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ABSTRACT: The nitrone substituent CH=N(O) t-Bu is electron-withdrawing with a TaftsI value of 0.20. It also
retards the solvolysis rate of a cumyl chloride when placed in themeta-position (s� = 0.20). However, CH=N(O)
t-Bu becomes weakly cation stabilizing when placed in thepara-position of a cumyl cation (s� =ÿ0.04). This weak
cation stabilization is a result of a conjugative interaction which delocalizes charge and offsets the inductive effect of
the nitrone. When the nitrone is placed in thepara-position, but then twisted out of conjugation with the aromatic ring
by incorporation of flanking 3,5-dimethyl groups, it again retards solvolysis rates. Computational studies (B3LYP/6–
31G*) show that the nitrone substituent stabilizes apara-substituted benzyl cation relative to themeta-substituted
analog by a conjugative interaction. However, the calculated stabilization greatly overestimates the cation
stabilization seen in solvolytic reactions. Copyright 2001 John Wiley & Sons, Ltd.
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INTRODUCTION

Nitrones are useful synthetic intermediates and also
effective spin traps and are therefore of interest to both
synthetic and mechanistic organic chemists.1 We recently
reported on the radical-stabilizing ability of the nitrone
substituent CH=N(O)-t-Bu and related nitrogen-contain-
ing groups on benzylic radicals.2 The nitrone is a potent
radical stabilizer by a spin delocalization mechanism
which can be described in valence bond terms as
involving nitroxyl radical forms1a and 1b. This led to

the classification of the nitrone functional group as a
‘super radical stabilizer’. We further suggested that the
large radical-stabilizing effects of this and related groups
made them specifically suited for free radical substituent
effect studies. Since the nitrone is a potent radical
stabilizer of potential use in correlating radical reactions,

it becomes important to know the effect of this group on
carbocation forming reactions. Can this group be cation
stabilizing? Reported here are the results of studies
designed to evaluate the electronic effect of the nitrone
functional group on benzylic carbocations.

RESULTS AND DISCUSSION

Taft sI value for CH=N(O)-t-Bu

Polar substituent constants have not been reported for the
nitrone group. The19F NMR method developed by Taft
et al.3 has therefore been used to determine thesI value
for CH=N(O)-t-Bu. The nitrone2 was prepared and the
19F signal appears 0.829 ppm downfield from that of
fluorobenzene. This shift corresponds to asI value of
0.20 and indicates that inductively, the nitrone is a
moderately electron-withdrawing group.

Solvolytic studies

We next wanted to determine the electronic effect of the
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nitroneunderconditionsof highelectrondemand,i.e. the
s� valuesof both metaand para nitrone substituents.4

The requisitecumyl chlorides9 and 10 were prepared
from aldehydes5 and 6, which we had previously
synthesized.5 Conversionto nitrones7 and8 usingN-t-
butylhydroxylamine hydrochloride in pyridine was
straightforward.Thesealcoholswere then reactedwith
thionyl chloride which gavethe O-protonatedforms of
chlorides9 and10. Theneutralnitroneswereregenerated
on additionof basessuchas2,6-lutidineor pyridine.

Solvolysesof chlorides9 and10 in methanolcontain-
ing 2,6-lutidine as a buffering base gave the simple
methyl ether substitution product along with smaller
amountsof the correspondinga-methylstyreneelimina-
tion product.Ratesof reaction(Table1) of 9 and10, and
alsotheunsubstitutedcumylchloride11, weremonitored

by UV spectrophotometry. These data were used to
determines� valuesusingtheexpressions� = log (k/kH)/
r, wherer =ÿ4.82 in methanol.6 The rate retardation
seenin themeta-derivative10 correspondsto as� value
of 0.20 for m-CH=N(O)-t-Bu (which is identical with
thesI value).The moreinterestingratebehavioris seen
in the p-CH=N(O)-t-Bu derivative9, which is actually
morereactivethanthe unsubstitutedcumyl chloride11.

