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ABSTRACT: The Menschutkin reactions of 3,4-methylenedioxybenzyl and 3,4-dimethoxybenzyl bromides and also
p-methoxybenzyl bromide with Y-substituted pyridines were kinetically studied for a range of amine concentration in
acetonitrile. The strongly activated benzyl bromides showed a significant positive intercept in the plot of the pseudo-
first-order rate constants against the concentrations of nucleophiles, while less activated benzyl bromides did not give
such significant intercepts. The rate data for respective substrates were fitted to the dgyati@n+ ko[Nu]. The
first-order rate constarky, is unaffected by the nature of the nucleophile, whereas the second-order rate cégstant,
increased with increasing nucleophilicity. This was ascribed to the simultaneous occurr&qtentiS,2 reactions

without an intermediate mechanism. These results are taken as evidence for the dGqlitaiodS2 mechanismsin

the Menschutkin reaction in the non-solvolyzing solvent acetonitrile. Copyrigd®01 John Wiley & Sons, Ltd.
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INTRODUCTION analysis in terms of the correlation interaction coeffi-
cients, p;, led to the conclusion that the reaction
The solvolytic and nucleophilic substitution reactions of proceeded through th&;2 mechanism in which the
benzylic substrates with nucleophlles have long been atransition state coordinate moved to the tight-loose
target of world-wide studiek® Various sophisticated direction with benzyl Z-substituents and to the early-late
mechanisms other than the classical Ingald andSy2  direction with nucleophile Y-substituent&*2
mechanismswere proposed for displacement reactions  During the course of our continuing studies, we in the
in the so-called borderline ca3€:’ Especially the  IFOC laboratory found the surprising fact in the above
mechanistic transition frongy2 to §y1 in the displace- Menschutkin reaction of benzyl tosylatésthat the
ment reaction has still been the subject of considerablestrongly activated benzyl tosylates showed a significant
controversy. Sneen proposed a unification of3ge and positive intercept in the plot of the pseudo-first-order rate
Su2 mechanisms in which all nucleophilic substitutions constants against the concentrations of nucleophiles,
involve the formation of ion pairS.Bentley and co-  while less activated benzyl tosylates did not give such
workers proposed the concept of continuous spectrum ofsignificant intercepts. This was ascribed to the simulta-
Sv1-Sy2 mechanisms, involving a continuity of solvo- neous and independent occurrence $fl and S 2
lytic mechanisms frongy1, viaS\2 (intermediate), tothe  reactions without an intermediate mechanism in non-
conventionalSy2 mechanisn. solvolyzing solvents. These results led to the conclusion
We have been also involved in the investigations by of the duality of displacement mechanism, B¢l and
means of the substituent effect analysis on the mechan-5,2 mechanisms, in the borderline region.
ism of the Menschutkin reactions of benzylic systems Later, we extended our substituent effect studies on
with various nucleophile&-*°In previous studies on the reaction mechanisms to the Menschutkin reactions of
Menschutkin reaction of Z-substituted benzyl X-benze- substituted benzyl bromides with substituted pyridines
nesulfonates with Y-substitutéd N-dimethylanilines in  and the related nucleophiles in aprotic solvents. Here also
acetone or acetonitrig;%*31% the substituent effect the concurren§y1 mechanism will be the case.

— Y
*Correspondence toM. Fujio, Institute for Fundamental Research of /= Y= 2= Br
Organic Chemistry, Kyushu University, Hakozaki, Fukuoka 812-8581,
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Table 1. Pseudo-first-order rate constants (kops) for the reactions of strongly activated benzyl bromides 1, 2 and 3 with

unsubstituted pyridine in acetonitrile at 50°C?

p-MeO (1) 3,4-(MeO) (2) 4-OCH0-3 (3)

[Nu] (mol 1°%) 10%kops (1) 10%* (Imol s 10%keps (5 ) 10%:* (Imol s ™)  10%keps(s )  10%* (Imol s
0.01 17.01 170.1 20.3 203 13.18 131.8
0.03 48.8 162.6 53.0 176.6 37.2 123.9
0.05 80.2 160.4 84.7 169.4 61.8 123.6
0.10 158.9 158.9 162 161.9 119.7 119.7
0.15 235 156.6 242 161.0 180 120.2
0.20 309 154.6 318 158.8 238 119.1
0.25 383 153.1 396 158.3 296 118.5
0.30 455 151.8 472 157.4 353 117.7
0.35 528 151.0

& k* valueswereevaluatedusing Eqn. (2); ko* = Kopd[NU].

