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ABSTRACT: The base—promoted elimination reactions of 1,1,1-trichloro-2,2-bis(dimethoxyphenyl)ethanes were
investigated. The bis(3,4-dimethoxyphenyl)ethane was found to be more reactive than the bis(2,5-dimethoxy-
phenyl)ethane and the latter more reactive than the bis(2,4-dimethoxyphenyl)ethane. Kinetic data relative to 1,1,1-
trihalo(chloro or bromo)-2,2-bis(3,4-dimethoxyphenyl)ethanes show that the tribromo reacts faster than trichloro
derivative and that the reactions are general-base promoted with Brghetddes of about 0.6. A kinetic isotope

effect, with ky/kp ratio ranging from 3.5 to 5.7, for the base-promoted elimination reaction of 1,1,1-trichloro-2,2-
bis(3,4-dimethoxyphenyl)ethane was found. Tunneling occurs for methoxide and ethoxide ion-promoted
eliminations. Activation parameters for alkoxy-promoted elimination show a similar trend for chloride and bromide
derivatives. The data collected seem to confirm that there is contiguity befle&p andE2 mechanismd.] 1998

John Wiley & Sons, Ltd.
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INTRODUCTION dimethoxyphenyl) 1c). and bis(2,4-dimethoxyphenyl)
(1d) derivatives.
The dehydrohalogenation reactiois one among the We now report a kinetic study undertaken with a view

most studied organic reactions. It is well known that both to determining the dependence of the reactivity and the
the electronic and steric properties of-aryl substituent ~ mechanism for compoundkb—d on the electronic and
affect the reactivity of base-promoted elimination of 2- proximity effects. An E1cB mechanism has been
arylethyl halides. For example, both the observed suggested for the base-promoted dehydrochlorination
variation in reactivity for methoxide ion-promoted of la. In order to verify whether this mechanism works
elimination of a series of 1,1,1-trichloro-2,2-bis(4-sub- also in our case and to study the effect of the chlorine
stituted phenyl)ethane$a}® and the relative reactivities atoms by more bulky bromine atoms, we collected kinetic
of the hydroxide ion-promoted reactions of 2-(2,4-
dinitrophenyl)ethyl bromide, 2-(4-nitrophenyl)ethyl bro-
mide and 2-phenylethyl bromide in aqueous solutions
(7400:110:1) were well explained by electronic effects of R' v =&

the p-aryl group® In contrast, the abnormally slow  Rx R? base RA R?
elimination of 2-(2,4,6-trinitrophenyl)ethyl bromide, @ @ — © @
which reacts at the same rate as the dinitro derivative, r? R3 R3 R
was attributed to steric effects that reduce the efficiency R* R

of the electron-withdrawing 2,4,6-trinitrophenyl grotip.

. . . - 1:Y=CX; 2:Y=CX,
The interest in the properties of 1,1-diarylethdhes

induced us to investigate the base-promoted elimination n s g '

reaction of the bis(3,4-dimethoxphenyllb), bis(2,5- a:xX=Ct Ri=R*=RI=H  R°=variable substiment
b:X=Cl RI=R4=H R2=R3=0Me
c:X=CJ R2=R3=H Rl =R4=0OMe

*Correspondencéo: R. Noto, Dipartimentodi ChimicaOrganicaE. d:X=Cl R2=R4=H Rl =R3=0Me

Paterrio Via Archirafi 20, 1-90123, Palermoltaly. . -

Contract/grantsponsorMURST. e:X=Br RI=R*=H R2=R’=0Me
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datarelative to base-promoteelimination reactionsof
1b—d, of the 2-°H derivative(1bD) andof leto give the
correspondingl,1-dichloro- (2b—d) and 1,1-dibromo-
(2e) 2,2-bis(3,4-dimthoxyphenyl)ethenesThe kinetic
studieswere performedin the temperaturerange 20—
50°C using MeO, EtO, BU'O, CgHsO and p-
NO,CgH,O™ asbases.

RESULTS AND DISCUSSION

We observedhatin the base-promotedehydrochlorina-
tion of some 1,1,1-trichloro-2,2-dimthoxyphenyl-
ethanes,changesin the aryl structure gave rise to

substantialchangesn reactivity. A comparisonamong
the rate constantdor base-promoteéliminationsof the

bis(3,4-dimethoxypenyl) (1b), bis(2,5-dimethoxy-
phenyl) (1¢) and bis(2,4-dimethoxypenyl) 1d) deriva-

tivesshows(Tablel) adecreasén reactivityin theorder

1b > 1c> 1d, with arateincreasdrom 1d to 1b of about
four ordersof magnitude.