The s� value of ÿ0.04 suggeststhat the cation-
destabilizing inductive effect of the nitrone is being
offset by a cation stabilizing resonanceinteraction as
representedby 12a and 12b. Hence the nitrone

substituent becomesa weak cation stabilizer under
conditionsof increasedelectrondemand.

A further demonstrationof the differing stabilitiesof
para- and meta-nitrone-substitutedcarbocationsis seen
in the solvolysesof the benzylic mesylates13–15 in

trifluoroethanol.The meta-derivative15 is substantially
less reactive than either the unsubstituted benzyl
mesylate13 or the para-derivative 14. The transition
state for solvolysesof thesebenzylic systemsin the
highly ionizing, non-nucleophilic trifluoroethanol sol-
vent7 is highly cationicin nature.Thereducedrateof 15
reflects the inductive effect of the nitrone substituent,
while the fasterrate of the para-isomer14 presumably
reflectsthe offsettingcationstabilizingresonanceeffect
of thenitronesubstituent.

In order to support further the notion of a cation-
stabilizing resonanceeffect of the inductively electron-
withdrawing nitrone substituent,the 3,5-dimethyl-sub-

Table 1. Solvolysis rates of substrates at 25.0°C

Substrate Solvent k (sÿ1)

9 CH3OH 7.68� 10ÿ3

10 CH3OH 5.75� 10ÿ4

11 CH3OH 5.09� 10ÿ3

13 CF3CH2OH 2.81� 10ÿ4

14 CF3CH2OH 3.19� 10ÿ4

15 CF3CH2OH 3.76� 10ÿ6

17 CH3OH 6.00� 10ÿ3

18 CH3OH 2.94� 10ÿ2
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stitutedanalog17 was preparedfrom aldehyde16 in a

straightforwardmanner.This p-CH=N(O)-t-Bu deriva-
tive undergoesmethanolysisat a rate which is slower
thanthatof themodelcompound18. Thisrateretardation

is attributedto steric inhibition of the potential cation
stabilizing conjugative effect by the ortho-dimethyl
substituents.8 Thecationderivedfrom 17 prefersto have
the nitronetwistedout of conjugationwith the benzylic
cation.Hencesolvolysisratesof 17 manifestmainly the
inductiveeffect of thep-CH=N(O)-t-Bu substituent.

Computational studies

Abinitio molecularorbitalcalculations9 werealsocarried
out on a variety of cationic systemsin an attempt to
demonstratefurther that the nitrone substituent can
interact in a conjugative fashion with benzylic-type
cations.Studieswerecarriedout on benzyliccations19
and 20 at both the HF/6–31G* and B3LYP/6–31G*
levels. Methyl groupswere used insteadof t-butyl in
order to simplify the calculations.Both of thesecalcu-
lationsshowthepara-isomerto bethemorestableof the
two cations.Calculatedbond lengths(B3LYL/6–31G*
level) are also informative. The shorterAr—CH2 bond
(1.366 Å) in 19, relative to the meta-isomer20 or the
parentbenzylcation21, suggestsincreasedconjugation
in 19. Indeed,thisbondlengthin 19 is identicalwith that
in the cation 22, which has a cation-stabilizing
p-CH=NOCH3 (oxime)functionalgroup.10 Comparison
of bond lengthsin the nitrone functional group of the
meta-isomer20 with thoseof 19 showsa shorteningof
theC—Cbondfrom 1.446to 1.418Å, andacorrespond-
ing increasein C=N from 1.324to 1.348Å. The N—O
bondalsocontractsfrom 1.263to 1.245Å. Thesebond

length changesare all consistentwith a conjugative
interactionof thenitronein 19with thecationiccenter(as
representedin 12b).