Katritzky and co-workers studied extensively the
substitution reactionsof N-alkyl- and -aralkyl-2,4, 6-
triphenylpyridinum salts with neutral amine nucleo-
philes in non-polarsolvents.They also found that the
substitutionreactionsof the N- (m, p-substitutedbenzyl)
salts with neutral amine nucleophilesin non-polar
solvents occurred by a competition mechanism of
concurrenffirst- andsecond-ordesubstitutionreactions.
Through detaileddiscussionswith ProfessorKatritzky,
the authorsarrived at the common consensusn their
opinion on the generalityof the competitiveoccurrence
of the concurrentSy1 and S§y2 mechanismsOur special
interestwasthereforestrongly focusedon the duality of
displacementechanismsin the borderlineregion.

In the presenstudy,in orderto ascertairthe duality of
Sl and Sy2 mechanismswe undertookprecisekinetic
studieson the reactionsof strongly activated benzyl
bromides1-3 with pyridinesin acetonitrile,basedon a
detailed analysis of the dependenceof rate on the
concentratiorof nucleophiles.

RESULTS AND DISCUSSION

The apparentrate constantsk,,s were determinedunder
the pseudo-first-orderconditions at the concentration
(0.0005m) of substitutedbenzyl bromideswith various
concentration®f Y-substitutedpyridines (0.01-0.3m).

Apparentsecond-orderate constantgk,*) werederived
in the usual mannerby dividing ky,s by nucleophile
concentrations:

Kobs = Kp[NU| (2)

In Table 1 are summarizedhe rate constantgor the
reactiongn acetonitrileat 50°C of p-methoxybenzy(1),
3,4-dimethoxyberyl (2) and piperonyl (3,4-methylene-
dioxybenzyl)(3) bromideswith the nucleophilepyridine
(Y =H). The plots of the pseudo-first-orer rate con-
stants,kops Versusnucleophileconcentrationgor these
substrateareillustratedin Fig. 1, in whichthereseemto
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be detectableon-zeranterceptsat zeroconcentratiorof
the nucleophile.

Apparent second-orderrate constantsk,* are not a
constantof the substratebromide for varying pyridine
concentrationsbut decreasewith increasing pyridine
concentrationto approacha constantvalue at higher
concentrationgsshownin Tables1 and?2.

The apparentrate constantsk,ps for 2 and 3 with a
series of Y-substituted pyridines all exhibit linear
relationsagainstnucleophileconcentrationsvith differ-
ent slopes(k,*) significantly dependingon the nucleo-
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Figure 1. Plots of pseudo-first-order rate constants (kgps) Vs
pyridine concentrations for the reactions of strongly acti-
vated benzyl bromides, 1, 2 and 3, with unsubstituted
pyridine in acetonitrile at 50°C
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Table 2. Pseudo-first-order rate constants (kops) for the reactions of benzyl bromides 2 and 3 with Y-substituted pyridines in

acetonitrile at 50°C?

