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ABSTRACT: The y-silicon effects in solvolyses were studied mechanistically on 3-(aryldimethylsilyl)propyl
tosylates in various solvents based on the substituent effects. The mechanism can be described as competing reactior
of the y-silyl-assisted Ks;) and the solvent-assistek) pathways. Copyrighil 2000 John Wiley & Sons, Ltd.
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INTRODUCTION Si—C, bond. All these results were in line with the rate-
determining formation of the bridged transition stdte
The solvolysis of propyl sulfonates is greatly accelerated stabilized by they-silyl group.
by y-silyl substituents, especially when the Si-—Gbnd .
and the C—O bond of the leaving group are disposed in a e @) Vo
planar W conformation. The so-calleesilicon effect is ? %@@ @S:i\X/OY
due to the interaction of the back lobe of the Si--H0nd Sl X Me
with the developing vacant p-orbital on the cationic ! 2

center (percaudal interactionf)(** A free rotating In order to substantiate thesilicon effect in a primary
primary system, in which the W conformation between system, we undertook detailed studies of the solvolysis
the y-silyl group and the leaving groups is unrestricted mechanism of 3-(aryldimethylsilyl)propyl tosylates).(
owing to the flexible Si—C—C—C—Lv chain, has never |n this paper, the solvolysis dfis discussed based on the
been studied in detaf. _ _ effects of substituents and solvents, in comparison with
We recently reported that the-silyl-assisted Ks)  the y-silyl-assisted solvolysis of the 3-(aryldimethyl-
solvolyses of 3-(aryldimethylsilyl)-2,2-dimethylpropyl  silyl)-2,2-dimethylpropy! system3j.
sulfonates §) exhibited large rate accelerations {20
10%-fold due to the formation of the-silyl-stabilized
carbocation 1 with concomitant migration of the
(ArMe,Si)methyl group. Solvent effects according to
the Winstein—-Grunwald equatidrwere found to be
similar to those observed for thkg solvolyses of various
p-arylalkyl systemé.However, assistance by the Si—C
bond was less than half that obtained felMeO-neophyl
solvolysis where the positive charge is strongly delocal-
ized into a bridged phenonium io@,(X = p-MeO). The
effects of aryl substituents on the silyl atom on the
solvolyses of3 were correlated with unenhancerf
parameters, giving values of ca—1.0° These results
demonstrated that a certain extent of positive charge
exists on the-silicon atom, reflecting the delocalization
of incipient carbocationic charge by participation of the

3

RESULTS AND DISCUSSION

The solvolysis rates of with various ring substituents
were determined conductimetrically in 60% (v/v) aque-
ous ethanol (60E) and 70% (w/w) aqueous 2,2,2-
trifluoroethanol (70T) at 78C and 97% (w/w) agueous
2,2,2-trifluoroethanol (97T) at 7&.°

The H derivative o#4 solvolyzes slightly slower than
the non-silylated derivative, propyl tosylatek X
6.804x 10> s %) in 60E at 70C; on the other hand, it
solvolyzes 3.4 times faster than the propyl tosylate
(k=1.231x 10 °s ) in 70T at 70°C. The rate change
with ring substiuents was fairly small but varied with the
solvent; only 1.2-fold in highly nucleophilic 60E, but 4-
*Correspondence toM. Fujio, Institute for Fundamental Research of  fg|d in the less nucleophilic solvent 70T and 7-fold in the
Organic Chemistry, Kyushu University, Hakozaki, Higashi-ku, . .
Fukuoka 812-8581, Japan. much less nucleophilic solvent 97T for a wide range of
E-mail: fuio@ms.ifoc.kyushu-u.ac.jp substituent changes from tpeMeO tom-CF; (Table 1).
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Table 1. Rate constants for solvolyses of 3-(aryldimethyl-
silyl)propyl tosylates (4)

10k(s™)

Substituent ~ 60E” at70°C  70T°at70°C 97T% at75°C
p-MeO 6.27 5.85 4.30
p-Me 6.02 5.95 5.19
m-Me 5.80 5.17 4.29

H 5.75 4.20 3.32
m-Cl-p-MeO 5.68 2.91 1.69
p-Cl 5.79 2.52 1.55
m-CFs 5.20 1.48 0.745

&Theexperimentakrrorsin therespectiveunsweregenerally<1.0%
andthe reproducibility of the rate constantsvaswithin +1.0%.

b 60% (v/v) aqueousthanol.

€ 70% (w/w) aqueous2,2,2-trifluoroethanol.

4 97% (w/w) aqueous,2,2-trifluooethanol.

Theseresultsapparentlyindicatea mechanistidgransition
with solventnucleophilicity.

The solvent effect on this systemat 45°C® clearly
showedthe nucleophilic assistanceof the solvent but
failed to correlatelinearly with the extendedwinstein—
Grunwald equation (MYors+ INoT9, providing evi-
dencethat the reactiondoesnot proceedeither through
theformationof a cationintermediateor throughan S 2
mechanismThis suggestdhat the reactiontakesplace
with competition between y-silyl-assisted (ks) and
solvent-assistetks) pathwaysandthe ratio varieswith
the solventandwith the aryl substituent.