An alternativecomputationalapproachwhich allows
anevaluationof theconjugativepropertiesof thenitrone
functionalgroupis the isodesmicreactionof the tertiary
p-CH=N(O)CH3-substitutedcation 23 with cumeneas
shown. The DE value of 10.8kcalmolÿ1 (B3LYP/6–
31G*) indicatesextensivestabilizationof 23 relative to
theunsubstitutedcumylcation26. As before,bondlength
dataare also consistentwith conjugationeffectsas the
origin of this stabilization.Comparisonof the tertiary
cation23 with the neutralsubstrate25 showsanalogous
bond contractionsand bond lengtheningseen in the
primary cation 19. As noted previously, these bond
lengthsin 23 areconsistentwith nitroneconjugationasa
cation-stabilizingfeature.

Althoughall of thesecomputationaldataareconsistent
with conjugativenitrone stabilization of cations, they
probablyoverestimatetheimportanceof thisstabilization
in the solvolytically generatedcations.The calculated
10.8kcalmolÿ1 gas-phasestabilization of cation 23
(relative to the unsubstitutedcumyl cation 26) is not
reflectedin theveryslightsolvolytic rateenhancement(a
factorof 1.51)of chloride9. Indeed,theB3LYP/6–31G*-
calculatedstabilizationof cation19 relativeto themeta-
analog20 (10.6kcalmolÿ1) is greaterthanthecalculated
p-CH3 stabilizationof a benzyliccation(3.9kcalmolÿ1)
but less than p-OCH3 stabilization (14.9kcalmolÿ1).
However, solvolytic studieson mesylates14 show no
great stabilization of the cationic intermediate. We
thereforeconcludethat althoughthe p-CH=N(O)-t-Bu
substituentcanindeedimpartsomeconjugativestabiliza-
tion to solvolytically generatedbenzylic carbocations,
computationalstudiesoverestimatethisstabilization.The
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‘gas-phase’nature of these calculations undoubtedly
contributesto this overestimation.

Conclusions

The behaviorof the nitronesubstituentCH=N(O)-t-Bu
is reminiscentof theoxime groupCH=NOCH3.

10 Both
groupsare inductively electron-withdrawing (sI = 0.20
and 0.14), but both becomeweakly stabilizing when
placedin thepara-positionof cumylcations(s� =ÿ0.04
andÿ0.03).Computationally,bothgroupsstabilizepara-
substituted benzyl cations ArCH2

� relative to meta-
substitutedbenzyl cations.Both p-CH=N(O)CH3- and
p-CH=NOCH3-substitutedbenzyl cationsare 10.6kcal
molÿ1 morestablethanthemeta-isomersat theB3LYP/
6-31G* level. We concludethatbothgroupscaninteract
with para-substitutedbenzylic cationsby a stabilizing
conjugativeinteraction,but this cation stabilization in
solvolytic reactionsis overestimatedby computational
studies.In contrastto the‘superradical-stabilizing’effect
of the nitronegroup,actualrateeffectsindicatethat the
nitroneis a minimal benzyliccationstabilizer.

EXPERIMENTAL

Preparation of nitrone 2. A solutioncontaining112mg
of m-flurobenzaldehyde(0.502mmol) in 1 ml of pyridine
was stirred as 228mg (1.815mmol) of N-t-butylhy-
droxylaminehydrochloridewere addedin one portion.
Themixturewasstirredat roomtemperaturefor 36h and
thenmostof thepyridine wasremovedby distillation at
15mmHg pressure.The mixture wasthentakenup into
diethyl ether and the solution was washedwith water.

