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Abstract:AbsfMerateCQnafantsforhydrogenabstractionfromn-BuJ3nHbya
numberofpardally-fluminatedandfullyfluorinatedrt-afkylradicafshavebeenmeasured.lhe
C-HandC-Cbonddissociationenergiesfaranumberofpertinenthydrofluoroearbonshave
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racficafstostyrenqandthemmxivitieaof theseradicafsarediscussedin termsof their
electronegativies,theirstructureandthethermodynamicsof theirreaetions.
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In a seriesof recentpublicationswehavereportedabsoluteratedatafor somealkeneaddition

andhydrogenatomabstractionreactionsof perfluoro+t-rdkylradicals.1”2Theseperfluorordkylradicals

werefoundto be considerablymorereactivethantheirnon-fluorinatedcounterparts,andit was

proposedthat theirenhancedreactivitieswerederivedlargelyfromstabilizationof the transitionstates

by polareffectswhicharisefromthegreatelectrophilicityof theseradicals.1’2In addition,it was

concludedthat thett wassomeenhancementofreactivityarisingfromthefact that the radicalcentersin

perfluoro-rs-alkylradicalshavea non-planar(i.e., pyramidal)geometry.Furthermore,therewassome

limitedevidenceto suggestthat the reactionthermodynamicsfor theperfluorinatedradicalswouldbe

morefavorable(i.e.,moreexothermic)thanthethermodynamicsforthecomespondingteactionsof n-

alkylradicrds.

Preliminarystudiesontheadditionsofsomepartiallyfluorinatedn-alkylradicalsto alkenes

showedrelativelymodestreactivityenhancementsovertheirnon-fluorinatedcounterparts.3The

observedrateenhancementswereattributedto combinationsof the threefactorsmentionedabove,

althoughpolarcontributionsto transitionstatestabilizationappearedto be of less importancethanfor

the perfluoro-rt-alkylradicals.

In the presentpaper,weextendourexperimentalstudiesonpartiallyfluorinatedn-alkylradicals

andhavemeasumdtheirabsoluterateconstantsforhydrogenatomabstractionfromtri-n-butyltin
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hydride. Knowledgeof theseparticularrateconstants(kH)willproveinvaluablein otherongoing

investigationssuchas, e.g.,determiningtherateconstantsforcyclizationof partiallyfluorinated5-

hexenylradicals. In viewof thepaucityofbonddissociationenergy(BDE) data for fluorine-containing

hydrocarbons, we have also undertaken some density functional theory(DFT)calculations.The

calculatedC-HandC-CBDE’sthrownewlightonthethermodynamicsof hydrogenatomabstractions

andalkeneadditionsbypartiallyandfullyfluorinatedrr-alkylradicals.

RESULTS

Thefollowingradicalshavebeenemployedin thecurrentkineticstudies: RCHZCHZCHZ”(n-

*yI), RFCF2CH2CH2(y), RCH2CF2CH2’(p), RCH2CH2CF2”(a), RCH2CF2CF2”(a+ P), cF3f=2” (a+

~), andRFCF2CF2CF2(a + ~ + y).

Radical Precursors

The abovementionedradicalswert generatedfromtheirparentbromidesor iodides. We thank

Dr. NealBraceandHalocarbons,Inc.for generoussamplesofRZHZCHJ and6-bromo-5,5,6,6-

tetrafhroro-l-hexene,respectively.‘l”heCF3CFZIwaspurchasedfromPCR,Inc. The remaining

compoundswereeitheravailablefromearlierworkor weresynthesizedby themethodsdepictedin

Schemes1,2and3.

Scheme 1. Synthesisof l-Bromo-l,l-difluorohexane

CF2Br2
~ ~CF,Br*

(CH3)3COH,H2NCH2CH20H
CUCI(cat.)

NaBH4
> ~’w3r

DMSO

Scheme 2. Synthesisof l-lodo-2,2-difluorohexane
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Synthesisofl-Brorno-1,1,2,2-tetrafluorohexene

1. BH3“M@

~ ~,CF2Br 2. C5H11COZH ~&3FJ3r
F2 Tetreglyme F2

(79.6%)

Kinetic Stud”es

Rateconstantsfor hydrogenatomabstractionfromn-Bu$nH wemobtainedby a combination

of competitivekinetics(i.e.,relativerateconstants)andnanosecondlaserflashphotolysis,LFP (i.e.,

absoluterateconstants).Thecompetitiveexperimentswerecarriedoutunderfree radicalchain

conditionsandinvolvedreactionof the radicaln-Rm”withknownconcentrationsof tin hydrideand

styrene(seeScheme4, wherethe twoimportantproductsareshownin boldface). The ratiosof the

yieldsofrr-kH to n-R#HzCHzPh wemdetermineddirectlyby19FNMRanalysesof the product

mixhmx,4andthe rate constantratios,kH/k4,werecalculatedviaequation(i).4

Scherne4

h n43u3SnH
nfl@ _ kRH$ _ /S-RHFH+ mBu$n”

k

&Id ICH2=CHPh

rr-Bu&nH
mR#H2tHPh — ~R@H#H#h

+
rr-Bu3Sn”

mBu3Sn” + n*@( - mRHF”

l! !.= [mRH#l] [CH2=CHPh]

Klld [n-R#2H2CH2Ph] “ [n.Bu3SnH]
(i)

Valuesof k~dweredeterminedby 308nmLFPof appropriateprecursorsof the n-Rm”radicalsin

Freon 113at roomtemperate by monitoringthepseudo-fiist-ordergrowthof the absorptionat ca.

320nmdue to the benzylicradicaladduct,l’3’sseee.g.,Scheme5. Theseadditionrate constants(some

of whichhavebeenEportedpreviously)3werecalculatedviaequation(ii)andaresummarizedin Table

1togetherwith the abstractionrateconstants,kr+,Calculatedfromkdd andthe kdkd ratiosdetermined

in the competitionexperiments.(Note,in equation(ii),kOis simplytheinterceptof the plotof Lx vs

[CH+2HPh], ko-1 X 104S-l.)
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Scheme 5

hRcH~cF~cF21— RcH2cF2cF#

RCH2CF2CFZ+ CH,=CH2Ph * RCH@F4FzCHkHph

km - 320 nm

kwU(3213nm)= k + KM [cH2=ctiph] (ii )

Table 1. RateConstantsforHydrogenAbstractionfromn-Bu&H and
for Addition to StyrenebyVtious l%orinatedRadicalsat Room
Temperature(25+ 3 “C)

Radical kHn kd kadd k.,

RCH2CH2’ 2.4X 10’ ‘e) (1) 1.2x lo5@ (1)
RCHzCFZ”b,2a 9.1 (*1.7)x 10’ 3.8 2.7X IOc(g) 22.5
RCFZCHZ’b,2b 1.4(M3.5)x 107 5.8 5.2X 105(g) 4.3
RfcH2cH*’c,k 2.1 (M.3) x 10’ 0.9 1.3x los(g) 1.1
RCF2CF2”‘, 2d 9.2 (is1.8)X 107 38 2.0 (M).1)x 107 167

n-CTFIS” 2.0x lo8@) 83 4.6 X 107‘i) 383
cFscF2’, % 3.2 (M13) X 108 133 7.9 (+1.0) x 107 658

aErrorscorrespondto 2rJandhavebeenpropagated;bForkHexperiment,
R = rr-CAHg;forkad,jexpt,R = n-CsH’; fOrkHeXpt,Rf = n-cIjFIJ;fOrk,dd
expt, Rf = rr-CaFg;dfOI’kHexpt, R = n-C.iHg;fOrk.ddeXpt,R = CZH.5;
cChatgilialoglu,C.; Ingold,K.U.;Scaiano,J. C. J. Am. Chern.Soc. 1981,
103,7739-7742;fFromCitterio,A.;Arnoldi,A.;Minisci,F. J. Org.

Chem. 1979, 44, 2674-2682, as modifiedfor temperatureandother
factorsin TableIII of Johnston,L. J.; Scaiano,J. C.; Ingold,K.U.

1 Am.Chem.Soc.1984,106, 4877-4881;gRef.3;hRef.2; iRef. 1.

DFT Calculations

There are veryfewexperimentalC-CandC-HBDE’sforfluorine-containingalkanes(seeTables

2 and3, respectively).We thereforedecidedtocalculatesomeC-CandC-HBDE’ssincetheseshould,

in a relativesense,reflectthe thermochemistryofadditionto styreneandhydrogenatomabstraction

fromn-Bu&tI, respectively,for thevariousradicalswehaveinvestigated.’

The resultsof ourBDEcalculationsare summarizedinTables2 and3. In thosecaseswhere

comparisonis possible,thecalculatedBDE’saregenerallywithin2-3kcaUmolof theexperimental

values. Sincethe latterare,in fact,unlikelyto be morereliablethanca+ 2 kcal/molwe believethat the
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calculateddifferencesin C-CandC-HBDE’swhicharegreaterthanca.+ 1kcal/molprobablyreflect

realdifferencesin theBDE’s.

Table 2. CalculatedC-CBondDissociationEnergies[B3LYP/6-31G(d)]

C-CBond
CH3-CH3
CF3-CH3

cH3cH2-cH3
cH3cF2-cH3
cF3cH2-cH3
cF3cF2-cH3

cH3cH2cH2-cH3
cH3cH2cF2-cH3
cH3cF2cH2-cH3
cH3cF2cF2-cH3
CF3CH2CH2-CH3
ler30rtedasD.(298

BDEa
kca~mol)

89.4
99.6
86.3
91.4
91.4
95.5
86.7
91.6
89.9
95.4

Exptl.
89.9M3.5b’
lol.2*1.1b’d

87.8
5‘K)inkcal/mol,using

0.9~06ZPEanda temperaturecomectionof 4RT;
‘Ref. 8;cRef.9; dRef. 10.

