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Abstract: The substituent elp”ct on the solvoiysis r&es of a-t-but+a-methylbmzyi chlorides in 80% aq. 

wetone ws correlated to give p=43 and r=0.91 in knrrs of the LArSR Eq- (I}. T&s slight@ reduced r value 

r&tive to full conjugation cows* to a deviath by 0=249fntn the caplam@ gfthe benqlk asptern. 

For describing the substih~ent effect on the benzyk carbenium ion solvolyses. tbe Yukawa-Tsuno 

(LArsR) I%. (l)l) has WY - gslployad ~~fu~~. 
log (kIko) = p(aD + rAzd (1) 

where the parameter r is a measure of the additional resonance effect with the reaction center and changes 

depending upon the reaonanoe demand of benzylic transition sta@-5) The r value has been found to change! 

widely &om reaction to maction. In general, them is a continuous spectrum of varying tesonaace demands 

characteriatk of so~volyzing InIbstmtes. Tanging from non-cunjugative carkkium ion reoctiolls 1=0.0,~~ via the 

Hammett Q reactivities r=o.z6~ and the so-&led a+ category of Pl.00, up to an apparent ceiling r value of 1.5 

ObSWVk+dhsofvofyaesfpminsCXtmUle~~--~~ 

The r v&te should be related most closely to the dew of z-overlapping betww the aryl-z-orbital and 

incipient benzylic carbenium vacant orbital. Hence the examination of the dap&a~ of r-value upon the 

dihedml angle for both p-orbitals will provide c4mvincing evidence for the mal origin oftbe empirical D 

demand parameter r in Eq. (I}. We have recently studied the benqlic solvolysis systems where the incipkut 
. 

txbmum v&ant p-orbital is sterically twisted out of the copkarity with the aryl ringp-8) The best example of 

completeabsenceof~ ~(~-O~bas~cxpaimsntallypravirMby~~[~~~l 
sofvolysiswherethe~~tbanzylicorbiEalin~~ti~stateisexactlyo~tothe~ac- 

orbitalP) The solvolysis of a,adi-t-butylbenzyl system (I ~-Bua_t_& afford& a remakably diminished r 

vahleof~.2fjduetoste4ic reso~~~inhibitioa.~ 2bervalueforthissteric&ytwistaIqfstanisrem&ably 

small compared with rmax= 1 .OO of the coplanar reference, a.a-dimethylbm2yl system (I a_~,a_&. The 
efficiency, r/rmax, is a measure of the degree of ~~~IMMX m which tp, to the first appnximation, 

proportionaltotheov~inuegraSSbetwccpc~~rrrctionsiteand~Ic-system. whenweuse 

Soastheoveriapir&egralatttbeplanarstmctme ofmokule,Sisgiv=by S=Socos8whae9isthetorsional 
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AS a CongeSted S)‘SblIl Of intermediate COpkUlSTi~ between 1 a_&&,a_Me aM] 1 a_t_&a-t_Bu, we have 

recently reported tb SU~ti~~t effect oil the SOiVOlysis Of ~,a~~~l~l system (I o_j_R,u_l_pr) t0 

provide r=l.O expected for full ~njugation. 10) Because of similar polar effects of methyl and isopropyl 

groups,ll) we will have to eonclude that the through-conjugation interactiou may be almost fully operative in 

I a-i-R,u-i_R. This hi@ifiiullt deviation from tie CX@l&ty for 1 a+&&_~ iS in sharp CCllbWt to the 

significant twisting in I o-t-Bu,u-t-uu. The isopropyl group in place of the methyl group in I should not be 

SbdCdy bulky eulOl&h t0 deviate from the CoplanWity of the $9 reaction cenmr unlike I u_t_Bu,u_t_Bu. In the 

present study we have chosen another intetmadiate congested system, a-t-butylcs-methylbenzy1 system 

(I u_t_&,,o&e) where oue methyl group in the ~c&methylbenqyl is replaced by a bulky t-but@ group. 

The m, p-substituted u-t-~l~-~~l alfzohols were mostly syntkakd from the Feectiapls of the 

coming ~~i~~ with pinacolone an&subjected to ~~~0~ with dry HCl gask2) Several strongly 
deactivated I a_t_E\u,a_& chlorides were obtkted from the ~hlorhmtion of the cormspon~mg 1-butenes.t2~13) 

Solvolysis rates of chlorides in 8O%(v/v) aqueous acetone (SOA) were determined conductimetricaIly, and the 

data at 45oC am summa&d in Table 1. 
All para n-donor substituents deviate slightly but systematically below the pm line while the logarithmic 

rates in SO A are practleally related hnearly with cr+ pammeWs, suggesting a lower B demandthanunity 

in this system. In fach the application of Eq. (1) to the present data affouls an excellent correlation, as shown in 
Fig. 1, log (k/ho) = (-4.28&0.08)[~ + (O.91fo.O3)A&l, with correlation coefikient 0.9986 and SDdO.088. 