Theetherphasewasdriedovera mixtureof Na2SO4 and
MgSO4. Filtration and removal of solvent by rotary
evaporationgavethecrudenitrone2, which wasslurried
with cold hexanesto removethe last tracesof pyridine.
Theyield of nitrone2, m.p.63–64°C,was156mg(89%).
1H NMR (CDCl3), � 8.38 (m, 1 H), 7.76 (d, J = 7.7Hz,
1 H), 7.56(s,1 H), 7.36(d of t, J = 8.1,6.1Hz, 1 H), 7.09
(d of d of t, J = 1.0,2.7,8.4Hz, 1 H), 1.612(s,9 H). 13C
NMR (CDCl3), � 162.6 (d, J = 245Hz), 132.9.6 (d,
J= 9 Hz), 129.6.6 (d, J = 9 Hz), 128.8, 124.7 (d,
J = 3 Hz), 116.9 (d, J = 21Hz), 115.0 (d, J = 25Hz),
71.3, 28.3. Exact mass(EI), calculatedfor C11H14FNO
195.1059, found 195.1055. Anal., calculated for
C11H14FNO, C 67.67,H 7.23; foundC 67.47,H 7.12%.

Preparation of nitrone 7. A solutioncontaining114mg
of p-formylcumyl alcohol5 (0.694mmol) in 1 ml of
pyridine was stirred as 181mg (1.441mmol) of N-t-
butylhydroxylaminehydrochloridewere added in one
portion.Themixturewasstirredat roomtemperaturefor
22h and then most of the pyridine was removedby
distillation at 15mmHgpressure.Thenitrone7 wasvery
water soluble and care must be taken when using
extraction procedures.Accordingly, the mixture was
then takenup into 25ml of diethyl etherand the ether
solutionwaswashedwith 3 ml of waterwhich contained
a small amountof KHSO4. The etherphasewas dried
over a mixture of Na2SO4 and MgSO4. Filtration and
removalof solventby rotaryevaporationgavethecrude
nitrone7, which containeda traceof pyridine. The last
tracesof pyridine were removedby evacuationof the
residueat 0.1mmHgfor 7 h, which left 128mg(78%)of
nitrone 7 as a white solid, m.p. 125–127°C. 1H NMR
(CDCl3), � 8.26 and7.53 (AA ‘BB’ quartet,4 H), 7.54
(s,1 H), 1.617(s,9 H), 1.589(s,6 H). 13C NMR (CDCl3),
� 151.2,129.6,129.4,128.8,124.5,72.6,70.6,31.6,28.3.
Exact mass(EI), calculatedfor C14H21NO2 235.1572,
found235.1557.

Preparation of nitrone 8. Usingaprocedureanalogousto
that used in preparationof 7, reaction of 232mg of
m-formylcumyl alcohol5 in 2 ml of pyridinewith 355mg
of N-t-butylhydroxylamine hydrochloridegave 293mg
(88%) of crude nitrone 8. Purification of 8 was
accomplishedby chromatographyon silica gel.Thepure
nitrone8 m.p. 88–89°C, elutedwith 90%diethyl ether–
10% hexanes.1H NMR (CDCl3), � 8.45 (t, J = 1.6Hz,
1 H), 8.16 (m, 1 H), 7.56 (m, 1 H), 7.40 (t, J = 7.8Hz,
1 H), 7.58 (s, 1 H), 1.80 (br, 1 H), 1.620(s, 9 H), 1.609
(s,6 H). 13C NMR (CDCl3), � 149.3,130.9,130.1,128.4,
127.3,126.4,124.8,72.6, 70.8, 31.8, 28.4. Exact mass
(EI), calculated for C14H21NO2 235.1572, found
235.1548.Anal., calculatedfor C14H21NO2, C 71.46,H
8.99; found,C 71.57,H 8.96%.