Tab1e3. CalculatedC-HBondDissociationEnergies[B3LYP/6-31G(d)]

C-HBond
CHSCHZ-H
CH3CF2-H
CF3CH2-H
CF3CF2-H

CH3CH~CHz-H
CH@HZCFZ-H
CHSCFZCHZ-H
CH3CFZCFZ-H
CF@HzCHZ-H

BDEa
kcal/mol)

100.0
97.4
104.3
99.5
100.3
97.7
103.1
100.1
101.4

Ex tl.

7

lol.lflb$

99.5H.5b’d
106.7ilb’e

102.7M15b’f
100.4M16b

— 1038 ~CF3CF2CH2-H
“ReportedasLL(298.15“K)inkcal/mol,using0.9806
ZPEand a temperaturecorrectionof 2.5RT;bRef. 8;
cRef. 11; dRef. 12;eRef. 13;fRef. 14.

A knowledgeof atomicchargesis essentialforoneto be ableto considerthe impactof

electrostaticsuponbonding. Thus,usingtheB3LYP/6-31G(d)densitiesof the optimizedstructures,

partialatomicchargeswerecomputed,basedonbothMullikenpopulationsandfits to the electrostatic

potentialat pointsselectedaccordingto theMerz-Kollman-Singhscheme.]5’16Althoughthe B3LYP/6-

31G(d)valuesam.listedhem,it shouldbe notedthatthe trendsin theMKS-basedatomicchargesare

alsoadheredto in thecaseof structuresoptimimdat the SCFandMP2levelswithbasissets ranging
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from6-31G(d)to 6-31l+ffi(d,p), withchargesofcomparablemagnitudegenerallybeingobservedas

weIL17

Table 4. AtomicChargesin SelectHydrofluorocarbons,BasedontheB3LYP/6-31G(d)density.
HFC method F a-C pc a-H P-H

caH3caH3 MKS-ESP -0.055 +0.018
ethane Mulliken -0.433 +0.144

C,J3ZFZ MKS-ESP -0.200 +0.320 +0.041
difluoromethane MuUiken -0.281 +0.299 +0.132

c&(&F2H MKS-ESP -0.228 +0.467 -0.386 +0.020 +0.110 (2H)
1,1-diflucmxthanc +0.135(lH)

MuUiken -0.291 +0.458 -0.502 +0.120 +0.165 (2H)
+0.177 (lH)

c@3c&@H~ MKS-ESP -0.245 +0.631 -0.477 +0.133(4H)
2,2-diftuoropropane +0.140(2H)

MoUiken -0.307 +0.620 -0.497 +0.160(4H)
+0.175(2Hj

DISCUSSION

Thetrendof reactivitieswhichis observedforhydrogenatomabstractionbyfluorinatedradicals

is qualitativelysimilarto thatfor theiradditionto styrene.However,the absoluteratesandthe rangeof

reactivitiesforeachtypeof processcanbe seento differsignificantly.Thus,absoluterateconstantsfor

hydrogenatomabstractionfromtinhydridebytheradicalslistedinTable 1aregreaterby roughlyan

orderof magnitude(range3.4-27)thanthe absoluterateconstantsfor additionof thesesameradicalsto

styrene. Indeed,the rateconstantsforhydrogenatomabstractionbythe twoperfluorinatedradicalsare

withinan orderof magnitudeof thediffusion-controlledlimit. As a naturalconsequence,the rangeof

fluorine-inducedchangesin reactivityis smallerforthehydrogenabstractionreactions(range0.9 to

133)thanfor the additionreactions(range1to 658).

%a-Difluoroalkyl radicals

If oneconsiderstheC-Hbond-weakeningeffectof a,a-difluoro substitution,rdongwiththe

demonstratedlackof impactof ct,a-difluorosubstitutiononradicalelectrophilicity,3it is quiteclear that

the small(factorof 3.8)rateenhancementforhydrogenatomabstractionfromrr-BugSnHby

RCHZCH2CF2”relativeto RCH2CHZCH2”mustderivemainlyfromthepyramidalnatureof theformer
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mdicaL18Theoppositeeffectof mc+difluorosubstitutiononC-CBDE’shelpsto explainwhythemis a

muchmoresigtilcant mteenhancement(faetorof22.5)foradditionto stymmebyRCH2CH2CF2”

relativeto RCHZCH2CHZ”.

fl,~Dijluoroalkyl radicals

The 13,&difluorinatedradicalsammoreinterestingin thatRCHZCFZCHZ’is ca. 5 timesas

reactiveas RCH2CHZCH2’inbothhydrogenatomabstractionsfromn-BusSnHandin additionsto

styrenes(Table1). SincetheRCH2CFZCH2’radicalsameffectivelyplanar,latheirenhancedreactivities

mustderivefromeitherpolaror enthalpicfactors. Thelatteris probablythemoreimportant. That is,

theC-H bondin CH3CFZCHZ-His Cdcu]atedto be2.8kcaI/molstronger thanthatinCH3CH2CHZ-H

(Table3), and theC-Cbondin CH3CFZCHZ-CHSis calculatedto be 3.2kcal/molstrongerthanthat in

CHSCHZCHZ-CH3(SeeTable2 andrelateddiscussion(vif.feinfia)). The greaterexothermicitiesof the

RCHZCFZCHZ”radicalmetions appearto be quitesufficientto accountfor its verymodestincreasein

reactivityrelativeto primaryalkylradicals.lg

yyDijluoroalkyl radicals

The T,T-difluonnatedradicalRFCFZCHZCHZ”hasessentiallythesamen?activityas a primaryalkyl

radical (Table 1) and essentially (within 1.1kcal/mol) the same C-C and C-H BDE’s as in the

corresponding alkane (Tables 2 and3).

Polyjluorinated radicals

All cqa-difluoroalkylradicalsarepyramidal,andfurthermore,thedegreeofbendingat the

mdicrdcenterwouldappearto be rathersimilarwhetheror not theradicalsammoreextensively

fluorinated.18Theenhancedreactivityof theRCH&F2CFZ”,RWFZCFZCF2”,andCFSCFZ”radicals

relativeto RCHZCH2CFZ”radicalsmustthereforearisefromeitherthe greaterelectronegativityof these

polyfluorinatedradicals,or to morefavomblethermodynamicfactors,or both. Thedatain Tables2 and

3 indicatethat the trendin mactivitiesfor theseradicalscorrelatespoorlywiththe thermodynamic

drivingforcefor the reactionsin question.Thus,for thehydrogenatomabstraction,the rateconstants

(relativeto that for the n-alkylradical)forRCHzCHzCF2’,RCHZCFZCFZ’,andCF,CFZ”are 3.8,38 and

133,respectively,whereasthe relevantC-HBDE’sfor theprcductswhichwouldbe formedarc97.7,

100.1,and99.5kcal/mol,respectively.Similarly,themteconstants(relativeto n-alkyl)for the addition

to styreneof thesesameradicalsare22.5,167and658,respectively,whereasthe relevantC-C-BDE’s

are91.6,95.4and95.5kcaVmol,respectively.l%c~fore,althoughtheremaybe a small
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thermodynamically-inducedrateenhancementfor theabstractionandadditionreactionson changing

fromthe -CHZCFZ’moietyto the -CFZCFZ”andCFSCFZ”moieties,it cannotfullyaccountfor the observed

changesin rateconstants. We thereforeconcludethatpolareffectsarisingfromthe greater

electronegativitiesofRCHZCFZCFZ’,RFCF2CFZCFZ”andCF3CFz”versusthatof RCHZCHZCF2’are

responsiblefor theenhancedmactivitiesof thesefist threeradicalsrelativeto the last-

Thesynergisticimpactof multiplefluorinesubstitutiononradicalreactivityhasbeendiscussed

elsewherein somedetailandwillnotbe remarkeduponagainat thistime.3

Comments on the bond dissociation energy data

A particularlyinterestingfeatureof ourBDEcalculationsis thepredicted2.6kcal/moldecrease

in C-HBDE’sinducedbyct,rz-difluorosubstitution(cf.,CH3CH2CH2-H= 100.3versusCH3CH2CFZ-H

= 97.7kcal/mol)andthe4.9kcal/molincrease in C-C BDE’s(cf.,CH3CHZCHZ-CH3= 86.7versus

CH@H1CF2-CHg= 91.6kcal/mol).Webelievethat thesedifferencesare toolargeto be attributedto

uncertaintiesin thecalculationsandthattheymust,therefore,reflectthe truesituation.

HomolyticC-HBDE’sofhydrocarbonsbearingheteroatomsubstituentshavelongbeen

consideredto providegoodestimatesof thestabilitiesof thecorrespondingalkylradicals.zlFor

example,BordwellandPastohavedevotedconsiderableattentionto thepredictionof BDE’sof mono-

anddisubstitutedmethanes,andtheyhavealsopresentedcogentinterpretationsof the validityand

significanceof thederivedradicalstabilizationenergies(RSE’S),whicharedefinedas thechangein the

totalenergyfor the isodesmicreactionshownineq iii, andassucharerecognizednot to be identicalin

definitionto “resonance”energies.22’23

~CH$; + CH4 — XnCH4n+ CH3” (iii)

Usingtheexperimentalbonddissociationenergiesforthe fluorinatedmethanes[BDE’s:CH3-H

(104.830.2),CHZF-H(101.2Q, CHF1-H(103.2*2),CFS-H(106.7MkcaUmol)]8’11indicatesthat,by

equationiii, the impactof fluorinesubstitutiononRSE’Sis positivefor thefiist fluorinebut then

increasinglynegativealongtheseries. Whereasa singlefhrorinesubstituentis stabilizingby3.6

kcal/mol,twostabilizebya mem 1.6(whichcanbecomparedto the2.6kcal/molstabilizationcalculated

for the CH3CF*”radicrd,comparedto CHSCH2”),andthreedestabilizeby 1.9kcaUmol.Thistrendhas

beenexplainedbyEpiotisandBordwellas derivingfromthefact that substituentsof the—X: type (that

is electronegativesubstituentsbearinglonepairs)shoulddestabilizea radicalinductivelyandstabilizethe

radicalto theextentof theirabilityto delocalizetheoddelectron.24’22Becausetheenergyof its lone

pairsis not conduciveto theirinteractionwiththeSOMOandwithsuchdelocalizationfurther
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diminishingwithincreasingpyramidalization,suchinteractionactuallybecomesdestabilizingforCFS”,

whichleadsto theconsidemblenegativeRSEexhibitedbyCF3’andhenceto theveryhighCFS-HBDE.