4-OCH,0-3(3) 3,4-(MeO} (2)
Pyridine Y [Nu] (mol 1% 10%Kops (57 10%* (Imol~*s™%) 10%Kgps (571 10%* (Imol~*s™%)
4-NH, 0.01 164.4 1644 197.6 1976
0.03 478 1593 574 1913
0.05 791 1582 948 1895
0.08 1280 1600 1520 1900
0.10 1590 1590 1900 1900
3-NH, 0.01 51.2 512.1 68.7 687
0.03 149.0 497 197.2 657
0.05 244 487 322 644
0.10 483 483 631 631
0.15 729 486 940 626
0.20 977 489 1250 625
0.25 1210 484 1570 628
0.30 1450 483 1890 630
4-Me 0.01 22.8 228 33.1 331
0.03 65.6 219 88.4 295
0.05 107.4 215 142.5 285
0.10 212 212 277 277
0.15 312 208 413 275
0.20 418 209 548 274
0.25 528 211 682 273
0.30 626 209 822 274
3-Cl 0.01 3.76 37.6 7.77 77.7
0.03 6.49 21.6 12.94 43.1
0.05 9.79 19.6 17.92 35.8
0.10 16.82 16.8 29.8 29.8
0.15 23.9 15.9 41.6 27.8
0.20 30.9 15.5 53.7 26.9
0.25 38.5 15.4 65.4 26.2
0.30 45.9 15.3 77.0 25.7

8 k* valueswereevaluatedusing Eqn. (2); ko* = Kopd [NU].

philicity of Y-substitutedpyridines, i.e. Y: 4-NH, >
3-NH, > 4-Me > H > 3-Cl (Table2).

In Fig. 2, kops Valuesfor 2 are plotted againstthe
concentration®f a seriesof substitutedpyridines. The
kobs VS [Nu] plots are all linear with different slopes
characteristicof Y-pyridines, and all the linear plots
convergeto anidentical positiveinterceptat [Nu] = 0. In
practice,asshownin Fig. 3, theY =3-ClandalsoY =H
runs should give a more accuratek,,s value of the
intercept,becausef distinctly lower slopesof their kgps
vs [Nu] plots.

The slopesof thelinear plots shouldcorrespondo the
second-orderrate constants,k,, for the bimolecular
reactionsof the respectivebromidewith pyridines,and
theinterceptis independenbf the nucleophilesandtheir
concentrationsthat is, zeroth order in the nucleophile
andfirst orderin the substratgbromide).

These kinetic results can be fitted into a kinetic
equationasthe sumof zero-andfirst-ordertermsto the
nucleophileconcentratiorfNul:

Kobs = K1 + kz[NU] (3)

The ko and k; values for the reactionsof benzyl
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bromideswith pyridinesare determinedfrom the slope
andinterceptof the linear plot of k,,s vVersusconcentra-
tion of pyridineswith Egn. (3), asshownin Table 3. In
thelastcolumnin Table3 aregiventhe compositiong%)
of the unimolecularreactionin the overall reactionat
[Y-pyridine] = 0.1 M derivedbasedon Eqn. (3).

In the reactionof lessactivatedbenzyl bromided’ of
which the substituentsZ arelesselectron-donatinghan
p-Me, the reactionwasaccuratelyfirst-orderin pyridine
concentratiorfollowing the second-ordekinetics of the
equation

kobs = kz[NU] (4)

Experimentally, the plots of pseudo-first-orderrate
constant,ps Vs [Nu] werefoundto be preciselylinear
andall to passhroughthe origin within the experimental
uncertainty, as generally observed for typical S$2
displacementreactions.It is thereforeremarkablethat
the stronglyelectron-donatindgpromidesl-3 appearedo
give significant positive interceptsin the kops VS [NU]
plots, suggestinga competitionof unimoleculareaction.
Their k, valuesexhibit a significantdependenceaponthe
nucleophilicity of pyridines and the electron-donating

J. Phys.Org. Chem.2001;14: 123-130
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Figure 2. Plots of pseudo-first-order rate constants (kgps) Vs
nucleophile concentrations for the reactions of 3,4-di-
methoxybenzyl bromide with Y-substituted pyridines in
acetonitrile at 50°C

ability of substituent&. Thefirst-orderrateconstantk;,

remainsa constantirrespectiveof nucleophilesand is

zerothorderin the nucleophile,convergingto the same
interceptat [Nu] =0 asshownin Figs 2 and 3.

