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~~ldneticsofthe~khveen~~~~~p~~anda~of~ 
buty~o~~ areae&oaates have been studied in ac&ntMa at -23.4. With the oxor&n salt concc&akn at 
about 0.01 M, two series of runs wara carried out; Hammett plots of the secoad-ordar rata c&i&t& led to p 
values of -1.18+0.04 for OMM araoasulfonatc salt and -1.07~0.02 for 0.16M arcncsulfonata salt Solvolysis 
kiactics for the trimetbyloxonium ion in acetonitrile arc also rcpmtai. 

Although trialkyloxonium (Meenvein) salts are com- 
mercially available powerful ~ky~~ ager~ts,~ very 
few investigations of the kinetics or me&anism of these 
alkylations have been reported. Under identical con- 
ditions, the rates of hydrolysis,’ methanolysis,’ and sol- 
volysis in a~to~~e~ have heen found to be gmtcr for 
the ~~y~xo~~ ion than for the triethyloxonium 
ion. A detailed study of the solvent dependence of 
~ethyloxo~~ ion solvolysis rates has heen used to set 
up a scale of solvent nucleophilicities.s Only a minimum 
rate could be established for the reaction of the tri- 
methyloxonium ion with p-nitrophenoxide in sulfolarn? 
but, s~~q~n~y, rates were measured for reaction with 
thiophenoxide and p-~~~op~no~de.’ A kinetic 
study of the reactivity of the trimethyloxonium ion 
towards ~~nes~fo~e ion in acetonitrile‘ was corn- 
plicated by the value for the second-order rate coefficient 
varying with the ionic strength; such an effect is to be 
expected for a reaction involving two ionic specie~.~ 

In this ~ves~~n, we have studied reactions of the 
trimethyloxonium ion with a series of porn- and m&a- 
substituted arenesulfonate ions. 

Arm- t Me30+ CHjCN MeOS&4r t MM. 

Plop of the second-order rate coetlicients within 
an individual run*’ are minimized by using at least a 
dfold molar excess of tetra-n-hutylammonimn arenesul- 
fonate over ~e~yloxo~~ he~p~p~. As 
one would predict for reaction between oppositely char- 
ged ions, for a given anionic reagent, the secondorder 
rate coefficients are reduced in value as the salt concen- 
tration is &eased (Tabk I). 

Fmt+rder rate coefficients for the background sol- 
volysis of the trimethyloxonhun ion in acetonitrite are 
reported in Table 2 The extrapolated value at -23.4” is 
2.09 x IO4 set-’ and the rate of background solvolysis is 
only 1% of the rate of reaction with the lowest concen- 
tration of the slowest matting of the added arenest& 
fonate anions. The enthalpy of activation, at 2!X2”K, of 
E&9-+0.2 kcal mol-’ is considerably less favorable than 
the value of 16.3 to.2 kcal mol-’ np~rted’~ for acctoni- 
trile solvolysis of methyl ~~rne~s~o~~ but 
this is counterbalanced by a more favorable entropy of 
activation of -5.5 kO.7 cal OK-’ tnol-’ relative to 
-#).7*0.5cal OK-’ moI-‘. 