Reaction of 3,5-dimethyl-4-formylcumyl alcohol (16)
with N-t-butyl hydroxylamine hydrochloride. Using a
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procedureanalogousto that used in preparationof 7,
reaction of 155mg of 3,5-dimethyl-4-formylcumyl
alcohol(16)10 in 1.5ml of pyridine with 205mg of N-t-
butylhydroxylaminehydrochloridefor 23h at50°C gave
the crude nitrone derivative. This nitrone, m.p. 134–
136°C, was purified by slurrying with 6 ml of 30%
diethyletherin hexanes.Theyield was140mg(66%).1H
NMR (CDCl3, � 7.74 (s, 1 H), 7.17 (s, 2 H), 2.275
(s,6 H), 1.65(br, 1 H), 1.638(s,9 H), 1.550(s,6 H). 13C
NMR (CDCl3), � 149.7,137.3,129.6,127.5,123.6,72.4,
70.4, 31.6, 28.4, 20.0. Exact mass(EI) calculatedfor
C16H25NO2 263.1885,found263.1889.Anal. calculated
for C16H25NO2, C 72.97, H 9.57; found C 72.74, H
9.47%.

Reaction of alcohols with thionyl chloride. The
chlorides 9, 10, 11, 17 and 18 were all preparedby
reaction of the correspondingalcohols with SOCl2 in
CH2Cl2. In a typical procedure,48.9mg of alcohol 7
[p-CH=N(O)-t-Bu] was dissolvedin 1.0ml of CH2Cl2
and32mg of SOCl2 in a small amountof CH2Cl2 was
addedat 0°C. The mixture was then stirred at room
temperaturefor 30min.Thesolventwasremovedusinga
rotary evaporatorand the crude residuewas analyzed
directlyby NMR spectroscopy.1H NMR of 9 (protonated
form) (CDCl3), � 8.499(s,1 H), 8.44(d, J = 8.7Hz, 2 H),
7.75(d, J = 8.7Hz, 2H) 1.978(s,6 H), 1.684(s,9 H). 13C
NMR of 9 (protonatedform) (CDCl3), � 154.2,151.3,
134.7,134.4,126.5,72.3,68.4,33.9,27.7.All chlorides
wereall storedin CH2Cl2 solutionatÿ20°C andusedas
soonaspossiblefor kinetic studies.

Preparation of p-hydroxymethylbenzaldehyde. A solu-
tion of 5.998g of p-carboxybenzaldehyde in 25ml of
methanolcontaining11.02g of trimethyl orthoformate
and six dropsof H2SO4 was refluxedfor 12h. A slight
excessof 1.0M NaOCH3 in methanolwasthenaddedto
neutralizetheH2SO4. Mostof themethanolwasremoved
usinga rotaryevaporator.Theresiduewastakenup into
diethyl etherand washedwith dilute NaHCO3 solution
andsaturatedNaCl solution,anddriedovera mixtureof
Na2SO4 and MgSO4. After filtration, the solvent was
removedusinga rotaryevaporatorto give 7.861g (94%)
of crudep-carbomethoxybenzaldehydedimethylacetal.

A solutionof 7.851g of p-carbomethoxybenzaldehyde
dimethylacetal in 10ml of diethyl ether was added
dropwiseto a stirredsuspensionof 1.06g of LiAlH 4 in
25ml of diethyl etherundernitrogen.Upon completion
of theaddition,themixturewasrefluxedfor anadditional
10min andthena solutionof 4.48ml of 10% NaOH in
water was addedcarefully dropwise.Stirring was con-
tinuedfor anadditional2 h andMgSO4 wasaddedto the
mixture. The mixture was filtered and the salts were
washedthoroughlywith diethyl ether.The ethersolvent
wasremovedusinga rotaryevaporator,leaving,5.792g
(85%)of crudep-hydroxymethylbenzaldehydedimethyl-
acetal.

