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ABSTRACT: Solvolyses of théN,N-diphenylcarbamoylpyridinium ion are subject to specific and/or general base
catalysis, which can be eliminated by addition of perchloric acid or increased, especially in fluoroalcohol-containing
solvents, by addition of pyridine. The uncatalyzed solvolyses in aqueous methanol and aqueous ethanol involve a
weakly nucleophilically assistedi£ 0.22) heterolysis and the solvolyses in the pure alcohols are anomalously slow.
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INTRODUCTION changes in solvent ionizing poweYd))® values and is
a constant (residual) term.

For studies of solvolyses with a relatively low degree
of nucleophilic participation by the solvent, it is
frequently helpful to introduce an initially positively
charged leaving group which leaves as a neutral mole-
cule®** In particular, solvolyses of the 1-adamantyl-
dimethylsulfonium ion in a wide range of commonly
used solvolytic solvents show specific rates of solvolysis
almost independent of solvent composition andra
scale, based on the specific rate values, hardly varies from
zero? Accordingly, solvent nucleophilicity scales based
on solvolyses of R—X substrates can be set up
according the equation

log (K/ko)g_x+ = INT+¢ (2)

We have recently reported the influence of the solvent
upon the specific rates of solvolysis of seveMNiN-
disubstituted carbamoyl chloridés® Treatments in
terms of the extended (two-term) Grunwald— Winstein
equatiof® indicate an appreciable variation in the

log (K/ko)gx = INT +mY¢ +¢C (1)
sensitivity () towards changes in solvent nucleophilicity
(N7),% including values of 0.23 for solvolyses of,N-
diphenylcarbamoy! chloridelf* and 0.61 for solvolyses

of N,N-dimethylcarbamoyl chloride 2j.> Carbamoyl
chloride solvolyses have usually been considered to be
unimolecular §1) in charactet™® and, consistent with

these earlier studies, the apprecialblevalues were
considered to involve a nucleophilic solvation of the
developing acylium ion. Kimet al° have proposed,
however, that2 and otherN,N-dialkylcarbamoy! chlor-
ides solvolyze by ar§y2 mechanism bufl by an §y1
mechanism. As regards the other terms in EqnKBnd

ko are the specific rates of solvolysis of RX in the solvent

with | set at unity andc at zero for the standard
substratg>14

Pyridinium ion substrates of this charge type, with a
pyridine molecule leaving group, can be readily produced
by the reaction of a carbamoyl chloride with pyriditte.
Johnson and Rumdfhave presented evidence indicat-
ing that the hydrolysis of thé&l,N-dimethylcarbamoyl-

under consideration and in the standard solvent (80%pyridinium ion @) in pure water involves a direct

ethanol), respectivelym is the sensitivity towards

*Correspondence toD. N. Kevill, Department of Chemistry and
Biochemistry, Northern lllinois University, DeKalb, lllinois 60115-
2862, USA.
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nucleophilic attack by the solvent, without prior acylium
ion formation. Similarly, it has been reporf8dhat, in
water, theN,N-diphenylcarbamoylpyridinium ion4j is
very sensitive to attack by nucleophiles. In view of the
above observations, it is of interest to see whether the
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solvolysesf 4 showa largersensitivitytowardschanges
in solventnucleophilicity than the ratherlow value of
0.23associatedvith the solvolysesof 1.

X :
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1 4

It hasbeenproposed’ thatapyridinemoleculeleaving
groupis considerablynoresolvatedatthetransitionstate
than a leaving Me,S molecule. However, a limited
amountof datafor solvolysesof the 1-adamantylpyr-
idinium ion® give relativeratesat 190°C in aceticacid,
water, and 2,2,2-trifluoroethanol(TFE) of 1:1.4:2.2,
essentiallyidentical with the ratiosfor the solvolysesof
the 1-adamantyldimétylsulfonium ion'? at 70.4°C of
1:1.7:2.6 Accordingly,we havecontinuedo assumehat
themY' term canbe neglectedl andthatanalysef the
solvolyses of N-substituted pyridinium ions can be

carriedout in termsof Eqn (2).
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RESULTS AND DISCUSSION

