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ABSTRACT: The nitrone substituent GHN(O) t-Bu is electron-withdrawing with a Taft, value of 0.20. It also
retards the solvolysis rate of a cumyl chloride when placed imibtaposition ¢ = 0.20). However, CE=N(O)

t-Bu becomes weakly cation stabilizing when placed ingags-position of a cumyl cations(” = —0.04). 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 ge@a-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 stabilizegasa-substituted benzyl cation relative to theetasubstituted

analog by a conjugative interaction. However, the calculated stabilization greatly overestimates the cation
stabilization seen in solvolytic reactions. Copyrigh2001 John Wiley & Sons, Ltd.
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INTRODUCTION it becomes important to know the effect of this group on
carbocation forming reactions. Can this group be cation

Nitrones are useful synthetic intermediates and also stabilizing? Reported here are the results of studies

effective spin traps and are therefore of interest to both designed to evaluate the electronic effect of the nitrone

synthetic and mechanistic organic chemiste recently  functional group on benzylic carbocations.

reported on the radical-stabilizing ability of the nitrone

substituent CH=N(O)-t-Bu and related nitrogen-contain-

ing groups on benzylic radicafsThe nitrone is a potent

radical stabilizer by a spin delocalization mechanism RESULTS AND DISCUSSION

which can be described in valence bond terms as

involving nitroxyl radical formsla and 1b. This led to Taft o, value for CH=N(O)-t-Bu

R._._R R R R R Polar substituent constants have not been reported for the
nitrone group. Thé°F NMR method developed by Taft
- - et al2 has therefore been used to determinedhealue
for CH=N(O)+-Bu. The nitrone2 was prepared and the
19F signal appears 0.829 ppm downfield from that of

- Cus+. 0O c_- 0O - .
H/C%ﬁxo w N e \id fluorobenzene. This shift corresponds taravalue of
lBu l_Bu l_Bu 0.20 and indicates that inductively, the nitrone is a
; 1a b moderately electron-withdrawing group.
g . . . F

the classification of the nitrone functional group as a
‘super radical stabilizer’. We further suggested that the o
large radical-stabilizing effects of this and related groups c?tau
made them specifically suited for free radical substituent W
effect studies. Since the nitrone is a potent radical 2
stabilizer of potential use in correlating radical reactions,
*Correspondence toX. Creary, Department of Chemistry and Bio-
chemistry, University of Notre Dame, Notre Dame, Indiana 46556, Solvolytic studies
USA.
E-mail: xavier.creary.1@nd.edu . .
Contract/grant sponsorNational Science Foundation. We next wanted to determine the electronic effect of the
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98 X. CREARY AND K. HARTANDI

nitroneunderconditionsof high electrondemandj.e. the
o valuesof both metaand para nitrone substituent§.
The requisitecumyl chlorides9 and 10 were prepared
from aldehydes5 and 6, which we had previously
synthesized. Conversionto nitrones7 and 8 using N-t-
butylhydroxylamne hydrochloride in pyridine was
straightforward.Thesealcoholswere then reactedwith
thionyl chloride which gavethe O-protonatedforms of
chlorides9 and10. Theneutralnitroneswereregenerated
on additionof basessuchas?2,6-lutidineor pyridine.

OH
|
Br HaC—C—CHj
\ 1. CHgOH/MH* AN
| K 2. n-BuLi K
Z - 2
CHO 3 (CHg)pCO CHO
3 (p-CHO) 4. Ha0* 5 (p-CHO)
4 (m-CHO) 6 (m-CHO)
li—BuNHOH
<|3| ([)H
HzC—C—CHs HzC—C—CHs
socl,
DL e N
| o CH,Cly | o
X _ o X _ 2
/C=N\+ /C=N\+
H t-Bu H t+-Bu

7 (p-CH=N(O)-+-Bu)

9 {p CH-N(O) LB) 8 (m-CH=N(O)-tBu)

10 (m-CH=N(O)-t-Bu)

