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ABSTRACT: Hydron exchange rategey (M s %), using methanolic sodium methoxide were compared with
AG°pcig,  (kcal morl) (gas phase) for 9-phenylfluorene, gHsCH(CRs),, mMCRCeH4CH(CRs),, p-
CRCeH4CHCICR;, mCRCgH4CHCICR;, 3,5-(CR).CsH3CHCICR;, fluorene and gFsH. There is a good linear
correlation forp-CF;CgH4CHCICR;, mCF;CgH4CHCICR; and 3,5-(Ck),CeHsCHCICF;, with the others falling off

the line. The fluorinated benzyl compounds and pentafluorobenzene have near-unity isotope effects and therefore
differ from the fluorenyl compounds. Although the acidity and the exchange rates for three of the compounds [9-
phenylfluorene, gHsCH(CF;), and p-CRCgH,4CHCICF;] are similar, the important proton-transfer step to form a
hydrogen-bonded carbanion intermediate and the subsequent breaking of that weak bond to form a free carbanion ir
methanol differ significantly for the fluoernyl compound compared with the two fluorinated benzylic compaunds.
1998 John Wiley & Sons, Ltd.
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INTRODUCTION calculated if the rates of exchange for all three hydrogen
isotopes are measurédroton return from HER, k_;",

Although relative K, values for carbon acids in has a PKIE whereas the forward steky”, has a
different organic solvents are an important contribution negligible PKIE. After the hydrogen bond is broken,
to the understanding of organic chemistry, they are not bulk solvent molecules readily replace the newly formed
always able to predict relative rates of hydron transfer methanolkexe > k_5", in the best position to form HB;
from a carbon acid to a base. For example, the methanolick_,°. Internal return is unimportant for the reactions
sodium methoxide protodetritiation of pentafluoroben- of 9-PhFI-9t (a'=0.016)° negligible for 9-PhFI-&d
zenet (PFB4)* is 15 times faster at 2& than that for 9-  (a° =0.050) and plays a role for the reactivity of 9-PhFI-
phenylfluorene-a- (9-PhFI-9¢)?, even though the Ko, 9-h (a"=0.49).
values (cyclohexylamine) for 9-PhFl (18.5) and PFB  Scheme 1 accounts for the discrepancy betwig,
(25.8) predict that 9-PhFI-3-should react much faster and methoxide-catalyzed exchange rates for PFB and 9-
than PFBE. Primary kinetic isotope effects (PKIE) differ PhFI and Fig. 1 gives pictorial representations. TKg p
for the two systems: at 2&, for 9-PhFkP/k" =2.50and  values come from energy differences between PFB and
for PFB kP/k"=1.0. The PKIE for PFB suggests PFB vs 9-PhFl and 9-PhFl, with exchange rates
extensive internal returhand that hydron transfer occurs  resulting from energy differences betweREB and the
prior to the rate-limiting step. Scheme 1 featuring two transition structure forming PFBvsone between 9-PhFI
carbanion intermediates, is our working model for these and the transition structure for forming 9-PhFl..
reactions. One carbanion is stabilized by a hydrogen HOCHs. The transition structure for hydron transfer from
bond, HB, while the other FC, has no contact stabilization 9-PhFI to CHO™ is closer in energy to a localized
by either solvent or the counter ién. hydrogen-bonded carbanion, 9-PhFEl. HOCH;, than

A parametena = k_,/k; was defined as a measure of the the n-delocalized species, 9-PhFEI
amount of internal return for a reaction and can be

RESULTS AND DISCUSSION
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transferis not ratelimiting andthefree carbanionsareat
higher energy levels than the hydrogen-bondednter-
mediatesAlthoughthe protodetritiationratesaresimilar
for 9-PhFI-9t, | and p-CFs-ll, the benzylic anions,
[CeHsC(CRs)o]~ and [p-CRCgH4CCICK] ™, behaved
more like the localizedPFB™ thanthe n-delocalized9-
PhFI". The questionarisesregardingthe pK, of | andp-
CFRs-ll asto whetherthey are similar to PFB, 9-PhFlor
neither.Equilibrium pK, valuesfor compoundsvith C—
F bondsadjacento a carbaniorsite cannotbe measured
in solutionowingto theeliminationof hydrogerfluoride.
PFB™ losesfluorideion readily in cyclohexylamineand
requiresan extrapolationback to the time of mixing to
obtain an accuratevalue for the pK,.> Fortunately,an
alternativeis now availableby measuringaciditiesin the
gasphaseEventhoughthepK, of | or p-CFs-1l cannotbe
obtainedn solution,thegas-phasacidities, AG°a¢ig, Can
be measuredTable 1).

