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ABSTRACT: Solvolysis rate constants for a number of tertiary benzyliitrobenzoate esters in a wide range of
solvents were measured. New scales of solvent ionizing power for Grunwald—Winstein-type correlation analyses,
Yenopne from 2-phenyl-2-adamantyp-nitrobenzoate andygnopnes from 2-(6-methoxy-2-naphthyl)-2- adamantyl
p-nitrobenzoate, were developed for the mechanistic study of solvent effects on the solvolytic reactivity of benzylic
p-nitrobenzoates. The excellent linear kgYshopnsplot for 2-(4-methylphenyl)-2-propyd-nitrobenzoate indicated

a limiting Sy1 mechanism. The solvolytic transition state for 9-phenyl-9-fluorgngltrobenzoate and that for
1,1-diphenylethylp-nitrobenzoate were considered to involve extended positive charge delocalizations from the
observation of linear relationships between lognd Y,gnopne The ambiguity in the case of 2, 2-dimethyl-1-(4-
methoxyphenyl)-1-phenyl-1-propgknitrobenzoate is discussed. Copyright2000 John Wiley & Sons, Ltd.
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INTRODUCTION found to be 2.5¢< 10 8 s 1) (T. W. Bentley, personal
communication, and unpublished results from this

Solvent effects on reactivity have long been considered laboratory).

as an important factor affecting solvolytic mechanisms On the other hand, in our recent studies on the

(for a comprehensive review of solvent effects, see Ref. solvolysis of benzylic substrates, neVig,x scales for

1). Correlation analyses of empirical solvent parameters benzylic bromide$, chlorideS and p-nitrobenzoate’d

on the reactivity with single- or dual-parameter equations were established based on the solvolytic rate constants of

[Egns (1) and (2f}® are generally employed as a corresponding 2-aryl-2-adamantyl derivatives. Later

diagnostic tool for identifyingSyl pathways with or  work yielded moreYgng, ' and Ygnci*? values from the

without nucleophilic solvent intervention (for discussion solvolysis of 1-(4-methylphenyl)-fert-butylmethyl bro-

see, e.g., Ref. 4): mide (1) and chloride 2), respectively. Moreover, we
found it necessary to develop négns, > and Yygnc, ™
log(k/ko) = mY (1) which were derived from the logarithms of solvolytic rate
constants (logk) for a-tert-butyl(2-naphthyl)methyl
log(k/ko) = mY +IN (2) bromide @) and chloride 4), respectively, for substrates

) with extended positive charge delocalization in the
Several 1- and 2- substituted adamantanes have been

used as reference standards for establishing individual

scales of the solvent ionizing power to correlate the X X
reactivity of a substrate RX containing a specific leaving CH; @@
group X (for compilations o¥y scales, see Refs 5 and 6).

However, noY scale forp-nitrobenzoate has ever been

. .. 1 X=Br 3 X=Br
developed, owing to the low reactivity and/or low » xea s x—ql
solubility of 1- and 2-adamantyl derivatives in commonly )
used solvent systems (the solvolysis rate constant for 1- OTs OTs
adamantylp-nitrobenzoate in 60% ethanol at 4G was % @ O
*Correspondence toK.-T. Liu, Department of Chemistry, National
Taiwan University, Taipei 106, Taiwan, Republic of China. 5 6
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transition state. The correspondingYgnhoTs Values for
tosylateswere determinedfrom 1-tert-butyl-1-phenyl-
methyl tosylate(5).1° For tosylateswhich might give a
cationictransitionstatehavingchargedelocalizatiorover
morethanonephenylring, suchas9-fluorenyltosylate®
the log k for the solvolysisof a-tert-butyl(2-naphthi)-
methyltosylate(6)'’ couldbeconsideredsthereference
standardn the correlationanalysis.