Hammett pu plots” (Fig. 1) have been constructed for 

thetwoseriesofNns,with0.0395MamfO.f59Minitiat 
concentrations of ~~-n-~o~~ arenesul- 
fonate, using average values of the data from Table 2 
The slopes (Hammett p vah~s) and correlation 
coefficients (r) are, respectively, - 1.18 k 0.04 (r = 0.995) 
and - 1.07 +O.O2 fr = 0.9%). These values are essentially 
identical with the value of - 1,18~0.@7 fr=0.991) 
obtained, under identical conditions, for reaction of the 
same series of ~~~0~ anions with methyl 
trifluoromethanesulfonate.‘” A direct logarithmic plot of 
the second-order rate coefficients for the trimethylox- 
ouium ion reaction OS those for the methy1 
~~rne~~o~ reaction leads to slopes of 
~~~~~~ (t = 0.9!@ and 0.~~0.0~ (I =OS3), 

Lewis ani Vandcqoo~’ have previously shown that 
when Hammett plots are constructed for bimolecular 
nuclcophilic substitution reactions of methyl derivatives 
with anions containing a variously substituted aromatic 
riug, the Hammett p values arc remarkably insen&ve to 
the leavin8-8roup ability of the departing anion. Their 
study inch&d the trimethyloxonium ion and for this 
most reactive of the methyl transfer reagents, the lowest 
seIectivity was found. However, as Lewis and Vander- 
pool pointed out, the reactions were approaching the 
diffusion controlled &nit. We have used a nucleophile of 
~nside~ly reduced n~l~p~ and a much lower 
temperature and do not have to consider any corn--Ï 
plications due to yroach towards the diffusion limit. 
Arnett and Reich’ have found unit sktpes for the 

-- 0.M bl ArSo3-: 0 -- 
iippear(froBlkfttoright~haame 

erderas&tedinTabk 1. 
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Table 1. Second+rder rate c&icknts for reaction of trimathyloxonium hexafhwrophosphate with 0.0395 M and 
0.159 M t&a-o-butylammoaiu arcncsulfonates (l’BAA) in acetonitile at - 23.4” 

a.24 41.2 

7.15 42.4 

7.07 42.4 

9.12 41.9 

9.06 42.4 

11.11 44.9 

11.05 44.6 

9.47 42.5 

9.51 42.6 

a.93 42.1 

a.95 42.8 

8.67 43.5 

a.74 42.8 

7.69 43.9 

7.81 43.5 

a.82 45.0 

a.82 44.7 

8.64 

a.66 

a.32 

a.31 

a.55 

44.7 2.35f 0.24 

44.5 252to.12 

45.76 0.72*0.04 

45.6’ 0.76* 0.0) 

47.0 0.63*0.02 

6.96 161.2 

6.89 161.1 

9.02 161.3 

a.98 lb0.9 

10.84 162.6 

lo.82 161.6 

9.31 161.7 

9.35 161.5 

8.61 161.4 

B.63 161.6 

a. 28 162.0 

8.36 162.8 

8.39 162.9 

8.61 162.6 

8.61 162-7 

8.62 164.3 

a. 70 166.1 

a.33 162.5 

8.25 162.6 

a.24 164.7 

a.19 164.2 

8.62 166.0 

1.67* 0.11 

1.7fr 0.08 

1.092 0.15 

1.17t 0.12 

1.09t 0.12 

1.00t 0.09 

1.09i 0.11 

1.02* 0.06 

0.362 0.02 

0.34+0.02 

0.30 to.01 

8.51 46.4 0.63* 0.02 a. 65 165.9 0.31 to.01 

%mcentretim of +kz4N*ArS0; at the time of =ixiw. %oncantraticn of Me30+PF; et time 

of mix&a. 

reaction between Me30+ and AI’~X~~: ud with tssociated stndard 

deviations. “Initially 0.038a ETaAh. 

10.8 f 1.0 

10.0t 0.5 

9.6t0.8 

11.32 0.8 

9.92 0.8 

a.8t 0.5 

8.1 f 0.4 

8.52 1.0 

a.2* 1.0 

4.9* 0.2 

s.a* 0.5 

s.a+ 0.3 

5.8* 0.4 

3.7+ 0.2 

3.5to.2 

2.4o-fo.07 

2.4920.07 

3.8beO.49 

3.72?0.30 

3.60t0.19 

3.73t 0.26 

3.0bt 0.40 

3.04 + 0.39 

3.14t 0.54 

3.13t 0.30 

2.032 0.22 

1.95? 0.36 

2.60, 0.22 

Table 2. First-order rate wcflicients for solvolysis of trimethykxonium hexaftuorophosphate in a&onitr%@ 

Temp. l c: -12.2 0.3 11.7 

104kl (em-‘) : 
24.4 

0.120 f 0.006 0.698 f 0.046 3.18 f 0.18 13.9 f 0.6 

bgar&mic plots of the second-order rate coefficients for 
reactions of 3- and 4-substituted pyridincs in 2-nitropro- 
pane with methyl (and ethyl) iodides tts those for reac- 
tion with methyl ~~s~foMte, despite a difference of 
about I@ in the reactivities of the two types of ~kylati~ 
agent. These studies indicate that the breakdown of the 
reactivity-selectivity principle found by Ritchie’3 for 
reactioos of. a series of nuckophiles with carbonium ions 
of a wide ranpe of reactivity is also exhibited for, at 
least, some SW2 reactions, in which the selectivity exhi- 
bited by a series of nucleophiles has been found to be 
almost independent of the nucleofugality of the leaving 
group.” 

In the present comparison, the dimethyl ether molt- 
cuk and the trifl~romethanesulfonate anion are known 
to have similar nucteofugaiities* and the almost identical 
response of the ~~10x0~~ ion and methyl 
~~~~t~s~fo~~ to change5 in the reactivity of 
the attacking arenesulfonate anion (as reflected by the 
Hammett p values) indicates that the selectivity exhi- 

ln duplicate. bWlth aseaclatcd 

bited towards a series of nucleophiles is independent of 
the charge type of the leaving group. Similarly, by com- 
petition of a series of tmcleophiles against the 
aqueous solvent, Peterson d of.” found parallel respon- 
ses to variation in n~kophilicity for methyl iodide and 
the cyclic te~ethylenei~o~~ ion. Purther, the 
differences observed were approximately those to be 
expected for consideration of a primary as opposed to a 
methyl substrate. The observation by Kevill and Lin’ 
that a scale of solvent nucleophilicities based upon a 
substrate with a neutral molecule as a leaving group can 
be applied to bimolecular solvolyses in which the leaving 
group is an anion is also consistent with the conclusion 
from the present comparison. 