Table 2. Products (%) for solvolyses of 4 at 75°C?®

Product analysis

Productanalysedor the presentsolvolyseswere carried
out in mixed solventsof D,O and deuteratedorganic
componentssuchas60E,ethanol(100E),70Tand97Tin
the presenceof excess 2,6-lutidine at 75°C, and
quantitatively by using *"H NMR spectroscopy.The
products from these solvolyses were found to be
exclusivelythe substitutionproductsand cyclopropane,
assummarizedn Table2.

The major productswere substitutionproductsin 60E
for all substratesaccompaniedy a small amount(4—
16%) of cyclopropanethe latter slightly increasedwith
the electron-donatingaryl substituents.In 100E, a
slightly morenucleophilicandlessionizing solventthan
60E, the substitution product (the ethyl ether) was
obtainedexclusively for all derivativeswithout cyclo-
propang<1%).Ontheotherhand,in alessnucleophilic
andhighly ionizing solvent, 70T, the major productwas
cyclopropan€53—-84%)accompaniethy aminoramount
of substitutionproducts.In 97T, a further less nucleo-
philic solvent, cyclopropanewas formed exclusively
(>94%).

Cyclopropaneshould be exclusively formed by 1,3-
eliminationfrom the carbocatiorstabilizedby the y-silyl
group; therefore,the presentsolvolysis of 4 proceeds
exclusivelyvia the y-silyl-assistedpathwayin 97T. We
carriedoutthe productanalysisof theo-d,-labeled4. The
productsin the solvolysesof p-MeO, H and mCF;
derivativesof o-d,-labeled4 appeartto be essentiallythe

. Me Me
Solvenp Substituent x@fﬁ(\’o” XQ S~ OR Cyclopropané
100E p-MeO — 99 1
H — >99 <1
m-CF; — 100 0
60E p-MeO 46 38 16 (14)
p-Me 48 39 13
m-Me 48 40 12
H 49 40 11 (8)
m-Cl-p-MeO 52 41 7
p-Cl 53 41 6
m-CF; 52 44 4(2)
70T p-MeO 16 0 84 (83)
p-Me 16 0 84
m-Me 17 0 83
H 21 0 79(77)
m-Cl-p-MeO 28 0 72
p-Cl 31 0 69
m-CF; 46 1 53(51)
97T p-MeO 0 0 100
H <1 >1 98
m-CF; 2 4 94

@ Productsgiven aspercentagesyeredeterminecby *H NMR in situ. All reactionswerecarriedoutin the presencef 2,6-lutidinein deuterated

solventsup to completion.
Seefootnotesh—din Table 1.

¢ Valuesin the parenthesewere obtainedfor the solvolysesof «-d,-labeledsubstrates.
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sameasthosefor undeuteratedubstrateshn 60Eand70T,

as shownin parenthese# Table 2. It is an important
finding thatno d,-scrambledosylatesalcoholsor ethers,
which would ariseasa resultof theinternalreturnor the

substitutionwith solvent(s)in the bridgedintermediate,
were observedn both solvents.As a conclusion the y-

silyl-assisted pathway does not give the substitution
productsbut exclusivelycyclopropaneand furthermore
any substitutionproductsshouldarisefrom the solvent-
assistegpathway,asdepictedin Schemel.

While the solvent-assistegathwaymight be preferred
to they-silyl-assistegathway for the solvolysisof 4 in a
highly nucleophilicsolventsuchasthe aqueousthanol,
thelatter pathwayappearso beenhancedlightly with an
increasen thewatercontent.Ontheotherhand,in aless
nucleophilic and highly ionizing solvent such as the
aqueous2,2,2-trifluoroethanol TFE) series,the solvo-
lysis of 4 occurs preferentially through the y-silyl-
assistegathway whereasn moreagueoud FE solvents
the reactionproceedgo anincreasecextentthroughthe
solvent-assisteghathway.In eachsolvent, an electron-
donatingaryl substituenbnthesiliconatomincreaseshe
yield of cyclopropanedueto the facile formation of the
cationstabilizedby a y-silyl group.

Substituent effect

The Yukawa—TsundY-T) equation[Eqgn. (1)] is one of
the mostusefultoolsfor predictingthe characteristicef
the transitionstatewhosereactioncenteris affectedby
the benzener-system’

log(k/ko) = p(o° + 1 ATH) (1)

where ¢° is the normal substituentconstant, which
involves no additional z-electronicinteractionbetween
the substituenendreactioncenter, Az is the resonance
substituentconstant measuringthe capability for =-
delocalizationof a p-n-electron-donorsubstituent,de-
finedby ¢t —¢°, andr is a parametecharacteristiof a
given reaction, measuring the degree of resonance
interactionbetweenthe aryl group andthe reactionsite
in the rate-determiningstep.

