonltrlle Several reversals of the usual order 

of nucleophllrcltles nay also be seen I" Table I Oute surpr~su~gly the "best" nucleophlle 1s 

Ch3COO- (wltlm ex?ermental error) which IS normally considered a very poor nucleopnlle, while 

sea-, one of the more potent nucleophlles I" aqueous solution, 1.5 approxmately 30 tmes slower 

than CHJL03- Apqarentlv, the reactlvltles of anions dissolved m acetonltrlle do not vary 

a?preclably, a sltuatlon rer,l"isce"t of nest anions studled 1" the aas phase This would seen 

to mdlcate that varlatlons I" anlo" solvatlon I" acetonltrlle are not Important factors m de- 

termnm; the relative reactlvltles Tnese results tend to support the notIon that 'naked" anmns 

m acetoxtrlle are solvated by much weaker forces than I" protlc solvents 

Table I 

Klnetlc Data at 30 00'0 05 I* 4cetonitrlle for tbe leactlon of 
"Naked" Annlons with Renzyl Tosylate 

Salt Cone 
4 

-510 en 
(YxlO ) f 

Correlat1o" kb,c Telatlve Rates 
(ml"- x10) Coefflclent (1 mole-lsec-1) This Study Swam and Scott 

k"? 3 5 22 2 53 0 990 1 07 10 0 20 0 
4 71 1 72 0 999 0 96 
4 58 1 80 0 999 1 01 

MM 5 60 2 70 0 993 0 96 96 10 
3 95 2 45 0 999 0 92 
5 07 1 56 0 997 0 96 

hCJ 5 41 0 617 0 999 0 22 24 250 0 
6 17 0 542 0 998 0 21 
7 9s 0 949 0 998 0 26 

Kl? 3 32 0 381 0 975 0 15 14 02 
6 59 0 385 0 998 0 12 

KC1 5 53 0 693 0 999 0 12 13 20 
5 90 0 350 0 999 0 11 
5 61 0 657 0 999 0 13 
7 59 0 456 0 999 0 13 

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 0 11 

XI 7 26 0 557 0 999 0 091 10 200 0 
7 02 0 256 0 999 0 084 
7 75 0 240 0 999 0 088 

&SC, 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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(a) 

(b) 

Cc) 

The slope vas obtained from the plot of log (At-iZ_) vs t 

The second order rate coeffxlents of Cl-, Br- and SCb- toward z-Bu-I nave previously been 
determined in CI:3C?; taking ztnto account ion pa~.rmg effects to be 4 0, 3 4 and 0 58 
(x 10-3 *-lsec- l), respectlvelv, whrch gives approximately the same order of nucleophllrclty 
reported in this cormwnlcatlon 
The second order rate coefflclents of SCIU-, Br- and N3-, Cl- and AcO- toward CH -0Ts have 
been determxwd an Ch3CI by spectrophotometric procedures to be 2 3, 50, 25, 2 0 and 2600 3 
fx 1Z4 \I-1 set-l), respectlvelj The relative nucleoa~~l~c~t~es determrned from these 
rate constants are conslderably drfferent from the values reported in thzs co~un~catlon. 

Uhlle the relative nucleonhr1lcltxe.s in acetonltrlle are smllar to those found III the gas 

phase, the absolute gas phase rates are approx~matelv eleven orders of mapnltude greater than 

those found for the an~.ons in acetonltrlle. This large difference xn absolute rates 1s lndlcatlve 

of the noderatlnt influence of the solvent on all the reactivltres In fact Kabarle 
24 

has demon- 

strated tnat acetonltrlle forms a stable adduct in the ::as phase wrth halldes xxxs and Coetzee 

and Sharpe 
25 

have shown that several anrons ln acetonltrlle cause the C-H stretching frequencies 

of acetonltrlle to shift to lower wavenum3er values Ccnseouently It can be concluded that the 

.XII.O~IS are solvated, but the difference\ III solvatlon in the series studled do not appreciably 
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