In the Menschutkin reactions of relevant benzylic
precursorsassummarizedn Table4, the competitionof
the unimolecularmechanism(Sy1 reaction)appearedo
bemoreimportantin thereactionsof thebenzyltosylates
thanin the correspondingoromides:® and the unimol-
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Figure 3. Dependence of ks on concentrations of 3-chloro-
and unsubstituted pyridines in the Menschutkin reactions of
benzyl bromides, 2 and 3, in acetonitrile at 50°C

ecularmechanisnis evenmoresignificantfor secondary
benzylic systems?® In the caseof 1-phenylethylbro-
mides, the unimoleculark; term was observedfor the
whole rangeof electron-donatingubstituents,” < 0.2

The kinetic Eqn. (3) is compatiblewith the simulta-
neousand competitive occurrenceof independentSyl
and Sy2 processesand the overall reaction can be
depictedby the mechanisticSchemel.

Both the unimolecularand bimolecularrate constants
k: and k, should show different susceptibilitiesto the

Table 3. First-order (k) and second-order (k) rate constants for the reactions of Z-substituted benzyl bromides with Y-pyridines

in acetonitrile at 50°C

Z Y n® R° Slopel0*, (Imol*s ) Intercept,10°%, (s 1) 100k, /(0.1k, + k;)°
4-OCH0-3 (3) 4-NH, 5 0.9999 1587 2.6 0.2
3-NH, 8 0.9999 484 2.6 0.5
4-Me 8 0.9999 208 2.6 1.2
H 8 0.9999 117.4 2.5 2.1
3-Cl 8 0.9999 14.46 2.3 13.8
p-MeO (1) H 9 0.9999 150.4 5.6 3.6
3,4-(MeO} (2) 4-NH, 5 0.9999 1891 6.5 0.3
-NH, 8 0.9999 625 6.4 1.0
4-Me 8 0.9999 272 6.4 2.3
H 8 0.9999 155.7 6.2 3.9
3-Cl 8 0.9999 23.8 5.8 19.5

& The numberof data.
Correlationcoefficient.
¢ Percentreactionby Sy1 routeat [Y-pyridine] = 0.1 M.

Copyright0 2001JohnWiley & Sons,Ltd.
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Table 4. First-order (k;) and second-order (k) rate constants for the Menschutkin reactions of benzylic substrates

Nucleophile Slope, Intercept,
Substrate z Nu? andsolvenf 10%; (Imol~* s™%) 10%k; (s 1) 100ky/(0.1k; 4 kq)©
Benzyl bromide p-MeO" Py, AN 150.4 5.6 3.6
p-MeO® Py, AN 68.8 <2
Benzyltosylate§ p-MeS DMA, AN 137 203 60
p-MeO DMA, AN 33d 1700
1-Phenylethybromides$9 p-MeO Py, AN 282 1660 85
H Py, AN 0.554 0.03 55
1-Phenylethytosylat€*h H Py, AN 4.53 10.8 70
H DMA, AN 7.98 10.7 58

& NucleophilesNu; Py= pyridine; DMA = N, N-dimethylaniline.
Solvent;AN = acetonitrile.

¢ Percentreactionby Sy1 routeat [Y-pyridine] = 0.1 M.

4 At 50°C.

¢ At 35°C.

f Estimatedby meansof the Yukawa-Tsunacorrelationsfor the k; andk; processesiRef. 15.

