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Abstract: We have prepared the cations [@'tO)CHbI:!l+, [wo)2cem=l+ and [(no)2ciHw+ by the 
action of ionizing radiatim on dilute solutions of neutral precursors in freon at 77 K, and 
used e.s.r. spe&scopy to study their structmes. We ha=-also studied the cations of oxirane, 
oxitane andmsthoxyethine forccmparative purposes. 

We I 'a2 and others3-5 have clearly established that the effect of icmizing radiation on dilute 

solutims of neutral cmpounds (X) in solvents such as CFC13 (freon) invariably yields the 

parentcationX+or scmeunirrPlecularbreakdomprcductthereof, provided the ionizaticn 

potential for X is less thau c_a. 11.9 eV. These system are ideal for e.s.r. study. 

Three groups have independently studied the e.s.r. spectra of various ether cations,6-10 which, 

like the relatedalkoxy radicals generallyexhibitlarge coq&ngconstauts toprotons S- tothe 

cationic oxygen, as a result of strong ~-IT conjugation. Our interestinvinylethers stem& 

frcm the work of Gilbert & al_.,ll whohave nicelymravelled scme complex radicalchemistryof 

vinyl ethers in terns of the parentradicalcation (I) as a common intermediate, although these 

cations were not detected directly by e.s.r. spectroscopy. Thepostulatedreactions are 

smmrisedinSchem I, tk radicals detected by e.s.r. spectroscopy being underlined. Schulte 

schema1 

? 

/ c-H+) \I (CIi2=CliOEt) 
QII9&m-I=C& 

EttimnCH2&Et -) Eit&u-I2cH2cH (Cl-I) 0% 

Frohlinde and his co-workers have directly detected the related cations (II) by e.s.r. spectros- 

copy l2 so these must be considerably more stable thsn I. E.s.r. parameters for scans of these 

I G=CB-&I2 II (R;))2C-&I2 

radicalcations aregiven intheTable. It is of interest to ccepare the results forthese 
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TABLE: ESRParamters foraRangeof Ether Radical Cations 

Source Cation 'H hyperfine coupling constants/G~ 

MscMab Me&+ 43(2Ms) 

EtCCH=CH2 J&H-& 19.4(CH*), E. 3.5(az-I1) 

(MaO)2CHCH=CH2 (Mao)2&~ 19m), 24m 

(Eto)~CHCH=C& (Eto)&m? 190x), 24(m) 

MsOzCH I&=&i 22(CH), 11(M) 

/O, 
l + 

CHz-CHZ 
Ho, 

m2-c& 
16(4H) 

C 0 C 0. + 64(4H), ll(2H) 

(~0)2CHCH2C19 (MsO)2&&2 20.55(G-i2), 3.l(CB%), 0.66(OW) 

(Ms0)2cWH(Ms)oz& WO)2km4e 18.8(m), 24.5(h), 2.8(0*), 0.7(CMa) 

(Exzo)~cI-ICH~C1~ mto)&CH2 20.6(CH2), 3.36(ocH2), 0.6(a~) 

-a G=lO+T; ' Ref. 7; ' Ref. 12 

cations with those for saturated ether cations on the one hand, and with substituted ethene 

cations 
13 

on the other. We also thought it of interest to ccqare these results with results 

for the cations of an ethine derivative (HCXDMs) and of the 3- and 4- mnbered cyclic ethers, 

oxirane andoxataue. 

EtOM=CH2. - The e.s.r. spedrum for this cation ccxtprises a triplet of broad lines with a('H) 

19.4 G assigned to the teminal ethylene protons. Extra triplet features separated by c_a. 3.5G 

assigned to the CH2 protons oftheethylgroupwere apparentduringthe annealingprocess. 

These radicals decayed as the medium softened, without the formatian of secondary species. 

(RO)~cWCH=CH2. - The caticms derived from the mathyl and ethyl derivatives had e.s.r. spectra 

(Fig. 1) which cannot bs recmciled with expectation for either of the extrema structures III or 

IV. Inparticular, structure III shouldexhibit anextrenely largehyperfinecouplingtothe 

bridging C-H proton because of IT-U-T conjugation.8'1o 

Shida andhis co-workershave foundthatradicalcations of type IIIwithvinylreplacedby 

alkyl readily lose the alkyl radical, which is detected by e.s.r. spectroscopy l4 (equation 1). 