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 correspondingr-methylstyreneelimina-
tion product.Ratesof reaction(Table1) of 9 and10, and
alsotheunsubstitutedumyl chloride11, weremonitored

cl cl:| (I:|
H30—CI)—CH3 HzC—C—CHjg HsC—C—CHjs
o-
N
CI?¢+\I-BU
- H
B H Ot 10
|
9 tBu
Relative Rate 1.00 1.51 0.11
(c®) (0.00) (-0.04) (0.20)

by UV spectrophotontey. These data were used to
determines " valuesusingtheexpressiow ™ = log (k/k.)/
p, where p = —4.82 in methanof The rate retardation
seenin the metaderivative10 correspondso ac ™ value
of 0.20 for mCH=N(O)-t-Bu (which is identical with
the ¢' value). The moreinterestingrate behavioris seen
in the p-CH=N(O)-t-Bu derivative 9, which is actually
more reactivethanthe unsubstituteccumyl chloride 11.

Copyright0 2001JohnWiley & Sons,Ltd.

Table 1. Solvolysis rates of substrates at 25.0°C

Substrate Solvent k(s™h

9 CHsOH 7.68x 1073
10 CH3OH 5.75x 1074
11 CH3OH 5.09x 103
13 CF;CH,OH 2.81x 10°%
14 CF;CH,OH 3.19x 1074
15 CF;CH,OH 3.76x 1076
17 CH3OH 6.00x 1073
18 CH;OH 2.94x 1072

The ¢* value of —0.04 suggeststhat the cation-
destabilizing inductive effect of the nitrone is being
offset by a cation stabilizing resonancenteraction as
representedby 12a and 12b. Hence the nitrone

H-C CH3 H3C CH3 H3C\ /CH3
3 \E/ \C/ C
e g
- C o- c_+.0
H/C%ﬁ/o e %,?/ e \Té
l-Bu Bu tBu
12 12a 12b

substituent becomesa weak cation stabilizer under
conditionsof increasectlectrondemand.

A further demonstratiorof the differing stabilities of
para- and metanitrone-substitutedarbocationss seen
in the solvolysesof the benzylic mesylates13-15 in

CHoOMs CH,OMs CH>OMs
CI)_
N
(13¢+\t-8u
/C%+/O_ H
S
13 14 tBU 15
1.00 1.14 0.013

Relative Solvolysis Rates in CF3CHo,OH

trifluoroethanol.The metaderivative 15 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-nucleophilictrifluoroethanol sol-
vent' is highly cationicin nature Thereducedateof 15
reflectsthe inductive effect of the nitrone substituent,
while the fasterrate of the para-isomer 14 presumably
reflectsthe offsetting cation stabilizing resonanceffect
of the nitrone substituent.

In order to supportfurther the notion of a cation-
stabilizing resonanceeffect of the inductively electron-
withdrawing nitrone substituent,the 3,5-dimethyl-sub-
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NITRONE SUBSTITUTION OF BENZYLIC CARBOCATIONS 99

stitutedanalog17 was preparedfrom aldehydel6 in a

4 ;
HsC—C—CHa HsC—C—CH,
1. +BuNHOH

2. SOCl,
Me Me Me MZ
Cal+ -
C N
tBu
16 17

straightforwardmanner.This p-CH=N(O)-t-Bu deriva-
tive undergoesnethanolysisat a rate which is slower
thanthatof themodelcompoundL8. Thisrateretardation

cl cl
H30—(|2—0H3 H3C—(I3—CH3
Me Me Me Me
18 H/C%"\"l/o_
17 l-Bu
1.00 0.204

Relative Solvolysis Rates in Methanol

is attributedto steric inhibition of the potential cation
stabilizing conjugative effect by the ortho-dimethyl
substituent§. The cationderivedfrom 17 prefersto have
the nitrone twisted out of conjugationwith the benzylic
cation.Hencesolvolysisratesof 17 manifestmainly the
inductive effect of the p-CH=N(O)-t-Bu substituent.