9 Ref. 16.

Y. TsunoandM. Fujio, unpublishedwork datatakenfrom C. Lim, PhD Dissertation KyushuUniversity, Fukuoka,1998.

benzyl Z-substituentseflectingthe natureof two com-
peting mechanisticprocesseskFor the benzyl Z-substi-
tuent effects, the resonance-enhancestales ™ appears
perhapgo be appropriateThe apparen " valuesfor p-
methoxyand 3,4-methylenedioxygroupswere available
from the solvolysisof 1-phenylethylchlorides,by means
of the Yukawa—Tsunequation?®

l0g(k/ko) = p(o® + rAT) (5)

In the solvolysis of 1-phenylethyl chlorides, the
apparents " valuesat r =1.14 were given as —0.923
for p-MeO and —0.845for 3,4-methylenedioxysubsti-
tuents;the difference (67 — o3) should be constantat
—0.078irrespectiveof minor changesn ther parameter
of the system (Y. Tsuno and M. Fujio, unpublished
work). Thest valueof 3,4-dimethoxysubstituenin the
presensystemappearso be slightly morenegativethan
thevaluefor the p-methoxygroup;this is reasonabldor
the o *-type reactionsin aproticacetonitrilesolution.

Hence the unimolecular reaction of which the
reactivity differenceof log (k1)./(ky)z = 0.40 betweenl

O
W Q
ko[Nu] R 5.*..-53 .
(O)-crar ——| N r e
7 Nut B
z
k1 é\
K S
N3
Nz
£ -
@CHZ Br
V4
Scheme 1
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and3 givesap " valueof ca.—5, for thedifference—0.08

in ¢* for 1 and3. On the otherhand,the corresponding
reactivity difference log (k»)1/(ko)z~ 0.1 for this ¢*

rangegivesasmallp™ of —1 andalsoa lower p valueof

—0.5 for electron-withdrawingsubstituentsfrom pre-

viously reporteddata®’

The p* value of —5 for the unimolecularreactionis
comparableto those for typical Sy1 solvolyses of
benzylic substratesThe curved ¢ plot with smaller
varying p™ for the bimolecularreactionis characteristic
of the §2 mechanism, involving the tight-loose
coordinateshift of thetransitionstatewith Z-substituents.

The ionizing power of the solvent will render it
possibleto distinguishbetweertheunimolecularSyl and
the bimolecularSy2 mechanismsThe apparent,,s for
3,4-dimethoxybenzybromide(2) with pyridineincreases
with increasingcontentof TFEin therange0—-5%(v/v) in
binaryacetonitrile—2,2,2-tfluoroethanol TFE) mixtures
at50°C (Tableb). In Fig. 4, the plot of log Kops VS [NU]
for 2 in neatacetonitrile solution movesupwardsin a

Table 5. Pseudo-first-order rate constants (kops) for the
reactions of 3,4-dimethoxybenzyl bromide with pyridine in
TFE—acetonitrile mixtures at 50°C

10%ond( )

[Pyridine] (mol 171 2% (viv) TFE 5% (viv) TFE
0.01 30.0 54.6
0.03 63.1 89.8
0.05 93.8 120.6
0.10 173.7 197.5
0.15 253 279
0.20 328 357
0.25 405 434
0.30 485 511
10k, (s 16.1 41.4

10%, (I mol ts™) 156.2 157.1

J. Phys.Org. Chem.2001;14: 123-130
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Figure 4. Plots of pseudo-first-order rate constants (kgps) Vs
nucleophile concentrations for the reactions of 3,4-di-
methoxybenzyl bromide with pyridine in TFE-acetonitrile
mixtures at 50°C

parallelmannerwith increasingTFE contentin solvent;
the increasingTFE content brings about higher inter-
cepts,i.e. enhancedk; values,without a changein the
slopeof theplot, i.e. nochangen k,. Theseresultsimply
that the unimolecular processshould have a highly
carbocationidransitionstate(mostplausibly referredto
as an Sy1 mechanism)but the bimolecular processan
essentially neutral or unchargedtransition state (Sy2
mechanism)Essentiallythe samesolventeffecthasbeen
obsztirvedn the reactionof 1-phenylethylarenesulfona-
tes:

The Sy1 mechanisntanbeevidencedy thedetection
of the return (k_1) processrom the intermediateto the
reactantln the Menschutkinreactionof benzyltosylate,
the %0 scramblingof the alkoxy oxygen within the
sulfonyl-Olabeledtosylates-S0), wasdetectedwith or
without N,N-dimethylanilinesin acetonitrile?® These
findings provide strong supportfor the concurrentk;
ionizationprocessof an §y1 mechanism.

