
LEAVING GROUP, STERIC AND SUBSTITUENT EFFECTS 
IN HIGHLY CONGESTED SYSTEMS 

THE ACID-CATALYSED DEHYDRATION OF ARYLDI-TERT-BUTYLCARBINOLS 
AND THE SOLVOLYSIS OF THEIR p-NITROBENZOATES 

Jam S. bus and Jlrcqo~s-Eu DumW’ 
bboruoire de Chink orpnisuc Physique de I’Uaiversit4 Paris VII. associ4 nu C.N.R.S.. I m Guy&h-Bnnw. 

I%05 Paris. Fraoce 

(Raked tn UK 2 kember 1977: Accepted for public&n 22 Lkcmber 1977) 

AMr&-Wko-tdyldi-t&ityk&kb exist in two welhidioul. stable forms: ad-pcriphu. 3 and rye 
pcriphnrr.I.Tbcnte~tfor~rcidotrlyled&hydntionoftbcrpiromcrinlnhyQwrrctiercidrt~ 
b~l0’tintr~tbrntbrtd~~~iromtr.Gcaarllyspalrm(.tbc~~1ctivityoftbcrp~bdsb 
doe to grooMI state steric strain, hot seco&ry steric dkcts upon resonaJKc stahiktioil of the intwmediate 
carboniom ioo sod entmpy dTects lower the rate ratio in the case of the 4-methoxy sod prehnityl derivatives. 
mpecp’vdy. Tbe wtivity of phalytdi-tkbylarbiwh 4 lies baKwsy belwccll rbsl of 3 alKl s. when p- 
mtmbazoyl &bride ia ddai to the 3 rod S elkoxides. only the ap dcoM gives a p-nitxknzoate. 2. This PNB 
solvdyses at 25’ ahout ld times lutes tlmn pbenyklii-botykubioyl PNB. 1. Comtarison of tk rate ti for 
akohd &hydra& (3/4) sod PNB solvolysis (2/I) rbows that the knving group has only a small effect upon the 
ort&o-tdyUphenyl nte ratio. Reaction constaots. p for alcohol dehydration are very simii for the three serier 
(-4.19. -3.W aod -4.12 for 3.4 rad 1. respectivdy) shoh thus little vuktbn of sobstitumt-sensitivity with 
reactivity. In contrast. thnt of the more reactive PNB. 2 is - 1.93. amongst tk lowest ever found for &I sdvdysis, 
wbib t&t of 1 b very d&rent. -2.W. Si oei@ouri~ group effects are &sent in these systems. the tatter 
wiations can only be xttriied to dihencex in the extent of charge sqmrnhn in the solvolysis tmnsith stxtc. 
both beiq eulii than that of kumyl PNB (p = -4.60). 

In tertiary carbinyl systems. wbcn aa aryl group is 
attached to a C atom buuing otbcr bulky substitucnts. 
tbc solvolysis reactivitks of the p-ni- esters 
(PNB) err ahctal by secondary steric eGcts upon 
resonance stabihion of the incipient carbonium ion. 
Predictions based on the antkiied effects of strain 
relief tbcn foil: thus, against all expectation, pbenyldi-t- 
butykarbinyl PNB. 1 is kss reactive than t-cumyl 
PNB.13 A Me substituent in t& orlho-posith of 1. 
however. enhces the rate’ by a factor of ld at 8Y, 
ckarly a primary stefic eflect. 

In studks on the solvolysis of such systems it bas been 
tbecustomtowetbcpaitrobeazoptessincetbeyafe 
very often tbc only stabk derivatives availabk. 
However, in receot years, it has been real&d tbat the 
cboiceoftheleavinggroupha!Sanimportantbc3ling 
upon tbe relative rates of solvolysis. The abWamny 
high feactivitks of compounds such as bi-thtykahhyl 
PNB,’ 2+butyl-2-adamantyl PNB’ and tmns, tnur. 
tmnsgerhydro-!hpkeoyalyI PNB‘ owe a great &al to 
kaving Qoup steric effects. we bave therefore adopted a 
small kaviqj poup. water, to investigq subrtinwnt 
e&cts upon solvolysis rates in stuicaUy w 
systems.’ AICOM dehydration can be coWdacd 
ahkatalysed solvolysis Md since in anhm S 

the rate determining step is formation of the cafbonium 
ion,’ this rem&n is directly comparabk with the 
solvolysis of p-nitrobenxoa&. 

