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The relative reactivity of t-butyl halides in bimolecular nucleophilic 

substitution represents an important anchor point for our quanfdtative 

understanding of the eubject,2'3 and thus there is caMderab10 interest 

in the recently reported rate constante for SN2 reaction6 of t-butyl bra- 

midewithlit.hiumbronrLde h,S and lithium chloride6 in anhydrous acetone. 

These results are being widely quotede7 However, careful examination of 

the papers in question reveals that the SN2 desimation for these reaction8 

was tire4 an assunption. In this Conmunication we shaw that the publisimd 

experimental etidexe and the results of further work by us make it clear 

that the reported rate constants do not correspond to the SE2 mechanism. 

The rate8 of the exchange reaction between tautyl bromide and lithium 
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No.16 Alleged Sk2 Finkelstein substitutions of t-butyl bromide 

radio-brcnuide in acetone were treated by L&our and Swart with the 

equation (11, the first and second terms on the right hand side of 

(R/a) = kl+ k2 [a (LiBr)l (1) 

(dx/dt)/(a-x) = kl + k2 b-x) (2) 
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aid of 

the 

equation representing unimolecular ani bimolecular substitution, respectively. 

In the second term, the conoentration of lithium bromide was multiplied by 

a, the degree of dissociation of the salt, in order,to correct for the 

negligible reactivity of lithium bromide ion pairs compared to dissociated 

bromide 1~~8.~ The fit of the data by equation (1) ww good, and at 400 

unimolecular and bimolecular paths were judged to be of nearly equal impor- 

tance at a lithium braside concentration of 0.01 N. The bimolecular rate 

COnStanf , $, uaa about one seventh that for isopropyl bromide. 

In the work of the group at University College, London, on the reaction 

5 of t-butylbronide with both lithim radio-bromide and lithium chloride6 

in acetone, come disturbance from a mimolecular oontribution nae reported, 

but the lroin reactions were regarded as bimolecular substitutions. In the 

reaction with lithium radio-bromide a small emount of acid was observed 

and aecribed to the e&&nation component of the unimolecular reaction of 

t-butyl bromide. However, roughly second order kinetics were followed and 

second order rate constants were evaluated. 

Although the treatment of t-butyl bromide with lithilrm chloride gave 

rise to more acid than does Uthinm brcaxide, Hughes, Ingold and Mackie' 

claim to have shown #at the reaction is predominantly a eubetitution. 

There are disturb~ces fnm reversibility and other cawee, which theee 

workers hoped to avoid by confining the quantitative treatment of the 

8 C. C. Evans and S. Sngden, J. Chen. Sot. 270 (1949). 



26 Afleged $2 Finkelstein sub8titution8 of t-but@ bromide go.16 

6e86UlVNM6&6tOthefir6t 3040% ofthO reaction. Ths Up&fiC l=4te Of 

developmmt of bromide ion, [dJdt>/(a-x)l, wa8 plotted a&at the con- 

oeutration of chloride ion, (b-x), mxm3i.ngto equation (21, the intempt 

and slope 6UppOUUd'ly giting kl, the rate const6nt of the 33l reactiou, ati 

k2, the S,+ rate con6tmt, mupectively. At 55.x1*, k2 wa6 reported to be 

0.76 x 10 -' 6)c -' l. lllole-' , about one fifth the value for isopropyl 

brontide. 

The main eviderm for the SD2 16mhanism of reaction of t-but@ bromide 

4 offered by I.&ROUX aml Swart pnd Ingold aud coworke nP ~06 the ob6erved 

kiuetic iom, aad this is far from an una6big~ous guide to 61ech8ni6m~ !lh~ 

u6e of equation6 such a6 (1) and (2) to ueparate txbdmdar and bimolecular 

contributions involve6 the a66umptiou that kl is immsitive to the salt 

conceutratiou. 'Phi6 is known to be incorrect in acetone.9*10c Th6 vrluo 

of kl cut be expected to immutse with inoreased salt concentration in the 

approximately linear fashion reported by Saloma 11 for alcoholyeis of a- 

haloethers and byWin8tein aud coworker6 l0 for ioni6ati.m of rarious alkyl 

areneeulfouates aad h&lids6 in acetic acid 8nd other solvmts including 

acetone. 

An approxinmtely linear pattern of salt effects in ionization re- 

action6 serve6 to make salt-promoted ioniration take tha 6ame kinetic fan 

9 

IQ 

xl 

J. C. Charltou and g. 9. 3Iughe6, J. Ch66. Sot. 2939 (1954). 

~0~ (a) S. &stein, g. Clippiuger, A. 33. Fainberg and 0. C. 

Robinson, J. Am. Chmn. Sot. & 2597 (1%4); Chamistrg and IndUUtlT, 

664 (195413 (b) A. 33. Fainberg 6Ud S. Winstein, J. Am. Che16. 330~. 