We have taken the presentresults as convincing
evidencdor theoccurrencef simultaneou$§y1 andSy2
mechanismsut againstthe mechanismwith a single
processinvolving either a common intermediateor a
transition state, in the reaction of activated benzyl
bromideswith amines.

For the so-called Sy1 mechanism, the apparent

Copyright0 2001JohnWiley & Sons,Ltd.

reactionrate constantks 1~ canbe expressedby
Ksy1+ = kikp[Nu]/(k_1 + k5[Nu]) (6)

Hence whenks [Nu] > k_1, Eqn.(6) shouldbereduced
to the simple unimolecularrate equation,whereaseqn.
(6) correspondgo the bimolecularrate equation[Eqgn.
(4)] whenk_4 > k5 [Nu]. This constituteshebasisof the
Sneenunified ion-pair mergedmechanisrfi of nucleo-
philic substitution. Neverthelesswhereasthis merged
mechanismmay describe either the Sy1 or the §2
mechanismin terms of whether k_; < k5 [Nu] or
k_1 > k5 [Nu], it doesnot interpretthe concurrentSyl
and Sy2 mechanismsi.e. Egn. (3).

The presentresultsare not compatiblewith the Sneen
merged mechanisnf, and the simplest schemeof the
whole reactionshouldbe describedby Eqn. (3) or Eqgn.
(7) with k_; < k5 [Nu]:

Kobs = K1 + kz[NU}
= kik5[NU]/(k_1 + K5[NU]) + ko[NU]  (7)

Both termsare exactly referredto the classicalSy1 and
Sv2 mechanismsy the Ingold definition! We believe
that the results provide evidence for the duality of
mechanismatleastfor highly activatedoenzylbromides
evenin thepresencef agoodnucleophilen acetonitrile.
However,if k_; > k5 [Nu], the Sy1 mechanisndoesnot
competewith the §2 mechanismfrom this simplest
Schemel.

According to the Winstein ion-pair scheme(Scheme
2),2 when k_; > k5 [Nu], the Sy1 mechanismshould
operateat the secondcarbocation(or the final ion pair)
intermediate,of which the foregoing transition stateis
essentiallyrate determining. Provided k_c < k, [Nu],
kobs Canbe given by a kinetic equation:

Kobs ~ (kz + Klk/z)[NU] 4+ K1ke (8)

where K; =ki/k_;. The form of the equationdoesnot
dependon the number of intervening ion-pair inter-
mediatesthetermK;k5 [Nu] maybereplacedy thesum
of terms[Nu]X(Kks);. Thusthe S§1 and Sy2 mechan-
isms remain distinct from their molecularity (or the
kinetic order)in the presentreaction.

The Bentley-Schleyerconceptof a continuousspec-
trum of Sy1-Sy2 mechanismSinvolves the Sy2 (inter-

k K
L~ (R*+Br) —=

R-Br (R*)«(Br)
k.4 ke
ko \ Nu kg-\ Nu Kn J Nu
R—-Nu*Br~ R—Nu*Br~ R-Nu*Br~
Scheme 2
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mediate) mechanismgiven by the term K;k5 [Nu] in
Egn. (8), which may correspondto the Snheen 2
mechanismWhereaswve seea continuousseriesof Sy2
mechanismsof varying tightnessfor the bimolecular
process on changing the Z substituents,the $2
(intermediate)shouldbe the loosest(most dissociative)
limit of the Sy2 transition state. Nevertheless,this
mechanismis still discernible from the unimolecular
ionization mechanismeventhoughit closelyresembles
in structurethetransitionstateof the Sy1 mechanisnt>©