Indeed,becauseof the strongimpactof fluorinesubstitutiononthegroundstateenergiesof

polyfluoromethanes,onemustquestiontheuseofRSEvrduesderivedfromeq iii forevaluatingthe

degu of “radicrdstabilization”in thefluoromethylradicalseries.

Thereremainsthequestionas to whytheC-CBDE’sdo notalsoreflectthe apparent1,1-

difluoroalkylradicalstabilizationwhichinfluenctxtheC-HBDE’s.Theanswerto thisquestionlies in

the fact that thereis a considerabledifferencein theenthalpiesofformationof 1,1-difluoro-and2,2-

difluoroalkanes,whichis reflectedbythecomputedisodesmicequation(iv).

cH3cF2cH3 + C&CH3 — CH3CF2H+ CH3CHZCI-13(iv)

AHO= + 7.8kcalhnol

The largeAHOvalueforequation(iv)is bestunderstoodin termsof electrostatic.s.25’2GAccordingto

Wiberg,thehighlypolarC-Fbondinducesa significantpositivechargeonthecarbonatom,C&–@.2’

Moreover,as he hasdemonstratedin themethaneseries,thepositivechargeoncarbonincreasesalmost

linearlywithincreasingfluorinesubstitution,withthenegativechargeoneachof thefluorine

substituentsremainingconstantthroughoutthe series. Wiberg’sconclusionwas thata considerationof

electrostatics(Coulombicattractions)canaccountfor theincreasein molecularstabilizationas one

increasesfluorinesubstitutiononmethane.

Likewise,weconcludethatelectrostaticsprovidesa satisfyingrationalefor the C-CandtheC-H

BDEdata in Tables2 and3. SometwentyyearsagoRodgersandcoworkerspostulatedthat CFSCHS

“shouldhavean attractivedipole-dipoleinteraction”whichwouldstrengthenits C-Cbondrelativeto

thosein ethaneor hexatluoroethane.l°’12’13Suchbondstrengtheningis &lected by isodesmicequations

(v)and(vi),the formerderivingfromexperimentalheatsof formation27andthe latter fromour

calculateddata.
CF3CF3+ C&CH3 - 2 CH3CF3 (v)

AHO=-16.9kcalhnol

9865

cii3cli2cti2ckt3 + cH3cF2cF2cti3 - 2 CH&F&H#ts (vi)

AHO=-5.0 kcaVmol
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Figure 1depictsthe atomicchargesonCHzFz,cH3cHF2, andcH3cF2cH3 fromTable4. An

examinationof thesechargesallowsoneto concludethattherearestrongelectrostaticattractions

betweenthe carbonatomsin CHSCHFZandinCHSCFZCH3,whichwill,ofcourse,contributeto making

the C-Cbondsin thesetwocompoundsstrongerthanthosein theirnon-polarcounterparts,CH3CH3,

CF3CF3andCH3CF2-CFZCHS.h C031@IS~therewouldappearto be mildt?kttOStStiCrepulsion

betweenthe et-Candcz-Hatomsof CH2FZandCH3CF2Hwhichwillcertainlycontributeto C-Hbond

weakeningin thesecompounds.Lastly,andin starkcontrastto thesituationat the rz-carbon,thereis a

/J.mo ‘0”’22’”%/-0”228
HF“c ~+o.320 ~+o.,,,

— — —+0.041 H— c—c —

/ \
F -0.386 HF

+0.020

-0.245

J +0.631

IA

HFH

/

-0.4?7

H—C —C—C—H —+0.136

HFH

Figure 1. AtomicCharges(MKS-ESP,basedon B3LYP/6-31G(d)density)

strongelectrostaticattraction between the P-C and P-H atoms of CH3CHF2and CH3CF2CH3which is

certainlyconsistentwiththeobservedandcalculatedincreasein thestrengthof such~ C-H bonds.

Thus,simpleelectrostaticswouldappearto explainmostofthe observedeffectsof fluorine

substitutiononC-CandC-HBDE’swhichiuereflectedin Tables2 and3, especiallyif onerdsokeepsin

mindtheslightstabilizationof RCF2”radicalsandtheuniquenessof theCF3Hmolecule. Thuswe are

left withwhatwebelieveis a veryniceandself-consistentpictureof the thermochemistryof bonding

andradicalstabilizationin fluorohydrocarbonsystems.
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CONCLUSION

In conclusion,thetnmdof reactivitiesof partially-fluorinatedn-alkylradicalstowardshydrogen

atomabstractionfromn-BuqSnHis qualitativelysimilarto thatfortheiradditionto alkenes. It has been

concludedthat theenhancedreactivitiesof cwx-difluoroalkylradicalsderivelargelyfromtheirpyramidal

nature,whereasthe modestincreasein ~,~-difluoroalkylradicalreactivityis duemostlyto

thermodynamicfactors. Multitluorinatedradicals,suchasct,cx,~,~-tetrafluoro-andperfluoro-n-alkyl

radicalshaveexceptionalreactivitieswhichderiveprincipallyfromtheirenhancedelectrophilicity.A

computationalstudyof the impactof fluorinesubstituentsonC-HandC-Cbonddissociationenergies

providesnewunderstandingof howfluorinesubstituentsaffectbondingin hydrofluorocarbons.

EXPERIMENTALSECTION

General. IH, 13C,and 19FNMRspectra(300MHz,75MHzand282MHz,respectively)were
measuredin CDCLusingTMSas internalstandardforIHand13C,andCFC13For 19F.All reagents,
unlessotherwisespecified,werepurchasedfromAldrich,Fisher,PCR,or Acres,andusedas received.
Styrene(Fisher)wasf- frominhibitorbypassagethrougha columnof neutralalumina.
Dichloromethanewasdistilledfromcalciumhydrideandusedimmediately.Diethyletherwasdistilled
fromsodiumbenzophenoneketylandusedimmediately.Benzenewasdistilledfromlithiumaluminum
hydrideandstonxlover4 ~ molecularsieves. Chloroform,dimethylwdfoxide,andtetraglymewere
commercialanhydrousgrade. 2-[perfluorohexyl]-l-iodoethanewasreceivedas a giftfromProf.N. O.
Brace. P~parative gaschromatographywascanied outona 20ft x 0.25in. coppercolumnpacked
with20%SE-30on ChromosorbP.

Time ResolvedLaser Flash Photolysis. Theapparatusandprocedureshavebeendescribedin
detailelsewhere.sTherateconstantsfor thereactionswhichresultedin theformationof the benzylic
radicals(Scheme4) wemdeterminedfromtheexperimentalgrowthcurvesof the absorptionat ca. 320
nm measumdovera rangeof substrateconcentrations,accordingtoeq ii.

Computational Methods. Geometriesofvariousfluorinatedethanes,propanes,andbutanes
alongwiththeirrespectiveradicalsgeneratedfromterminalC-HorC-CHSbondcleavagewere
optimizedat thehybriddensityfunctionallevel,utilizingBecke’sthree-parametermethodwiththe
correlationfunctionalof Lee,Yang,andPa# andthe6-31G(d)basis. All calculationswereperformed
usingthe Gaussian94 programsystem,29utilizingscf=tightconvergencecriteriaandthe (75,302)p
prunedintegrationgrid. Allminimawerecharacterizedbyvibrationalfrequencyanalysis,the resulting
zero-pointenergyconwtion scaledby 0.9806as suggestedby ScottandBauschlicher,30and a thermal
correctionof 4RT (forC-CBDEs)or 2.5RT(forC-HBDEs)appliedas recommendedby Radom31and
implementedbyBoydin RHFandMP2studiesof thestructureandBDEsof fluorinatedethanes.7
Whe~ applicable,EportedBDEscorrespondto thoseresultingfromthe lowestelectronicenergy
conformerof theclosed-shellspeciesandI or radical. Bonddissociationenergiesobtainedin this
fashionwerefoundto be, in thecaseswheresuchvaluesareknown,withinca. 1-2kcal / molof those
determinedexperimentally,andin equalor betteragreementwithexperimentthantheMP2/6-
31IG(d,p)//HF/6-3lG(d) andMP2/6-311G(d,p)//MP2/6-3lG(d)valuesobtainedby Boyd.7
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Table4. FluorinatedAtkanes- Totaland(Unsealed)Zero-PointEnergies,

a.

species E(B3LYP/6-31G(d)), ZPfi au.
au.