[ea,cHRl+ - (RO)2CH+ + R. . . . . . [ll 

Our results, which are in gcd accord with expectation for the vinyl ether cations 
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First derivative X-band. e.s.r. spa&rum for 
msG)2CH-CH=CHz inCE&,showingfeatu?Tes 
assigned to [(MsO)2C-CHMe] cations. 

Figure2 

As for Fig. 1, for oxirane in cFclS 
showing features assigned to oxirane 
cations. 

[(m2c-cH(ml+, suggest that, in this case,al-3 hydrogen shift has cccurxed, as indicatedby 

the arrow in III. 

structuralAspects.- The results confifmthatthe siq$elimitingvalence-bond structures 

depicted in I and II are good approximations for the SCN's for these species. This is not 

surprising since this was knmm to be true for the isostructural radicals such as H&QH and 

H&02-. If 22 Gis taken as a reascmablevalus forunitspin-density onthe -&II2 unit, 

delocalisation is ~a. 11% for I and c_a. 11.7% for II. Conversely, using a value of c_a. 43 G for 

the methyl protons for a formal unit spin-density cm oxygen' we estimate ~a. 8% spin-density cn 

oxygen for I and=. 7% for IIusing liquidphase data. Itiswellestablished that the extent 

of 0-n conjugation increases with increasing positive charge. Hmever, for the ethyl radical 

and for (FSJ],&&lSa cations the ratio of the B-proton to the a-proton coupling is 1.21, shming 

that there is a negligible positive charge effect for these cations. So there has been no extra 

donation of electxons from the &Ms groups for these cations , in marked contrast, for example, 

with results for mathyl groups in olefin cations. l3 This again accords with the limiting 

structures (I) and (II). 

It is notemrthy that the initially forned radical cation (MsO)2&&Wz exhibited coupling to 

one set of nethoxy nethyl protons of 9. 1.5 G, which is half the liquid-plase valus. Hrxever, 

thelir~~.broadenedirremxsibly cmannealing, suggesting an increase in coupling to thsmathyl 

protons presumably dus to changes in conform&ion of these groups. 

The [HEC-CNa]+ Radical. Cation. - As expected, results for this cation again favour tha limiting 

structure (VI, but, jtiging frmthe relatively largemathylprotcmhyparfine couplingdelocali- 
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sation of the unpaired electron onto the oxygen atm is greater than for radicals (I) and (II). 

Using the argumants outlined above, the oxygen spin-density is ~a. 0.25. Evidently, as with 

arcmaticmathineprotons, theQ-value forthemethineprotoninthesecationsis greater than 

22 G. These results require a Q-value of e. 29 G. 

?heOxiraneandOxitaneCations.- The results for the oxirane cationshavthatallfourprotons 

are equivalent, with a coupling constant of 16 G (Fig. 2). We are surprised at the 1~ 

rnagnitudeofthis coupling. For @kOMe)+ the average proton coupling is s. 43 G, and since the 

four C-H bonds are constrained to favour overlap with the oxygen 2p(a) orbital (VI) we had 

expected proton splittings of at least 60 G for these cations. Indeed the four similarly placed 

protons for oxitane have coupling constants of 64 G. The only chemically reasonable rearrange- 

msnt that ws can formAate gives the vinyl alcohol cation [H&CX(OH)]+, for which a triplet 

similar to that for radical (I) is expected. In our view, the SOW is not the normal TI (bl) 

orbitaldepictedin (VI), but is the "non-bonding" CI (gl) orbital depicted in (VII). This 

should give mxh smaller proton couplingbecause there is no dire&overlap as in (VI). There 

has been controversy regarding the SOMI for the oxirane cation, sore favouring bl 15 arklothers 
16 

21. It is possible that strong interaction in the (CT&-CH2) unit inhibits hyperconjugation 

inthebl orbital,butour results for the sulphirane cationsuggestabl soM3withlargeproton 

coupling, so we strongly favour the cl description. 

Finally, we note with interest that there is no tendency for the two iscseric CsH60+ cations 

[HkCX(OMa)+ and the oxetane cation] to interwnvert under our wnditions. 
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