
REEXAMINATION OF THE C2H4F+ POTENTIAL SURFACE. 
THE STATUS OF THE CLASSICAL 2-FLUOROETHYL CATION: A 

LOCAL MINIMUM OR TRANSITION STRUCTURE? f 

GEORGE P. FOW 

tkptmmfof~.sanhcm tt4uhdu univasity. Ddlu. TX 75275. U.S.A. 

KRISHAN S. RAGHWEER 

apylmn of Ckmistry. University cd Dallas. Iwing. TX 75062 U.S.A. 

(Rrwud UI LX.4 3 Aprrl 19118) 

Abstract: AccoKung lo d iJliri0 molccullr at&al alculrtims arrkd cut with full gemway 
qximihm M tk hWZ/6-31’S** level. tk classical 2-flumxthyl cation, FCH2CH2+. ir a 

transition saucmre fa H-sawMng in CH,CHP+. Single point MP4/6-3lG** calcuhdam at 

theopimirdpa pdia the cyclic ethylax fltlamium im 10 lie 24.2 kul mol-1 rbovc 
CH&HP* UKI 5.4 kcal ~1 below the 2-fluorathyl cation. AG$ for ring qning of Ihe 

cyclic fluomnium ion It -60’ is etrimated to be co 15 kcal d-l. Thi barrier is largely 

uaibutr~tDthepowafulntprtivcfluainrhyprmnjugItiminrhc~dmRPcIsdexrbed 

by Hoff- d cuworlrar. When elecum cwrclafim effects are ignored a qualitatively 

diffcrcntpotahlsuhceis&faincdmwhichthc24!umnhyludm is ulculmadlobcrlocP1 

minioum oepkrucd horn the aa& I-fluoroerhyl c&m by an H-hidgal transition sate. 

INTRODUCTION 

WMe the lrmsknl exiucncx of primary alkyl catxnium ims in solution cm SomclimM be hfencd frun 

isa* saxmbhg cxpainmu.’ tbr primary ims. unlike their eccubhry md rcniary rchivcs. have so far 

elwicd dcteuim under s!able-iu~ conditi.2 In the gas-phrse. primaty carbahm ims have two simkly 

eIusive.3.’ The ethyl cairn (1) famed on pholoimizdtim of the conupnding radial. for example. 

rrunngcs spauu~msly to the “nm-classical” bridged wwturc 2.’ The 1 -prowl cation (3). fomrd on 

radiolysb of dkana. ia cawuacd in las than lOlo set 10 the 2-pmpyl cation xx! potawed cyclopFopne 

dUiVdVU.J 

+Dedicuad~RofcslaMJ.S.DewPinIheyurofhn701hb~y. 
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We ma.ntly found a similar sifuxtioo fa thz 2-hydmxyahyl catian (4). AI Iht ab in&o HF/6-3lG. 

lCMl.IhiciSlLtopredicctdu,kxUU’Siti~ 9acnue.I’ The sane is m’ue of the singlef nimmium ion 5, 

wvhkh is isoekarcaic wifh 1.” Together lhctc result9 seead to rugpest Uut &cuoo deficient primuy 

cations do ‘a paurxUy’9 CaTquad IO potenta minimx. but to transition states. It was herefore with 

su’prisc that we di?covefcd’~ ‘be chasiul2-fluaalhyl carion (6) IO be x 1cXal lh’hUl’UtikVCL 

cspailnyrhra ‘hefMl’mkiacx&%aai’odes&6iliiu tbchcadyumub&pirrpryiai.~ 

The cyclic lluoronium ion (9). xn ismr of 6 and 7. hxs xtwxcted considenblc theaerial 

i’l’uut.‘u*~7UnlikE’bchigkshdoaNlogs.allUu~rodaecttirpeciaundefrubleioa- 

have IaiM= To varyiq dqrees. previous Owxetical studies in ti UU”~-~ have focus& on tk 

arrptk relxtianh@ betwea’ the optn sod cyclic iats. However. WilhOnUccpia”lhcrtstUikShtE 

cntirclyignaedthccffectsofel~carelxtia nowknmvnlohema*irlifcvenfelxtivcavrpticr~ 

to be paediwl aXwly.‘r 
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Tab& 1. Tad Enagks (LU.) Using HFM3lG* Gannaks.O 

