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ABSTRACT: The reaction betweenutbis(2-bromopyridinium)alkanes (with 3, 4, 5, 6 and 8 methylene groups) with
azide ions was examined to investigate the effects of charge proximity between the aromatic rings upon réctivity.
and *C NMR spectra show the formation of a half-reacted intermediate having bromopyridinium and
azidepyridinium extremities. Activation parameters for the reaction, ionic strength and solvent effects were
investigated. An increase in reactivity was found with decrease in the methylenic chain length for both reactant and
intermediate. The results are rationalized by the favorable formation of sandwich-type complexes between the
pyridinium rings and the azide for the compounds with shorter methylenic spacers. Copyd§89 John Wiley &

Sons, Ltd.
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INTRODUCTION homologous bis-positive dimers containing two reactive
groups linked by methylene spacers of different lengths,
N-Alkyl-4-cyanopyridinium ions (RPCN) undergo alka- 1 w-bis(2-bromopyridinium)alkanes (RPBr) [with R pro-
line hydrolysis to produce the correspondiNealkyl-4- pane (), butane (), pentane I{l ), hexane V) and
pyridone (P) andN-alkyl-4-carbamidopyridinium (A}. octane V)] were investigated.The reaction kinetics of
Both reaction rate constants and product composition (P/I-V (OH~ excess) fitted a two consecutive first-order
A) are dependent upon the medium, with the unchargedprocess, corresponding to a fast initial attack leading to
product (P) being favored in lower polarity media. The the half-reacted product, the 1-(2-pyridone)-3-(bromo-
pH profile in aqueous solutions demonstrates that pyridinium)alkane bromide, followed by the eightfold
composition ratios (P/A) and reaction rate constants slower formation of the respective uncharged bis(2-
increase with increasing [OH.? For homologous RPCN pyridone). On the basis of the reactivity order of the first
compounds with R varying from methyl to dodecyl, step ( > 1l > Il >IV >V) and the invariant nature of
reaction rate constants (excess of QHre independent the slow step, a through-space charge effect was
of [RPCN] up to 1x 10 *mol I"* substrate. However, postulated, originating from the stability of the initial
the hydrolysis reaction of théN-hexadecyl/derivative  charge-transfer complex between the nucleophile and the
(HCP), a surfactant monomer, showed increased ratebis-charged reactant.
constants and P/A ratios with [HCP] concentrations up to  In order to investigate further the charge effect, it was
three orders of magnitude lower than its critical micelle of interest to study a simpler reaction, which experienced
concentratiorf. These data were interpreted in terms of no net charge change. Thus, the reactiohahethyl-2-
increased reactivity and preference for O#ttack at the  bromopyridinium (MBrP) with sodium azide (NaN
4-position of the pyridinium ring of HCP small produced the correspondifgmethyl-2-azidepyridinium
premicellar aggregates such as dimers and trimers whoséromide by nucleophile substitution at C-The present
existence was shown by kinetic, conductivity and work, involving kinetic studies of the reaction ofsN
fluorimetric determination$=> with RPBr (-V), was undertaken in order to compare the
To model the increased reactivity of a pre-micellar effects of the spacer length between the pyridinium rings
aggregate, the alkaline hydrolysis reaction of a series ofon reaction rates.
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hexane (IV) and octane (V)] were synthesizedas
describedpreviously and characterizedby UV-VIS,
'H NMR and**C NMR (normaland DPT-135)spectro-
scopy. The final productsof the reactionof RPBr with
excesN;~ (reactionin D,O) werecharacterizedy UV—
VIS, 'H NMR and **C NMR (normal, DPT-135 and
HETCOR) spectroscopyReaction intermediateswere
obtainedby conductingthereactionunderstoichiometric
conditionsof RPBr(0.058mmol)with N3~ (0.058mmol)
in 0.6ml of D,O. Unfortunately,the reactionmixtures
were contaminatedwith unreactedreagentand final
productand further purification was not possible.How-
ever,*H and**C NMR spectrdor theintermediates, |1
andlll wereobtainedandproperlyassignedTablel).
Kinetic assayswere conductedunder pseudo-first-
orderconditions(exces®f N3 ) andwererecordedising
a BeckmanDU-70 UV-VIS spectrophotonter follow-
ing eitherconsumptionof the reactantg277 nm) or the
appearanceof products (294 nm). All runs were
performedat 30.0°C, exceptfor the activationparameter
measurementsyhich were obtained by determining
observedrate constants(ky,9 from 10.0 to 60.0°C.
Aqueous stock solutions of NaN; and RPBr were
preparedwith deionized, distilled and boiled under
nitrogen-purgedwater. Stock solutions were storedin
the dark. The kyps Valueswere calculatedusing a single
exponentialequation. The order of the reactionswas
determinecusing[NaNg] in therange0.10-1.0amol | ~*
andtheionic strength(i = 1.00mol I ~%) wasmaintained
with KCI. Specific salt effects were investigatedwith
KCI, KBr and KI. For the study of the ionic strength
effect, KCI concentrationsvere varied between0.00to
1.30mol 1! and NaN; concentrationswere fixed at
0.75mol . Dielectric constanteffects were investi-
gatedusingvarying amountsof 1,4-dioxanen water.