Tbc recent synthesis of rotpmefic ap (3) and sp Q 
ortho-tolyldi-t-butykarbinols’ mve us a unique oppof- 
tunity of examining, by compahon with pbcoyldi-t- 
tWylcarbin&, 4. steric effects upon reactivity and 
substituent effects in Wy congested systems of wdl- 
d&fed geometry. The structure of 2 has oat been pn- 
viously considered, but in order to discuss kaving group 
effects upon reactivity by comparing PNB solvolysis aad 
alcohol dehydration, we have determined its confof- 
math on the basis of circumstantial evidence. s 

sic rfcctr Itpoll akow dehydmtion mtes. ottho- 
tdyIdI-t~ exist in two atropisomch forms. 
sY-pe+har Wh 5 and MtlqrIphar W, 3. In the 
former the OH gm4lp is vay close to the M&o-Me 
poup,lhMeuInthesecoodtheOHpoupisclo8eto 
the thhydr~o. the ~-MC being in tbc vichdty of the t-Bu 
sroupr 
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motereactive&tbespisui~inac&mdyd 
dd@rath~Fromthemostfactiveapakoboltotk 
kWR%CtiV~6pdCObdiOlt4W6dC6,tbeN?dViQ 

rangeiaabaut107akeafactorofldtintducdby 
tbc~tensitivityoft&ractiw,panill#asit~~ 
throqthanintamedLtearboniumiohto- 
vhtion.AsfaraspoasibkaUratuwcfcdatermMin 
anhydrousaccticacidcum~3%v/vofhllphuk 
ridbutinanmnberofcasesw&zctkhdf-iifewould 
bcincoavenkntiydmrt(kaathn3Oa)orlollg@atcr 
tban I month) it was kessarytofcaorttolowcrot 
lligb=ecidtks.mtaactafor3aIMlsin3%&cidare 
thCf~iWOlpktC.RaWtbM&lIhtCtbemtrips 
data by extrepohh we prefer to coder tbc 
bcbaviour of alcobok 3.4 aDd s in 1%. 3% ad 10% 
rcidluapd~.mt8at~e?cllt~anrehte 
weIl,withdopesncarllnity.fofanthreeactsofakobok 

klgt0%)=097hlg4(1%)+comt. 
8 point& cod. carr. - 0.999) 

(7 points, cod. con. = 0.999) 

Conacqucntty, the uqfs incurred in cornperil fcacth 
coastantsandrelativemteaatdiihntacktiticnabould 
iIlgClEdbCnO~t&Ul5%. 

Tberdativeratea(Tabk1)fortbeisondcakohols 
8rcingoodagrecmeotwitbtnupfe~idifcctcstL 
lnatcfartbcpafcntcompounda.Forthefivckastrcac- 
the akohohl the ap/ap ratio has 8 IlEan vduc of loc’, 
butitissignkdysmrtkrfot4-oMeandgrehnityi. 

Two reasons were previously advpaced for tbia 1~ 
dvity diEWlce? slow protoaatioa of tbc OH prwp 
intkspisonW.S,andeIlbancemcotdtflercactivityof 
3bynticfofstczicsthnbetweeotbcodo-Megroup 
ad the t-Bu groups. Subeqwd work rbaws bowever 
tb8tthe@ecoodfactorisdicieotinit8eIf,witboutthc 

cpd X 1X(0. IS2n) 32(0.554w IOZ(I.62w 
-4 

IO k3/k5 

4.62 x IO-’ 

5.09 x IO” 

1.46 x IO 
-6 

I.60 s IO 
-3 

9.97 * lo-4 

6.00 z lO-4 

7.12 x IO -4 

1.46 x 10-5 

2.15 It lo-2 

1.70 a lo-’ 

2.19 x lo-6 

1.29 x lo-2 

6.91 x 10-5 

9.07 z IO’7 

7.17 z 10’) 

5.14 x Id5 

6.02 x lO-7 

6.61 x Id4 

6.02 x lO-6 

2.23 x lo-4 

I.73 x lo+ 

3.33 x lC5 

I.56 z IO 
-2 

0.31 

2.95 z 10-O 

4.31 x 10-3 0.96 

6.62 x lO-5 

2.10 x 10-3 I.31 

2.62 x 10-5 

l.20rld3 I.19 

1.53 II 10-5 

1.76 z Id2 

I.36 x lo-4 1.06 

I.66 x lo+ 

5.79 x lo-3 

4.06 x IO’5 1.33 

4.35 x IO” 