A solution of 5.683g of p-hydroxymethylbenzalde-
hydedimethylacetalin 10ml of THF wasstirredas10ml
of 2% H2SO4 in waterwereadded.After 3 h the H2SO4

was neutralizedby the addition of solid Na2CO3. The
mixture was then taken up into diethyl ether and the
aqueousphasewas separated.The ether extract was
washedwith saturatedNaCl solution and dried over a
mixture of Na2SO4 and MgSO4. After filtration, the
solventwas removedusing a rotary evaporatorand the
residuewaschromatographedon 25g of silica gel. The
p-hydroxymethylbenzaldehyde11 (3.229g; 76%) was
elutedwith 70% diethyl ether–30%hexanes.1H NMR
of p-hydroxymethylbenzaldehyde (CDCl3), � 10.005
(s, 1 H), 7.88 and 7.53 (AA ‘BB’ quartet,4 H), 4.810
(s, 2 H), 2.02 (br, 1 H). 13C NMR (CDCl3), � 192.0,
147.8, 135.7, 130.1, 127.0, 64.6.

Preparation of mesylate 14. A solution containing
187mgof p-hydroxymethylbenzaldehyde(1.373mmole)
in 3 ml of pyridinewasstirredas345mg(2.747mmol)of
N-t-butylhydroxylamine hydrochloride were added in
oneportion.Themixturewasstirredat roomtemperature
for 12h andthenmostof the pyridine wasremovedby
distillation at 15mmHg pressure.The mixture wasthen
takenup into 5 ml of CH2Cl2 andextractedwith 1 ml of
waterandtheCH2Cl2 phasewasdriedoverMgSO4. The
mixture was filtered and the solvent was removedby
rotary evaporation.The residualpyridine was removed
by evacuationat 0.1mmHgpressureanda smallamount
diethyl etherwasaddedto the solid which formed.The
mixture was cooled in ice and the ether was carefully
decantedfrom the solid nitrone.The last tracesof ether
were removedat 15mmHg, leaving 220mg (77%) of
the crudenitrone,m.p. 84–85°C, which was converted
to themesylate14 without furtherpurification.1H NMR
of p-hydroxymethylbenzaldehyde N-t-butyl nitrone
(CDCl3), � 8.24and7.37 (AA‘BB’ quartet,4 H), 7.537
(s,1 H), 4.703(s,2 H), 2.45(br, 1 H), 1.612(s,9 H). 13C
NMR (CDCl3), � 143.4,130.1,130.0,129.0,126.7,70.8,
64.8,28.3.

A solutionof 86mg of p-hydroxymethylbenzaldehyde
N-t-butyl nitrone (0.415mmol) and 53mg of mesyl
chloride(0.463mmol) in 1.5ml of CH2Cl2 wasstirredat
ÿ15°C as52mg(0.515mmol)of triethylaminein 0.3ml
of CH2Cl2 were added dropwise. The mixture was
warmedto 0°C and4 ml of diethyl etherwereaddedto
thestirredmixture followed by 3 ml of water.Thewater
phasewasseparatedandthe organicextractwasrapidly
washedwith dilute HCl solution and saturatedNaCl
solution.ThesolutionwasdriedoverMgSO4 andcooled
in a freezerat ÿ20°C. The mesylate14 (74mg; 63%)
crystallized from the diethyl ether–CH2Cl2 solvent
mixture. The mesylate14, m.p. 102°C (decomp)was
storedatÿ20°C.1H NMR of 14(CDCl3), � 8.34and7.47
(AA ‘BB’ quartet,4 H), 7.580 (s, 1H), 5.261 (s, 2 H),
2.910(s, 3 H), 1.624(s, 9 H). 13C NMR of 14 (CDCl3),
� 134.9,132.0,129.1,129.0,128.7,71.3,71.0,38.5,28.3.
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Anal., calculatedfor C13H19NO4S, C 54.72, H 6.71;
found,C 55.12,H 7.07%.

