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Abmtraota Solvolyaim of 1-•ryl-3,3-diaethyl-2-butyl p-nitrobsnroates 

(68-64) and tha l,l,l-trfdautario derivatives (58, Sb, la) in HlTP 

exhibited a h&h kinetic isotope offeat, k(M3)/k(CDj) - 1.90 at 

60°C for the doaotivating substrates 40 vs So. This effect dacreamed 

significantly vfth incraa8ing electron rolea8fng of tha substftuent 

on the arylring. Hanett-Brown treatment of ths rat0 data for 4 

yielded excellent linear relationships (r - 0.999) vith p' - -3.48. 

Itis evident that the contribution of the d-~sthyl group to the 

8tabiliration of the cationia transition stats is not constant. Thr 

approximation in the linear free anergy relationship is discussad. 

The pinacolyl, 3,3dirothyl-2-butyl, derivative8 have bean a useful 

systu for rocbaniatic study in organic cbeaiatry. For instance, the 

recondary 3,3diiethyl-2-butyl arenesulfonatee have been urployed as a 

node1 for the study of internal ion-pair returns,1 and the solvolytic 

raactivity of the corresponding tertiary 2-phenyll and 2-alky13 pnftro- 

bonroatrs have been correlated with steric strains. Uoroover, a negligible 

y-a9 kinetic isotope effect, 1.003-1.011, for the solvoly8is of 3,3-di- 

methyl-2-butyl R-bromobenzenesulfonate (1) has been observed.la 

Recantly it was notfced that in the solvoly8ia of 2-aryl-l,l,l- 

trifluoro-2-propyl R-toluenesulfonate8 (2) and of 2-aryl-2-propyl p-nitro- 

banzoataa (3) the @-deuterius kinetic isotope l ffeots increased with 

increasing l leotron attracting of the substituent on tha aroaatlc ring. It 

vas rationalized by a variable contribution of the d-metbyl group in 

8tabflising the cationic reaction center in the transition 8tate.I The 

tertiary bensylic emtars, 2-aryl-3,3-dlrathyl-2-butyl R-nltrobenroatos (4) 

and the l,l,l-tri-deuterfo derivative8 (s), were likely to be appropriate 

for testing this proposal, since the effect of the othard-alkyl group, t- 
butyl, on the reaction ratea vould be constant. Ths remults of our kinetic 

studies on 4 and S will be discussed herain. 

Results 

2-hryl-3,3-dinthyl-2-butyl pnitrobenroate8 (48-U) vere prepared froa 

3,3_dfwthyl-2-butanone with 8uitable aryllithfus reagents, and folloved by 

adding E-nitrobenxoyl chloride in a one-pot pro~adura.~ By wing tha sari 
method, their X,1,1-trideuterio derivativas (Sa-Se) could be made froe 

Criqnard reaction of tridouterionthyl asgneoiua iodide with pfvalyl 
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chloride in the premnco of copper povdor and copper(I) chloridm.6 The rata 

of 8olvoly8i8 of 3,3-dlnthyl-2-phuryl-2-butyl p-nitroburroat8 (4b) in 901 
8qu8OU8 8C8tOn@ 18 V8l3 81W and ha8 b88n -8Ur.d 8t 160°C.' Th8ll th8 

kin8tic 8tudy on th8 1088 ructiv8 40 and 4d 8hould ba don8 8t 8von highor 

t88porature. It 18 undO8irrblO t0 -8Ura th. i8OtOp8 l ff8Ct at 8UCh high 

t8BpOr8tUr88 kCaU8. Of th8 relatively uncutainty in rUa8Ur_t. mi8 

diffiaulty could ba cl rcumurted by carrying out the ruction in a mom 

ionizing 8olVmnt. In the birury vator-8cmtona 6r uator-8thanol rixturo 

containing more than 508 vator, bouava, thm &-nitrob8nroataa wor8 found 
in8oluble. EUIW, the highly ionizing 978 lnxafluorol8opropmol(B?XP) ua8 

uployed a8 the rodiur in our 8olvolytic 8tUdiU. 