The r vahre of 0.91 is not very much diffixent fMm but still believed to be statisticaty ~~~ fKHn 

Table 1. Solvolysis Rates of u-t-Butyl-fx-methyl- 

benzyl chlorides in 80% q. Acetone at 4PC 

S&St. ldk/S’1 Subst. 10%/S-” 

PI&&n-Me 7232a) 3,5-Me2 4.117 

Pm 2927a) 2-Naph 4.016 

PMeS 224.2 m-Me 2.332 

PphO 134.0 p-F 1.859 
3.45-Me3 65.87 H 1.323 

PMe-0iI&l 99.42 pCI 0.3053 
3,4-Me2 37.87 PBr 0.2859 

PMe 19.69 m-F 0.06OW) 

pt-Bu 13.21 m-Cl 0.03931a) 

P-1 7.385 mcF3 0.00Q720b) 

Pfi 5.760 pcF3 0.~37~) 

a)&aepolatedffom odrertempem~. 
b)Estimated&omraWdatain5OAbasdonthelinear 
logarithmic rates dation between 8OA and 50A. 
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Fii. 1. LA&R plot of the dvolysis of a-t-butyl- 

a-methylbenxyl chlorides in 8OA at 45W. 
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d-00 Of I a-Me,a-Me. This should be ascribed to a slight 10~s of the resonance inmtion between the 

carbenium center and the benxene n-system in the solvolysis transition state, but still 9O% of maximum 

conjugationlsopa7ttiveintlmpresentsystem. 

The intrinsic r value may be as a masonable approximatiof~ taken to be unity for solvolyses to form a 
c0pIanar@atiarytMMalkylhamylic~iou.t4) Thetor&umlangleinthetrana&nstateis~to 

be24.5°fromcOeO=0.91. ThipsnrallIasS0fcoplanaritycorrespondingtoat~tone_teath~full~ 

stabihzation contrasts sharply with the remarkable twisting (O=750) correspondiug to a 74% loss of resonance 

observed in the I a+~~_n,,.7) 

It is smprisiq that the through-conjugation interaction with the benxylic cation site in the transition state is 

not s&tlifiMntIy radwoed in the I a-t_Bupr_Mt SOhOlySiS 88 Well Bs in I o-i-R,a_i-pr. These Sol~OlyseS have shown 

a degree of deceleration associated with steric congestion; nevertheless this stetic effect does not effectively 

preventfromexertingitsmaximum nsonanceeffectonstaMixQtheincipientc&eniumion. 
In Table 2 are compared rates of tert. benxylic solvoly~es for a series of &a&y1 groups together with the r 

value and dihedral angle(O). The distinctly diminished s0lVOlySis rate of I a-t-b&& compared with the 

Ia_Me,o-Me and I a-&e-a (k=6.185~10-4 S-I in 80A at 25°C),10) may of course be attributed to the steric 

hindrance to attaining an essentially coplanar tnmsition State as well as iu I a-j-R,&-& The stabilixation attained 

by entire n-delocalixation within the whole benxylic n-system should be au important driving force to promote 

ionization in the ordii benxylic solvolysis, 15) and the enforced coplanarity tnings about the distinct sterlc 

distortion around the ca&enlum center to mtlect in the signi&ant rate retardation. 

The r values for the solvolyses of benzylic precursors are found to be exactly the same as the values for 

the intrinsic stabilities of the corresponding benzylic catiOns in the gas phase.‘@ The present r value for the 

solvolysis transition state is also in good agreement with ~O.87 for the intermediate I a-t-nu,o-& cation 

&term&d from the intrinsic gas-phase stabilities. l2.17) Therefore, the twisted structures of the transition states 

of benzylic solvolyses remain unchanged from the deviation from copIsnarity of the related cations in the gas 

phase. This identity of empiricaI r vahtes for the solvolysis transition state and the corresponding 8aS phase cation 

leads to important conclusion that the structure of the cation derived from theoretical calculation can model 

structure of the transition state as well as the reaction intermediate that follows closely the transition state. Ab 

initio calculation using a 6-31G* basii set revealed that iu the optimll structure of the cation, the torsional 

angle between the henzylic carbenium center and benzene system was calculated to be 240,o) which is in very 

Table 2. Tertiary Benzylic Solvolyses 

s01v01ysis systems phC(i-I?)2 BhCMe(t-Bu) BhC(t-Bu)2 Benzobicyclooctenyla) 

l@k/s-1(8OA, 250C) 191.4 0.0512 oO94O7 
I&l. rate 1.0 o.OOO3 o.OOO5 0.1 b) lo-14 e) 

r value in IQ. (1) 1.0 1 O-O.97c) 0.91 0.26dI 0.0 

Oexp. f) 00 CM40 24.50 750 900 

Bthe0r.g) 00 lO0 240 760 900 

a) 4-Methylbenzobicyclo[2.2.2]octen-l-y1 system (ref. 6). b) Estimated from the rate of the pnitrobenzoate 
(OPNB) in 70A at lOO0C (ref. 18). c) Ref. 10. d) Ref. 7. e) Approximate value e&nated from rate constants 
for PhCMe2-GPNB. 226xlO~‘I (ref. 19) and ~~~yl~~clo~2.2.2l~~-l-yl~, 2_61xlV5s-l (ref. 
6) in 80E at 75oC. f) Based on cos O=r/rmax where rmax=l .OO. g) C&d by BHF/6-3lG* (ref. 9). 
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