Preparation of mesylate 15. Thepreparationof mesylate
15 from m-hydroxymethylbenzaldehyde12 [from NaBH4

reductionof the mono(dimethylacetal)of isophthalalde-
hydefollowed by hydrolysis]wascompletelyanalogous
to the preparationof 14. 1H NMR of m-hydroxymethyl-
benzaldehydeN-t-butyl nitrone(CDCl3), � 8.48(br, 1 H),
8.05 (m, 1 H), 7.572 (s, 1 H), 7.43 (m, 2 H), 4.737,
(s,2 H), 1.85(br,1 H), 1.622(s,9 H). 13C NMR (CDCl3),
� 141.5,131.3,130.2,128.9,128.8,128.4,127.2,71.1,
65.3,28.5.1H NMR of 15 (CDCl3), � 8.53(br, 1 H), 8.18
(m, 1 H), 7.60 (s, 1 H), 7.48 (m, 2 H), 5.267 (s, 2 H),
2.964(s, 3H), 1.631(s, 9 H). 13C NMR of 15 (CDCl3)
� 134.0,131.8,130.5,129.9,129.7,129.2,129.0,71.5,
71.4,38.5,28.5.

Solvolysis of chloride 9 in methanol. Chloride 9 was
preparedasdescribedabovefrom 54mgof alcohol7 and
33mg of SOCl2. After removalof theCH2Cl2, thecrude
residuewas dissolvedin 4 ml of methanolcontaining
74mg of 2,6-lutidine. After 1 h the methanol was
removedusing a rotary evaporatorand the residuewas
taken up into diethyl ether. The ether extract was
washedwith a small amountof dilute HCl solutionand
saturatedNaCl solutionandthenanddriedoverMgSO4.
After solvent removal using a rotary evaporator,the
cruderesiduewaschromatographedon 7.5g of silica gel
and elutedwith increasingamountsof diethyl ether in
hexanes.Themethyletherproduct,(CH3)2CH3OCC6H4-
p-CH=N(O)-t-Bu m.p. 112–114°C, (38mg; 66%) was
eluted with 50% diethyl ether in hexanes.1H NMR
(CDCl3), � 8.27 (d, J = 8.4Hz, 2 H), 7.55 (s, 1 H), 7.46
(d, J = 8.4Hz, 2 H), 3.067(s, 3 H), 1.618(s, 9 H), 1.533
(s,6 H). 13C NMR (CDCl3), � 148.2,129.6,129.5,128.7,
125.9, 76.7, 70.7, 50.7, 28.3, 27.8. Exact mass (EI),
calculatedfor C15H23NO2 249.1729,found 249.1722.
Anal., calculatedfor C15H23NO2, C 72.25,H 9.30;found
C 72.38,H 9.35%.

Kinetic studies. Ratesof solvolysesof chlorides9, 10, 11,
17 and 18 in methanol (2.5� 10ÿ4 M in 2,6-lutidine)
were monitored by UV spectrophotometry at 245nm
using the previouslydescribedmethod.13 A solution of
about 10mg of the appropriatechloride in 1 ml of
anhydrousdiethyl etherwaspreparedanda 5ml aliquot
of this solution was injected into a cuvettecontaining
3 ml of 2.5� 10ÿ4 M 2,6-lutidinein methanolat 25.0°C.
This initiated the kinetic run. Absorbancechangeswere
monitoredfor two half-lives and infinity readingswere
takenafter 10 half-lives.Solvolysesof mesylates13, 14
and 15 in trifluoroethanolwere monitoredby 1H NMR
spectroscopyusing our previously described kinetic

method.14 The mesylateswere dissolved in a 0.05M

solutionof 2,6-lutidine in trifluoroethanoland the solu-
tionsweresealedin NMR tubes,which werethenplaced
in aconstant-temperaturebath.At periodictime intervals
the shift of the methyl signal of the 2,6-lutidine was
determinedby 300MHz NMR spectroscopy.First-order
rateconstantsweredeterminedby standardleast-squares
methods.All kinetic runs were performedin duplicate
(maximumerror�2%) and the rate constantsgiven in
Table1 representaveragevalues.

Computational studies. Ab initio molecular orbital
calculationswereperformedusing the Gaussian94 and
Gaussian98seriesof programs.9 Structureswerecharac-
terized as minima via frequency calculations which
showedno negativefrequencies.
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