For 1b—d, assumingthat the electronic substituent
effects of methoxy groups are additive, the reactivity
orderlb ~ 1c> 1d shouldbeobservedf only electronic
effects operate and the order 1b > 1c> 1d if both
electronicand steric effects operate. However,sincein
1b—d, thearyl ringshaveatleastoneunsubstituteartho
position,a stericeffectsuchasthatassumedor 2-(2,4,6-
trinitrophenyl)ethy bromide should have little or no
influenceon reactivity. Becauseof the low reactivity of
1c and 1d, we did not carry out a complete kinetic
investigationon thesederivatives.

The kinetic data showedthat the rate of elimination
reactionof 1b, 1bD andledependonthe concentration
of all basic speciespresentin reaction mixture. The
eliminationreactionof 1b, 1bD andlefollow therateof
equation(1) for basessuch as alkoxide ions (MeO ™,

EtO™ and Bu'O™) and equation(2) for phenoxideions
(CeHsO™ andp-NO,CgH,407):

Kobsd= kro [RO7] (1)

where Kgpsq IS the pseudo-first-ordr rate constantand
kro is the second-orderate constantfor alkoxide ion-
promotedreactionsand

Kobsa=Keto  + Keno [PhO] (2

where keio and kppo  are the rate constantsfor the
ethoxide(from the solvent)andphenoxideion-promoted
reactions.Rate constantsfor phenoxideion-promoted
reactionswere obtainedfrom the slopesof plots of kopsg
against phenoxide ion concentration at a constant
phenoxide to phenol concentrationratio; under this

condition, the ethoxideion concentrationcoming from

the equilibrium PhO™ + EtOH=PhOH+ EtO™ is con-
stant.For all of the basesuseda good straightline was
obtainedby plotting kops Versusbaseconcentration.

In Table 1 arereportedthe Brgnstedf valuesfor the
reactionsof 1b, 1bD andle Sincethechangean solvent,
going from EtOH to MeOH or Bu'OH, can affect the 8
values,becauseof different solventeffects, determined
the f§ values(ca0.6) by plotting log k valuesobtainedfor
elimination reactionsof 1b, 1bD and 1le promotedby
ethoxide,phenoxideand p-nitrophenoxideions as base
catalysts againstthe pK, values of the basesn EtOH.
However, Brgnsted § values of ca0.5, i.e. slightly
smallerthan 0.6, were calculatedwhen datarelative to
all five baseawere used.In this casefor methoxideand
tert-butoxideions we calculatedthe pK, valuesin EtOH
from thosein water sincea goodcorrelationwasfound
betweenpK, valuesin thesetwo solvents.

Underthereactionconditionsreportedhere,Schemel
depictsthe commonly acceptedmechanismdor base-
promoted -elimination reactions,either via carbanion
intermediategfree or ion-paired)in a stepwisemechan-
ism (E1cB) or via a one-steponcertednechanismE2).

Table 1. Second-order rate constants (dm® mol~' s~")?, Brgnsted f values and relative halogen leaving group abilities for the

base-promoted eliminations of 1b, 1bD, 1c, 1d and 1e at 40°C

Compound kro

MeO™ EtO™ Bu'O~ CeHsO~  p-NO,CgH.O™ g° i
1b 1.04x1073 3.46x10°° 1.47x1072 5.00x10°® 1.80x107 0.61 0.54
1bD 2.12x10°% 6.11x10°* 4.93x10°3 1.10x10°° 5.15x10°8 0.58 0.53
1c 1.77x10°°
1d <107’
le 2.71x 1072 9.50x 1072 3.83x10°* 2.02x10°* 9.40x10°° 0.57 0.50
ke/Ko 4.91 5.66 3.53 4.55 3.5
Kar/Ke 26.1 27.5 22.0 40.4 52.2
pK2 20.1° 20.3 22.8 15.8 13.3

@ The rate constantsare accurateto within 4 3%.

b Valuescalculatedby usingthe basesEtO ™, CsHsO~ andp-NO,CeH,0 ™.