OB8 Opne 

@klu- 'cE3 A 
F8 

d 
=3?=?3 cH3' -cx3 

c 
Ar Ar 

(2) (2) (3) 

Pm F 8: ti - 4'-a3c6a4 

g-Bu -cnj 

I 

g-Bu-c-cD3 b:Ar-R 

k c: Ar * 3’-c!F3C6H4 
(4) (6) d: Ar * 4'-CP3C6E4 

0: Ar - 3'-cX6a4 

g-ma-F-CE, (c=3)2C-_cIcB2 
Ph Ah Q(3 

(6) (7) 

The ructfon kfnrtfc8 vore wnitorad titrimotrfcally in 978 H?‘IP up to 

abOUt tV0 half-liVa8 8t l ppropriak t8xp8ratUrO8. ThO kimtic i8OtOp8 

8ff8Ct ~88 ma8U.d by running th. tOaCtiOn 8id. by 8idO in th8 8aB8 

con8turt tvraturm bath. The deviation of the rat8 comtant va8 1088 than 

2I in tvo indqmndont miwnt8, and 8xcollont linear ragro88ion (r - 

0.994-0.999) for 6-11 point8 va8 obtained in uch can. The r88ult8 are 

mhwn in Table 1. Direct proton n.r.r. UIaly8i8 Of the r.aCtiOn prOdUCt 

from 4b indlcatd that in th8 fir8t 158 02 th8 8olvoly8i8 at 75OC the 

olafinic proton va8 l 88Onti8lly ab8Ult. About 35% of a rixtur8 of 018fh8, 

3,3-dir8thyl-2-ph8nyl-l-butono (6) (olofinio proton8 at 5 5.16 and 4.87) 

(L& f 5.2 and 4.6)7 and 2,3-dirothyl-3-ph8nyl-l-but8na (7) (018finic 

proton8 at $ 4.97 and 4.69)(- 5 4.9 and 4.5)7 va8 found at the 

completion of 8olvoly8i8. Noroover , the corruponding torti8ry alcohol8 

vex-8 the njor product8. 

The p valuer in Hmtt-Bravn plot8*, log(kJ&) - pW+, v8r8 -3.46 for 

4 and -3.91 for 5. l'h. COrXWlatiOn CO8ffiCi8d8 ill both Ca888 VOr8 0.999. 

SaCOnd8ry dmutorium i8otopa l ffWZt8 haV8 8UCCO88fUlly boon UrplOy8d 
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*able 1. R&ma of 8olvoly8ia of pnf krobuu-48adl 

mte p-1 (OC) AH! U! 
k#zal ma-1 oal K%ol'l 

(4N 

(4,) 

(40) 

(46) 

(4N 

(W 

(6b) 

(60) 

(I.) 

1.66x10-'(60) 

5.6%~lO-~(50) 22.6 -7.6 

1.97x10-4(90) 

a.s9xlo-5(75) 

l.SO~lO'~(60)~ 19.6 -21.9 

6.46~10''(125) 

1.9ox10-5(llo) 

1.70x10-7(60)b 23.3 -19.7 

4.s2xlo-5(l2a) 

1.3ax1o-5(1lo) 

1.23~10-~(60)~ 23.4 -20.2 

6.11x10-7(60)= 

1.61~10''(60) 

5.31x10-5(50) 23.1 -6.7 

1.63x10-'(90) 

4.34x1o-5(75) 

1.23~10-~(60)~ 20.1 -20.9 

6.09~10''(125) 

1.66x10-4(110) 

9.36~10'*(60)b 25.6 -13.9 

3.36~10'7(60)= 

x In 97% MIP. 

b Bxtrapolato fror ratom et bighu tupuaturo. 

u Bmtiratad from Humott-Brown plot. 

to invutigato the rato-d~tarrining step of chulcal ractiona,9 l 8peclallp 
l 01v0~y~io.11 on tba other hand, tb kinetic outcom can ala0 k uxd to 

undormtand the origin of the lwtopa l ffeat.l2 In a rwont conun ication' 

ve have mtratul tin hyprroonjugativo l tabl~lsatton of the cationic 

transition 8t8ta in the wlvoly8~ of tortiuy buuylic 8ubxtratu 2 8nd 3. 

Thuo, at 60°C tha B-deutorium iwtopo l ffwt incrouw from 1.04 to 2.13 

for 2 and fram 1.02 to 1.40 for t u tba 8ubxtjbmnt on the aryl ring 

churgu from the l lwtron-rolusing p-rothylphonyl to the electron- 

attracting ~-ohlorophuryl. 