0.w x Id4 0.26 

P0 -4.19 f 0.14 -4.00 t 0.05 
2 ra 0.16 i 0.06 

0 -3.90 f 0.06 -3.96 f 0.06 

I 
t 0.30 f 0.05 0.31 t 0.04 

0 -4.12 f 0.01 

1 r 0.30 f 0.03 

‘0 l tadud ddatia follaw rdwr. 
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illbduction of8ny suppkmentary hrpotbwis. The staic 
cnergyaf3kc&ulatdbymoledarmec~‘tobe 
m than tlsst of 5 by 5.9 nr 6.6 kc&d, depending 
onthehy&oda4lmo&lused.‘@Ifweassumethatthe 
nctiv8tionentropyistJsesamefnrthedlbydmtiunof 
bo&iciolnm.rnhtiventeof lo1’atWcanxpodsto . . actwa~~ enthalpy difference of 5.6kcal/mvl. This 
&reissoclnsetothediEerenceintbestericener+, 
A!$& that we can rrrronrMy fdirm that Use relative 
reectivity is a r&&n of tbe relative ground state 
StbiliQ.Oftbe immm, AG’, and that 110 fur&r 
expludcnl is requird’ @g. I). 

The pdnityl derivatives, * and *. are exceptiod, 
rates m higher by factors of 1.5 and 3.7. respectively, 
than expected on the basis of simple additivity of substi- 
tuent etlects. The buttressing effect of the neighbnuring 
Me groups incRWes the steric energy of both prehnityl 
derivatives. b@ moleculsr mechanics cakulatiuns fail to 
nvealth8tthediff~intbegroundstateener&is 
sdkrfarpsdmiQIthanfufo~~-tolyl,asrquiredby 
thesdkrrater8tio.Onthecontruy.whenthepreh- 
nitykli-t-buty~ (i.e. a Me group is taken as an 
&pproxil&ontotheOIi@oupoftheakolK’l)are 
canpsred, ASE rises to 7.2 kcdmol. u that the 
reactivitydi&eacebetweenapandspisomersshould 
be pnrta than usual. However, this argument does mlt 
take into xcollnt posdble entropy e&cts which may be 
impartdinsuchcrowdedstructureswberethereislittk 
rodond fredotn. Thermodynamic .@a on the 
solvolysis of odo-tolydi-t+u@caGnyl p-nitroben- 
zostes, given below, &r&ate this point. 

IlledeviaWofthe4-oMe&rivatives,Landk, 
canlK’tbeexpldnaJinthisway,andisatt&uWeto 
dilferences in resonance st&lidon of the two systems, 
as is shown by the following analysis. The constancy of 
the rate ratin for the meWsubstituted derivatives in- 
diatestbattbererctioacOnstrds,p,UevktUdlyidell- 
tic8lforthetwoisomers,despitethed&renccintbeir 
reBctivitie& They have values of -4.19 (3 in 1% acid) 
and -4.12 (S in 10% acid) which sre typical of akohd 
&hydratinn’sandofcarboniumionreac&singeneral. 
The v8llE for phenyldi-t-bgykarbinols is very similar, 
-3.9o(in3%orlO%acid). 
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Now, the coetlicient r in the Yukawa-Tsuno qua- 
tinn:” 

bgut=pW+rb+) 

isddiaedsoastoindicatethem&tudeofresonance . . . 
sMhabon of the incipient carbunium ion by ckctron- 
dnnat& substituents. Since Au+ is much greater for 
4-OMe than for the other porn-substkuents in our series. 
the rates of jl, 4a and 3~ tend to dominate in our 
estimation of r. Nevetthcless, altbnugb the r values, 
0.16=0.08 (3). 0.3Or0.05 (4) and 0.30*0.03 (3). may 
depend a little on the acidity.‘6 the resonance effect of a 
pcua-substituent is clearly greater in 5 than in 3. 