Katritzky and co-workers’amine exchangeof benzyl-
2,4,6-triphenylpyridiniumon is virtually anidentity reac-
tion, whichis conceivablyanideal systemto be described
by a continuousspectrumof Sy2 mechanismf varying
tightness. The competitionof the unimolecularreaction
mustbe highly enhancedThe bulky leavinggroupshould
enhancethe dissociationbut retard the §2 reaction by
steric hindranceto the approachinghucleophile.In addi-
tion, the aprotic solventshouldbe favorablefor the S2
mechanisnbut not unfavorablefor the Sy1 mechanisnof
the positively charged(or almostneutral)leaving groups.
Neverthelesgheduality of S§y1-Sy2 mechanismss in fact
independenof the different naturesof the leavinggroups.
Furthermore the reactionsof p-methoxybenzylbromide
(1) with pyridines or with thioureain agueousacetone
solutionwere alsofound to proceedby simultaneousS,1
and Sy2 mechanismg® The simultaneousoccurrenceof
independentSy1 and Sy2 mechanismss believedto be
fairly generalandnot specificto the presentMenschutkin
systemin aproticsolvents.

Finally, the nature of the Menschutkinreactionas a
typical bimolecularmechanisncan also be most clearly
demonstratethy the substitueneffectsof nucleopliles by
meanf the Brgnsted-typer the Hammett-typeaelation-
ships**Thep, valuesin thelog k, vs o, relationship® for
thenucleophilesubstitueneffectsof thesebromides? and
3 (in Tables1 and 2) are —1.85 and —1.98. Thesep,
valuesreferto the Brgnstedtype f values,0.25and0.27.
The magntudes of these p, and f values are very
compatiblewith the bimolecularprocessof the dissocia-
tive Sy2 mechanisnt! Detailed discussionon this point
will be reported,including full data for electron-with-
drawing Z-benzylsubstratesin separatgapers.

EXPERIMENTAL

Materials. Purificationof acetonitrilehasbeendescribed
previously*>*’Pyridinesarecommerciallyavailableand
were further purified by distillation or recrystallization
before use. Benzyl bromideswere preparedfrom the
correspondingbenzyl alcohols commercially available
by brominationwith hydrobromicacid.

Thetypical methodfor preparingpiperonylbromideis
asfollows: HBr gasin 47%HBr solutionwasaddedusing
aconnectedjlasstubeto 10 ml of anethereakolutionof
piperonylalcohol(0.015mol, 2.28g), with stirring below

Copyright 2001JohnWiley & Sons,Ltd.

0°C for severalhours.The productwas extractedwith
diethyl ether, washedtwice, treatedwith 10% K,COs
solution and then distilled underreducedpressureThe
crudepiperonylbromidewaspurifiedby recrystallization
from diethyl ether-hexanem.p. 48°C (lit.?* 49°C); *H
NMR (CDClg), 6§ 4.71 (s, 2H, CH,), 6.13 (s, 2H,
—OCH,0—), 6.90-7.24 (m, 3H, aromatic). p-MeO
derivative; liquid; *H NMR (CDCl), 6 3.79 (s, 3H,
CH30), 4.61(s, 2H, CH,), 6.83-7.49m, 4H, aromatic).
3,4-(MeO) derivative; m.p. 39-41°C; H NMR
(CDClg), 6 4.04 (s, 6H, (CH30)y,), 4.62 (s, 2H, CH,),
7.14-7.48m, 3H, aromatic).

Kinetic measurements. Thereactionratesof substituted
benzyl bromideswith pyridine in acetonitrile at 50°C
were measuredusing a conductimetric method® by
following the conductancechangesof the quaternary
pyridinium saltsformedin the reactionasshownin Eqgn.
(2).

All kinetic runs were carried out underthe pseudo-
first-orderconditionswith initial concentrationsf 0.01—
0.30M™ pyridine, which are 20—600timeslargerthanthe
initial concentration(0.0005Mm) of the substratebenzyl
bromides.

The second-andfirst-orderrate constants, andk; in
Eqgn.(3) weredeterminedy theleast- squaresnethodas
the slopeand interceptof the plot of pseudo-first-order
rate constantsky,s VS [Nu]; correlation coefficientsR
>0.9999.
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