CH,CH3 -79.8304167 0.075231
CH3CF3
CH3CF2H
CF3C13H
cmcHlcHs
CH3CF2CH3
CF,CH2CH3
CF3CF2CHj
CH~CH@zH’
CH3CH2C13H’
cH3cF*cF2Hb
CH3CFJ2FzH’
CH3CHlCH~CH3C
CHSCHzCH2CH3d
CH,CH2CFZCHJ”
CHqCH2CF,CH3d
cH3cF#lT~cH,c
CHgCF2CF2CH3d
CF,CH,CH,CH,C

-377.5549235
-278.3015940
-576.0077790
-119.1442464
-317.6263447
416.8699039
-615.3356199
-317.6163135
-317.6162650
-516.0884655
-516.0853571
-158.4580400
-158.4567065
-356.9408361
-356.94QI189
-555.4151664
-555.4110960
-456.1836478

0.052872
0.061076
0.037905
0.104110
0.088479
0.081649
0.065266
0.089851
0.090006
0.073687
0.073705
0.132860
0.132957
0.117249
0.117349
0.101158
0.101141
0.110224

CFjCH;CH~CH;d -456.1826866 0.110445
dandhydrogengauche;b.Methylandhydrogenanti;C.Methyl(or
,romethyl)groupsanti; Methyl(ormethylanduiffuorometbyl)groupsgauche,

Table5. FluorinatedRadicafs- Totaland(Unscaled)Zero-PointEnergies.

iethyland

specks E(B3LYP/6-31G(d)),a.u ZPE a u..... ................................................................................... ..........!.,..........,...2.....:...:.,
H’ -0.5032728 0

CH9‘
CF,

cH@2‘
CH3CF*
CF3CHZ
CF3CF2“

CH3CH*CH*“‘
CH3CH2CH2‘b
CH3CH2CF2“b
cH3cH*cF~‘‘
CH3CFjCH*“c
CH3CF*CH*b
CH3CFZCFZb
CH3CF*CFZC
CF3CH2CH2‘‘

-39.8382909
-337.5509879

-79.1578663
-277.6352216
-376.8760847
-575.3382C07

-118.4713699
-118.4711179
-316.9496940
-316.9496712
-316.9493447
-316.9489182
-515.4178170
-515.4173201
-416.1952103

0.029849
0.012153

0.059647
0.047481
0.037830
0.024522

0.088731
0.088945
0.076574
0.076368
0.073435
0.073225
0.060271
0.060276
0.066154

[ CF9CH*CH*b -416.1951213d 0.066242 I
‘ Radicatp orbitalaligned(hyperconjugsted)withPC-Hbond;b.~ C-Cbondhypereonjugadon;c.~ C-F
bondhypereonjugation;dRef.32
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Synthesesof Partiaily-Fluorinated AlkylHalides,Reductionproducts, rmdStyrene Adducts.

1#-Dibromo-1,1-difiuorohexane.Basedonamtilcation byElsheime?3of a procedureby
Burton?4a Cariustubeof approximately200mLcapacityequippedwitha smallmagneticstirbarwas
chargedwith0.14g (1.42x 10-3mol)cuprouschloride,4.36g (7.12x 10-2mol)ethanolamine,12mL
tert-butanol,10.0g (1.42x 10-1mol) l-pentene,and59.84g (2.85x 10-1mol)dibromodifluoromethane.
‘fhetubewasflushedwithnitrogenandflame-sealed;uponswirling,a deepbluecolorationwas
observed.The tubewasimmersedhalfwayintoa siliconoilbathpreheatedat 85°C and allowedto stir
for 48 hours,duringwhichtimethecolorationturnedfromdeepblueto olivegreento brown.(Caution:
thisprocedure should bepe~ormedbehinda safety shield) The tube was cooledin an ice bath,
opened,andthecontentstransfemedto a 250-mLErlenmeyerflask(at thispoingunreacted
dibromodifluoromethanemaybe moved bydistillation)andthetuberinsedwiththe 50 mL portions
of hexanes. All organicmaterial(whichconsistedof a cloudyyellow-greensupematantanda brown
resin)wasfalteredthrough50 mLof silicagel,whichwasrinsedwithtwoadditional50mL portionsof
hexanes. The resultingcolorlessfdtratewasconcentratedbyrotaryevaporationandsubjeetto reduced
pmssurefractiona.1distillationthrougha 15cmVigreuxcolumn. A totrdof 22.79g (57.3%)of the title
com@undwasobtainedas a colorlessliquid,bp 80-85°C / 25mm Hg. IHNMR:80.96 (3H,L3Jw=
7.42Hz), 1.50(2H,m), 1.86(2H,m), 3.01(2H,m),4.24(lH, m); 13CNMR:513.2,20.4,40.5,46.6,
52.7 (t, 2J~ = 21.8Hz), 120.6(t, IJm= 306.9Hz);19FNMR:$-43.2 (m);HRMSfor Cd-LOFzBrxcalc.
277.9117,calq. (M-Br)198.9934,found198.9983;CHNforCd-hOF*Br*:calc. 25.74%C. 3.60%H.
found25.53%C, 3.43%H.

l-Bromo-1,1-difluorohexaneand 1,1-difluorohexane.A 250mLtluee-neckedround-
bottomedflaskequippedwithanice-watercondenser,argoninlet,andmagneticstirbar wascharged
with20.0g (7.14x 10”2mol) 1,3-dibromo-1,1-difluorohexanedissolvedin 100mLrmhydrous
dimethylsulfoxide.A totalof 10.8g (2.85x 10-1mol)ofsodimnborohydridewasthenaddedin small
portionswithvigorousstirringoverthecourseof 1hour,duringwhichtimethe flaskbecamewarmand
a semisolidgelwasobservedto form. Aftertheadditionwascomplete,thebathtemperaturewasraised
to 70°C overthe courseof 1hourandheatingcontinuedforan additional6 hours(19FNMRanalysisof
a smallaliquotof the reactionmixtureat this timeshowedcompleteconsumptionof startingmaterial.)
Theflaskwascooledto roomtemperature,thecontentstransfemedto a 1L Erlenmeyerflask,and the
reactionquenchedwithchipsof ice. Theresultingmixtmewascarefilly acidifiedwithconcentrated
aqueousHC1,100mLetherwasadded,andtheaqueous/DMSOlayerextractedwiththree50 mL
portionsof ether. Thecombinedetherlayerswerewashedwiththee 25mLportionsof water,dried
overMgSOd,andsubjectto ambientpressurefractionaldisti~ationthrougha 15cm Vigmuxcolumn-
Afterconcentrationin thisway,8.91g (62.1%)of l-bromo-l,ldifluorohexane(contaminatedwitha
smallamountof 1,1-difluorohexane)wasobtainedasa colorlessliquid,bp 125-128°C. PreparativeOC
separationaffoxtkdanalyticallypuresamplesofeach. For l-bromo-1,1-difluorohexane:IHNMR:5
0.92 (3H,t, 3Jmi= 7.5 Hz), 1.35(4H,m), 1.62(2H,m),2.33(2H,m); ‘3CNMR:/513.8,22.3,23.6,
30.6,44.3 (t, 2Jcp= 21.1Hz), 123.3(t, IJm= 303.5Hz);19FNMR:0-43.9 (L3Jm= 14.7Hz);HRMS
for C&IllF*Br:calc. 200.0012,calc. (M-Br)121.0829,found121.0832;CHNfor CdLIF*Br:calc.
35.84%C, 5.51%H, found35.47%C, 5.54%H. For 1,1-difluorohexane:IHNMR:60.91 (3H,t, 3Jm
= 6.9 Hz), 1.34(4H,m), 1.45(2H,m), 1.80(2H,m), 5.79(lH, tt, 3Jm= 4.5 Hz, *Jw= 57 Hz); 13C
NMR:613.8,21.8 (t, 3Jep= 5.5 Hz),22.4,31.2,34.1 (t, 2Jm= 20.6Hz), 117.5(t, IJcp= 237.4Hz);19F
NMR:@-116.3(dt, 3Jm= 17.1Hz,2Jm= 56.2Hz);HRMSforC,3H12F*:calc. 122.0907,calc. (M-H)
121.0829,found 121.0825.
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l-Phenyloctan-3-ol. Intoaflame-dried300mLthree-neckedround-bottomedflask equipped
with a 125 mL pxtxsute-equalizing addition funnel, condenser with argon inle~ and magnetic stir bar
was dispensed3.94g (1.62x 10-1mol)Mgturningsanda smallcrystalof iodine.10.0g (5.40x 10-2
mol)of (2-bromoethyl)benzenewasdissolvedin 100mLof rmhydrousetherandaddedto the funnel.
Afteradditionof a smallamountof solutionandinitiationof the reaction,additionwascontinuedat a
rate thatmaintainedgentlemdlux,afterwhichtimethemixurewasrefluxedfor an additional2 hours.
Theflaskwas thencooledto roomtemperatureand5.41g (5.40x 10”2mol)ofhexanalwasdissolvedin
50 mLanhydrousether,addedto the additionfunnelanddispenseddropwiseat a rate thatmaintained
gentIereflux. Themixturewasrefluxedforan additional2 hours,cooledto roomtemperature,and
quenchedwitha mixtureof 100g of ice and50mLconcentratedaqueousHC1.Thelayerswere
separated,the aqueouslayerextractedwiththree50 mLportionsofether,andthecombinedorganic
extractswashedtwicewith20mL 5%aqueousNaHC03andoncewith20 mLof water. Theorganic
layerwasdriedoverMgS04,thesolventrotaryevaporated,andthe resultingliquidsubjectedto reduced
pressurefractionaldistillationthrougha 15cmVigmuxcolumn. 8.75g (78.7%)of the desiredalcohol
wasobtainedas a colorlesliquid,bp 148-151°C / 0.1mmHg. IHNMR:80.94 (3H,t, 3Jm= 5.7 Hz),
1.34(4H,m), 1.51(4H,m), 1.81(2H,m), 2.76(2H,m),3.67(lH, m),7.28(5H,m); ‘3CNMR:814.0,
22.6,25.2,31.8,32.0, 37.5,39.0,71.4, 125.7,128.3,128.4,142.2;HRMSfor CldH@: calc.
206.1671,found206.1672.