p-Nitrobenzoate esters belong to a category of
substrateattracting continuous interest for solvolytic
studies'® In apreliminarycommunicatior’® anumberof
Yenopng Valueswere establishedrom rate datafor 2-
phenyl-2-adamantyp-nitrobenzoate(7). Its advantage
could be demonstratedby the detectionof a significant
nucleophilic solvent intervention in the solvolysis of
2-phenyl-2-proplp-nitrobenzoat8) but notin the case
of the more reactive 2-(4-methylpheny2-propyl p-
nitrobenzoateg9), from the observednon-linearlog k —
Yanopng relationshipandothersupportingevidence'® It
is therefore desirable to explore the possibility of
developinga new Y,gnhopng Scalefor studying solvent
effect on the reactivity of p-nitrobenzoateesterswith
extendedpositive chargedelocalizationin the solvolytic
transitionstate.In this paper,we presenthe resultsof a
studyemploying2-(6-methoxy-2-naphthyl2-adamantyl
p-nitrobenzoate(10) in this concern. More Ygnopng

valuesarealsobe reported.
Hj
G—@—T»OPNB

CH3

OPNB

8 G=H

9 G=CH3

RESULTS

2-Phenyl-2-adamantyp-nitrobenzoate(7), 2-(6-meth-
oxy-2-naphthyl)-2adamantyl! p-nitrobenzoate(10), 9-
phenyl-9-fluorenyl p-nitrobenzoate(11) and 2, 2-di-
methyl-1-(4-methoyphenyl)-1-phenyl-1-propyp-nitro-
benzoate(12) were preparedfrom the reaction of p-
nitrobenzoyl chloride with the lithium salt of the
correspondingalcohols,which had beensynthesizedy
the Grignardadditionof anarylmagnesiunhalideto the
appropriateketone.Elementalanalysesandspectraldata
were found to be in harmony with the individual
structures2-(4-Methylpheni)-2-propyl p-nitrobenzoate
(9)?° and 1,1-diphenylethylp-nitrobenzoatg13)%° were
prepared according to the literature method. Rate
constantsof the solvolysis for p-nitrobenzoatesr and
10-13were measurecconductimetrically,and in some

Copyrightd 2000JohnWiley & Sons,Ltd.

casestitrimetrically. Pertinentresultsand the literature
datafor 9'° arelistedin Table1.

6H5 H3
- G PNB @ OPNB
Ar X But @

17 G=CH3 13

|
N ?HOPNB

C6H5i iOPNB
CH; CF,

11 X=OPNB, Ar=CgHjs 12 G=0CHj3

16 X=Cl

14 15

Similarly to the original Ygns,® and Yanc® scalesthe
solventionizing power for the solvolysisof benzylic p-
nitrobenzoatesthe Ygnhopng Scale (Table 2), could be
definedfrom thelog k of 7 usingEqgn.(1). Table 3 gives
the resultsof regressioranalyseof log k valuesfor 9*°
and 10-13againstYgnopne Sincethe corresponding-
nitrobenzoateo 1 and2 would havetoo low areactivity
to beusedpracticallyasareferencestandardo definethe
analogousy scalefor an extendeddelocalizedsystem,a
substrateresembling7 would be suitableto serveasa
referencestandardfor the new Y,ghopng SCale. 2-(6-
Methoxy-2-naphthly-2-adamantylp-nitrobenzoate(10)
was the choice becausethe presenceof a 6-methoxy
group would exhibit a higher reactivity and would
increaseits solubility in a binary solventsystemwith a
relatively high water content. Indeed, all of the rate
constantgor 10 weredeterminedirectly at25°C (Table
1). The calculated Yygnopng Values are also listed in
Table 2. The correlationanalysisfor 9 and11-13using
Eqn.(1) againstY,ghopnsWascarriedout andthe results
aregivenin Table4.

DISCUSSION

Although scalesof solventionizing power have been
developed for aliphatic (Yx), benzylic (Ygnx) and
extendedbenzylic (Yygnx) systemsfor commonleaving
groups, including bromide (X = Br), chloride (X =ClI)
andtosylate(X = OTs), the correspondingscalesfor p-
nitrobenzoateester (X = OPNB) were establishedonly
for benzylicandextendedenzylicsystemsn this work.
Non-benzylicp-nitrobenzoatesf theadamantansystem
werefoundto beinconvenienfor the kinetic determina-
tion of Y valuesdue to their low solubility in binary
solventsof high watercontentandlow reactivityin other
nucleophilicsolventg (T. W. Bentley,personacommu-
nication, and unpublishedresultsfrom this laboratory).
Other carboxylateesters suchas 1-adamantytrifluoro-
acetate,had been studied* and the correspondingYy
values were calculated® However, the variation of
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Table 1. Pertinent rate constants for solvolysis of p-nitrobenzoates