RESULTS AND DISCUSSION

The aim of this work was to investigatethe effect of
chargeproximity on the reactivity of substratesvith two
equivalentreactioncentersFor this purposethereaction
depictedn Schemel wasselectedvherethetransforma-
tion of the RPBrsinto the half-reactedproduct (inter-
mediate) and final product occursin two consecutive
steps. Evidence for the validity of this mechanistic
proposalwill be presentedelow.

Tablel summarizeshe NMR datafor the compounds
depictedin Schemel. In this tableandin the following
discussiongdataarearrangedaccordingto the compound
name (number) that is the starting material (denoted
Reag),final material (denotedProd) or reactioninter-
mediatespecieqdenotedVixt-Reagand Mixt-Prod).

The proton NMR spectrafor the RPBrs (Reag)are
similar (Table 1). In Schemel, hydrogenand carbon
atoms are numberedin order to identify their assign-
ments.The peakattribution startingfrom low field is as

Copyright0 1999JohnWiley & Sons,Ltd.

follows: (i) theH-6 chemicalshift appearg&sadoubletat
~9.1; (i) H-4 andH-3 (superimposedppearsdoublets
at~8.4; (iii) H-5 appearsasamultipletat ~8.1; (iv) H-7
andothermethylenicprotonswherethefirst to appeaiis
that from the vicinal C—H groupto the N atom appear
below ~5.0. These attributions are based on the
following arguments(i) H-6 suffersa strongdeshielding
effectby thevicinal N™ centerj(ii) H-4 is alsoaffectedby
theN™ groupsincein theresonanstructureghe positive
charge can be located at C-4; (ii) H-3 and H-5 are
influenced by the ‘+M’ effect of the bromine group
where,for the caseof H-3, the' —I' effectof thebromine
atomactsin anoppositedirectionandthereforethe H-5
signalis more shieldedthanthat of H-3; and(iv) in the
methylenicchainthe orderof chemicalshiftscorresponds
to the distancefrom the N* atom, thus H-7 is more
deshieldedand the remaining protons signals appear
subsequentlyTheseassignmentsre in agreementvith
thesereportedfor 1H-pyridinium® and for N-methyl-2-
bromopyridinium?

Theassignmenof the RPBr'3C NMR spectraollows
theorderfoundfor the*H NMR spectraThusC-6andC-
4 arethe moredeshieldegeaks(Table 1). Subsequently
the signal at ~141 ppm appearsdue to C-2 which is
affectedby the vicinal brominegroup [DPT-135NMR
(not shown) suppressesthis peak, confirming this
attribution]. C-3 and C-5 arethe next signalsandfinally
the methyleniccarbonsappearin the sameorder as for
the correspondingH signals.