l-Phenyloctan-3-one. Into a 100mLround-bottomedflaskwasplaced3.8 g (1.84x 10-2mol)
of l-phenyloctan-3-oldissolvedin 10mLether. 8.5mLofpreviouslypreparedJones’xeagent(5.0g
NazCrz@and 3.65mLconcentratedHzsoddilutedwithwaterto a totalvolumeof 25mL)wasadded
dropwiseto the alcoholsolutionwithstirring,andallowedto reactfor 4 hoursat roomtemperature.
Thedarkgreenreactionmixturewasdilutedwith20mLetherand20mLwater. Theaqueouslayer
wasextractedwith three20 mLportionsofether,andthecombinedorganicextractswashedtwicewith
20 mL saturatedNaHC03,oncewith20mLbrine,anddriedoverMgSOd.Rotaryevaporationof the
soIventfollowedby reducedpressmefractionaldistillationthrougha 10cm Vigreuxcolumnaffoded
3.34g (89.0%)of the desiredketone,bp 108-111”C /0.35 mmHg. IHNMR:60.87 (3H, t, 3JHH=6.9
Hz), 1.26(4H,m), 1.55(2H,overlappingtt, 3JHH= 7.5Hz),2.37(2H,t, 3JHH= 7.2Hz), 2.72 (2H, m),
2.89(2H,m), 7.23 (5H,m); 13CNMR:513.9,22.4,23.5,29.8,31.4, 43.0,44.2, 126.0,128.3,128.4,
141.2,210.3;HRMSfor CMHZOO:calc.204.1514,found204.1532;CHNfor C14H200:calc. 82.30%C,
9.87%H, found82.53%C, 10.14%H.

3&Difluoro-1-phenyloctane. Intoa 100mLthree-neckedround-bottomedflaskequipped
with stirbar, rubberseptum,andcondenserwithargoninletwasplaced2.0g (9.80x 10-3mol)of 1-
phenyloctan-3-onedissolvedin 15mLsnhydrousCHZCIZ.Intothereactionmixturewasslowlyinjected
1.74g (1.08x 10-2mol)diethylaminosulfurtrifluoridc(DAST)withstirring,duringwhichtime theflask
becameslightlywarm. Themixturewasheatedat refluxfor72hours,overwhichtimea darkamber
colorationwasobserved.Aftercooling,the reactionmixturewascarefullydecantedonto50 mLofice
wateranddilutedwith 10mLCHZCIZTheorganiclayerwasseparatedandtheaqueouslayerextracted
withthree20 mLportionsof CH*CIZ.Thecombinedorganicextractswerewashedoncewith 10mLof
10%aqueousNaHCOsandoncewith 10mLwater,driedoverMgSOA,andthesolventrotary
evaporated.Fractionalreducedpm.wumdistillationof theresultingliquidafforded1.66g (68.0%)of
3,3-difluoro-l-phenyloctane,bp 100-105”C/ 0.2mm Hg. ‘HNMR:/30.92(3H,t, 3JHH=6.3 Hz), 1.33
(4H,m), 1.48(2H,m), 1.87(2H,m),2.13(2H,m),2.82(2H,m),7.27(5H,m); 13CNMR:813.9,
22.0,22.4,28.5,31.5, 36.5(t, 2JCP= 25.1Hz),38.2(t, 2JCP= 25.5Hz), 124.8(t, IJCP= 239.4Hz),
126.1,128.3,128.5,140.8);19FNMR:@-99.1(overlappingtt, 3JF31= 17.1Hz);HRMSfor c14H20F2:
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calc.226.1533,found226.1529;CHNforCMHZOFZ:calc.74.30%C. 8.91%H. found74.14%C, 9.15%
H.

l-Bromohexan-2-one. Basedona procedmebyZav’yalov?5intoa 250mLtime-necked
round-bottomedflaskequippedwithan argoninlet,magneticstirbar,and 100mLpressure-equalizing
additionfimnelwasplaced10.0g (9.98x 10-2mol)of 2-hexanone,40 mLglacialaceticacid,and9.75g
(1.62x 10-1mol)urea. Theflaskwascooledto O“Cand 17.15g (1.07x 10”1mol)of brominewas
introduceddropwiseinto the reactionmixtmeoverthecourseof 1hour. Afterthe additionwas
complete,the coolingbathwasremovedandthereactionmixtureallowedto warmto roomtemperature
andstirredovernight.Thecontentswerethentransferredto a separator funnel,dilutedwith200rnL
water,andextractedwithfour50 mLportionsofCHZCIZ.Thecombinedorganicextractswerewashed
withthree20 mLpordonsof 10%aqueousNaHC03,driedoverMgS04,andthe solventrotary
evaporated.Fractionalreducedpressuredistillationthrougha 15cm Vigreuxcolumnyielded12.91g
(72.2%)of thedesired l-bromoketone,contaminatedwithca. 6% (by‘HNMR)of the 3-bromoisomer,
bp 85-88°C / 15mmHg. Columnchromatography(silicagel,20%ethylacetateinhexanes)of a small
sampleyieldedpure l-bromohexan-2-one,whichwasusedin characterization.IHNMR:50.91 (3H,t,
3JHH= 7.5 Hz), 1.33(2H,overlappingtt, 3JH31= 7.5Hz), 1.60(2H,overlappingtt, 3JHH= 7.5 Hz),2.64
(2H, t, 3JHH= 7.2 Hz),3.88(2H,s); 13CNMR:613.7,22.1,25.9,34.3, 39.5,202.2;HRMSfor
C&IllBKl:crdc.177.9993,found177.9934;CHNfor@-IuBrO:calc.
40.25%C, 6.19%H, found40.10%C, 6.19%H. (Caution: u-bromoketones arepowefil
lachynatars.)

l-Bromo-2j2-difhmrohexane.A 100mLthree-neckedround-bottomedflaskequippedwith
magneticstir bar,condenserwithargoninle~andrubberseptumwaschargedwith5.0 g (2.79x 10-2
mol) l-bromohexan-2-onedissolvedin 20mLanhydrousCHCIS.9.15g (5.68x 10-2rnol)DMT was
slowlyinjeaed into the reactionmixtme,whichwasthenheatedat 50°C for 48 hours. The flaskwas
cooledandthecontentscarefullydispensedinto50mLof ice water. Thelayerswereseparated,the
aqueouslayerextractedwiththree5 mLportionsof CHZCIZ,andthecombinedorganicextractswashed
twicewith 10mL portionsof 10%aqueousNsHCOSandoncewith 10mLof water. Dryingover
Mgs04,evapomtionof the halogenatedsolventsbyambient-pressuredistillationthrougha 10cm

Vigmuxcolumn,andfractional,ambientpressu~distillationaffonkd 3.35g (59.7%)of the title
compoundas a colorlessliquid,bp 120-122°C. IHNMR:80.94 (3H,t, 3JHH= 7.2 Hz), 1.42(4H,m),
2.02(2H,m), 3.51(2H,t, 3J31P= 13.2Hz);13CNMR: 13.7,22.3,24.1,31.4 (t, 2Jm= 34.1Hz), 34.2 (t,
2JCP= 24.0Hz), 121.5(t, IJCT= 240.9Hz);19FNMR:@-99.2(m); HRMSfor CdLIFzBr:calc.
200.0012,calc. (M-H)198.9934,found198.9974;CHNforC@llFtBr: calc. 35.84%C, 5.51%H,
found36.00%C, 5.48%H. Thismaterialwasfurtherpurifiedby preparativeOCforuse in thekinetic
study;however,a sluggishchainreactionwiththisbromideprecursorled us to thepreparationof the
iodoprecursorbelow.

l-Iodo-2,2-difluorohex3me.2.0g (9.95x 10”3mol)of l-bromo-2,2difluorohexanewasplaced
intoa thick-walledCariustubeof approximately150mLcapacity,alongwitha smallmagneticstirbar.
100mL of a hot saturatedsolutionof sodiumiodidein acetonewasaddedto the tube,whichwasthen
cooledin a &y iee-isopropanolslushandflame-sealed.Afterwarmingto roomtemperature,the tube
wasimmersedhalfwayin an oilbathatopa magneticstirrer. Themixttuewasstirredat 85-90”C for96
hours(a safetyshieldis recommended)at whichtimethe tubewascooled,opened,andthe contents
transfem.dto a 250mL round-bottomedflask. Mostof thesolventwas~moved by rotaryevaporation,
andthe remainingresiduetakenupin a mixtureof 50mLof waterand50mL ofether. The layerswen?
separated,the aqueouslayerextractedwithttnw 50mLportionsofether,andthecombinedorganic
extractswashedwith20mL of water. DryingoverMgS04,rotaryevaporationof the solvent,and
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fractionalttxluced-pressmedistillationaffotded2.16g (87.5%)of verypum l-iodo-2,2-difiuorohexane:
bp 101-102°C/ 68 mm Hg. ‘HNMR:80.93 (3H,L3J3131=7.2 Hz); 1.41(4H,m), 2.06 (2H,m), 3.40
(2H,L‘Jm= 14.4Hz); *3CNMR:53.95 (L‘Jm= 31.5Hz), 13.7,22.3,24.4,35.0 (t, 2Jm=24.5 Hz),
121.1(t, IJCP= 240.8Hz); 19FNMR:@-94.9(overlappingtt, ‘Jm= 17.1Hz); HRMSfor CJ311F21:
calc.247.9833,found247.9862;CHNforC6H11FZI:calc.29.05%C, 4.47%H, found28.82%C, 4.48%
H.