SinceAG®acig vValuesfor | (335.3),9-PhFI(335.6)and
p-CRs-ll  (337.4) are similar, new energy diagrams

similar to thatfor p-CFs-ll in Fig. 2 mustbe made.The
exchangeatefor 9-PhFlis fasterthanthat for p-CFs-ll
(Fig. 2 gap[Rate]). However the protontransferto form
thehydrogen-bondedarbanioris muchfasterfor p-CFs-
Il (Fig.2gap[1]). Sincetheexchangeeactionfor p-CF»-
Il hasa near-unityisotopeeffect,therate-limiting stepis
the formation of the free carbanionand the energy
differencebetweennternalreturnandtheforwardstepis
large (Fig. 2 gap[2]), while the forward stepis slightly
favoredfor 9-PhFI(Fig. 2 gap[3]). Althoughthereis no
experimentalkevidencethat the hydrogen-bondedarba-
nion is lower in energythanthe free carbanionfor the
reactionsof p-CFs-1l (Fig. 2 gap[4]), preliminary PM3
calculationssupportthis assignment.

The experimental (k°/k"op*°H=1.34 and (K
kN oba"e°" = 1.77 measuredor the reactionsof triphe-
nylmethangTPM) at 97.9°C resultin valuesof a"' = 6.6,
a®=1.3 and a' =0.68> whereasthose for 9-methyl-
fluorene (9-MeFl) at 45°C (a” =0.55, a° = 0.068 and
a' =0.024) are similar to those for 9-PhFI> When

Table 1. AG°sq and exchange rates in methanolic sodium methoxide

AG°aciq (Jasphase)

Compound (kcalmol™}) k (25°C) (M~ ts™h Isotopeeffects
M-CFCeHACT(CRy), 326.8 4.70x 1071
3,5-(CR;),CsHsCDCICRy 3324 7.51x 1072

CeHsCD(CR), 335.3 2.13x 10732 KP/KT =1.02
CeHsCT(CFs), 2.09% 103

CeHsCT(CFs), [MeOD] 5.49x 1032 K'kT=1.12
CeHsCH(CFs), [MeOD] 6.14x 10732 KOP/KCH = 2.63
9-Phenylfluorene-@ 335.6 4.28x 1073 KP/K" = 2.46
9-Phenylfluorene-9- 1.73x 10 3¢
9-Phenylfluorene-9{MeOD) 3.15x 10°3¢ K'kT=15.9
9-PhenylfluorenéMeOD) 5.01x 102° KOP/K°H=1.81
p-CF3CeH,CDCICF; 3374 8.58x 107* KP/K" =1.08
p-CF;CsH4CTCICR, 7.91x 1074

p-CF3CsH4CTCICF; (MeOD) 2.06x 10~ KOP/KCH =2 56
m-CF;CgH4CDCICF; 340.1 1.04x 10°* KP/K" =1.02
m-CF;CsH,CTCICR, 1.02x 10°*

m-CF;CsH,CTCICR, 2.61x 104 KOP/KCH = 2. 56
Fluorene-9 343.9 3.14x 10752

CeFsT 349.2 2.57x 10°%° KP/kT =1.0°
CoFsH (MeOD) 6.53x 1072

@ Datafrom Ref. 6.
b Datafrom Ref. 9.
¢ Datafrom Ref. 2.
4 Datafrom Ref. 7.
¢ Datafrom Ref. 1.
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Figure 1. Possible energy diagrams for the reactions of 9-phenylfluorene and pentafluorobenzene with methoxide

correctedfor internalreturn,valuesfor k;"/k;" andk;°/

ki' arecalculatedandfoundto ‘differ little considering
the 13 pK, unit differencein acidity for thesehydro-

carbons® The isotope effects associatedwith the

reactionsof | and p-CFs-ll are too small to allow the

accuracyneededo calculateinternal-returnparameters;
however, they would both be greater than those
calculatedor TPM. Thisis probablydueto muchgreater
stericfactorsfor TPM. An estimatecan be madeof the

proton-transfestepfor p-CFs-11 by comparingt with the

dehydrochlorination rate of p-CRCgH,CHCICECI,

whichis 2 x 10° fasterat 25°C.”