205

k(s (25°C)

Solvent 7 gd 10 11 12 13
100E 1.63x 10 7P 7.23x 1077 7.76x 10°7® 3.93x 10 1.15% 10°* 1.29%x 10°°P
90E 9.96x 10 ® 5.09x 107 7.71x 10760 2.55x 107P 3.49x 1074 5.25x 10760
80E 3.73x 1076 1.68x 10°° 3.04x 10°° 5.95x 10760 1.39x 1073 1.25x 10°°
70E 9.66x 10 °° 7.89x 10°° 1.25% 107° 2.84x 10°°
60E 2.26x 107° 1.82x 10°% 2.78x 10°°

90A 1.36x 10°"° 6.04x 10°8P 1.00x 10°7°
80A 3.05x 10 7® 1.54x 10°© 1.08x 10°°P 3.46x 10°7® 1.40x 10°* 7.64x 10°7°
70A 1.74x 10°P 6.58x 107 8.02x 10760 1.29x 10°°P 7.80x 1074 3.18x 10760
60A 8.56x 10760 3.10x 10°° 3.64x 10°° 3.91x 10°% 1.37x10°°
50A 2.16x 10°° 1.67x 107* 1.30x 107°

100M 1.51x 10°°P 5.18x 10°° 1.65%x 10°5P 3.60x 1076

90M 6.69x 1076° 2.11x 10°° 5.96x 10°° 1.19x 107° 1.88x 1073

80M 2.02x 10°° 5.46x 107° 1.87x 10°* 3.02x 107° 2.84x 1073 3.59% 107°
70M 6.36x 107° 7.03x 1074 7.24% 10°°

100T 1.55x% 1073 1.01x 1073 1.16x 1072 1.66x 1073 3.00x 1072 1.14x 1073
80T20E 1.77x 10°% 2.03x 1074 1.39x 1073 3.25x 1074 1.15x 1072 2.72x 1074
60T40E 3.81x10°° 2.41x 1074 6.39x 10°°

40T60E 4.74% 10°%° 1.16x 107° 3.41x 10°° 1.05x 107°

70TW 1.07x 1073 1.18x 1073 9.59x% 1073 1.69x 1073 1.61x 1072 8.07x 1074

& Solvents:A = acetoneE = ethanol,M = methanol,T = 2,2,2-trifluoroethanolThe numbersdenotethe volume percentagef the specificsolvent.

® Extrapolatedfrom dataobtainedat othertemperatures.
¢ Weight percent.
4 Ref. 19.

difference betweenY values of individual solvent for
varioussulfonateesters suggestedhat the extrapolation
of the Y scale for trifluoroacetateto p-nitrobenzoate
would be unsuitable. Although a linear relationship
between Yots and log k [Eqn. (1)] for 1-methyl-1-
cyclopentyl p-nitrobenzoate(14) was observed? the
correlationanalysisfor other aliphatic p-nitrobenzoates

Table 2. YBnOPNB and YxBnOPNB scales

Solvent Yanopng YxBnoPNE
100E -1.36 -1.18
90E —-0.573 -0.421
80E 0.00 0.00
70E 0.413 0.306
60E 0.782 0.605
90A —-1.99
80A -1.09 -1.21
70A —-0.331 —0.606
60A 0.361 —0.095
50A 0.763 0.427
100M —0.393 —-0.275
90M 0.254 0.189
80M 0.734 0.645
70M 1.23 1.02
100T 2.62 2.05
80T20E 1.68 1.44
60T40E 1.01 0.818
40T60E 0.104 0.173
70Tw 2.46 1.84

& For abbreviationof solvents seeTable1.
b Basedon log k for 7.
¢ Basedon log k for 10.