The resonance energy may be considered to follow an 
equation of the form: &=Eacos’8. where Ea is the 
ccsolllll~y energy corresponding to a situation in which 
the aryl group is in the plane of the carbonium ion. and 
&whenthereisanallgleebetweentlleseplsnes.”It 
has frequently been assumed tbat r of the Yukawa- 
Tsuno qua& is equivalent to F&G aml that 8 can 
thus be calculated.” Values of 0.16 and 0.30 correspond 
to angles of 66’ and 57” for ap and sp. nspectively. Thii 
differencecanhcuderstoodifweassumethatinthe 
transition state the two t-Bu groups hnve not attaid 
cnplanaritywithtk~atom.Rutationofthe 
uyl ring to increase tbe overtsp between its orbit& and 
theemptysp~orbitalwoukIbeimpedalinisomer3by 
interactions between the o&o-Me group and one of the 
t-Bu groups. In the transition state for the dehydration of 
the other isomer, no comparahle interaction would arise. 
Th~altWghthedehydrationofthesetwoalcohols 
nntstpthroughrcummoncarboniumionintemdate 
the structures of the trludon StateJl lea&g to d 

tem&ateululdre&!ctthe#eometliesofthestarting 
Lids.” In the phenyl derivative, 4 the r v&c is very 
simiitothatoftbespisomer5,pdablybccause&re 
is no oh-Me group which can interact with a t-Bu 
ProuP. 

I 

$:p, * 

_;J&;;__ t_f&_t4” 
9 (SP) SP' 

It must be empbmsid tbs& howeva ctuditative our 
~&r~Onmyk,wedoaotreeptthesssumP- 

tnnsmonst8teortlEintend& . cubomumionlmsthe~sbudure,‘~inwhich 
~=9W8lldmOarncC!dG&IlirM&ibk.ThC 

zzzhe 
tnnsSmst8te&pendsonthebalnnce 

resonaWene+s;itisdu@eroustoplace 
tuuasuchfaithinmp&cuhrmuddswhich,ofcou& 



Apart from two exceptions, therefore, the reactivity 
diEerencebetweentbeapandspalco&olsi8s&lection 
of puod state strain. In the case of tbc prehityl 
duivatives, entropy dfects are important and tbc 
anolnalous op/ap ratio of the 4-OMe derivatives can be 
q to aecohry St&c eflects upon resonance 
shbhabon of the traaaihll states ap’ and sp’. It ia 
kss eMy to umkrstand why the reactivity of the 
ph&di-t-blItyrl nerks. 4, falls about halfway 
between those of the ofrho-tolyldi-t-butykarbhuk. The 
cahktedd&reaceintbestericenergksdependr 
markedly 011 the bydmahon model ad, more seriously, 
wehaveoowayofesthatiagtheenqknoftlEtwo 
crrbocotioar.Weshallseebebwthattbepohrconti 
buth of the o&o-Me group can enhance the rate by 
only a snlan frctor, and Ibat conj~ve effects are 
simihr in au Ihrec syiltuna. It seems likely, therhre, 
tbatthcrcdvityof4halaotebc-iatermr 
0ftllec~inatcricstrain~witbIbe 
pasae3efromtbegroundctatetotbebana&on 

l’Re &wiys& of aqtdi-t-batylcadhyl piifiiim- 
mate%soivdyshfateswefe&tamioedinrceticecid 
co&o& 0.01 M aakm acetate by the apectroacopic 
methodofBartkttandTii.~attempmtumsneg- 
~from3tPtoIW.Rateconntantsat25’ue#iveoin 
Table 2. The reaction conaont for PNB. 1, cakhtcd 
fromthetluecreliabkmdo+bsthentr.Me,HaodCl, 
is -2%. From tJhe deviations of tbc pam-rubrtiblents, 
Ohte, Me and Cl, a value of 0.41 ia obtaioed for the 
Coemcknt r of tbc Yuka~Tmno equatka.~ 

Tbaeisaslightdi&ultyiodeterminia8tberactbn 
constant for the aolvolysia of 2, since t& S-Cl derivative, 
ZI lnhved rmwrkpsly (Expehcntalh Nevhekaa. a 
good linear correkhn (Fii 2) exh between the six 
o&&tolyl derivatives and the cormspoe pknyl 
daivatives. with a slope of 0.65*0.02 which cor- 
mpondstoapvalueof-l.bifrisuncbrsDedIfr 
wererigaifhtlydihrentinttkpointrfort,2baod 
bwoulddeviatesyshhcaUytoonesideorotberof 
the regression line tbro* the 0th points. Since w 
sucbdeviationisfoundwepns~thotrissimiEsrin1 
and 2. At present there are no structural data which 
wolddallowustointerpretthisnsultintermsofthe 
~metrksoftbegroundstateandthetranshnstate,~ 
as we did for the akobols above. 