A plot of log k (M~ *s7%) vs AG°aqiq (kcalmol™Y) for
fluorene? 9-PhFI® | and p-CFs-1l gives a good linear
correlation.Accordingto thatline, PFB+ reacts10 000
times faster than predictedby its AG°s¢q value. The
linearrelationshiporeaksdownwhenotherderivativesof
| orll areadded.Thefirstwasm-CFs-1l, whichis slower
by only afactorof 2, andthisis reasonablehowever the
addition of a secondmttrifluoromethyl, 3,5-(CR)--Il ,
resultsin a ratethatis 10 timesfasterthan predictedby
AG®cig = 332.4kcalmol™t. mCFs-| is four timesfaster
thanpredicted Thereis now agoodlinearcorrelationfor
thethreepoints,m-CFs-1l, p-CFs-Il and3,5-(CR)-Il .

(MeOH) ;.. OMe

(MeOH) 3. .OMe

Figure 2. Possible energy diagrams for the reactions of 9-phenylfluorene and p-CF3CgH4CHCICF3 with methoxide
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In conclusion,althoughthe aciditiesof 9-PhFland p-
CFs-ll are similar, the importantproton-transfeistepto
form a hydrogen-bondedarbanionand the subsequent
breakingof that weakbondto form a free carbanionin
methanol differ greatly. Studies are continuing to
investigatethesereactions.

EXPERIMENTAL

Gas-phase measurements. Gas-phasecidity measure-
mentswere performedon an Extrel FTMS 2001 Fourier
transformmassspectrometerMost of the experimental
techniguesisedfor the measurementsf the equilibrium
constant®f thereversibleproton-transfereaction(1) are
the sameas thosedescribedpreviously*® Only signifi-
cant changesand additional procedureswill be given
here.

Ay +AH = A~ + AgH (1)

All equilibriummeasurementsereperformedata 3.0
T magneticfield strengthusing a cubic (2 x 2 x 2 in)
trappedanalyzercell. The typical operatingpressures
werel0 °~10 ' Torr. Theproton-transfereactionsvere
initiated by a pulsedelectronbeam(electronenergyca
0.3eV, uncorrectedwith a pulsewidth of 5 ms)through
the cell containingca 10~ Torr of methylnitrite usedto
generatenethoxiddons. Themassspectraandtime plots
were acquiredand processedn the Fourier transform
mode. Dependingon the pressureof the neutrals,the
proton transferequilibrium was achievedwithin 5-10s
of initiation of thereaction(dependingnthe pressuref
the neutrals)andthe equilibrium constanK for reaction
(1) was evaluatedusing the expressiorK = [A ][AoH]/
[Ao [AH]. Therelativeabundancesf A~ andAq™ ions
were determinedfrom the relative intensitiesin the ion
cyclotronresonanc€lCR) massspectraafterequilibrium
wasattained.The pressuresf the neutralreactantavere
measuredy meansof a Bayard—Alpet-type ionization
gaugewith appropriatecorrectionfactorsbeing applied
to the gaugereadingsfor the different ionization cross-
sections of various compounds! The sample inlet
system and the ICR chamber were kept at 50°C.
Literature AG°5¢q valuesfor the referencecompounds
are€ mrifluoromethylbenziz acid 325.3,m-nitrophenol
327.4, malononitrile 328.2, m-cyanophenol328.9, m
trifluoromethylplenol 332.5, p-trifluoromethylbenzyini-
trile 332.9,benzoicacid 333.0, p-trifluoromethylaniline
346.1,mtrifluoromethylaniline349.70andnitromethane
349.7.

0 1998JohnWiley & Sons,Ltd.

Kinetic Measurements. Protodetritiationkinetics have
beendescribedpreviously® Protodedeuteriatiokinetics
madeuseof a Hewlett-Packardnodel5890Seriesll gas
chromatograph with a model 5972 mass-selective
detectorusing an electronbeamenergyof 70eV. Since
there is some separationof the protio- and deuterio-
compoundsthe entire GC peakwas sampled.Calcula-
tionsweremadeusingthe parentpeakandalsothelargest
signal which resultedfrom the loss of a trifluormethyl
group to form the benzylic carbocation.No P-1 peaks
were observed for the fluorinated compounds.The
concentrationof sodium methoxidewas correctedfor
thetemperaturef eachkinetic run.
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