Computational studies

Abinitio molecularorbital calculations werealsocarried
out on a variety of cationic systemsin an attemptto
demonstratefurther that the nitrone substituentcan
interact in a conjugative fashion with benzylic-type
cations.Studieswere carriedout on benzyliccations19
and 20 at both the HF/6—-31G* and B3LYP/6-31G*
levels. Methyl groupswere usedinsteadof t-butyl in
orderto simplify the calculations.Both of thesecalcu-
lationsshowthe para-isomerto bethe morestableof the
two cations. Calculatedbond lengths (B3LYL/6-31G*
level) are also informative. The shorterAr—CH; bond
(1.366 A) in 19, relative to the metaisomer 20 or the
parentbenzylcation 21, suggestsncreasecconjugation
in 19. Indeed this bondlengthin 19is identicalwith that
in the cation 22, which has a -cation-stabilizing
p-CH=NOCH; (oxime)functionalgroup® Comparison
of bond lengthsin the nitrone functional group of the
metaisomer20 with thoseof 19 showsa shorteningof
the C—Cbondfrom 1.446to 1.418A, anda correspond-
ing increasein C=N from 1.324to 1.348A. The N—O
bondalso contractsfrom 1.263to 1.245A. Thesebond

Copyright0 2001JohnWiley & Sons,Ltd.

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

H H_ + AH
H\E/ \C/
1.366 1.373
o-
— |1.263
N
& + CHs
1418 o 1448 }L 1.324
Csl + -
X
w /\N/1.245 20
1348 | AE = 5.6 kcal/mol (HF/6-31G*)
19 CHs AE = 10.6 keal/mol (B3LYP/6-31G*)
H+ H
~ C/
H + M 1.366
o}
1.371
c
x>
H/ \T
21 OCHs

22

An alternativecomputationalapproachwhich allows
an evaluationof the conjugativepropertiesof the nitrone
functionalgroupis theisodesmiaeactionof the tertiary
p-CH=N(O)CHs-substitutedcation 23 with cumeneas
shown. The AE value of 10.8kcalmol™* (B3LYP/6—
31G*) indicatesextensivestabilizationof 23 relative to
theunsubstitutegumyl cation26. As before bondlength
dataare also consistentwith conjugationeffectsasthe
origin of this stabilization. Comparisonof the tertiary
cation 23 with the neutralsubstrate25 showsanalogous
bond contractionsand bond lengtheningseenin the
primary cation 19. As noted previously, these bond
lengthsin 23 areconsistentvith nitroneconjugationasa
cation-stabilizingfeature.

Althoughall of thesecomputationatlataareconsistent
with conjugative nitrone stabilization of cations, they
probablyoverestimateéheimportanceof this stabilization
in the solvolytically generatedcations. The calculated
10.8kcalmol™* gas-phasestabilization of cation 23
(relative to the unsubstitutedcumyl cation 26) is not
reflectedn thevery slightsolvolytic rateenhancemer(a
factorof 1.51)of chloride9. IndeedtheB3LYP/6—31G*-
calculatedstabilizationof cation19 relativeto the meta
analog20 (10.6kcalmol™?) is greatetthanthe calculated
p-CHj stabilizationof a benzyliccation(3.9kcalmol™)
but less than p-OCH; stabilization (14.9kcal mol™2).
However, solvolytic studieson mesylatesl4 show no
great stabilization of the cationic intermediate. We
thereforeconcludethat althoughthe p-CH=N(O)-t-Bu
substituentanindeedimpartsomeconjugativestabiliza-
tion to solvolytically generatedbenzylic carbocations,
computationastudiesoverestimatehis stabilization.The
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‘gas-phase’nature of these calculations undoubtedly
contributesto this overestimation.

CHg ,CHs

N M o= CHs
1.403 1.524
.
1.425
Cs + O° 24
X
w AN 250
1.341
CHs
2 AE = 10.8 keal/mol
(B3LYP/6-31G")
H /Cgﬁ
\C(" 3 H30\+/CH3
1522 %
1.415
1.448
P S 26