Bothpvaloeaaresubstantiallysmalkrthanhse 
obnerved for less congested taiiary carbinyl derivatives. 

such an t-aunyl PNB whe p ia -4.V or -4.w at 
u”. Fn?qofJntly SNl solvolyxea have small p values when 
tbeekctrondemaodoftbedm&carbonhkr@y 
&stkdbysome&ctrondonorotbertbantbearyl 
group,suchsracyckpro@group.aC-Cdoubkbond 
or aaotber pbenyl group. The exceptiona@ bw values 
foundinthkworkcanootbeatthtedtoasshtaaceby 
anyothergnnJp,ooreventon&mtiegMe8+tertkry 
system8 have nu requirement for m 
assistance. In fac& solvent effect studka’ abow cEy 
thattbHermallpvahEsarecon&telltwithtbeoccur- 
renceofanearlytransithstate;at8ftbemvaloesof2 
are3o96wllalkrtbantboseof1,andallare&ltaatially 
snnlkrtlmaexpectedforaaSJsolvolysiaunderthe 
co&ions.” The tran8ition state occurs pqreasively 
earlkrugro&statestrain hreasea from t-cumyl 
PNBtoltot. 

Lea&# grwa &cl 011 the reati-* of orywt- 
fwyl~yfdcriwriocs.Aastate4Jatthe~of 
tbiSprper,bCfOlEtbek8ViDggW$l&?CtCAlbediS-0 

cUeditis~todetaminetbeunlformatbn0f 
2. Tbae exkt two oHho-tolyldi-t-butykahola, but 
tbefehnoevidtncefortbeexi!3tenceofnKRethanoae 
P- 

Intbeapak&lr3aadinpbenyldi-t-butykarbic&4, 
theOHpouphaabeeosbownby~icshdie, 
tobehavesilniMy,asregardsitsacceMaitity,wbuzas 
the8pakobolrSarediEaiiintbiareapect,tkOH 
~pbeingkasaccasii.‘01tsecmedlikelyththat3 
rboldd behave like 4 in forming p-nitrobenxoatea and 
that 3 hnlld out. The OHho-tolyldi-thltyhbhyl p- 
oitrobew would thenfore have tbe ap conformation. 
IntbcabseeceofX-raycrystahg&korothaunam- 
bigUausstructuraldat4thkpredhbnwasconfhedaa 
follows. 

The PNB, 2, is must easily obthd by additbn of 
p4litlUkazoylchkridetOtIUproductOf~di-1- 
butylketoae to o&o-tolyl-lithium without i6olatbn of 
the akohl. Direct introduction of c&ably treated 
samples of the entire reach mixture into the low 
temptnntre OLC ~ystun’~ shows that the PNB, 
rev&d by its okfInk hmpoaitba product~,~ b 
formedatt&expenseoftbespiaonn?r,3.Tbiaresult 
wasco&medinattemptstoobtain2fromtbepurhl 
alcohols by the regeneration of the alkoxidc in etbcr. No 
PNB was obhed from tbc sp alcohol. modest yields 
from the ap isomer. We conclude, tlnzefore, that the 
PNB, 2, baa the ap nonformation. 

The int&tchn of an o&o-Me group cauaea a rate 
increareofoboutIdintbesolvd~of1.Since2brs 
tbeapconformatbn,tbisfactoriatobecomparedwitb 
tbatbetweentbeapalcohol3andtbepbenylderivative 
4. approximately 16’. The polar effect of the oh-Me 
#oup (Jx& where uo.b@# ia -0.15) will be about twice as 
great in dehydration as in solvol*, i.e. in the ratio of 
t&reaction co&ants. The residual. purely steric, dect. 
oftheMegroupirtbereforeabootafactorof5@ia 
solvolyaisand4oiu ddlydmtion. 
Inaystcmapreviouslystudied, PNBsolvolysisismuch 