The NMR datafor the final products,Prod(Table 1),
also show similar peaksfor the derivativesstudiedand
follow the sametrend as above.The H-6 protonis the
most deshieldeddue to its proximity to the N™ atom.
Thenthe H-4 peakappearsincethe azidegroupexertsa
mesomeriaonoreffectwhichin turnshieldsH-3 andH-
5 atoms, yielding smaller chemical shifts. Next the
methylenicprotonssignalsareseen.Thesesignalsmatch
the attributionsby BuntonandCvencd for N-methyl-2-
azidepyridiniumbromide. The **C NMR data for the
final product show that azide substitutionleadsto a
deshieldingeffect of ~13ppm on C-2 and shielding of
~16 ppm on C-3 and of ~5ppm on C-5, C-6 and C-7
atoms,with little effectontheremainingcarbonsFor C-
2 theattributionwasconfirmedby DPT-135analysig(not
shown). The correlationsbetweenprotonsand carbons
were confirmed by HETCOR and COSY spectra(not
presented)Furthermorespectraintegrationfor reagents
andfinal productsagreedwith the assignmentsnade.

In the caseof the intermediatereactionspecieswe
wereunableto purify themoncetheywerecontaminated
with initial andfinal productmaterials(as mentionedin
the Experimentakection).For clarity, NMR datafor the
intermediatesin Table 1 were purposely arrangedas
‘Mixt-Reag’ and ‘Mixt-Prod’ in order to show their
relationshipwith the signals of pure reagentor pure
product,i.e. for agivenRPBr, Mixt-ReagandMixt-Prod
belong to the same spectrum; data are presentedin
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Table 1. "H NMR and '*C NMR data (8, ppm) for substrates I, I, lll and V, the corresponding final products and intermediate
reaction mixtures®

H-3 H-4 H-5 H-6 H-7 H-8 H-9 H-10
Compound C-2 C-3 C-4 C-5 C-6 C-7 C-8 C-9 C-10
| Reag 8.44.d 8.44,d 8.11,m 9.13,d 5.07,t 2.80,m
141.79 138.12 150.13 130.61 150.76 62.03 31.87
| Prod 7.99,d 8.55,t 7.73t 8.67,d 4.69 2.63,9
155.00 122.23 150.16 125.60 146.94 56.27 31.45
I Mixt 8.44 8.44 8.12 9.14 5.05 2.80
Reag 141.75 138.15 150.11 130.64 150.79 62.44 31.90
141.64 138.12 150.07 130.59 150.75 62.06 31.60
| Mixt 8.00 8.52 7.73 8.69 4.72 2.70
Prod 154.98 122.26 150.22 125.57 146.92 56.17 31.35
154.72 122.22 150.17 125.51 146.88 55.82
Il Reag 8.42,d 8.42,d 8.08,m 9.04,d 494t 2.24,m
141.34 137.94 149.63 130.29 150.48 64.96 28.64
Il Prod 7.95d 8.48,t 7.68,t 8.58,d 4.56,m 2.07,m
154.77 121.96 149.67 125.28 146.79 58.84 28.55
Il Mixt 8.41 8.41 8.08 9.03 4.91 2.24
Reag 2.16
141.34 137.91 149.57 130.21 150.46 65.06 28.81
64.96 28.29
Il Mixt 7.97 8.48 7.68 8.60 4.58 2.07
Prod 154.70 121.96 149.64 125.22 146.73 58.69 28.44
58.60 28.29
1l 8.38,d 8.38,d 8.06,m 9.01,d 483t 2.12,q 1.63,q9
Reag 141.32 137.91 149.46 130.26 150.51 65.68 31.54 25.07
[l Prod 7.94d 8.48,t 7.68,t 8.58,d 451t 2.03,q9 1.50,q9
154.57 121.84 149.40 125.12 146.73 59.31 31.10 25.21
[ Mixt 8.40 8.40 8.07 9.03 4.85 2.13 1.58
Reag 141.26 137.83 149.46 130.18 150.43 65.65 31.49 25.04
25.12
I Mixt 7.96 8.48 7.68 8.60 4.52 2.05
Prod 154.62 121.94 149.37 125.15 146.77 59.28 31.10 25.21
V Reag 8.38,d 8.38,d 8.06,t 9.02,d 4.80 2.03,q9 1.43,s 1.43;s
141.16 137.76 149.17 130.06 150.40 66.19 31.93 30.75 28.00
V Prod 7.93,d 8.48,t 7.68,t 8.58,d 4,49t 1.95,m 1.40,s 1.40,s
154.53 121.87 149.28 125.12 146.80 59.87 31.64 30.84 28.20
V Mixt 8.40 8.40 8.07 9.04 4.82 2.05 1.46 1.46
Reag 141.11 137.68 149.09 130.00 150.34 66.12 31.86 30.67 27.94
V Mixt 7.96 8.48 7.68 8.60 4.49 1.96 1.41 1.41
Prod 154.42 121.82 149.19 124.98 146.71 59.70 3151 30.72 28.06