18_, 2763 (1956); fc) S. Wimteiu, S. Smith and D. Dsnrisht u. 

z pZe86. 

P. Soloma, Ann. Univ. Turkuemis Aft (1953). 
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aa bimolecular substitution. The ambiguity may be 8een moat clearly 

equation (31, which shows how a linear pattern of acceleration of an 
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with 

ioni- 

zation rate by a salt, KY, can be mistaken for contributing unimolecular 

prrj bimolecular contributions with rate constente k; and k+ respectively. 

Ingold and coworken, who have actually reported salt effects which follcw 

the linear pattern quite well in the case of chloromethyl ether in ether- 

alcohol12 and t-butyl bromide in nitranethane l3 (Table I), failed to recog- 

nize this ambiguity. 

As summarized in Table I, the data ~1 t-butyl brolaide-lithium radio- 

bromide exchange are fit by equation (4) for an ionization reaction with 

linear pattern at! salt effects. In actual fact, equation (4) reproduces 

the first order rate can&ants of LeRouz and Swarth with just as low a 

kl 
= q [l+b (MY)] = k;: 

R/a = k; [l+ b (LiBr)] 

mean deviation as does equation (1). Since ths rate 

de la Hard are in essential agreement with those of 

+ ktb (MY) (3) 

also fit well to equation (Ir) (Table I). Uwiously, 

a 

(4) 

con&ants reportedby 

LeRouxandSuart,they 

kinetic form provides 

no argument for the SR2 mechaniea for the t-butylbromide radio-bromide 

exchange. 

With regards to the kinetics of the reaction of t-butyl brozdde with 

lithium chloride, Hughes, Ingold and Mackie6 report the actual data for one 

sample run at 55.20°, the concentration of t-butyl bromide being 0.1191 W 

and that of lithium chlwide being 0.0634 M. Our am plot of the reported 

12 P. Ball@er, P. B. D. de la Mare, G. Kohnatam and B. H. Prestt, 

J. Chem. Sot. 36&l (X55). 

l3 P. B. D. de la hare, E. D. Hughes, C. K. Ingold and Y. Packer, 

u. 2930 (19!54). 
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Solvent OC 

50% He2CO So.0 

AcOHa sa.0 

MeNo2 
25.0 

HCC@Me2 50.7 

He2co 20.0b 

40.0b 

4h.Ip 

60.0~ 

50.0 

50.0 

50.0 

50.0 

a0.068ninLiclkc 

Table I 

Reactions of t43utylBromide in Various Solvents 

Salt 

Liclo4 187 3.4 o-lo 

LiBr 187 4.2 o-l.0 

LiCl 187 5.6 o-lo 

Lm.o4 

et4Nc1 

E$NBr 

NaBr 

Et4NN03 

LiBr 

LiBr 

LiBr 

LiBr 

LiBr 

Lic104 

79 

3.62 

52 

52 

52 

O.O4O 
0.38 

0.734 
2.46 
1.23 

1.23 

1.23 

1.23 

13 

20.7 

o-3.4 

o-5-11 

6.3 O-10 

6.5 o-la 

3.2 o-17 

27.8 0.5-5 

27.4 0.5-10 

32.5 2.4-9 
29.0 0.5-s 
33.8 o-8 

11.5 0-8 

12.2 o-8 

24 o-3 

l&l$ 
8ec -1 b 

ialt Rang8 
lo%f 

Ave. Fit 
% of lcl 

2.8 

1.0 

2.4 

0.9 

4.7 
2.6 

4.8 

7.8 

3.8 

5.5 1 

Ref. 

I4 

11 

IA 

ll4 

13 

15 

15 

15 

4 

4 

5 

4 

b Radio-bromideexchange 

[<ax/at)/(a-x)1 values ~8. (b-x) according to equaficn (2) lead6 to a lcl 

value of 1.8 x 10d kc -' and a k2 value of 7.6 x lO+ eec -' 1. a101e-~, 

tentinurthe value reported by Hughes, Ingoldand M~&ie.~ 'Usnew 

figure is twice tbs rate constant for isopro~ylbranide.~ 

Ingold and couorlcer8 offexvd no eridonce for S$ substitution based 

A. H. Fainberg and S. Smith, unpubllehed uack. 

l5 S. D. Boaa ati M. K Lab-, J. Am. Chr. Soa. 2, 4l55 (1957). 
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on the nature of the products from the action of lithium chloride on t-butyl 

bromide. Tim reported acid titers for the one sample run corresponded to 

ca. 6ti elimination, so that elimination was clearly more important than 

substitution. No direct evidence for formation of t-butyl chloride was 

obtained. 