2+Difluorohexane. 1.0g (4.97x 10-3mol)of l-bromo-2,2-difluorohexanewasdissolvedin 5
mLbenzenein a 25mLround-bottomedflaskequippedwithseptum-cappedsidearminlet andmagnetic
stir bar,andattachedto a smalldistillationapparatusequippedwithwithice watercondenserand
fractionatingcolumn. Thebathtemperaturewasraisedto 60”C and 1.60g (5.50x 10-3mol)33Bu3S33H
and0.01 g (6.09x 10-5mol)2,2’-Azobisisobutyronitrile(AIBN)dissolvedin 0.5 mLbetmmewasadded
slowlyvia syringethroughthe rubberseptum.Whentheadditionwascomplete,the mixturewasstirred
for an additional30minutesandthebathtemperaturequicklyraisedto 150”C. AUvolatilematerialwas
flashdistilledandsubjectedtopreparativeOCseparationwhichaffordedanalyticallypure2,2-
difluorohexaneas a colorlessliquid: IHNMR:60.92 (3H,t, 3JHH= 7.2 Hz), 1.42(4H,m), 1.58(3H,t,
3Jm= 18.3Hz), 1.83(2H,m); 13CNMR:813.8,22.5,23.2 (t, 2Jm= 28.1Hz), 24.9(t, 3J@= 4.5 Hz),
37.7 (t, 2Jm= 25.1Hz), 124.5(t, IJCP= 236.4Hz);19FNMR:$-90.9 (m);HRMSfor CGH~zF’:calc.
122.0907,calc. (M-HF)102.0845,found102.0822.

l-Phenyloctan-4-ol. In a mannersimilarto thatof thepreparationof l-phenyloctan-3-ol,10.0g
(5.02x 10-2mol)of l-bromo-3-phenylpropanedissolvedin 100mLanhydrousetherwasaddedto 3.67
g (1.51x 10-1mol)Mg turningsto whicha crystalof iodinehadbeenadded. Subsequentadditionof
4.54 g (5.27x 10-2mol)of valerakiehydedissolvedin 50mLanhydrousetherfollowedby workupin the
usualwayafforded7.36g (71.1%)the titlecompound,bp 102-103°C / 0.05mmHg. IH NMR: 80.91
(3H, t, ‘Jm = 6.6 Hz), 1.52 (1OH,overlapping m), 2.65 (2H, t, 3Jm = 7.5 Hz), 3.62 (lH, m), 7.24 (5H,
m); 13CNMR: 14.0, 22.7, 27.4, 27.8, 35.9,37.0, 37.1,71.7, 125,7, 128.2, 128.3, 142.4; HRMS for
C14H”O: calc. 206.1671, found 206.1671; CHNfor f&&(): crdc.81.50%C, 10.75%H, found
81.72%C, 10.92%H.

l-Phenyloctan-4-one. In amatmersitnilarto thatof thepreparationof l-phenyloctan-3-one,15
mLof Jones’reagentwasaddedto 5.0g (2.42x 10-2mol) l-phenyloctan-4-olin 25mL ether. Workup
in the usualwayfollowedby distillationat reducedpressureyielded4.14g (83.770)the title compound,
bp 123-125°C/0.4mm Hg. IHNMR:50.96 (3H,t, 3JHH= 7.2Hz), 1.36(2H,m), 1.60(2H,m), 1.97
(2H,overlappingtt, 3JHH= 7.5 Hz),2.46(4H,m),2.69(2H,t, 3JHH= 7.2 Hz),7.30(5H,m); 13CNMR:
13.8,22.3,25.2,25.8, 35.0,41.8,42.5, 125.8,128.3,128.4,141.6,211.0;HRMSfor CMH200:calc.
204.1514,found204.1576;CHNCldH@: calc. 82.30%C, 9.87%H, found82.40%C, 9.83%H.

4,4-Difluoro-l-phenyloctane. In amsnner sitnilartothepreparationof 3,3-difluoro-l-
phenyloctane,2.5 g (1.22x 10-2mol) l-phenyloctan-4-oneand3.93g (2.44x 10-2mol)DASTin 25 mL
CHZC12wemrefluxedfor48 hours. Workupin theusualwayafforded1.83g (66.3%)4,4difluoro-l-
phenyloctane:bp 85-88”C/O.l mmHg. IHNMR:80.89 (3H,L3Jm= 6.9 Hz), 1.34(4H,m), 1.80
(6H,m), 2.63 (2H,t, 3JW= 6.9Hz),7.22(5H,m); ‘3CNMR:813.8,22.5,24.0 (t, ‘Jm = 4.5 Hz),
24.38(L3Jm= 4.7 Hz), 35.4,35.7 (t, ‘Jm= 26.0Hz),36.1(t, ‘Ja = 25.1Hz), 125.2(t, IJ@= 238.9
Hz), 125.9,128.4(2C,overlapping),141.5;19FNMR:$-98.3 (overlappingtt, ‘Jm= 17.1Hz);HRMS
forC@20F2:calc. 226.1533,found226.1533;CHNforCl&2@2:calc.74.30%C, 8.91%H, found
74.40%C,8.85%H.
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l-Bromo-l,l&2-tetrafluorohexane. Intoa 250-mLthree-neckedround-bottomedflask
equippedwitha magneticstir bar,rubberseptum,andcondenserequippedwithan argoninlet was
added36 mLtetraglymeand30.0g (1.28x 10-1mol)of 6-bromo-5,5,6,6-tetrafluorohex-l-ene
(obtainedas a gill fromHakwarbon,Inc.)24mLof a 2.0M solutionof borane. diruethylsultkiein
diethylether(4.80x 10”2mol)wasslowlyinjectedintotheflaskthroughtheseptum. Somebubbling
wasevidentandtheflaskbecameslightlywarm. Thismixturewasstirredfor twohoursat room
temperate thenheatedat refluxwithstirringovernight.Theflaskwasthencoded to room
temperatureand 64 mL (59.3g, 5.11x 10-1mol)ofhexanoicacidwasslowlyinjectedintothe reaction
mixturewithstirring. Vigorousbubblingwasevidentandtheflaskbecamewarm. Stirringwas
continuedfor 2 hoursat roomtemperatmvthenat refluxovemigh~Themixturewasdistilledthrougha
15cm Vigmuxcolumnat ambientpressureuntiltheheadtemperaturereached140”C, at whichtime
distillationceased. Thedistillatewasdilutedwith50mLof ether,washedwithtwo 10mLportionsof
saturatedaqueoussodiumbicarbonateandtwo 10mLportionsof water,dried,and the~sulting
solutiondistilledat ambientpressure.Mm removalofetherandresidualdimethylsulfidein thisway,
24.16g (79.6%)of l-bromo-1,1,2,2-tetrafluomhexanewasobtainedas a colorlessliquidboilingat 122-
124”C. ‘HNMR:50.95 (3H,t, 3J3ui=7.2 Hz), 1.41(2H,m), 1.59(2H,m),2.07(2H,m); 13CNMR:5
13.7,22.3,22.6,30.1 (t, 2Jm= 22.5Hz), 117.5(tt, ‘Jcx= 31.1Hz, ‘JCF= 251.8Hz,), 118.0(tt, 2Jm=
39.6Hz,IJm= 309.5Hz,); 19FNMR:$-65.9 (2F,s), -112.6(2F,t, 3Jm= 19.5Hz);HRMSfor
Cd-IgF4Br:calc. 235.9823,calc. (M+H)236.9902,found236.9738;CHNforCd%F.d3Ecalc. 30.40%
C, 3.83%H, found30.72%C, 3.46%H.

l,l,2&Tetrafluorohexane. 2.0g (8.44x 10-3mol) l-bromo-1,1,2,2-tetrafluorohexanewas
dissolvedin 5 mLof benzenein a 25mLround-bottomedflaskequippedwithseptum-cappedsidearm
inletandstir bar, andattachedto a smalldistillationapparatusequippedwithice watercondenserand
fractionatingcolumn. Thebathtempemturewasraisedto 60”C and2.95g (1.01x 10-2mol)nBudMH
and0.01 g (6.09x 10-5mol)AIBNdissolvedin0.5mLbenzenewasaddedslowlyvia syringethrough
therubber septum. Whentheadditionwascomplete,themixturewasstirredfor an additional30
minutesandthe bathtemperate quicklyraisedto 150°C. Allvolatilematerialwasflashdistilledand
subjectedto preparativeGCseparationwhichaffordedpure l,l,2,2-tetrafluorohexaneas a colorless
liquid. IHNMR:50.95 (3H,t, 3Jm= 7.5Hz), 1.40(2H,m), 1.55(2H,m), 1.95(2H,m), 5.70(lH, tt,
3Jm= 3.0Hz, 2Jm= 54.0Hz); 13CNMR:13.6,22.4(2C,overlapping),29.6(t, 2Jm= 22.5Hz), 110.4
(tt, 2Jm= 41.1 Hz, IJm= 248.4Hz), 118.1 (tt, 2Jm= 28.5Hz. IJm= 243.8Hz); 19FNMR:@-116.8
(2F,L 3Jm= 19.5Hz), -136.1(2F,d, 2Jm= 53.7Hz);HRMSforC.3HMF,:calc. 158.0719,crdc.(M-H)
157.0640,found 157.0648.