2 Solvent,D,0; reference TMS.
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different rows only to emphasizetheir similarity with
non-reactedor fully reactedpyridinium moieties. For
example, C-2 data for | show a reagent peak at
141.79ppm anda productpeakat 155.00ppm, whereas
in the spectrunfor the mixture four peakswvereobserved
at 141.75,141.64,154.98 and 154.72ppm (Table 1).
Thesetransitionscorrespondto the reagentand inter-
mediatehaving a similarity with the reagent(peaksat
141.75and 141.64ppm) andthe productand part of the
intermediatesimilar to the product(peaksat 154.98and
154.72ppm). Although it is tempting to correlatethe
closestbandto that of the purespeciessuchassignment
would beincorrectsincethereis no exacttheorycapable
of predicting where the split signal should appear.
Moreover, since the amount of reagentand product
contaminatiorin the mixture (intermediate)at this stage
are unknownit would be worthlessto conductfurther
analysison thesedata.However,*H NMR and**C NMR
spectraof the mixtureexhibit split signalsmatchingthose
of thereactan{two 2-bromopyridiniumheadsyandof the
final product(two 2-azidepyridiniummoieties).

For the reactionof Ill, *H NMR signals from the
central protons (H-9) of the reagentand final product
appearedat 1.63 and 1.50ppm, respectively;for the
mixture, a multiplet is observedat 1.58ppm (Table 1).
These peaks could be simply a coalescenceof the
reactantand final productsignals.However,in the 3C
spectrunof the mixturethe signaldueto C-9 presentsan
additional peak at 25.12ppm, besidesthose of the
reactant(25.04ppm) and product (25.21ppm) (Table
1). This signalis assignedo the intermediatelt should
be noted that for bridged compoundsthe loss of
symmetryin the molecule leadsto the appearancef
one peakfor the centralC atomfor linkers with an odd
numberof atomsand two peaksfor linkers having an
evennumberof carbongtwo centralcarbons)-°** Thus,
in a mixture having reactant,final product and inter-
mediatethe spectrdor thesecentralcarbonswill contain
three peaksfor odd linkers and four peaksfor even
linkers. This effect will be more evidentin compounds
havingshorterspacerssincethe rotationalstresswill be
larger.

For compoundll the H-6 doubletpeakat 9.04ppm
shows a well resolved additional duplication in the
mixture. The otherpeaksof the reagentand productare
broadenedwith less evident duplication. In effect,
assignmenbf the complexspectrumof the mixture was
difficult to rationalize. However, the H-8 bandin the
mixture shows besideghereagenipeakat 2.24ppmand
thatdueto the productat 2.07ppm, a multiplet signalat
2.16ppm attributed to the intermediate. The carbon
spectrumof the mixture once again showsreagentand
productsignalsbut C-7 andC-8 peaksareduplicatedwith
a 0.1 and0.2ppm difference,respectively(Table 1). In
comparisonfor the single centralcarbonin the mixture
from Il , the spectrumshoweda triplicate peakderiving
from the reagentproductandintermediate.