¢ B Valuescalculatedby usingall five bases.
4n ethanol.
¢ Calculatedfrom pK, valuesin waterreportedin Ref. 7.
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Table 2. Activation parameters® and Arrhenius pre-exponential factors (A)? for the base-promoted eliminations of 1b, 1bD and

1e.
_ _ .
Compound MeO EtO BU'O
HiP —ste© A H$P -St° A HE® —St° A
KImol™) @K Imol™ (@mPmolts™?) (kImol™) @K Imol™) (dm*mol~lsY (kImol™Y) (@PIKImol™Y) (dm*moltsY

1b 71.9 72 2.68x10° 67.7 75 1.75x10° 51.8 112 2.24x10
1bD 86.1 41 1.30x10'* 82.7 42 1.04x 10" 55.2 113 2.10x10’
le 62.3 76 1.90x10° 60.6 71 3.10x10° 44.7 110 3.04x 10’

aCalculatedrom kinetic datacollectedin thetemperatureange20—40C. Becawseturbidity wasobservedn kineticswith BU'O™ at20°C, therange

30-50C wasused.
b Calculatedat 40°C; experimentauincetainly ca 3 kJ mol™*.
¢ Calculatedat 40°C; experimentalncertaintyca 8 J K~ mol1,

The observation of general-base catalysis with
Brgnstedf valuesof ca 0.6 rules out mechanismsn
which breakdownof either an ion-pairedor hydrogen-
bonded carbanion (k,’) or free carbanion(k,) is rate
limiting becausethese mechanismswould either not
showgeneral-baseatalysis(k, ratelimiting) or giverise
to Bransteds valuesapproachinginity (ko' ratelimiting).
General-baseatalysiswith  valuesin therangereported
here are instead consistentwith either E2 (via k;) or
ElcB;, mechanismgk, rate-limiting),in which the rate-
limiting stepinvolveshydrogentransfer.

The datain Table 1 showthat the rate constantsfor
base-promoteeéliminationsof 1b and1e agreewith the
orderof carbon—halogebondstrength,i.e. the tribromo
derivativereactsfasterthan the correspondingrichloro
derivative. For various basesand substituents to the
leaving group, a kg/kc, ratio in the range 5-30 is
considerefi to be consistentwith an E2 mechanismin
which there is partial cleavageof the carbon—halogen
bondin the transitionstate.However,the measuredg,/
ke ratiosmakeat difficult to rule out the possibility that
1b andle mayalsoreactvia an E1cB;, mechanismAn
elementffectof thekind observederemightalsobethe
resultof anionichyperconjugationin whichthe negative
charge on the p-carbon is stabilized by anionic
hyperconjugationdue to overlapping betweenthe f-
electronpair and the C—X orbitals. Hyperconjugation
should be greatestfor carbanionsthat are poorly
delocalized such as those derived from 1b and 1e
MNDO calculationsshowthatthe -electronpair lies in
the planeof the aryl rings. The observedkg,/k¢c leaving

k
X>—<H + 8% —» >:<+X9+BH

3oz

kg
X>—€BH == x>—<a + BH
kg

Scheme 1

0 1998JohnWiley & Sons,Ltd.

group effect arises from the fact that, as has been
suggested® anionichyperconjugativestabilizationener-
giesfollow the orderBr > Cl and overshadowthe polar
effect of the halogens. This suggestion has been
criticized"* andBr and Cl havebeenconsideredo have
similar hyperconjugativesffects.

Thefact thatthe Brgnsteds valuedoesnot changeon
going from the bromide to the correspondingchloride
derivativeis consideredo be consistentwith an E1cB;,
mechanismIn contrast,an increasein  valuesas the
leavinggroupis madelessnucleofugicis a characteristic
of E2 reactions(and of a variable E2 transition-state
structure)t? The datain Table 1 also show that the
relativeleavinggroupability of abromineatomincreases
as the catalystis made less basic. This is the result
expectedor an E1cB;,, mechanisnin which the break-
down of the C—H bondin the transitionstateis greater
with a lessbasiccatalyst.In this casethe chargedensity
on the S-carbonis higherand consequentlyhyperconju-
gationis moreeffective.Sinceit is difficult to distinguish
betweenthe E1cB;, and E2 mechanismdecausehey
would showessentialljthe samecharacteristicsa similar
trend in reactivity should be observedfor an E2
mechanisnwith a variabletransition-statestructure.