Copyright(d 2000JohnWiley & Sons,Ltd.

wasfoundto bein lesssatisfactory(unpublished-esults
fromthislaboratory).Theobservedinearrelationshigfor
1-(1-methyl-2-pyrroyl)-2,2,2-trifluoroethyl p-nitro-
benzoate(15), log k=0.56Yo1s3.36 (r =0.990)?? is
probablydueto the limited variety of solvents,lacking
agqueousacetoneandtrifluoroethanol—-ethanokmployed
in the solvolytic study.For solvolysesof diphenylmethyl
(benzhydryl) p-nitrobenzoatein aqueousethanol and
trifluoroethanol, the observedlinear log k —Yo1s plot
(r =0.998%° might also be interpreted similarly. In
addition, log k —Yots plots for 9-13 gave only a poor
correlation(r =0.87-0.94).

Table 2 gives two setsof Y values,the revisedand
expandedrgopneScalebasedntherateconstantof 2-
phenyl-2-adamantylp-nitrobenzoate(7) and the new
Yxenopne Scalederived from thoseof 2-(6-methoxy-2-
naphthyl)-2-adamawl p-nitrobenzoat€10). The useful-
nessof theformerscalecanbeillustratedby theresultsof
regressionanalysesshown in Table 3, in which the
excellentlinear log k —Ygnhopng relationshipfor 2-(4-
methylphenyl)-2-propylp-nitrobenzoate(9) is in line

Table 3. Correlation analyses of log k against Ygnopng

Parameter 9 10 11 12 13

n 13 18 18 10 11
m 0.784 0.833 0.967 0.589 0.793
a? 0.019 0.034 0.046 0.035 0.039
r 0.996 0.987 0.982 0.986 0.988
@ Standarddeviation.
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Table 4. Correlation analyses of log k against Yignopne

Parameter 9 11 12 13
n 13 19 10 12
m 0.919 1.13 0.698 0.970
o 0.043 0.028 0.042 0.025
r 0.979 0.995 0.986 0.998

@ Standarddeviation.

with other evidence to demonstratethe absenceof
nucleophilic solventinterventionin the solvolysist® In
thecaseof 9-phenyl-9-fluorenyp-nitrobenzoat€l11), the
solvolytic transition state might involve benzylic or a
more extended positive charge delocalization. The
observationof a lesssatisfactory(r = 0.982) correlation
againstYghopnsthanthatagainst,gnopne (R = 0.995in
Table4) suggested moreeffectivedelocalizatiorwithin
the 9-fluorenylring. The differenceis also depictedin
Figs 1 and 2. A similar conclusionhas already been
reachedn thesolvolysisof 9-aryl-9-chlorofluorenegl6),
from correlationanalysisof log k versusY,gnc using
Eqgn. (1), andab initio calculationof atomic chargesfor
the correspondingation®* Moreover,in Fig. 1 the data
points measuredn agueousacetone(closedcircles)are
in oneline (r = 0.996)below anotherline definedby all
otherpoints(opencircles)(r =0.997).It is similar to the
log k—Ygnx plotsfor 3'2 and4.** Consequentlya recent
proposalon the steric and hydrophobicperturbationof
solvation in the solvolysis of aliphatic and alicyclic
system$° would not be applicablein the presentwork.
The solvolysisof 2, 2-dimethyl-1-(4-methoyphenyl)-
1-phenyl-1-propl p-nitrobenzoat€12) is moreinterest-
ing. In spite of the presenceof two aryl rings, a phenyl
anda 4-methoxyphenylthe datain Tables3 and4 gave
nearlythesamecorrelationfor log k—Ygnhopngandlog k—
Yxenopneplots. Probablyin this highly congestedystem
the two aryl rings in the cationic transition state are
unlikely to be coplanar, and in consequencethe
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Figure 1. Correlation of log k for 11 against Ygnopng.
Abbreviations for solvents as in Table 1
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Figure 2. Correlation of log k for 11 against Yignopng-
Abbreviations for solvents as in Table 1

delocalizationof positive chargeover both rings would
belesseffective. Theresultsof Grunwald—Winsta-type
analysesmight not be conclusive. Furthermore,the
behaviorof the 4-methylphenybnalogug17) wasfound
likewise 2