more sensitive to changes in the kvel of steric unwes- 
tion thaa ia alcohol dehydration. Thus, the t-Bu/Me ratio 
for the alkyldi-t-butylcarbiuyl system heases by a 
factor of 7SO on w from tbc alcohola to the PNB’r,’ 
whii for 2-alkyL2-adamantyl the iocmanebBomewhat 
smallpr,’ by a factor of 120. Thece &eases in the 
t-Bu/Mentio~dependtoalrrpextentonkavia8group 
steric intmctnxu (F-strain). The relatively small chosoe 
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in the ornWdyI/pbsnyl r&o, a factor of &out lo ody. 
on goixq from the akohols to the PNB’S, shows there- 
foretImtkavingsroupstericintl!mctionsuenotg#tly 
increased by the introduc& of a ~-MC group in the 
aryldi-tbutyk&nyl system. In the PNB there are 
repukive interactions invdw the CO oxygen, the CO 
carbon and/or the p-oitmfklyl moiety, but tbme do not 
varygrcatlyon2oingfrom1to2,exce#insofarasthc. 
interactions between ~-MC and t-Bu gwp distort t& 
bond &es and, thus, slightly increWinter8&onsbe 
tweentbeprhnAenroylgroupatult.bsarylgmuporthe 
t-Bu groups, dcpendii on the position of tk p-aitro- 
-YJgroup. 

lRemdyaamk pammttea of the wlvdy8i8 twction; 
the pfehnityl anomaly. Acthtion enbvpica for the 
solvdysis of these highly congested p- fall 
intbe~2-6eoatuImayktahenasiudkativethat 
ion-peirnturnisnotanimportantpmu?ssinthe 
solvdysis of tlkse systems.” The value of AS for 
scries1isprrrticrllycomtaat8ndnligbtly~tbM 
that for scricll 2, with one exception,. the P&tityl 
derivativefiwhicbhusmanomalouslyhighvahk. 

The instabihty of the ap dahtives and$ conaeqlmltly, 
their high reactivity arise essentially fmm non-bodag 
interactions between the otdo-Me gnntp md the two 
t-Bu groups. The prehnityl derivative, a. in vkw of the 
fouradjacentMegnWPsshouldbethemostcor@cstal 
of all tbc PNB’s in this sndy and wooId, therefore. be 
expected to be tbs most reactive. It might also be expec- 
tul to have the lowest AH’ since ground state strain 
iucreasesfrom1to2a-fto2(andAH*dtxqteby4- 
5kcaUmolon*ffom1to~hfact,~~4096 
faster than ptedicted from the rates of Zw, but this 
enhamXment is due essentiaIly to the favoumbk entropy 
term,about3eu~thanfor~Ths&ctivation 
enthalpy,ontbeotherhsrul,isashlghasfor2cortC 

The6rstmultwpportsourremarltsconcaningthe 
possibk importance of entropy effects upon the ratio 
2& in the dehydration of the alcohols. secondly, the 
unexpectedly high AH’ value sug#ests thut the tlunrition 
state for solvolysis of 2q is also strained and that the 
overallstntinenergychfutgconuoinpfromthegtound 
state to the transition state is not partkukrly favour- 
able.= Other factors, bowever., such as salvation and 
resonance s&h&ion. may also be invdved. 

colycumwc- 
TIE foregoiss discussion shows that the reactivity of 

aryldi-tbutykubmyl systems is a complex functkn of 
primaryandseco&rystuk~ectswhosequan~e 
interpreWionisasyetinau@te.Providedtlmtthe . . 
llddkamoftbecro~intbcbyQoarbonpartof 
themokcukissmallaetlnmotefromthekav@group, 
tbehkntityofthektterhusonlyrrntell&ctqtont& 
rdothrcmlu.OntIkotIu!rhMd,ulintaWingfatuleof 
thisstudyisthattheWcdouW&ur,~varksvay 

littk.” if at all. in the case of the akohok, 3.4 cind 5 
despite a reactivity incraUebyefactorof la’whereas, 
inthesolvd~ofthep--,land2it 
dropSWbStUlWyrStIkrerctivity-bylO? 

