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AS en applicatiOn of the recently roportad l nhenced lnduotiro offoct 

of certein substituents in trifluoraacetic .cih, w hm. n-ed 

inductive rate depreesinve for the addition of trifluOrOaOotic acid 

to substituted elkenes hering the substitueut On the foptth, fifth, -- 

sixth, seventh and tenth cerbon atOm idol the potentiel eeconduy --- 

cationic carbon (equajtion 1). 3 The segnitndea of the inductive rata 

(1) CE2=CZTB(Cli2)nX + F3CC0$I 4 CK3Q'CZ2'nX 
I 
Or-3 

a = 3, 4, 5, 6, aad 9 

x=O,CCF andCN 
3 

1 Resented in pprt@t tha loa &uQU&~~ of tb Amrbm W 
ical SOCiety, April, 1963; cf. Ab&raate, WUIiC DiViEiOn, p. 57k 

2 a P. E. PdkirOon aad 0. Aura, 1. m. &&., 2, .?,?%I (1962). 

b The luga m,$aitucb~ of tb offoot y ba in put oo~~qunoo of 
hydrogen bohd_in~ between triflnOrOasetic acid ti the eubstitwat, 
as fir& proposed to explea fluOriJm nnc1.u rynotic reeoaaaw 
~h0mi~d ehifte of meta mb~titnted nu0nwmti in trlflu0r0- 
acetic acid; B. Y. Taft, E. Rice, I. R. I'm, t. C. Louis, K. K. 
Anderson and G. T. Dmti, 2. & e- &g.r=~ 85 709 (1963). 

3 The potential cationic cub08, which codldbeu l aubotitwnt, ie 
counted ae nruber one. 
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1570 Slow exponential decrease of aliphatic inductive effects No.23 

dopreeeione are appropriately measured by the quantity log ki-log k> 

(A log k): rkere kf and ki are the firet order rate constants (re- 

ported in Table I) for the reaction of the substituted and uasubbsti- 

tuted compomnd~, respectively, both of which have II aethylene groups 

(cf. eqU$tion 11.4 

Table I 

Rates of Addition of !Criflmoroacetic 
Acid to Substituted Alkenea 

c+cECcE2,$, at 60.00a 

n k x 106, 8OC 
-1 

X*H x.oR x=occP 
2 3 

3 ll40 5.33 7;30 

4 1470 23.8 45.6 

5 1540 ll.0 166 

6 1680 298 377 

9 1590 983 1060 

(a) For eolntioae 0.1 I in alkene and O.l.25 I4 in sodium trifluoro- 
acetate 

An Fntere6ting feature of the observed inductive r&e deprea%iom 

is that the fall-off of the effect with distance is given to a con- 

siderable degree of accuracy by one of the eereral alternative 

4 The quantities log k are proportional to the free energies of 
activation by the definition of the latter; therefore, A log k 
ie proportional to the additional free energy of activation 
associated with the inductive eubstituent. 
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relationships which have beon proposed in the literature for eubeti- 

tuente cloeer to the reaction center, but which might be expected to 

fail in the caee of more remote eubetituentn. The relatioluhip 

obeyed ie the simple one involrlng the deoresle of the inductive 

effect by a constant factor per methylene group mparating the mb- 

stituent end the reaction center, ae glr&n by equation 2. According 

(2) (A log K); + = - ( alog k); ( 4 )a 

II I number of methylene groupe separating the mbstitueat and 
the reaction center for reference compounde ha* tke 
cloeest eubetituent 

a I nmber of additional methylene groupe eeparating the eubeti- 
tuent and the reaction center for compounde being compared 
with the reference compounde 

6~ fall-off factor per additional methylene group 

to thie equqtion the inductive effect falle off en an exponential 

function of the nmber of intervening methylene groupe. TaHng loga- 

ritti of both eidee gives equation 3. Since only log(Alog k): + ~ 

(3) lodh 108 k,; + (L = (logE)W + log(A log k): 

end a are aeeumed to vary for a eerie6 of cqmdrr haring the aam@ 

eubetituent at various dietancee, (3) represent* the eqlytion of a 

straight line of elope (log E 1. The plot of our experimentd data 

according to equation 3 ti ahown in Fig. 1. 

The rates for both the cyauoalkenee end the triflnoroacetoxyalkenea 

lead to straight lines from the slopes of which E values of 0.663 and 

0.6%. respectively, were calculated by the method of leeet squeree. 

(The deviation of the point for hexenenitrile, for which a I 0, ie 

possibly associated with perticipation of the nitrile group in a 

cycliution reaction.) Thee* E values correspond to a surprisingly 
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Fig. 1. Plot of rate data accord* to equqtion (3). 

Alktne I CE2=OEB(CE~), + ,ClV, 0-o-o. 

Alkene I CE~=CE(CE~)~ + S02CCF3, A-AA, displaced one unit. 

slov fall off of the eubstituant affect with distance, in view of the 

fact that ralaae of 0.3 to 0.5 are mually found.’ In term of 

l qqation 3, it F8 the combination of large E ralute and tht praeumad 

eolront-enhaacement of the inductive affect of the substitucnta which 

leads to the novel observation of significant rate affects due to 

rrmbstitneata aa far removed as ten carbon atom from the reaction 

oentar. 

5 J. C. BkGowaa, 2. && e., 2, 312 (1960). 