However, the performanceof the less crowded1,1-
diphenylethyl p-nitrobenzoate (13) is different. The
excellentlinear correlation of log k againstYygnopng
(r =0.997) and the observedhigh m value (0.970) in
Table4 indicateda limiting Sy1 processandanextended
delocalization in the cationic transition state was
possible.In other words, the replacementof the tert-
butyl group by a significantly lessbulky methyl group
makes the formation of a planar or nearly planar
transition state more likely. For the solvolysis of
diphenylmethylp-nitrobenzoaté??’ only five rate con-
stantsin agueousethanoland aqueoustrifluoroethanol
wereavailablefor thecorrelationanalysiswith Yygnhopne
andalinearrelationship(r = 0.970)wasfound. Unfortu-
nately, the available data points are too few for a
meaningful correlation using the dual-parameterEqn.
(2).

In conclusionthe two new scalesof solventionizing
power developedin the presentwork providedsuitable
solventparameterfor studyingthesolvolyticmechanism
of tertiary p-nitrobenzoateesters.An excellent linear
logk —Yenopng pPlOt suggestedsolvolysis involving a
transition state having a delocalized positive charge
within a simple benzylic system while extendedcharge
delocalizationcouldbe proposedrom the observatiorof
alinearlog k —Yygnopns relationship.

EXPERIMENTAL

Capillary melting points were uncorrected Proton and
carbon-13NMR spectrawere measuredon a Bruker
Model AC-2000r AM-300 instrumentusingtetramethyl-
silaneasinternalstandardIR spectraveretakenusinga
Perkin-Elmer Model 983G spectrometer. Elemental

J. Phys.Org. Chem.2000;13: 203-207
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analysesvereperformedby the MicroanalyticalLabora-
tory at the National TaiwanUniversity.

Materials. Reagent-gradeolventsand chemicalswere
used for generalpurposes.The p-nitrobenzoateesters
were preparedby the useof conventionalmethodsand
their NMR and IR spectrawere in agreementwith the
assignedstructures. Elemental analysesand melting
points are as follows. 2-Phenyl-2-adamantyp-nitro-
benzoatg7), m.p. 183-184C. Analysis: calculatedfor
CosHo3NOy, C 74.37,H 6.24;found, C 74.25,H 6.08%.
2-(4-Methylpheni)-2-propyl p-nitrobenzoate(9), m.p.
95.5-96.5C  (lit.?° 96-97C). 2-(6-Methoxy-2-
naphthyl)-2-adaantyl p-nitrobenzoate(10), m.p. 185—
186°C. Analysis: calculatedfor C,gH,7NOs, C 72.51,H
5.95,N 3.06;foundC 72.42,H 6.01,N 3.04%.9-Phenyl-
9-fluorenylp-nitrobenzoatg11), m.p.218-219C. Ana-
lysis: calculatedor CogH17NO4, C 76.65H 4.21,N 3.24;
found, C 76.60,H 4.40, N 3.26%. 2,2-Dimethyl-1-(4-
methoxyphenyl)-1phenyl-1-propyp-nitrobenzoatél12),
m.p. 180°C (decomp.). Analysis calculated for
CosHosNOy, C 71.23,H 6.23,N 3.32; found, C 71.25,
H 6.05, N 3.31%. 1,1-Diphenyletlyl p-nitrobenzoate
(13), m.p. 135°C (decomp.)lit.2° 135°C, decomp.).

Spectral- or reagent-gradesolvents were purified
accordingto the standarcproceduré® for kinetic studies.
Doubly deionizedwater was usedto prepareaqueous
solventsystemdor solvolysis.

Kinetic measurements.”® Conductimetricrate constants
weremeasuredt leastin duplicatefor generakolvolytic
studies.The conductivity cells containinga solution of
1 x 107“-1 x 10> M wereplacedin athermostatvith a
temperaturevariation of about+0.02°C. The maximum
error of k is £3%. The potentiometrictitration method
was usedfor measurementat 85°C or highertempera-
tures. Rate constantsmonitored at other temperatures
wereextrapolatedo thoseat 25°C by usinganArrhenius
plot. The conventional method® was employed for
statisticalanalysisof the rate data.

Copyright} 2000JohnWiley & Sons,Ltd.
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