1 ASNT1277
1319 |
CHg
25

Conclusions

The behaviorof the nitrone substituentCH=N(O)-t-Bu

is reminiscentof the oxime group CH=NOCH;.*° Both

groups are inductively electron-withdrawig (o, =0.20
and 0.14), but both becomeweakly stabilizing when
placedin the para-positionof cumyl cations(¢ ™ = —0.04
and—0.03).Computationallypothgroupsstabilizepara-

substituted benzyl cations ArCH3 relative to meta

substitutedbenzyl cations.Both p-CH=N(O)CHs- and
p-CH=NOCH;-substitutedbenzyl cationsare 10.6kcal

mol~* morestablethanthe metaisomersat the B3LYP/

6-31G*level. We concludethat both groupscaninteract
with para-substitutedbenzylic cationsby a stabilizing
conjugativeinteraction, but this cation stabilizationin

solvolytic reactionsis overestimatedoy computational
studiesln contrasto the‘superradical-stabilizing'effect
of the nitrone group, actualrate effectsindicatethat the

nitroneis a minimal benzylic cationstabilizer.

EXPERIMENTAL

Preparation of nitrone 2. A solutioncontainingl12mg
of mflurobenzaldehyd&.502mmol)in 1 ml of pyridine
was stirred as 228mg (1.815mmol) of N-t-butylhy-
droxylamine hydrochloridewere addedin one portion.
Themixturewasstirredatroomtemperaturdor 36 h and
thenmostof the pyridine wasremovedby distillation at
15mmHg pressureThe mixture wasthentakenup into
diethyl etherand the solution was washedwith water.

Copyright0 2001JohnWiley & Sons,Ltd.

The etherphasewasdried overa mixture of Na,SO, and
MgSQy. Filtration and removal of solvent by rotary
evaporatiorgavethe crudenitrone 2, which wasslurried
with cold hexanedo removethe last tracesof pyridine.
Theyield of nitrone2, m.p.63—-64°C, was156mg(89%).
'H NMR (CDCly), 6 8.38(m, 1H), 7.76(d, J=7.7Hz,
1H), 7.56(s,1H),7.36(doft,J=8.1,6.1Hz, 1 H), 7.09
(dofdoft, J=1.0,2.7,8.4Hz, 1 H), 1.612(s,9 H). 1*C
NMR (CDCl), 6 162.6 (d, J=245Hz), 132.9.6 (d,
J=9Hz), 129.6.6 (d, J=9Hz), 128.8, 124.7 (d,
J=3Hz), 116.9 (d, J=21Hz), 115.0 (d, J=25Hz),
71.3,28.3. Exactmass(El), calculatedfor C,,H1,FNO
195.1059, found 195.1055. Anal., calculated for
C11H14FNO, C 67.67,H 7.23;found C 67.47,H 7.12%.

Preparation of nitrone 7. A solutioncontainingl14mg
of p-formylcumyl alcohoP (0.694mmol) in 1ml of

pyridine was stirred as 181mg (1.441mmol) of N-t-

butylhydroxylamine hydrochloride were addedin one
portion. The mixture wasstirredat roomtemperaturdor

22h and then most of the pyridine was removed by
distillation at 15 mmHg pressureThenitrone7 wasvery
water soluble and care must be taken when using
extraction procedures.Accordingly, the mixture was
thentakenup into 25ml of diethyl etherand the ether
solutionwaswashedwith 3 ml of waterwhich contained
a small amountof KHSO,. The ether phasewas dried
over a mixture of Na,SQ, and MgSQ,. Filtration and
removalof solventby rotary evaporatiorgavethe crude
nitrone 7, which containeda trace of pyridine. The last
tracesof pyridine were removedby evacuationof the
residueat 0.1 mmHgfor 7 h, whichleft 128 mg (78%) of

nitrone 7 as a white solid, m.p. 125-127C. *H NMR

(CDCly), 6 8.26and7.53 (AA ‘BB’ quartet,4 H), 7.54
(s,1H),1.617(s,9H), 1.589(s,6 H). **C NMR (CDCly),

6151.2,129.6,129.4,128.8,124.5,72.6,70.6,31.6,28.3.
Exact mass(El), calculatedfor C,4H,/NO, 235.1572,
found 235.1557.