In tba pronnt. study the imom l ffoct uu 6otarrinod in 974 BIIP, 

8inae the p-nltrobmtoatu 4 and S vorm very unructivo and uu.m l lmo8t 

inwlublo in l quwum 8aotocw or l gwoum l tbanol. The wlvont lnfluuxm on 

ulo doutrrium i8otoPo l f fact for l,l,l-trifluoro-l-p&nyl-2-ProPyl 

tosylak(2b) ham baon mtudiod by lidwoll and covorkm8.13 At 2a°C, the 
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magnituda of tkia @ifout rmv8alod only a -11 variation, 1.34 in 97% 

trifluoxvathanol (TPX) and 1.28 in trifluoroacatic acid (TPA), in molvantm 

of large diffarsnca in ioniring povar, 1 - 1.80 for 97* ¶7# and L = 4.57 

for TPA.l'. Ouing to tha un of the highly l lwtrophllic but poorly nuclao- 

philio l olvont E?IP(!J - 3.79)1',15 the l olvont aaaitanca to ionization can 

ba ruld out. Tab18 1 shouad that tha B4mutarlum klnatfc iaotopo affect 

inCr888od from 1.04 for 4a/Is and 1.22 for 4b/Sb and to 1.90 for 4o/Sa. Tha 

poaaibility of tha intarvantion of rata-datarrining l lirinatlon or hydrida- 

shift" in thim vaakly nuclaophilia radius could also k axcludad frar tha 

prOdUCt 8naly8i8 by n.B.r. (vido l upra). Thua ruulta ara cospatibla vith 

tha provioua finding that tha l ffmt dacruau with dacraaaing l lactron 

damand of tha a-•ryl ring. Moraovar, tha aoqariaon of the aacondary 

hotopa l ffaata obaarvad for 2, S, and 4 (Tabla 2) rwaalad tha lnfluanca 

of tha othu a-group. A8 tha a-group 18 changing from tha more aloctron- 

tOlU8fng rathyl to tha lass l lactron-raluaihg &-butyl and to tha alacton- 

attracting trifluoronthyl, tha iaotopa l ffac~ inaruaaa and tha variation 

bacorom largar. Obviously, it l trongly l upport8 tha proposal of tha 
l lactron-raluafng hypuconjugatlva origin of tha iaotopo affect. 

In conaldaring tha l truatura-raactivity ralationahipa, va found that 

both 4 and S axhibitod linaar corralation fror Hanatt-Brovn traatmant of 

tha rata data. Thaaa valuaa arm lam8 nagativa than thou calculated for 

ayatur having similar l tructuraa, a.~. 3 (f- -4.72) and 2-•ryl-+rathyl- 

2-butyl p-nitrobonroatu ( p - -4.76),17 but are mora nagativo than that 

obmarvard for 1-•ryl-1-phanyl-1-athyl p-nitrobanxoatam ( p - -3.23)." 

It ham baan pointad out that in l olvolyaia p valuaa are l aaantially 
in8analtiva to l olvant ceaition.lg ?urtharaora, a nor8al ordar of 
reactivity, &(e-CP3)/&(~-CP3) - 0.681,20 vam raalirod. Thua, tha laem 

nagativa p valua and tha lov ~lvolytlc ructivity for 4 auggut a rata- 

ratarding l taric hindranca to ramonanca mtabiliration in the transition 

eata. 

Tha l ignifioant inomaw of B-dautuiur imotopo affect vith tha 

inoraa~lnp l lotron duand oftha l ryl group ham a ruarkabla aoahanimtio 

irplioation. Tha eorralationa of ructlvltiu8 vlthu-+ conatanta by Hanatt- 

Brown traatmad hava bean vfdaly aploya in studying tha Whania of 

raaationm involvinc~ tha dovalopmmnt of cation10 tranmition atata8 a to l ryl 

ringm.Or 21e 22 Prar tha previous' and tha praaant l tudiea it ia avldaat 

that in tha 8olvolyaim of 2-4 tha a-uthylgruup l housroro profound 

influanu to l tabillra tha cationic tranaition atat* if tha lattmr is more 

l lactron dafiaiant. Thorafora, Ma Hamott-Boom traatmant ia unaansitiva 

to the variation of the contribution of a-rathyl group. Tha lack of 

ruponaa to tha nail, but dofinite, l tabilisation 8ffact due to a-mthyl 

group8 in banxylia 8ubstratu ia than an indication that that0 18 an 

inherent inaccuracy in thia trutmnt. to dwortbr the xwaonanca effect Of 
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Tab10 a. g-auterfus isotope effoct3 for substratss 