Copyright0 1999JohnWiley & Sons,Ltd.
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Figure 1. Successive UV-VIS spectra for reaction of
compound | with azide ions. [N37]=1.00moll~, [l]=
2.2 x 10> moll~", T=30.0°C, time range = 20 s. Note the
isosbestic point at 281 nm

Following the same pattern, for | the doublet
transitionsat 9.13 (H-6) and 8.44ppm (H-3 and H-4)
areduplicatedin the mixture.Again, the productdoublet
peaksat8.67(H-6) and7.99ppm(H-3) appeaduplicated
in the spectrumof the mixture. The peaksof the aromatic
carbonsof the mixture from | are duplicatedcompared
with the reagentor product.Shiftsin the signal position
weregenerallysmall (~0.05ppm) with the exceptionof
C-2, where shifts of 0.11 and 0.26ppm relative to the
reagentand final product, respectively,were observed
(Table 1). The signalsof the aliphatic carbonC-7 for
reagentand product were duplicated in the mixture
(0.4ppmdifference) whereador the centralcarbonC-8,
which as for the mixture derived from Il , were
triplicated (0.3ppm difference). This duplication of
signals and the extra peak in the caseof C-8 again
stronglysuggesthe presencef the intermediatespecies
in the mixture.

The *H and *C NMR spectraof the mixture for the
reactionof V with azide exhibited peaksidentical with
the reagentandfinal product,not allowing characteriza-
tion of theintermediatespeciesThis canbe rationalized
by consideringthe long distancebetweenthe aromatic
rings,which diminishesanyeffectsfrom symmetrybreak
in the intermediatedueto the conformationafreedom.

Having qualitatively establishedhe occurrenceof an
intermediate speciesresembling a half reactant—half
productcompound,the next objectiveis to unravelthe
kinetic natureof thereaction.N5~ substitutionon RPBrs
canbereadily monitoredby following eitherthereactant
consumptiorby theabsorbancdecreasat277nmorthe
productformation, seenas an increasein absorptionat
294nm. This behavioris shownin Fig. 1 for thereaction
of | with N3, wherea singleisosbestigointat 281nm
canbe observedFor compoundV the time dependence
of theabsorbancehangeat 294nm (or 277 nm) fitted to
a simplefirst-orderprocesswith a correlationcoefficient
(r) of 0.99999Interestingly thepresencef anisosbestic
point andthefit to a first-orderequationusuallyindicate
only two species(no intermediatesformed during the
reaction).However,for the shorterRPBrsthe quality of
fit (basedon r values)diminishes,suggestinga slight

J. Phys.Org. Chem.12, 837—-842(1999)
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Figure 2. Mathematical treatment of the first-order equation
for the reaction of | with azide ions. Absorbance at 294 nm.
IN57]=1.00mol I”!, [I1=2.2x 10> moll~!, T=30.0°C.
r=0.998. Line, theoretical curve; [J, experimental points

deviation of the exponentiallaw, as for compoundl
wherer =0.998 (Fig. 2). Thesedeviationssuggestthe
presencef two kinetically distinguishableeactionsteps,
i.e. intermediateformation, in accordancewith NMR
results.Consideringhowever thatthereis no netcharge
variationin the reaction,the secondstepshouldpresent
aboutthe samereactivity astheinitial one.Thusthe two
consecutiveeactionstepsshouldnot be differentiatedas
in the caseof the alkaline reaction® where the mono-
positive intermediatehas about an eightfold decreased
reactivity becausef its lower charge.