DLmetrianyopposedopiltiittSEg4tdkgtbev8lidity 
of the twictivity-sekctivity ptitkipk have been extues- 
sed.flbuttoourknowkdgethisistbc6rstsystemwhkb 
appeUstoprovilkevidencebothfor8nd8geinstthis 
&tionahiP, dependin# on the k-W& group. Insofar as 
pay#coabrySt&&ctltpotl-oftbe 
tusonanW dfects of ekctron&& pem-uWtualts 
htahencateofbythepurmeterrinthcYukawa-Tsuno 
equ8tio~thepvahwrshouldr&cttheextauofbLXul 
br&ingintbetransitlonstate.YTherefore.the~p 
vahks for 8lcohol_dehydration su9gest that ths r8te- 
&tHmk&tntWuWlStlIte.wbaehttbeC-ObondiS 
b&en, is uniformly close to t& arbonium ion inter- 
ml?dii,regUdkMofthegroundst8teeneilyoftIk 
mokcuk. In solvolysis, on the other hand+ the extent of 
cbargesepmion,ascvkkncedbyt&pvalmof1and 
Zissensitivetothedepeeofstuiccoplettkninthe 
mokcuk.NevertI&ss,itisckuthattbcreisno@neral 
causH&&ect nktiomhip between reactivity and p 
eveninPNBsolvdysis;altho@itImstheereaterp 
vnlue, t-cumyl PNB solvolyses IO times faster than 1, the 
rates of I and 2 beii anomakusIy bw because of 
secondarysteric&ctsuponst8bilk&nofthctran- 
sitionstatebythearylgroup.Anadd&mtlpossibilityb 
thDt an unfavourabk strain energy cm is aswciatal 
withtheform8tionofthecarboniumionintksolvolysls 
of the t-BP dcriv8tiva= due to tbe fact that the c-C+ 
bonds are normally shorter t&n C-C bonds. 

The ditIkultks invdvul in the quantitative inter- 
pret8tknofkrgestructuraleffectsuponteactivltyare 
furtherillustmtedbythcfollowin#eumpk.WhereastIk 
PhjI& ratio for the solvdysk of R&-butylcarbinyl 
p- is 8trcady llncxpcedly small (0.19 in 
7096aqueousacetoocat1099,‘thatforthedehydntion 
ofthecom%pondingakohds~isIdthnesksstlnn 

Peters-McManl&Ianis 
‘~+p+ Althou& the PNB 

be’ aWbutal to sterk 
kndmnceto fUOlUkXStdbhth.th8tOftk~S 
certaidycannotbe.-Illefactthatthereactivityratio, 
both for Ph/Me atul t-BtWe.- inaecuer WithtIkSize 
dtbek8vittggNWpWggl!StStIWstilWrlyChUt@S 
are @ottant in both uses. Unfavourabk strain mrly 
clmngeswouldreducethedehydratknpterofthemost 
z&o&PNB solv~~tsvt~2~ 

_ 
tedgm4mdst8testhe~,thcrefore,rakethe 
Ph!Me and t-Bu/Me ratios. 

!Itr8in eoergy cdcdatlons may eventually provide a 
quantitative in-n of &normal Ph/Me and t- 
Bu/Me ratios and, opG&ally. of sterk d?ects upon 
solvolysii in @uu!rd. It WouId then be possii in 
examiningthe&ctofPstruchud-to& 
tern whether tlk rdative rate chutges becurse oW 
comPoundkmorereactIveorbecausetheotheriskss 
reactivet&nusu8l.‘WitbthisapPnmchinitspresent 
state of development, alcohol &hydration seems better 
tlttaltotheoretkaltratmenttImnp~ 
solvolysis. 



Tebk3. N,kroudytkddst8fornewdcobokudpritroknraccr 

9, bol- CAlcul~td mmd 

C B II Cl C n II Cl 

I M-9’ 72.03 7.62 3.65 71.92 7.99 b.02 

144-5. 65.22 b.b9 3.69 6.76 (5.38 6.30 3.05 9.21 

drc. 69.71 7.5b 3.39 69.21 7.99 3.62 

dac. 72.51 7.06 3.52 72.36 7.92 3.92 

dac. 72.51 7.86 3.52 72.45 6.06 3.60 

dec. 72.03 7.62 3.65 72.10 7.34 3.56 

dec . 66.09 6.75 3.65 6.46 65.96 7.07 3.b7 6.81 

dac. 6b.09 6.75 3.35 0.40 65.60 7.03 3.60 6.13 

dec . 73.36 6.29 3.29 73.36 7.91 3.60 
N-39’.- 71.49 9.36 13.19 71.b4 9.56 13.38 

34’.119’/2 61.99 Il.16 . 81.65 11.43 

- ,107*11.5 61.99 Il.16 62.09 II.19 
33m,133*13 70.71 9.10 13.91 70.49 9.06 14.15 

- .120*12 70.71 9.10 13.91 70.65 9.46 14.00 

-I- 71.49 9.36 13.19 71.66 9.60 13.42 

&c~befonmdtiugw&nslowlybutaltoeboutl2tV. 
Noliquidptmaeisobacrvaluotiltheproduc&p-nhbenzoic 
acid, starts to melt et &out w. 