The specific rates of solvolysis of 4 in ethanol and
methanol,in severalof their mixtureswith waterandin
100% water are presentedin Table 1. Usually the
counterion is chloride but in a few instancesit is
trifluoromethanesulfaate. The specificrateswerefound
to be essentiallyindependentf theidentity of theanion.
For 4 in 100% water, the ratio of the second-orderate
coefficientfor reactionwith hydroxideion relativeto the
first-order rate coefficient for reaction with water
moleculeshasbeenreported® as 1.7 x 10° dm® mol™*
(earlier, in Ref® a value for the second-orderrate
coefficientoneorderof magnituddower is presentedif
thisvaluewerecorrectthevaluefor theratiois 1.7 x 10°
dm® mol™%). Values of this magnitude lead to the
possibility of a contribution involving attack by the
conjugatebaseof aprotic solventevenin neutralsolution
Battye et al.*® found, however thatin hydrolysisof the
methoxycarbonylpyridiniumon, the second-orderate
coefficientfor OH™ attackwasnegligibleat pH valuesof
lessthan5.4. Similarly, we find only amodestetardation
of the overall specificrateon additionof 5.7 x 10~ mol
dm~2 perchloricacidto the solvolysesof 4, alsoreported
in Table 1. In accordwith this observationaddition of
0.01mol dm™2 pyridine to the solvolysisin 50% ethanol
led to only an 18% increasein specific rate. Since
nucleophilic substitutionby pyridine would be symme-

Table 1. Specific rates of solvolysis of the N, N-diphenylcarbamoylpyridinium ion® at 62.5°C in aqueous ethanol and aqueous

methanol solvents and solvent nucleophilicity values

Solven? Anion 10°k(s H)° 10°KA (s Hed N;©

100%EtOH ClI™ 3.09+0.11 +0.37
oTf™ 3.424+0.16

90% EtOH ClI™ 25.9+0.9 23.0+ 0.7 +0.16

80% EtOH ClI~ 28.4+0.5 25.9+1.9 0.00
oTf™ 275+1.1

70% EtOH ClI~ 26.1+0.8 243+ 1.4 -0.20

60% EtOH ClI™ 205+1.1 19.84+1.3 —-0.39

50% EtOH ClI~ 20.1+09 19.3+1.0 —0.58
oTf™ 20.3+ 0.5

40% EtOH Cl~ 17.2+0.4 16.0+ 1.2 -0.74

100%H,0 ClI™ 14.54+1.3 13.14+0.8 -1.38
OTf™ 13.9+0.9

100% MeOH ClI™ 6.664+ 0.16 +0.17

90% MeOH ClI~ 24.0+ 0.6 22.0+1.8 —-0.01

80% MeOH ClI™ 30.0+ 0.9 29.0+1.4 —-0.06

60% MeOH ClI~ 26.9+1.0 26.3+1.7 —-0.54

40% MeOH ClI™ 21.2+1.0 20.3+ 1.7 -0.87

20% MeOH ClI~ 14.9+0.8 14.7+0.8 -1.23

& Substrateconcentratiord.0015-0.0030mol dm™2.
Concentratioron a v/v basisat 25.0°C.

¢ With associatedtandarddeviation.

9n the presencef 5.70x 10~>M HCIO,.

© From Ref?.

fIn the presencef 0.0098m pyridine, a value of 23.8(+ 0.7) x 10> s * wasobtained.
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Table 2. Specific rates of solvolysis of the N,N-diphenylcarbamoylpyridinium ion® at 62.5°C in 2,2,2-trifluoroethanol (TFE) and

aqueous TFE Solvents.

Solven? Anion 10° HCIO,® 10° CaHeNC 10%k(s™ Y
100%TFE cl- 3.89+0.27
Cl~ 6.1 134+ 12°
cl- 12.3 1784+ 118f
cl- 24.6 257+ 9°
70% TFE cl- 20.1+ 1.9°9
cl™ 5.72 1.65+0.18
50% TFE cl- 38.7+ 1.3
Cl~ 30.3+ 0.3
oTf~ 33.5+ 1.6°K
Cl~ 15.4 567+ 14°f
cl- 15.8 586+ 10°!
OTf~ 15.8 498+ 138f
cl- 31.6 867+ 52
OTf~ 31.6 850+ 21°
cl- 49.34+5.FM
Cl~ 0.18 9.37+0.31"
cl- 0.36 5.214+0.13
OTf~ 0.36 4.45+0.18"
Cl- 0.72 4.39+0.14"
Cl~ 1.43 3.62+ 0.30"
OTf™ 1.43 2.754+0.12
Cl™ 2.86 3.44+0.18
cl- 5.72 2.90+0.18
Cl~ 11.44 3.26+ 0.08"

2 Substrateconcentratior.003—0.008mol dm 3.

b Mixed solventson aw/w basis;solventnucleophilicity (Ny) values—3.93for 100%TFE, —1.98for 70% TFE and—1.73for 50% TFE (from Ref.

4).
€1n mol dm3,

4 Unlessindicatedotherwise runswereperformedn duplicateandaveragenitial valuesor meanvaluesarepresentedaccompaniedby the standard

deviation.

¢ Initial value.

f Singledeternination.

9 Integratedvalue of 12.7+ 0.3 at 50% reaction.

" Meanvalue.

" Integratedvalueof 28.7+ 1.1 at 50% reaction.