The overall observedrate constants(k,,9 for azide
substitutioron RPBrsarecollectedin Table2. Clearly,at
a given azideconcentratiorandfixed ionic strength the
reactionorderis | > 1l > ll >1V >V. For |, kyps iS
aboutdoublethatfor I, which in turn is about2—3-fold
fasterthanthosefor theremainingcompoundsSlopesof
log kops Versuslog [N37] plots (not shown) were
0.94+ 0.03,indicatingthe sametype of reactionfor the
RPBrsinvestigated.Increasedreactivitiesfor the com-
poundshaving shortermethylenespacersare in agree-
mentwith that found in pre-micellaraggregatesor in
RPBralkaline hydrolysis?

Theeffectof ionic strength(it) onthereactionof | and
V with azideis summarizedin Table 3. The expected

Table 2. Observed rate constants (k) for azide substitution
on RPBr?

kobs (min_l)

[NaNs]

(mol I | I i \Y, \Y;
1.00 1413 0523 0.258  0.203 0.153
0.90 1.383 0.434 0.253 0.176 0.135
0.80 1.361 0429 0.226 0.165 0.126
0.70 1.089  0.407 0.207 0.146 0.108
0.60 0.843 0.305 0.163 0.129 0.093
0.50 0.816 0.287 0.140 0.105 0.079
0.40 0590 0.216 0.109 0.084 0.067
0.30 0478 0.166  0.099  0.073 0.053
0.20 0.386 0.119 0.065 0.047 0.036
0.10 0.160 0.062 0.033  0.026 0.020

NaNz] =0.10 —-1.00mol 1™, p=1.00mol ™ K addition),
a ]=0.10 00mol 1 00moll~! (KCI addition)
T=30.0°C.
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Table 3. Effect of ionic strength () on kops for compounds |
and V with variable [KCI]?

[KC|] kobs (minil)
(mol 171 n [ \Y
0.00 0.75 1.229 0.127
0.10 0.85 1.289 0.138
0.25 1.00 1.139 0.136
0.30 1.05 0.920 0.096
0.50 1.25 0.914 0.086
0.70 1.45 0.895 0.100
0.90 1.65 0.843 0.096
1.10 1.85 0.821 0.095
1.30 2.05 0.770 0.091

@[NaNg] =0.75mol |, T=30.0°C.

decreasén kypswith increasean p for areactionbetween
oppositelychargedreactantsis observed.The effect is
slightly morepronouncedor |, wherethe chargedensity
is higher.

Thespecificsalteffectsarepresentedh Table4 for the
reactionsof | andV. Theinhibitory effectis KCI < KBr
<KiI, following the usual liotropic series*? The larger
inhibitory effect observedfor iodide is assignedo the
higher polarizability, implying the presenceof stronger
short-ranganteractionswith the pyridinium rings. This
effect correlates with the charge transfer complex
formation betweenpyridinium andiodide ions**

From the temperaturedependencen the reactionof
azideion with compoundd andV, straight Arrhenius
plots were obtained (not shown) and the calculated
activation parametersare presentedin Table 5. For
comparisonyaluesobtainedfor the alkaline hydrolysis
of compound 1,° of N-methyl-2-bronopyridinium
(MBrP).° of N-methyl-4-cyanopyridinium(MPC)** and
of 1,3-bis(4-cyanopyridimm)propane(CPP}* are in-
cluded. The hydrolysis reaction of MBrP and MPC
(monochargedpccursin one stepwhereador the other
two the reaction (bis-positivereagent)occursin a fast
initial step followed by slow decompositionof the
intermediate (monocharged species) into the final
products.It canbe observedhatthe reactionsinvolving
doublychargedspeciepreseniAS* around—12to —14
cal mol™* K~* whereagor the monochargedpecieshe

Table 4. kOPS obtained for compounds | and V in NaNs

(0.75 mol I7") and halides at 30.0°C
P
Concentration Kobs (Min”7)
Salt (mol 17h) I \Y;
KCI 0.25 1.139 0.137
1,00 0.788 0.098
KBr 0.25 0.962 0.113
1,00 0.692 0.086
Kl 0.25 0.973 0.103
1,00 0.618 0.070