2. 3, and 4 

&(CB3)/&(CD3), 8G°C u 
+a 

2b 3b lo 

Ax - 4'-CH3c6R, 1.04 1.02 1.04 -0.3il 

=H 1.38 1.18 1.22 0 

=3'-c1c6H4 2.13 1.40 1.81' 0.399 

-3'-cP3c6B4 1.90 0.52 

a Reference 8. b Reference 4'. c This work. 

d Bstfmsted fror Hamott-Brown plot. 

the aryl group in the solvolytic transition state. 

we have already shorn the deficiency of both Ram&t-Brown and Yukava- 

TsunoZo trsatsents of rate data in detecting the absence of resonahcs 

interaction in the transition state.21 Although ve do not have enough data 

to comment the dual-parameter treatment, the present results give8 furthor 

evidence that the single-paraaater Hanett-Brova treatment of linear free 

energy relationship in solvofysis is only an approximation, and should bs 

used with caution. Purther study in this aspect is in progxsss. 

Bxperi8ental 

Capillary melting points were uncorrected. Xnfrared spectra(RBr) vers 

recorded vith a Perkin-Elmer Rode1 9836 spectrometer. Proton n.m.r 8pectra 

were taken with a Varian Rode1 M390 or a Bruker Model Aw300 inatrutent. 

Nass spectral analysis ware obtained with a JOBi Uodsl RSD-300 spectrometer 
at National Taiwan Norsal University. Bluental analyses were perforsed in 

the Elemental Analysis Laboratory of this department. 

Materials.--Reagent grade chemicals for the preparative purpose wore 

obtained fros commercial sources, and were used without purification. 

Solvents for the rate studies were purified according to standard 

methods.24 

1.1.l-Trfdeuterio-3.3-di8ethyl-2-butanone--~ethyl-~3-~gnesirtl iodide was 

made from methyl-+ iodide (991 D minimum fros B. Rerck) and magnesiur 

granules in anhydrous diethyl ether by convention1 method. It was then 

transferred through a Teflon tubing into a flask containing eguivalent 

amount of copper powder, copper(I) chloride and trirethylacetyl chloride in 

ether at O°C. After being stirred for two hours at this taperature, it was 

allowed to raise to room temperature and the stirring was continued for six 

hours. Water vas added and the reddish brown solution was washed with 108 

sodium hydroxide to become neutral. The ethereal solution was driod(Mgs0,) 

and was distilled. The yield was 50% (bp 98-99OC) from a reaction with 50- 
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mmola 8calo of the ptrrting Batorials. 

Prwaration M bensvlic l 8tar8--The p-nitrobenroata8 48-40, and 68-60 

Vera propar8d from 3,3-dinthyl-2-butanono and from l,l,l-tridoutorio-3,3- 

dimethyl-2-butanono, re8poctivaly, vith appropriate l ryllithium roagont8 

and folloved by the addition of p-nitrobuwoyl chloride a8 va8 da8crib.d in 

a one-pot procedur8.5 Charact8ri8tic infrar8d ab8orption8 for nitro and 

e8tor function8 are pruant in 811 E-nitrobmntoato8. Tha yield, malting 

point, portinant 90 ?fHz proton n.m.r. and 8a88 8poctral dat8, and tha 

analytic81 data of th080'00mpound8 8r8 li8tod a8 follow8. 

3,3-Dim~thyl-2-(4~-mothylphonyl)-2-butyl p-nitrobontoate (4a): yield 418; 

m-p. 170-171OC; proton n,.m.r.(CC14)& 1.03(8, 9, t-BU), 2.01(8, 3, MO), 2.32 

(8, 3, MO), 6.93(br 8, 4, C6H4)' 8.13 and 8.19(4, 4, C6H4): k8.(2OOV): 92 

341(x+), 338(x+' - t-BU), ~~D,O(NO~C~H~~+, 1008) -Anal. Found:c,70.29; 

H,6.74; N,4.30 (CzoHz3N0, require8 C,70.36; H,6.74: N,4.11%). 