Mokalk W--Y HF/63lG* HF/&31G** MPY631G* MPY631G- 

FQI92* (0 C, -177.13SS2 (0) -177.14331 -177.53071 -in.56027 

CH3CHF+ (7) c, -177.17465 (0) -177.18218 -Ins8086 -177.61069 

.,H\’ 

H2- (8) C 1 -177.13338 (I) -177.14220 -177.53563 -177.56630 

F+ 

H,&iH, (9) C2” -177.12763 (0) -177.13485 -177.54227 -m.57197 

..F;* 

H2-2 (10) C 1 -177.11989 (1) -377.1271 i -mm99 -mm67 

CH3CHP (11) C, -m.17401 (11 -177.18143 -177.5-7981 -177.60953 
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pcHg2+ (0 c, -177.14163 -177.56207 (1) -177.58415 -1llS929l 

(3HjcHIn (7) c, -177.18117 -1n.61185 -177.62944 -177.64011 

P 

H&2 (9) C 2v -177.13447 -1n.572s (a) -177.58918 -177.60161 

T+ 
&C-CH2 (10) Cl -177.1260s -1n.54391 (1) -in.56629 -1l7.57654 

Spnrvtry HF/6-31W HFb3 lG** tmu6-31G. W6-31G** 

FM2CH2+ (6) C, 24.6 24.4 31.5 31.6 

cH3cHp+ 0 c, 0 0 0 0 

H2hHF .y\’ (II) Cl 25.9 2S.l 28.4 27.9 

r 

H2&2 (9) C 2v 29.5 29.7 24.2 24.3 

.F+ 

H2&2 (10) C 1 34.4 34.6 42.6 42.1 

cH3CHF+ (11) c, 0.4 0.5 0.7 0.1 

Tabk 4. Relative Emqics (Id d-1) Using MP&31G** Gcmcmub 

w==Y HP hm hm Mw(SW 

F(3WH2+ (6) C, 24.8 31.2 28.4 29.6 

cH3(3IF+ 0 c, 0 0 0 0 

F+ 

H&2 (9) C 2v 29.3 24.7 25.3 24.2 

H&a2 ,‘\’ (10) C 1 34.6 42.6 39.6 39.9 
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DISCUSSXON 

Fig. 3. chbhcd #@‘2&31G**) tmnsikm vccttx ftx stmmuc 6. 
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F-is 4. Cal& @@2&31G*) armritiat vector for sttuautc 10. 

The teWve cnerph of the C&F+ ian at bw MP4/6_31GWh¶P?&31G~* level we cbown 

schaaanyinfiglucs TIctnoanrbkspaiuistJbcl-fltJaucthylcuton(7)lawhichthethccFbond 

eclipa,oacoftbccHbatdsaftbcttuhylgtuup. * IbccyclkRuwntiumhn(9)iierinrfair!ydeep 

jMxaalwcll24.2kcalltwMghaiIlenagy. Usingtl¶ccaulucdmanmts of inertia 8nd 8Chd3* 

vibmiaml freqwwia to c~erea the MP4/63 lG** aeqks, the aaivation fmc awqy (Act) for escqe 

f~rhirn~virloisertinrrradtbe14.slrrrfmd-*rt-~.Thisccnerpondr torhalflifeufca zmin. 
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“’ 

4 H>c +I, 

14 

of the blsal “fluauuhylcnc’ nKlkty in 1 scrks of lk rtunpkx-like structure.5 akin to 14. ‘I& CneIgy of 

mubiaurpoinrmlhirpuhwrywvuobuiacdbyopimLinOawofchocpeancvittFub)eatotht 

cmstraint that the bridging hydrogen lie mid-wry ktwan the two cubon rtocm. Prom the calculated 

avrpetkSolthCiK!&&procerr: 

14 + CH4 _,2+ a3F 
AE(MlV&3lG*//HF/&31G*) - 1.0 kcal rnd.1 
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