The logarithmsof the relative ratesin 97T at 75°C
were correlateddirectly with ¢° (i.e. r = —0.03+ 0.02),

Copyright0 2000JohnWiley & Sons,Ltd.
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Figure 1. ¢° plots for the solvolysis of 3-(aryldimethylsilyl)-
propyl tosylates (4) in 60% (v/v) aqueous ethanol at 70°C.

(@) ki, (O) ksi; (0) ks

giving a p value of —1.32. This small but negativep

value suggeststhat a significant amount of positive
chargeresidesonthe Si atomatthey-position. The zeror

value assignedor this systemmay be explicableif the
phenylz-systemon the y-silicon atominteractsthrough
the Si—C g-bondonly indirectly (by a non--interaction
mechanism)with the carbocationiaeactioncenterin 5.

Themagnitudeof thesubstitueneffectobtainedn 97Tis
similar to that (o = —1.10andr = —0.03) for the y-silyl-

assistedolvolysisof 3-(aryldimethylsilyl)-2,2dimethyl-
propyl brosylate(3) in 977>

Substituenteffects for the solvolysisof 4 in 60E at
70°C areplottedagainsts® in Fig. 1 andthe essentially
zero susceptibility(p = —0.09) plausibly meansthat the
solvolysis predominantly proceedsin 60E via the
solvent-assistednechanism.This is substantiatedby
the majoryield (96—-84%)of substitutionproductsfor all
substituentsOn the otherhand,as shownin Fig. 2, the
analysis for the solvolysis of 4 in 70T gave
p=-—0.95+ 0.04 with ¢° (R=0.997 and SD=+0.02)
which are close to those for 4 in 97T and 3. This
demonstrateshat the solvolysis of 4 in 70T proceeds
mainly throughthey-silyl-assistectarbocatiorb. In fact,
the productanalysisshowsa major yield (53—84%)of
cyclopropandor all substituents.

However,for the solvolysisof 4 in either60E or 70T,
the apparentate constantsk;, areexpressedby the sum
of therateconstantdor y-silyl-assistedks;) andsolvent-
assisted(ky) pathways:k;=ks;+ ks. The overall rate
constantsk; should be divided into the compositerate
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Figure 2. ¢° plots for the solvolysis of 3-(aryldimethylsilyl)-
propyl tosylates (4) in 70% (w/w) aqueous 2,2,2-trifluoro-
ethanol at 70°C. (@) k;; (O) ksi; (0) ks

constantks; andks in orderto analyzethe mechanism
quantitatively. Assuming the productsto be entirely
kinetically controlled, ks; and ks are representedby

kgi = ktPSi /(Psi + PS) and kS: k(PS /(Psi + PS), Wherepgi

and Pg are the productpercentageatios for the y-silyl-

assisted(ks) and the solvent-assistedks) pathways,
respectively As cyclopropaneand substitutionproducts
werederivedfrom they-silyl-assistednechanisnandthe

S\2 displacement,respectively, Ps; and Ps can be

calculated from the amounts of cyclopropane and
substitution products, respectively,in Table 2. Hence
theoverallk; in Tablel couldbedissectednto the partial

rate constantks; andks by usingproductratios.

The substituenteffectson the solvolysesof 4 in 60E
and 70T are displayed clearly in Figs 1 and 2,
respectively,wherethe logarithmsof k;, ks; and ks are
plotted againsts®. The linear ¢° relationshipsindicate
that the kg; and ks pathways should proceed by
mechanismdree from the significant z-delocalization
interactionof the p-n-electron-donosubstituent.

The effectsof aryl substituenton the y-silyl atomon
the ks; pathwaygavep valuesof —1.0in 60Eand—1.25

Copyright0 2000JohnWiley & Sons,Ltd.

in 70T with a ¢° parameterreflectingthe delocalization
of incipient carbocationicchargeby participationof the
Si—C, bondin 5. Thesep valuesfor the ks; pathway
werefairly closeto thosefor the solvolysesof 4 in 97T
and 3-(aryldimethylsilyl)-2,2dimethylpropyl brosylate
(3) in 60E (p=—0.87) and 97T (p=—1.08)> In each
solvent, the kg; correlationagainstthe ¢° scalewith a
small p value is consistentwith the structure of the
Si—C, bridgedtransitionstatel or 5.

The substituenteffect on the partial ratesfor the kg
pathwaywas characterizedby negligibly small p values
of —0.01+ 0.02in 60Eand—0.204 0.02in 70T against
c°. Theseks correlationsof essentiallyzerosusceptibility
with the aryl substituentson the y-silicon atom are
compatiblewith thosefor a concertedS,2 displacement
mechanism at the remote reaction center with no
significantcationiccharge.

In conclusion the solvolysisof 4 canbe describedas
competingreactionsof the y-silyl-assisted(ks;) andthe
solvent-assiste¢ks) pathwaysasoutlinedin Schemel.
The ratio of these two pathways dependson the
solvolyzing solventsand the X-phenyl substituentson
the y-silicon atom.
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