The datain Table 1 showa kinetic isotopeeffect for
base-promotecliminations of chloride compoundslb
and 1bD, the ky/kp ratio ranging from 3.5 to 5.7 and
increasingas the catalystis made more basic. For an
ElcB,, mechanismthe ky/kp values should show a
maximumwhenthe pK, of the substrateeacheghat of
the catalyst'®> We have not reach at this condition
becausea pK value (ca ~ 30) in ethanol,ca. 10 units
greaterthanthat of the morebasiccatalystused,canbe
evaluatedor 1b. The pK, valuefor 1b wascalculatedas
suggestedby McLennanand Wong*

An analysis of Arrhenius pre-exponentialfactors
indicates an effect of tunneling on methoxide-and
ethoxide-promotecliminations.In fact, for thesebases
small values (ca 0.02) of the ratio A"/AP can be
calculatedfrom the datain Table2.

Although the rate constantsfor methoxide ion-
promotedelimination of 1b are affectedby tunneling,
the ky/kp ratio value for 1b with the MeO™ —MeOH
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catalystsystemat 45°C was usedto calculatethe ky/kr
ratio by meansof the Swain—-Schaaéquation*®

logku/kr = 1.4410g(Ku/ko) 3)

Equation (3) can be used without corrections® since
tunnelingshouldnot causé’ major deviationsin proton
transfersvia highly unsymmetricatransitionstates.
Thekr value(1.87x 10~*dm® mol~* s7%) soobtained
is closeto thosemeasuredby Streitwieseret al.*® for
ElcB,, detritiation reactions of fluorene and indene
derivatives. Indeed a good linear correlation
(s=-0.37+0.02; i=5.09+0.41; r=0.986; n=10)
was obtainedwhen logky for 1b and for fluoreneand
indenederivativeswere plottedversusthe pK, values.
Table 2 shows a similar trend in the activation
parameterdfor alkoxide ion-promotedeliminations of
each compound.In particular, for eachcompoundthe
sameactivationparameterfor MeO —MeOHandEtO —
EtOH catalystsystemsare observedwhereasa smaller
value of the enthalpyand a more negativevalue of the
entropyfor Bu'O™—Bu'OH werefound. Similar enthalpy
values have been calculated for methoxide-promatd
E1cB;, eliminationof somel,1,1-trichloro-2,2-dipherly
substitutedethanes. Furthermore the trend in entropy
valuesis also consistentwith carbanionformation. For
this reaction,it hasbeensuggestetf that the entropyof
activation becomesmore negativeas the differencein

pK, values betweenthe substrateand basedecreases.

Enthalpy and entropy values more and less negative
respectively, than those reported here have been
calculatedfor ethoxide-promotedE?2 eliminationsfor 1-
bromo-2-phenyl-dtaneand-propané?

In conclusionasmentionedpreviously it is difficult to
distinguishbetweenE1cB;,, andE2 mechanismbecause
theE2 mechanisnwouldbeexpectedo showmostof the
characteristicsof an E1cB;,, mechanism.The leaving
group effect seemsto be explained better by an E2
mechanism, but the absenceof changesin f and
activation parametervalues betweenthe chloro (1b)
andbromo(1e) derivativesseemdo indicatean E1cB;,
mechanismT hedatacollectedin thiswork couldprovide
further confirmation that the ElcB;, mechanismis
transformedinto the E2 mechanismwith very little
changein the transition-statestructure®*

EXPERIMENTAL

The melting points were measuredon a Buchi 510
melting point apparatusand are uncorrectedIR spectra
were obtained with a Perkin-Elmer model 1310 IR
spectrophotonter. *H and *3C NMR spectra were
recordedon a Bruker AC-E 250MHz spectrometeiin
deuterochlorofom solutions. Chemical shifts are re-
portedas é values(ppm)relativeto TMS asan internal
standard.Kinetic experimentswere performed on a
BeckmanDU 650 UV-visible spectrophotometer.

0 1998JohnWiley & Sons,Ltd.

Materials. The MeOH 2% EtOH?? and Bu'OH?® solvents
andthe basesolutionswere purified and/orpreparedas
reported. Compounds1b, 1¢®4 1d*® and 1€ were
preparedoy publishedmethods.