In our own experiments on the behavior of t-butyl bromide in acetone, 

acid was obsewed to develop at a substantial rate initially, but the amount 

of acid tended to level off at a law value and then to rise again eventually 

as side reactions of the solvent occur and water develops. This behavior 

has been noted previously. 16 The addition of excess tetrabutylammonium 

chloride caused acid foxmation to be nearly quantitative, hydrogen chloride 

preswnably being diverted as the bichloride salt. The addition of 2,6- 

lutidine tends to prevent loss of acid, nearly quantitative acid formation 

being observed in the absence or presence of lithium or tetrabutylammoniwn 

perchlorate, chloride or bromide. Vapor phase chromatographic analysis of 

aliquots of the reaction mixture shoved (3 * l)% of t-butyl chloride uas 

formed during runs with excess lithium or tetrabutylammonium chloride 

whether lutidine was present or not. Isobutylene was the major organic 

product, comparing favorably in amount with that of acid. 

The rate of acid formation from t-butyl bromide in acetone was inde- 

pendent of lutidine concentration in the 0.02-0.09 M range. The first order 

rate constants were increased sanewhat by addition of salt, the values at 

-03 M salt being compared in Table II. While the pattern of the variation 

of rate constant with salt concentration is not exactly the linear one, 

equation (3) fits the data fairly well, as is summarized in Table I for 

16 L. C. Dateman, K. A. Cooper and E. D. Hughes, J. Chem. Sot. 913 

(1940). 
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Table II 

First Order Rate Constants at 50.0' for Acid Fonation from 

t-Butyl Bromide in Acetone Containing 0.02 M P&Lutidine 

and 0.03 M Salt 

106kl 106kl 

Salt 88C* -1 : salt sec. -1 

None 

LiClOh 

LiCl 

1.23 LiCl 2.11 

1.65 1.78 

2.oa 2.66 

a Without lutidine 

several of the salts. 

Suming up the behavior of t-butylbrauide towards lithium chloride 

in acetone, it is clear that the reaction is nearly quantitatively elimi- 

nation, only ca* 3% of the substitutim product, t-butyl chloride, being 

formed. Itwould appear that Hughes,Ingold and Mackie6 assumed not only 

the mechanism, but the reaction product as well. As regards the exchange 

reaction between t-butyl brcmide, and lithium radio-bmmide, it is sig- 

nificant that ths initial rate of acid formation from t-butylbmmide in 

the presence of lithium bromide is approximately equal to the first older 

exchange rate. Further, the ki and b value8 fran the exchange rates are 

nearly identical with those fra the elimination rates (Table I), suggest- 

ing that exchange and elimination have the same rate-determining step. 

Very probably, exchange involves elimination and re-addition of mrogen 

bromide, just as in nitromethane solrent. 13 Tbv S8 desipation is cer 

tainly umarranted. 

Except for a lower rate level, ths behavior of t-butyl bromide towards 

bromide ati chloride salte in acetone is exactly parallel to that in nitro- 
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methane, but Ingold and coworkers have somehar given quite different inter- 

pretations for the two sol~nts. The dependence of rates on salt concen- 

tration is not too different in the two solvents, judging by the b values 

in Table I, and yet the reaction of t-butyl bromide with tetraethylannnonium 

chloride in nitromethane 13 has been labelled a unimolecular one, aero order 

in salt, and the reaction with lithium chloride in acetone6 has beentenned 

predominantly bimolecular substitution. 

While more needs to be known about Ion pair return and salt effect 

patterns in acetone, and the mechanistic details of the poton removal, the 

most likely mechsnlsm of elixinatlon in acetone appears to be one involving 

initial ionization of the t-butyl bromide. As far as we now know, the 

sequence of relative rates and b values in the different solvents summarized 

in Table I are ccnsistsnt with an ionirsation mechanism in acetone. Tbs 

mechanism of formation of the very mnall amount of tbutyl chloride fran 

t-butyl bromide is less clear. 

Ths present change in the account of what is occurr5ng when t-butyl 

bronide is treated with halide salts in acetone has a bearing on Ingold's 

quantitative treatment2 of sterlc effects in SW2 displacements. For the 

bimolecular Finkelstein reactions of methyl, ethyl and isopropyl bromides 

and the alleged bimolecular substitutiom of t-butyl bromide, the energies 

of activation rise continuously with a-metbl substitution, while the entropy 

of activation decreases from methyl to isopropyl bromide and then rises 

again. This behavior of the entropy of activation was not assooiated with 

a change of mechanism. Instead, it was accounted for by a treatment2 in- 

volving ponderal, steric and polar structural entropic effects, rates being 

fitted to &thin a small factor. This fit of the t-butyl bromide rates may 

no longer be regarded as support for the quantitative treatment. 