Preparation of nitrone 8. Usingaprocedureanalogouso

that usedin preparationof 7, reaction of 232mg of

m-formylcumyl alcohoP in 2 ml of pyridinewith 355mg
of N-t-butylhydroxylmine hydrochloridegave 293mg
(88%) of crude nitrone 8. Purification of 8 was
accomplishedby chromatographwn silica gel. The pure
nitrone 8 m.p. 88-8%C, elutedwith 90% diethyl ether—
10% hexanes!H NMR (CDCly), § 8.45 (t, J=1.6Hz,

1H), 8.16 (m, 1H), 7.56 (m, 1 H), 7.40(t, J=7.8Hz,

1H), 7.58(s, 1H), 1.80 (br, 1H), 1.620(s, 9 H), 1.609
(s,6 H). ®*C NMR (CDCly), 6 149.3,130.9,130.1,128.4,
127.3,126.4,124.8,72.6,70.8,31.8, 28.4. Exact mass
(El), calculated for Cy4H>NO, 235.1572, found
235.1548 Anal., calculatedfor C,4H5;NO,, 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

J. Phys.Org. Chem.2001;14: 97-102
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procedureanalogousto that usedin preparationof 7,

reaction of 155mg of 3,5-dimethyl-4-fornylcumyl

alcohol (16)*° in 1.5ml of pyridine with 205mg of N-t-

butylhydroxylamne hydrochloridefor 23 h at 50°C gave
the crude nitrone derivative. This nitrone, m.p. 134—
136°C, was purified by slurrying with 6 ml of 30%
diethyletherin hexanesTheyield was140mg (66%).'H

NMR (CDCls, 6§ 7.74 (s, 1H), 7.17 (s, 2H), 2.275
(s,6H), 1.65(br, 1 H), 1.638(s,9 H), 1.550(s, 6 H). **C

NMR (CDCl), 6§ 149.7,137.3,129.6,127.5,123.6,72.4,
70.4, 31.6, 28.4, 20.0. Exact mass(El) calculatedfor

C16H25NO, 263.1885 found 263.1889 Anal. calculated
for C16H25N02, 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 SOCL in

CH.Cl,. In a typical procedure,48.9mg of alcohol 7

[p-CH=N(O)-t-Bu] wasdissolvedin 1.0ml of CH,Cl,

and 32mg of SOC} in a small amountof CH,CI, was
addedat 0°C. The mixture was then stirred at room
temperaturdéor 30 min. The solventwasremovedusinga
rotary evaporatorand the crude residuewas analyzed
directly by NMR spectroscopy*H NMR of 9 (protonated
form) (CDCl), 6 8.499(s,1H), 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). **C

NMR of 9 (protonatedform) (CDCls), 6 154.2,151.3,
134.7,134.4,126.5,72.3,68.4,33.9,27.7.All chlorides
wereall storedin CH,CI, solutionat —20°C andusedas
soonaspossiblefor kinetic studies.

Preparation of p-hydroxymethylbenzaldehyde. A solu-
tion of 5.998g of p-carboxybenzaldelde in 25ml of
methanolcontaining11.02g of trimethyl orthoformate
and six dropsof H,SO, wasrefluxedfor 12h. A slight
excesof 1.0mM NaOCH; in methanolwasthenaddedto
neutralizethe H,SO,. Most of themethanolwasremoved
usingarotary evaporatorTheresiduewastakenup into
diethyl etherand washedwith dilute NaHCO; solution
andsaturatedNaCl solution,anddried over a mixture of
Na,SO, and MgSQ,. After filtration, the solvent was
removedusinga rotary evaporatoto give 7.861g (94%)
of crudep-carbomethoxybeniadehydedimethylacetal.

A solutionof 7.851g of p-carbomethoxybenzaldgtie
dimethylacetalin 10ml of diethyl ether was added
dropwiseto a stirred suspensiorof 1.06g of LiAIH 4 in
25ml of diethyl etherundernitrogen.Upon completion
of theaddition,the mixturewasrefluxedfor anadditional
10min andthena solutionof 4.48ml of 10% NaOH in
water was addedcarefully dropwise. Stirring was con-
tinuedfor anadditional2 h andMgSQO, wasaddedto the
mixture. The mixture was filtered and the salts were
washedhoroughlywith diethyl ether.The ethersolvent
wasremovedusinga rotary evaporatorjeaving,5.792g
(85%) of crudep-hydroxymethylbenzalehydedimethyl-
acetal.