3,3,4,4-Tetrafluorn-l-phenylocta33e.2.0g (8.44x 10-3mol) l-bromo-l,l,2,2-
tetrafluorohexaneand 1.76g (1.69x 10-2mol) styrenedissolvedin 25mLbenzenewereaddedto a 100
mLthree-neckedround-bottomedflaskfittedwithrubberseptum,condenserwithargoninlet and
magneticstirrer.4.90g (1.68x 10-2mol)nBuJ3nHand0.05g (3.04x 10-4mol)AIBNweredissolvedin
5 mLbenz.eneandtakenup ina syringe. A 150Wfloodlampwasplacedat a distanceof approximately
15cmfromthe flask,andwithirradiation(atthisdistance,sufficientheatwasgeneratedto causethe
solventto influxas well)thenBu$nH solutionwasdeliveti to thereactionmixturevia syringepump
overa 36 hourperhl. Afterrotaryevapomtionatelevatedtemperature,columnchromatography(silica
gel,hexanes)affordedfourfractionsof 3,3,4,4-tetratluoro-l-phenyloctanewhichwerefreefrom
organotincontaminants.IHNMR:80.96 (3H,t, 3J~ = 7.2Hz), 1.41(2H,m), 1.57(2H,m), 2.02(2H,
m), 2.31(2H,m), 2.90(2H,m),7.28(5H,m) 13CNMR: 1.0, 13.8,22.5,26.9,29.7 (t, 2Ja = 22.7Hz),
32.1 (L2Jm= 22.8Hz), 118.8(tt, 2Jm= 37.6Hz, IJm= 250.4Hz); 119.3(tt, 2Jm= 34.1Hz, IJm=
245.9Hz), 126.3,128.3,128.6,140.3);19FNMR:@-116.0(2F,m), -116.4(2F,m); HRMSfor
Clfi18F4:calc.262.1345,found262.1307.
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l,14&Tetrafiuoro-1,4-diiodobutane. In acconhncewitha procedureby RondestvedL36into
a stainkss steelpressmt?reactorof approximately700mLcapacitywasadded100g (2.83x 10-1mol)
of 1,2-diiodotetrafluoroethaneand0.5 g (3.67x 10-3mol)ofd-limonene.‘fhereactorwastightly
sealed,connectedto a vacuumline,immersedin a liquidnitrogenbath,andsubjectedto thee successive
freeze-pump-thawcyclesto removeoxygen. 15.86g (5.65x 10”1mol)of ethylenewasthentransferred
intothebomb,whichwss thensealedandplacedintoa heatingmanifold.(Caution: thefollowing is
pe~ortnedbehinda safety shiela!) The thermostatwasthenset at 210°C, andwithconstantstirringthe
reactionmixturewasheatedfor 8 hours. Aftercoolingin an icebath,venting,andopening,thecontents
(adarkvioletliquidanddarksolid)weredilutedwith50mLCHCIS,transfemedto a 250mL
Erlenmeyerflask andchilledin a freezerat -20°C, whichcausedprecipitationof a largeamountof dark
solid Themixturewasfilte@ thesolidwashedwiththree20mLportionsof coldCHCIS,and the
combinedorganicliquidsrotaryevaporatcxlat roomtemperature.Theremainingliquidwasfractionally
distilledat reducedpressmethrougha 15cmVigmxxcolumn. A totalof 43.36g (40.1%)of the title
compoundwasobtainedas a violetliquid,bp 82-85°C /22 mmHg. IHNMR:52.70 (2H,m), 3.24
(2H,m); 13CNMR:8-10.5,34.7 (L‘Jm= 22.7Hz),96.7(tt, 2Jm= 42.8Hz, IJm= 315.9Hz), 116.5
(tt, 2Jcp= 30.9Hz, IJcp= 253.1Hz); ‘9FNMR:$-60.8 (2F,t, 3Jm= 4.9 Hz), -108.9(2F,tt, 3Jm= 4.9
Hz,3Jm= 17.0Hz).

3,3,4,4-Tetrailuoro-4-iodobut-l-ene. Intoa 250mLthree-neckedround-bottomedflask
equippedwithmagneticstirbar,argoninle4andpressure-equalizingadditionfunnelwasadded30.69g
(8.03x 10-2mol)l,l,2,2-tetrafluoro-l,4-diiodobutanedissolvedin60mLanhydrousether. 26.88g
(1.77x 10-1mol)DBUdissolvedin 50mLanydrousetherwasaddeddropwiseat roomtemperaturesnd
allowedto stir for an additional6 hours;at this time, 19FNMRanalysisof a smallaliquotof themwtion
mixtmeshowedcompleteconsumptionof startingmaterial. Themixturewaspouredinto50 mLof 5%
aqueousHC1,the layersseparated,andtheaqueousphaseextractedwiththree 10mLportionsof ether.
Thecombinedorgsnicfractionswerewashedoncewith20mLof saturatedNaHC03solution,once
with 10mL of water,driedoverMgSOd,andtheethercsrefdly ~movedby gentle,ambientpressure
distillationthrougha 15cm Vigreuxcolumn. Uponremovalofmostof thesolventin this way,the bath
temperatmvwas increasedand 13.46g (66.0%)of the titlecompoundwascollectedovera rangeof 90-
92”C.IH~:65.83 (lH, m),5.99(2H,m); 13CNMR:697.3(tt, 2Jm= 44.1Hz, IJm= 316.5Hz),
113.5(tt, 2Jm= 30.1Hz, IJcp= 249.9Hz), 124.2(t, 2Jm= 26.1Hz), 126.0(t, 3Jm= 8.6Hz); 19FNMR:
1$-60.7(2F, t, 3Jm= 7.3 Hz), -108.7(2F,m).

1,1~~-Tetrafluoro-l-iodobutane. Into a 250 mL three-necked round-bottomed flask
equipped with reflux condenser, pmsure-equalizing addition funnel and magnetic stir bar was added
10.0 g (3.94x 10-2mol) of 3,3,4,4-tetrafluoro4iodobut-l-ene dissolved in 50 mL of dry methanol,
3.20 g (9.98x 10-2mol) anhydroushydrazine,andO.1g (1.01x 10-3mol)cuprouschloride. The flask
wascooledto 0°C, and 14.2g of a 30%aqueoussolutionofhydrogenperoxidewasdelivereddropwise
overa periodof 20 minutes,overwhichtimethecolorof the reactionmixturechangedto powderblue
thento a darkamberas the Hz02additionnearedcompletion.Thecoolingbathwasthenremoved, the
mixtureallowedto stir at roomtemperaturefor an additional2 hours,andthecontentspouredintoa
solutionof 1mL of concentratedHC1in 200mLof water. Themixturewasextractedwithsix 10mL
portionsof 1,2-dichlorobenzene,driedoverNazSOd,andtransferredto a 100mLflaskattachedto a 15
cmVigrcuxcolumn. A vaccumnadapterattachedtosmalltrap(immersedin a dry ice-isopropanol
slush)wasattached,thepnxsme loweredto 100mmHg,andthe flaskheatedwithvigorousstirring
untilthe contentsbeganto boil. At thistime,it wasobservedthatapproximately1mL of materialhad
accumulatedin the trap,whichwassubjectedto p~parativeGCseparation.A total of 1.08g (10.7%)
of 1,1,2,2-tetrafluoro-l-icdobutanewascollectedas a colorlessliquid. IHNMR:61.15 (3H,t, 3J~ =
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7.5 Hz),2.11(2H,m); 13CNMR:5.05,23.0 (L‘Jm= 23.6Hz);98.5(tt, 2JCP= 43.5Hz, IJCP= 315.9
Hz); 117.5(tt, 2JCP= 29.6Hz, IJCF= 250.9Hz);*9FNMR:@-59.9(2F,t, 3JFF= 4.9 Hz), -110.4(2F,tt,
3JFP= 4.9 Hz, 3Jm= 17.1Hz).

Pentafluoroethane. 2.16g (8.78x 10-3mol)ofiodopentafluoroethane,wascondensedintoa
Pyex tubeequippedwitha Rotatlostopcock,rubberseptum,andimmerse-din a dry ice-isopropanol
slush. 3.07g (1.05x 10-2mol)nBud3nHwasinjectedintothe tubeandthestopcockclosed. Thetube
was thensubjectedto photolysisin a Rayonetreactorfor30 minutesat roomtemperaturewithperiodic
shaking. The tubewascooledto -20”C in a dryice-isopropanolbath,a rubberhoseconnectedto the
Rotaflotubeandto a trapimmersedin a liquidnitrogen-etherslush,andthe stopcockopened. After
trap-to-traptransferin thisway,an NMRtubecontainingca. 1mLCDC13,cappedwitha rubber
septum,andimmersedin a liquid-nitrogen-etherslushwasconnectedviacanmrla.The trapwaswarmed
to -20°C as a sampleof pentafluomethanecollectedin thetube,whichwasflamesealedandtakenfor
NMRiU3S@@. IHNMR:85.88 (tq, 3Jm= 2.4Hz, 2JHP= 52.2Hz);19FNMR:@-86.1(3F,S),-138.5
(2F,d, 2JFII= 51.3Hz).

l,l,l,2>Pentafiuoro-4-phenylbutane. 5.47 g (2.22x 10”2mol)ofiodopentafluoroethanewas
condensedintoa PyrexRotaflotubecontaining2.12g (2.04x 10-2mol)stynme,5.92g (2.03x 10-2
mol)nBu3SnH,5 mL benzeneanda smallsirbar. Thestopcockwasclosedandthe tubeirradiatedwith
a 150W floodlampwithstirringfor72hours. Volatileswereremovedbyrotaryevaporationandthe
residuesub@t to flashvaccuumdistillationat 100mmHg (bathtemperate 150°C) duringwhichtime
thedistillatetempemtummachcd69”C. P~parativeGCpurificationof thedistillateyieldedan
analyticallypuresampleof 1,1,1,2,2-pentafluoro-4-phenylbutane.IHNMR:82.38 (2H,m), 2.95 (2H,
m),7.31(5H,m); 13CNMR:626.6, 32.7(L2JCP= 21.5Hz), 115.5(tq,2JCP= 37.6Hz, IJm= 250.4
Hz), 119.3(qt. 2Jm= 36.1Hz, IJm= 283.4Hz), 126.7,128.2,128.8,139.2;19FNMR:(j -85.9(3F,S),-
119.1(2F,t, 3Jm= 19.5Hz);HRMSforCU3HgF5:crdc.224.0624,found224.0670;CHNfor C10HgF5:
calc. 53.58%C, 4.05%H, found53.42%C,3.97%H.