3,3-Dimethyl-2-phenyl-2-butyl p-nitrOben808tO (4b): yield 46): m.p. 105- 

106OC (a 95-96°C)2: proton n.r.r.(CC14)&1.06(8, 9, t-Bu), 2.04(8, 3, Me), 

7.18(8, 5, Ph), 8.20 and 6.23(d, 4, C6H4); H-8. (ZOoV):mJ/r 27O(H+' - t-Bu), 

150(1K)2C6H4a+, 100%) 

3,3-Dimethyl-2-(3~-trifluoroaothylphanyl)-2-butyl p-nltrobonroato (40): 

yield 528; m.p. 153.S-154°C~ proton n.m.r.(CC14))1.07(8, 9, t-Bu), 2.06 (8, 

3, HO), 7.38-7.50(m, 4, C6H4), 8.23 and 8.26(8, 4, C6H4): n.8.(2O l V):mJ/t 
395(H+), 338(l4+' - &-Bu), 150 (N02C6H4CO+, 1008) Anal. Pound:C,60.76; 

H,5.071 N,3.52 (C20H20N04F3 roquir88 C,60.76, H,5.06; N,3.548). 

3,3-dir8thyl-2-(4~-trifluoromothylpheny1)-2-butyl e-nitrobontoato (4d): 

yield 3988 a.p. 163-164OC; proton n.n.r.(CC14) 6 l-07(8, 9, &-Bu) 2.06 (8, 

3, H8), 7.18, 7,28, 7.46 and 7.56(dd, 4, C6H4), 8.21 and 8.27(6, 4, C6H4); 

N.8.(20 l V)mJf 39S(fi ), 1SO(N02C6H4&' , 1008). a. Found: C,60.76; 

H,5.07; N,3.48 (C20H20N04?3 roquira8 C,60.76: H,5.06: N,3.54%). 

1,1,l-Trldeutorio-3,3dimethyl-2-(4~-rethylph~nyl)-2-butyl E-nitro- 

benzoate (Sa): yield 378; n.p. 173-173.5°C: proton n.m.r.(CCl4) 6 1.03(8, 

9, t-Bu), 2.30(8, 3, X8), 6.96(br 8, 4, C6H4), 8.21 and 8.24(d, 4, C6H4); 

W.8. (20 l V)mJ/z 344(M+), 150(N02C6H4CO+, 100%). 

l,l,l-Trid~ut~rio-3,3-direthyl-2-phonyl-2-butyl p-nitroknroato (Sb): 

yi8ld 228; a.p. 103-103.Z°C; proton n.m.r.(CC14)&1.03(8, 9, t-Bu), 7.18 (br 

8, 5, Ph), 8.23 and 8.26(6, 4, C6H,); n.8. (20 aV)yr 273(W +. - t-w, 

150 (N02C6H4CO+, 1008) . 
1,1,l-Tridoutorio-3,3-dimothyl-2-(3~-trifluoromathylphenyl)-2-butyl E- 

nitrObsnZOat8 (50): yi8ld 35*; m.p. 153-153.5°C; proton n.E.r.(CCl4)$ 

1.03(8, 9, &-Bu),7.28-7.53(m, 4, C6H,), 8.18 and 8.23(d, 4, C6H4): n.8.(20 

8V)dg 398(X+), 341(X+. - g-B@, 150(#O&jH&O+, loor). 
Kinetic DrocadUrO--A O.OlH 8olution of the aub8trate in 978HPIP (v/v) 

va8 prOpared at room tamparatUr0 and 8liqUOt8 Of 2 8l Vera 8aal8d in KIMAX 

tube8 under nitrogen. Th@ ampUl.8 vare placed in a ~011 circulated 
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th8rmo8tat uith the actual tmaperature measured by NBB cmrtif tad 

thormmot*rr of appropriate range and the variation of tapmature wao 

within 0.05°C. tight to eleven of thorn vere succemaively raooed after 

cm*ain tire intervals, and was immediately guuuzhod . The l olution vam 

titrated with O.Oq NaOH using bromocremol grmn am indicator. All rates 

uere followed to about two half-lives, and the kinetic data worm calculatmd 

using lea&-8guarom mgrmnion method. For reamring the iaotopo offoct 

the l olvoly8i8 of the isotopic pairs were run 8ido by mida in the 8-e 

constant temperature bath. The deviation of rate constant was 8maller than 

2% in two independent experiments. The mean values of the rate data are 

reportad in Table 1. 

Product analysis--A solution of 4C in 97% HFIP-D20 vam maled in an 

n.a.r. tube and the composition wao examinmd by using 300Nliz proton n.pD.1.. 

The author6 are indebted to the National Science Council for financial 

support of this research. 
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