! Freshlypreparedanddifferent from above)batchof substrate.
“Integratedvalue of 18.9+ 0.6 at 52% reaction.

" Integratedvalue of 320+ 3 at 51% reaction.

™ In the presenceof 0.0033VINEL,CI, with integratedvalue of 31.6+ 1.1 at 48% reaction.

trical, nucleophiliccatalysiscannotoperateand,assum-
ing it is not a medium effect, this increaseis to be
expectedto arise from a combinationof specific and
general base catalysis; it is establishetP'9?° that
pyridines can exert a moderateto weak generalbase
catalysisin solvolysesof acylpyridiniumions.

Inspectionof thedataof Tablel shows consistentvith
otherstudies®?* with little or no nucleophilicparticipa-
tion by thesolvent,verylittle variationof specificratefor
water and the aqueousalcohol solvents.In addition,
considerably lower rates are observedin the pure
alcohols, despitethesebeing the most nucleophilic of
thesolventdisted. This behaviorstronglysuggestshat4
does not solvolyze by the direct nucleophilic attack
mechanisnproposed® for 3.

The identity of the anion was also found to be
unimportantin runscarriedout in trifluorethanol(TFE)
and TFE-H,O mixtures (Table 2). An appreciable
catalytic effect was presumablydue to specific base

0 1998JohnWiley & Sons,Ltd.

catalysisby the conjugatebasesof the solventsandthe
additionof 5.7 x 10~3moldm 3 HCIO, nowledto a10-
13-fold reductionin specificratefor solvolysedn 70 and
50% TFE. In the absenceof HCIO,, the specific rates
decreaseavith extentof reactionand initial valuesare
reported;a reductionin conjugatebaseconcentratioris
expectedas the pyridinium ion is producedduring the
solvolyses:

4 + SOH— PlpNCOOS+ CsHsNH™
CsHsNH' + OS™ = CsHsN + SOH (3)
PRNCOOH — Ph,NH + CO, (whenS=H)

Addition of pyridine wasfound to leadto very large
increasesn rate for both 100 and 50% TFE solvolysis.
While these observationsindicate direct attack on 4
within the catalyzedpathways,it is possiblethat the
underlying non-catalyzedsolvolyses could be domi-
nantly unimolecular(Sy 1) in characterConsistentvith
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the essentiallyidentical ratesin the presenceof either
chloride or trifluoromethanesulfonatas counterionand
indicative of only a modestsalt effect, additionto the
solvolysisin 50% TFE of a concentrationof tetraethy-
lammoniumchloride equalto that of the substratded to
only a 27% increasdn rate.

A correlation,using Eqn (2), of the specificratesof
solvolysisin waterandin the nine agueousthanoland
agueousmethanol solvents containing 20% or more
water, for the runsin the presenceof HCIO, (Table 1),
leadsto valuesfor | of 0.224+ 0.04, for the residual
(constant)term c of 0.03+ 0.05andfor the correlation
coefficientof 0.887.The low value for the correlation
coefficientis in partdueto thelimited rangeof Nt values
(1.38units) for thesesolvents.The | valueis essentially
identical with that observed for solvolyses of 1,
suggestinga similarity in the mechanismThe specific
rate valueswhich canthenbe estimatedusing Eqn (2)]
for ethanoland methanolare 11 and 4.5 times those
actually observed(Table 1) and it is possiblethat the
lower experimentalvaluescould be associatedvith the
needto proceedto the solvent-separatetbn— molecule
pair, soasto preventinternalreturn.In this regardwater
would be more efficient than a bulkier and less
electrophilicalcohol?? The needto considerthe separa-
tion is supportedby the conclusio® that, in the
borderline solvolyses of secalkylpyridinium ions, a
rate-determiningSyl cleavagein TFE changesto a
rate-determiningion— molecule pair dissociation in
1,1,1,3,3,3-hexafluopropan-2-ol.

EXPERIMENTAL

N,N-Diphenylcarbamoylpyrithium chloride was pre-
paredfrom pyridine and N,N-Diphenylcarbamoythlor-
ide (Aldrich, 98%) asdescribedpreviously>: m.p. 108—
109°C (lit.®2 m.p. 107.5-108.8C). The trifluorometha-
nesulfonatesalt of 4 waspreparedasanoil by treatment
of a solution of the chloride saltin acetonitrilewith an
equivalentamount of silver trifluoromethaneslfonate,
followed by filtration and removalof the solventunder
reducedoressureThe purificationof the solventsandthe
kinetic methodswere as describedpreviously> When
required,jnitial valuesfor thespecificrateswereobtained
from approximatelylinear plots of integratedvalues
againstextentof reaction.A standardizedconcentrated

0 1998JohnWiley & Sons,Ltd.

aqueoussolution of perchloric acid was appropriately
diluted for its addition to runs in aqueousalcohol
solvents.
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