Copyright0 2001JohnWiley & Sons,Ltd.

A solution of 5.683g of p-hydroxymethylbenzde-
hydedimethylacetain 10 ml of THF wasstirredas10ml
of 2% H,SO, in waterwereadded After 3 h the H,SO,
was neutralizedby the addition of solid Na,COs. The
mixture was then taken up into diethyl ether and the
agueousphasewas separated.The ether extract was
washedwith saturatedNaCl solution and dried over a
mixture of Na,SO, and MgSQ,. After filtration, the
solventwas removedusing a rotary evaporatorand the
residuewas chromatographedn 25g of silica gel. The
p-hydroxymethylbenZdehydé® (3.229g; 76%) was
elutedwith 70% diethyl ether—30%hexanes!H NMR
of p-hydroxymethylbenZdehyde (CDCls), § 10.005
(s, 1H), 7.88and 7.53 (AA ‘BB’ quartet,4 H), 4.810
(s, 2H), 2.02 (br, 1H). **C NMR (CDClg), § 192.0,
147.8,135.7,130.1, 127.0, 64.6.

Preparation of mesylate 14. A solution containing
187mgof p-hydroxymethylbenzaldehydé.373mmole)
in 3 ml of pyridinewasstirredas345mg(2.747mmol) of
N-t-butylhydroxylamine hydrochloride were added in
oneportion. The mixturewasstirredatroomtemperature
for 12h andthen mostof the pyridine wasremovedby
distillation at 15 mmHg pressureThe mixture wasthen
takenup into 5ml of CH,CI, andextractedwith 1 ml of
waterandthe CH,Cl, phasewvasdried overMgSQ,. The
mixture was filtered and the solvent was removedby
rotary evaporation.The residualpyridine was removed
by evacuatiorat 0.1 mmHg pressureanda smallamount
diethyl etherwas addedto the solid which formed. The
mixture was cooledin ice and the etherwas carefully
decantedrom 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 the mesylatel4 without further purification.*H NMR
of p-hydroxymethylbenZdehyde N-t-butyl nitrone
(CDCly), 6 8.24and7.37 (AA'BB’ quartet,4 H), 7.537
(s,1H), 4.703(s,2 H), 2.45(br, 1 H), 1.612(s,9 H). 1°C
NMR (CDCly), 6 143.4,130.1,130.0,129.0,126.7,70.8,
64.8,28.3.

A solutionof 86 mg of p-hydroxymethylbenzaldehyde
N-t-butyl nitrone (0.415mmol) and 53mg of mesyl
chloride(0.463mmol) in 1.5ml of CH,Cl, wasstirredat
—15°C as52mg (0.515mmol) of triethylaminein 0.3ml
of CH,Cl, were added dropwise. The mixture was
warmedto 0°C and4 ml of diethyl etherwere addedto
the stirredmixture followed by 3 ml of water. The water
phasewas separate@ndthe organicextractwasrapidly
washedwith dilute HCI solution and saturatedNacCl
solution.The solutionwasdried overMgSQ, andcooled
in a freezerat —20°C. The mesylatel4 (74mg; 63%)
crystallized from the diethyl ether—CHCI, solvent
mixture. The mesylate14, m.p. 102°C (decomp)was
storedat —20°C.*H NMR of 14 (CDCly), 6 8.34and7.47
(AA ‘BB’ quartet,4 H), 7.580(s, 1H), 5.261 (s, 2 H),
2.910(s, 3H), 1.624(s, 9 H). *3°C NMR of 14 (CDCly),
6134.9,132.0,129.1,129.0,128.7,71.3,71.0,38.5,28.3.
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Anal., calculatedfor C,gH;gNO,S, C 54.72,H 6.71;
found,C 55.12,H 7.07%.