Synthis of aryUi-t-bmtyfcaMnds. Tat&y dco+ were 
pqmrafby&tionofdi-thtyI&aetotkquqmUeuyL 
lithiuminetbefatroomtclllp.rr&shbaipnvhdy.”” 

Synthai3 of aryldh-bmtylcarfhyf w Pbayti 
t-butyhrbinyl PNB’s, 1 were ryntbahl by the metbod of 
Tenidn end Metspw~t’ oh-Tdyldhhtykahyl PNB’s. 
2b,&endYwereprrpuedbydirectul&ionofprhbeazoyi 
c!llahkiouhcrtotkcrnde8ko&JlmixNre~tbeti 
srltrof3ladS.IntbcaredY~rrrtioanrfdk~by 
“lowtempmtue”GLCumtysis.“Amixhmeof31MdYwes 
pquedbytbeuUtiooofdLt~(9.9~62mmd)in 
abercorrdutiolotorlk-tdy~(02W.63mmd)hrtbc 
SMC solvent. Oct&caM (0.46) wu then &&led end I amdl 
sernPk of the mixture teken for w. p-NiWmzoyl 
chkride(l.l7~6.3mmol)iaetbcr(~ml)wudQd~y 
totbecooled(-2Q)nrix~.whichwutbrn~tolmin 
mom temp. before be& wukd.witb ‘qucour KZCOJ uld ‘I&d. 
Gfxermlysisrev&dpuks~totkokhaf’xmal 
by pyrolysk of the PNB in tk injector,‘* ti rasi&d akohok. 
Wbemstheratbuh&ceac wuuncbnrd.woc~ 
decrMedto6%ofitsvdoepriortotbeeddhkmofpr~ 
zoyl cblols 
Compounds 2s. 2c and I were prepwed by 8 smell . . 

modlhtMoftbemetbalofK&ef8ndwoodn@inwbidl 
etbcr repkced THF es solvent. Treetment of tk pun ep eke 
bds.3withanequi&uannlontofn-B4lli-~tbe 
e&oxide wbkb rexts with p-shbenzoyl ehkai& to give tk 
PNB in ykbds of 27-479b. Attempts to pnprr PNB’s from I 
weie fluitkss. 

lkhydmtior aad wiwfpiJ ratw. Rate coartlnts wele 

mewural conventiouallv.‘n~ Only ia 10% WSOJkOH wu it 
necusmy to use aa exienml uwKiud” for &C-&tamilmtion 
oftbelhbolco4’centntioos.Atlowel&cidhtllebydro- 
cmh3werewlciaulysdubktokuKd&lecuyinttw 
mixture? Sdvdyl ~(er ere the wm of dapli& dcctr- 
‘lIiNth8#nXiQ#towitbiiI-&DdlydlhX’ntccUCtbe. 
nxen of 2-5 nma e to within l-7%. the pooreat 
rrproducibility~forthevuyakw~wbueitwuwc& 
sarytostoreseqlkrforrvefdd8ysorweeksbeforet3U: 
8adyrir. 

Di&uwywucxphncedindetefrd~tksotvolyIknra 
of~inuabydmuaAcOHtkUVhaQtim(257w)oftbe 
‘iaaqity”umpkswuveryhi&rsdtkkiaukpbcl~ 
nonhar.Wbmtberextionweatunin~AcOHQ-l6M 

r)*- dbQlpedmdtbemte-bcould 
detam1&over3bdf-livauuml.Tbedete&eninThk 

2 for 31 UC therefore vdues exerpdrccd by mmm of tbc 
GNowd&Whstde eqnuion” 0q Ub=mY) to pIlre ACOH 
(Y --1.64). 

React&a pticrr Acat& to Tenih end Metaumum.’ 
solvdysk of 1 rives ody m okfAn ud a cyckpropyl berivetive: 
lbkWCCO&E36d.TkddlythliMpNlhtSUC~ 
inuytksemepro&&*famcdholvdyahbuttbe; 
ucst&mwdy~frrlmcRcedrndtmIymizcd.No 
flmkrstudyofdsax&rypmductswuaIlialout. 
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