1,1,1 -Tr/ch/oro—Z-(3,4—d/methoxypheny/)[2—2 HJethanol.
LIAID 4 (1.2g, 0.03mol) was addedto suspensiorof
2,2,2-trichloro-34-dimethoxyacetophema?’  (8.5g,
0.03mol) in anhydrousdiethyl ether(75cm®) and after
normal work-up 83% of 1,1,1-trichloro-2-(3,4di-
methoxyphenyl)[2H]ethanol was obtained. The com-
pound was recrystallized from ethanol; m.p. 135°C
(found: C, 41.84; H, 4.28; Cl, 37.18. ClOHlODCI303
requires C, 41.91; H, 4.21; Cl, 37.12%); IR, vmax
3420cm * *HNMR, 6,4(250MHz, CDCls) 3.33(1 H, s,
br exangeablsvith D,O, OH), 3.90(6 H, 5,2 OMe),6.87
(1H, d,J8.1Hz, 5-H), 7.15(1H, dd, J 2.0and8.1Hz,
6-H), 7.17(1H, d, J 2.0Hz, 2-H).

1,1, 7—Tr/'ch/oro—Z,2—b/'5(3,4—d/mez‘hoxypheny/)[2—2 HJethane
(1bD). A solution of 1,1,1-trichloro-2-(3,4dimethoxy-
phenyl)[2?H]ethanol (0.21 mol) in glacial acetic acid
(150cm®) wasaddeddropwiseto astirredsolutionof 1,2-
dimethoxybenzené.21mol) in glacialaceticacid—98%
sulphuricacid (1:1,v:v) (200cm®) while thetemperature
was maintainedbelow 20°C. After standingat room
temperatureovernight, the mixture was poured on to
crushedce andthe oil obtainedwasextractedwith ethyl
acetate.After neutralization,the solvent was removed
underreducedpressureThe residuewas steamdistilled
in orderto removeanyunreacted,,2-dimethoxybenzene
Thedistillation residuewasextractedwith ethyl acetate,
driedandevaporatedCrystallizationof thecrudeproduct
from ethanolafforded1bD aswhite crystals,yield 95%,
m.p. 116°C (found: C, 53.20; H, 5.00; CI, 26.20.
C18H18DCI30,4 requiresC, 53.16;H, 4.95; Cl, 26.15%);
1H NMR, 64 (250MHz, CDCls) 3.85(6 H, s, 2 OMe),
3.87(6H, s,20Me),6.84(2H, d,J8.3Hz,25-H),7.14
(2H,d,J2.1Hz,22-H),7.20(2H dd,J 2.0and8.1Hz, 2
6-H); *C NMR 6¢ (62.5Mz, CDCl3) 55.77 (2 OCHg),
55.93(2 OCHg), 70.14(t, J 24 Hz, CD), 102.38(CCly),
110.70(2 CH),113.37(2 2-C),122.38(2 6-C), 130.75(2
1-C), 148.45(2 3-C), 148.70(2 4-C).

Kinetics. Reaction mixtures for kinetic measurements
were preparedby mixing thermostated/olumesof base
and substratesolutions. The substrateconcentrations
used were 1 x 10 *-2.5x 10*m for alkoxide ion-
promoted eliminations and cal0 2m for phenoxide
ion-promotedeliminations and for 1c and 1d. For p-
nitrophenoxidéon-promotedeliminations,1x 10 >m of
base and variable (1.2x 10 -6 x 10 2M) substrate
concentrationswere used. The base solutions were
MeO —MeOH, EtO —EtOH, BU'O —BUOH, CeHsO —
EtOH and p-NO,CgH,O —EtOH.

For the kinetics followed spectrophotometrically,
reactionmixtureswere placedin cuvettesthat hadbeen
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temperatureequilibrated for at least 15min. For the
kinetics followed titrimetrically, the reaction mixtures
were placed in a thermostat.Portions (10cm®) were
withdrawnat appropriatdimesandquenchedn ethanol
containingan excesof dilute nitric acid beforeanalysis.

Thekineticsof thealkoxy-promotecdliminationswere
studiedby following spectrophotontecally the appear-
anceof 1, 1-dihalo-2,2-bis(3,4imethoxyphenyl)ethenes
at a wavelengthof 295nm, wherethe largestdifference
betweenthe absorbancespectraof the reagentsand
productswas observedThe kinetics of p-nitrophenoxy-
promotedeliminationswere studiedby following spec-
trophotometricallythe disappearencef the baseat a
wavelengthof 400nm. The kinetics of the phenoxy-
promotedeliminationswere followed usinga titrimetric
method,i.e. by following the releaseof chloride ions
accordingto the Volhard technique.
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