ExmwuWrAL 

T~~thylox~i~ ~ph~ph~ (Cams) was found 
to be suitabk for use as raw&ad. The peon of acetonitrile 
was accomplished usiog a previously reported proCeduFe.‘6 
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The leqnird t&la-~ amnesulfonates were 
prqmrcd from ule camm&aUy avail&k ~nlfonyl 
chknide3viatheAgsalt.Inatypicaiprocedure.0.2molofthe 
appropr&ly sllbs&ai arenesulfoayl chbride and a slight 
eicesa of silver oxide wm added to 150-2almL of distilicd 
wa& (6OOmL for the o-Br aad n-Cl derivatives). The mixtare 

jOhr.Thcpmitiesofibesilvaarraaulfonates,aJdetcrminedby 
pohthetrictitrathaagaiustastahrdKIsola,wereatkast 
99.696. The Ag salt.9 were anlverted to the CollqKIlldiqg tetra-n- 
htyhmmoniumsaltsbyadditbntoaoequivalentamountof 
t&a-c&Itylammouh bromide dissolved in acetone. After 
warmingaadshakiugforPmiu,AgBrwasremovedbyMtration, 
tkXCtOlKWlEdlOWCdtOCvaporate,dthCfCSultantviscoos 

hquidwasdrialltiukrvacuumatroomtempforatkast2ohr. 
Auofthesaltssolid&ddmiugtbedryingproc&rewiththc 
exception of the m-NO, tkhuive and one sample of this 
materid did crystaUi7.e aftcz star&g for sevenI weeks. The 
sdtswerestoredinstopperedvesselswithhadesii(P~). 
AuofthevarbuslysuMtuhitetr&n.butylPmmoniumbeb 
zemsulfonatcs gave acceptable C, H and N analyses and the 
eppearancc aad m.ps were as follows: p-ohfe. colo&s.s crystals, 
100-102”; pCH,, colorless crystals, 69.5-7l.c; unsubstitutcd, 
cdorkss crystals. 74.5-75.p, p-Cl, white waxy, 73.27S.(p; p-Br. 
white waxy, 76.M7.8”; p-F, white waxy, 68.2-70.0”; p-NQ, 
gakg? crystals, 90.0-9lsS; m-N&, pale ydlow crystals, 

. . 

Kindicpmcaium 
‘he solvolysis wns f&wed by removin6 hf.. portions from 

U)mLofbulksdnandqumchisgbyaddithto2OmLofa 
satmat@naUralsolnofLiclindryacetonc,~resor- 
cinol bhle &acaIoikl) as iDdica&. The ueacted tfimetbyiox- 
oniumionwa9umv~to!4M!landdimethylethrandtbe 
oibiliom ion pnviouly p&nced by sdvdysis was hated 
against a stahrdhd soh of NaOMe in I&OH? htiuity values 
wereestimataibya&ithofaportiontolOmLofmetlnuml 
followedbytitrathintheusualmaML?r af&3OmilLF~+Nler 
sotvdysh rate codlkhs (L) were cakulatcd from tbc Equation 

wtnTeY,bthetitc!rattimex4m(whL?nEMtportbnisremoved), 
vfisthetitgattime(r)ofrofsllbse4wnt~aDd v,is 
theidnitytitn. 

Pornctbnwithatctra~anesulfonate, 
acetodMeandstocksohsofthtworrztaats,maiutahdat 
-23.4’,wmusbdtopnparrU)mLofrractantmixture.Aftaa 
shortperiodfortc@nsquilibatioa,5mLporthnswerepipet- 
tcdataDpromiatetimeintmvalsintolOmLofbQeoHand.after 
3Oa&.ib&ofacetonewasaddedandtbeacidproducedfrom 
unreacMoxodumionwastitntedagainstastandahusoin 
of NaOMe in MeOH, using resorcind Mm (Lachd) as in. 
dicator. !3ccond+ndcr rate weUide0t.s were calcdated from the 
standardformoftheiatcgmtedrateequation. 
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