J. Phys.Org. Chem.12, 837—-842(1999)
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Table 5. Activation energy (E,°*) and entropy (AS°) for
reaction of  and V with N5~ and of MBrP, I, V, MPC and CPP
with OH™

Reaction E.* kcalmol™) AS™ (calmol t K1)
MBrP—OH 2 15.75 -8.33
I—OH® (fast) 12.47 —-13.38
I—OH ™ (slow) 15.37 -8.14
MPC—OH® 14.89 -9.63
CPP-OH® (fast) 12.52 —12.14
CPP—OH® (slow) 14.48 -8.96
I-N3~ 16.99 —14.05
VN3~ 18.63 —-13.42

@ Datafrom Ref. 9.
b Datafrom Ref. 6.
¢ Datafrom Ref. 14.

AS* valuesare around—8 to —10 cal mol™* K™t (1
cal=4.184J).Furthermorethesevaluescontrastwith the
positive AS* valuesfoundfor a pureelectrostatiariven
process?> This unfavorableactivation entropy for the
doubly charged compoundsis compensatedby the
activation energy of the processwhen comparedwith
the monochargeddifferenceof 2—3kcalmol ™).

In orderto investigatesolventeffectson the reaction,
dioxane—watemixtures were employed(Table 6). As
expected reactionrate enhancemenis observedfor a
reactionbetweenoppositelychargedions with decrease
in thedielectricconstanbf themedium.Interestingly the
increasen therateconstant®n goingfrom purewaterto
35% dioxane are ~40-fold for V and ~15-fold for I.
Again, this result suggestghat the reactivities are not
determinedy a simpleelectrostatieffect. Applying the
Brensted—Bjerrm model>™’ for these sets of data
resultedin a reasonabljlinear dependencef Ink versus
1/e plots which showedpositive slopesappropriatefor a
reactionbetweeroppositecharges-® The slopefoundfor
thereactionof | is 312andthatfor V is 402.Fromthese
slopes the distance of closest (dc) approachin the
activatedcomplexwasestimatedFor| dc= 3.5A andfor
V dc=2.7A, in accordancewith closestpackingfor V
andthe azideion.

The differencein dc valuescan be interpretedby the
formation of distinction pairs.In the caseof V the pair
would involve asinglepyridiniumring, whereador | the
pair would include both rings in a type of sandwich
complex.Anotherpossibilityis the easeof chainrotation
for the longer spacerto accommodatethe azide ion
betweenthe two pyridinium rings. The differencefound
in the activationenergiedor the reactionof | andof V
also shows higher reactivity for | (Table 5). Once
nucleophillic attack is the rate-controllingstep for the
azide—bromopyridium reaction for either the inter-
mediate or final product formation, the observed
differencesin reactivities must derive from a distinct
conformationof the intimate pair or in the cagingof the
reactantsln otherwords,for shorterspacershepresence
of theanionwould be sensedy thetwo positivecharges

Copyright0 1999JohnWiley & Sons,Ltd.

Table 6. k., for I and V in water—dioxane solution®

-
Dioxane Dieletric Kos (min”7)
(%, VIv) constarft | Y, ki /ky
0 76.72 0.305 0.029 10.5
10 67.79 0.652 0.076 8.6
20 58.90 1.426 0.202 7.1
30 50.11 3.336 0.499 6.7
35 45,78 4.845 1.160 4.2

3[N3] =5.0x 102moll~%, T=30.0°C
b from Ref. 2.

andfavor a complexhavingthe nucleophileintercalated
betweenthe cationic rings. For the longer spacershis
effect would be less pronouncedand the reactionthus
occursashavingindependenteactioncenters.

In conclusion,the reactionof bis-positiveions with
azideions,despitethe presencef anisosbestigpointand
good adjustmentto a linear first-order treatment,
exhibited the formation of an intermediateas demon-
stratedby NMR analysis.Kinetic analysisshowedthe
effect of the length of methylenic chain, favoring a
sandwichtype of complexfor the shorterspacersand
higherreactivities.
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