Preparation of mesylate 15. The preparatiorof mesylate
15 from m-hydroxymethylbenzalehydé? [from NaBH,
reductionof the mono(dimethylacetaldf isophthalalde-
hydefollowed by hydrolysis]wascompletelyanalogous
to the preparatiorof 14. *H NMR of mrhydroxymethyl-
benzaldehydél-t-butyl nitrone(CDCly), 6 8.48(br, 1 H),
8.05 (m, 1H), 7.572 (s, 1H), 7.43 (m, 2H), 4.737,
(s,2H), 1.85(br, 1 H), 1.622(s,9 H). 3C NMR (CDCly),
6 141.5,131.3,130.2,128.9,128.8,128.4,127.2,71.1,
65.3,28.5.'H NMR of 15 (CDCly), § 8.53(br, 1 H), 8.18
(m, 1H), 7.60 (s, 1H), 7.48 (m, 2H), 5.267 (s, 2 H),
2.964(s, 3H), 1.631(s, 9 H). *C NMR of 15 (CDCly)
6 134.0,131.8,130.5,129.9,129.7,129.2,129.0,71.5,
71.4,38.5,28.5.

Solvolysis of chloride 9 in methanol. Chloride 9 was
preparedasdescribedabovefrom 54 mg of alcohol7 and
33 mg of SOC). After removalof the CH,Cl,, the crude
residuewas dissolvedin 4 ml of methanolcontaining
74mg of 2,6-lutidine. After 1h the methanol was
removedusing a rotary evaporatorand the residuewas
taken up into diethyl ether. The ether extract was
washedwith a small amountof dilute HCI solutionand
saturatedNaCl solutionandthenanddried over MgSQ,.

After solvent removal using a rotary evaporator,the
cruderesiduewaschromatographedn 7.5g of silica gel

and eluted with increasingamountsof diethyl etherin

hexanesThe methyletherproduct,(CHz),CH3;OCCH,-

p-CH=N(O)+-Bu m.p. 112-114C, (38 mg; 66%) was
eluted with 50% diethyl ether in hexanes.'H NMR

(CDCly), 6 8.27(d, J=8.4Hz, 2H), 7.55(s, 1 H), 7.46
(d,J=8.4Hz, 2H), 3.067(s, 3 H), 1.618(s, 9 H), 1.533
(s,6 H). *C NMR (CDCl,), 6 148.2,129.6,129.5,128.7,
125.9,76.7, 70.7, 50.7, 28.3, 27.8. Exact mass (El),

calculatedfor C;5H,3NO, 249.1729,found 249.1722.
Anal., calculatedor C;5H,3NO,, C 72.25,H 9.30;found
C 72.38,H 9.35%.

Kinetic studies. Ratesof solvolysesf chlorides9, 10, 11,
17 and 18 in methanol (2.5x 10~*Mm in 2,6-lutidine)
were monitored by UV spectrophotontey at 245nm
using the previously describedmethod*® A solution of
about 10mg of the appropriatechloride in 1 ml of
anhydroudiethyl etherwas preparedanda 5 pul aliquot
of this solution was injected into a cuvette containing
3ml of 2.5 x 10 *m 2,6-lutidinein methanolat 25.0°C.
This initiated the kinetic run. Absorbancechangesvere
monitoredfor two half-lives andinfinity readingswere
takenafter 10 half-lives. Solvolysesof mesylatesl3, 14
and 15 in trifluoroethanolwere monitoredby *H NMR
spectroscopyusing our previously described kinetic

Copyright0 2001JohnWiley & Sons,Ltd.

method** The mesylateswere dissolvedin a 0.05m
solution of 2,6-lutidinein trifluoroethanolandthe solu-
tionsweresealedn NMR tubeswhich werethenplaced
in aconstant-temperatuteath.At periodictime intervals
the shift of the methyl signal of the 2,6-lutidine was
determinedoy 300MHz NMR spectroscopykirst-order
rateconstantsveredeterminedoy standardeast-squares
methods.All kinetic runs were performedin duplicate
(maximum error +-2%) and the rate constantggiven in
Table1 representiveragevalues.

Computational studies. Ab initio molecular orbital
calculationswere performedusing the Gaussiarf4 and
Gaussiar98 seriesof programs’ Structuresverecharac-
terized as minima via frequency calculations which
showedno negativefrequencies.
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