l-[Perfluorohexyl]ethane. Intoa 25mLround-bottomedflaskequippedwithseptum-capped
sidearminlet andmagneticstirbarwasplaced4.22g (8.90x 10-3mol)2-[perfluorohexyl]-l-iodoethane.
Theflaskwas attachedto a distillationapparatusequippedwitha smallfractionatingcolumnandice
watercondenser. The bathtemperatwkwasraisedto 80°C and3.11g (1.07x 10-2mol)nBu3SnHwas
slowlyinjectedintothe flaskwithstirring. After30minutesat this temperature,the bathtemperature
wasraisedto 150°C andtheproductdistilledovera rangeof 81-82”C. Preparative(3Cpurification
affordedpure l-[perfluorohexyl]ethane.‘HNMR:51.14 (3H,m),2.10(2H,m); 19FNMR:$-81.5
(3F, t, 3Jm= 9.8 Hz), -117.0(2F,m), -122.5(2F,br s), -123.4(2F,br m), -124.2(2F,br m), -126.8(2F,
m);HRMSfor CSHSFIS:calc. 348.0183,calc. (M-F)329.0200,found329.0280.

2-Iodo-l-[perfluorohexyl]-4-phenylbutane. In accodmce witha procedureby Oshima~7into
a 50 mL three-neckedround-bottomedflaskequippedwithargoninle~rubberseptumandstirbar was
added0.5 g (3.78x 10-3mol)4-phenyl-l-buteneand2.02g (4.53x 10-3mol)perlluorohexyliodide
dissolvedin20 mLof hexanes. 0.4mLof a 1.0M solutionof triethylboranein hexanes(4x 104mol)
wasslowlyinjectedthroughtheseptum,andthe reactionallowedto stir for 6 hoursat room
temperature.Themixturewaswashedtwicewith 10mLwater,the solventrotaryevaporated,andthe
remainingliquidsubjectto reducedpressurefractionaldistillation.A totalof 1.81g (82.8Yo)of the title
compoundwascollectedas a lightvioletliquid,bp 125-127°C / 1mmHg. IHNMR:i32.12(2H,m),
2.75(2H,m), 2.92(2H,m),4.27(lH, m),7.27(5H,m); 19FNMR:$-81.3 (3F, t, 3JFP= 9.8 Hz), -111.8
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(IF, dm, ‘Jm= 275.9Hz), -115.2(lF, dm,2Jm= 267.3Hz), -122.3(2F,br s), -123.3(2F,s), -124.2
(2F,br s), -126.7(2F,m);HRMSforC16H12F131:calc.577.9776,found577.9815.

l-[Pertluorohexyl] -4-phenylbutane. Intoa 50 mLtluee-neckedround-bottomedflask
equippedwithargoninlet andmagneticstirrerwasadded1.5g (2.59x 10-3mol)2-iodo-l-
[pertluorohexyl]-4-phenylbutanedissolvedin IOmLDMSO. Thebathtempemdurewasraisedto 70”C
and0.39 g (1.03x 10-2mol)sodiumborohydridewasaddedin portionsto the twction mixute Stirring
wascontinuedfor an additional6 houra,at whichtimethemixturewaspouredinto50 mL of ice water,
andcarefullyacidifii with6 M HC1. 10mLetherwasadded,the layersseparated,andthe aqueous
layerextractedwithtluee IOmLportionsofether. Thecombinedorganiclayerswerewashedonce
with 10mL 5% aqueousNaHC03andtwicewith 10mLof water,driedoverMgSO.t,andthe solvent
rotaryevaporated. Reducedpressurefractionaldistillationafforded0.82g (70.0%) title compound,bp
83-85°C /0.25 mm Hg. ‘HNMR:51.67 (4H,m),2.06(2H,m), 2.64(2H,t, 3JHH=6.9 Hz),7.24 (5H,
m);19FNMR:@-81.4(3F, t, 3Jm= 9.8Hz),-114.9(2F,m), -122.5(2F,br s), -123.4(2F,s), -124.1
(2F,s), -126.7(2F,m);HRMSfor CMH1’F1’:calc.452.0810,found452.0797.

Com33et3 13atmc o -,“tionKinetics: HvdrofzenAtom A ti n (k. Tributvltin Hvdride) vs. Addition (k
StvreneW4meralProeedure.

~to eachof a @ of sixPyrexNMRtubeswereaddeda knownamountOfc6D6, varying,
knownamountsof styreneand33-Bu&H,anda knownamountof trifluorotolueneas an internal19F
NMRstandard. EachtubewassealedwithrubberseptasecuredwithPTFEtape,frozenin a dryice-
isopropanolslush,andsubjectedto threesuccessivefn?eze-pump-thawcyclesfollowedby pressurization
withargon. Intoeachfrozentubewastheninjcztedaknownamountof the radicalprecursor(in the
cme of iodo~ntafluoroethane,a stocksolutionin &gassedc6D6) followedby WrUtningto rOOt33
temperature(inthe caseof C,Fd, thetubeswereflame-sealedbeforewarming)withvigorousshaking.
The tubeswerethen subjectedto UVphotolysisin a Rayonetreactoruntilcompleteconsumptionof
startingmaterialwasdemonstratedby19FNMRanalysis.Productratiosfor variedconcentrationratios
of nBuN%iHandstyreneallowdeterminationof theratiokH/ k. Yieldsamdeterminedby integration
of productresonancesvetxusthatof internalstandard($ -63.24)in the 19FNMR.

1,1-Difiuorohex-l-yl Radical. Ratiosofn-RmH/ n-R#H,CH,Ph weredeterminedby
integrationof the -CF2Hand-CF,-resonances(at@-116.0and-99.1,respectively)in the 19FNMR.

I RHPX [Swrenel [n-BuL3nHl/[ Stwmel n-IbH / %Yield 1
n-wH2CHzPh....................................................................................................................................................................................

0.094 2.01 0.719 2.30 95
0.094 1.81 0.847 2.73 95
0.094 1.61 1.01 3.’26 96
0.094 1.41 1.21 3.93 97
0.094 1.21 1.49 4.88 96
0.094 1.01 1.87 6.21 95

Slope= kt.t/ b = 3.39k 0.02.
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2-[Perfluorohexylleth-l-yl Radical. Ratios of n-&H /n-R#H2CH2Ph were detertnincdby
integrationof the respective -CF2-resonancesat$-117.1 and-115.0.

n-R& [Styrene] [ n-BuJhH1/ [Stymne] n-kH / %Yield
n-&CHzCHzPh

0.064 2.96 0.217 3.11 100
0.064 2.83 0.248 3.58 100
0.064 2.69 0.283 4.13 100
0.064 2.56 0.320 4.72 100
0.064 2.42 0.362 5.44 llxl
0.064 2.29 0.408 6.14 100

Slope= kH/ k~~= 16.0* 0.1.
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2@Mhsorohex-1-yl Radical. Ratios ofrr-RmHln-R3t3CHzCHzPhwere obtainedby
integrationof the respective-CFZ-nxonancesat$-91.0 and-98.6.

RHFX [ Styrene] [ n-Bu&H] /[ Stymne n-RHpH/ %Yield
1 n-l&CH2CHzPh

0.087 4.08 0.223 5.96 96
0.087 3.97 0.243 6.62 98
0.087 3.85 0.263 7.16 97
0.087 3.73 0.285 7.79 98
0.087 3.62 0.308 8.33 97
0.087 3.50 0.333 9.01 100

Slope= kn/ kadd= 27.3k 0.6.

l,l,23Tetrafluorohex-1 -yl Radical. Ratiosof n-RmH/n-R@HzCHzPhwereobtainedby
thesumof integralsof the -CFz-and-CFZHtesonartcesofn-RmH (at @-117.1and -136.1,
mxpctively) versusthatof the two-CFZ-resonancesofn-R&HzCHzPh(at $-116.0 and -116.4,
respectively.)

n-I&X [ Stynxe] [ n-Bu#3uH] /[ Stymrre] n-&H/ %
n-&&HzCH?Ph Yield................................................................................................................................................................................

0.085 1.86 0.506 2.33 98
0.085 1.68 0.611 2.90 97
0.085 1.49 0.741 3.56 97
0.085 1.30 0.909 4.30 97
0.085 1.12 1.13 5.34 97
0.085 0.931 1.45 6.65 99

Slope= kH/ kadd= 4.56+ O.1O.

Pentatluoroethyl Radical. Ratios ofn-RmH / n-RKHzCHzPh were determinedthe sumof
integralsof theCF3-and-CFZHresonancesofn-RmH(at $-86.6 and-138.6,respectively)versusthat
of theCF3-and-CF2-resonancesofrr-Rtid2HzCHzPh(at$-86.1 and-119.2,respectively.)

n-RHFX[Styrene1 [n-Bu,SnH] /[ Styrene] n-&H I %
n-&CHzCHzPh Yield.................................................................................................................................................................................

0.082 2.20 0.434 1.15 89
0.082 2.08 0.485 1.31 85
0.082 1.% 0.542 1.46 85
0.082 1.84 0.608 1.62 82
0.082 1.71 0.682 1.79 83
0.082 1.59 0.768 2.05 83

Slope= kHI k = 2.62k 0.06.


