
A STUDY OF GASEOUS 3-MEMBERED RING 
OXONIUM AND SULPHONIUM IONS 

KARSIEN LEVSEN and HEW HEIMMCH 
InMur fCr Yhysikahrchc Chcmic der Cmvcrsitit. I.&S3 Bonn. Wcgcler~u. I!. Federal Republic of German! 

and 

CHRISiGI C. VAS DE SAN@ and jtX)ST MoF;s~I:~ 

Ldxxi~tory for Mass Spccvomciry, Dcparrmenl of Organs Ctimi\try. Slille Uruvcrsit) of Gent. Krij$aan. 51 tS.4, 

B-9000 Gent, Bclgmm 

(Rmiwd in the CK 6 January. 1977: Accepred for publication !I Jonuaq 1973 

Abstract-The l.~[h~l~l.[h~n~ qclopropant 3 and i-p~n~l-l.thlonr~ q&propane 1 eon\ arc s~ahlt. with 

hfcttrne\ greater than 10 ‘*cc. and can he identified from their ~olhstonsl a~11~~1i~~n qwcrra. Thru mcta~~ahle 

amlcrpxrh ilifeume windou 10 ‘-10 ’ see) habe undcrgonc rmg opcmng IO the t\omcric struclurc\ (‘H.&H(.il, 

9 ;md C,H.S=CHcH, II prior IO dc<ompo\mon. The I.mcthyl.l.okoma cyclopropanc I and l.phcnyl.l.okoma 

cyclopropanc 2 ions could not he generated. Instead scychc \Iruciurcx (‘H,(#‘HC‘H, 5 and (‘.H.(bC’H(‘Il, 7 WIG 
found for both mcfa\rahle and Ion8 living xpccvx I.o\L of a phcnak) rsdical from CY,H.lX’H,Ctlz(~H, 1’1 \houn 

ItI bc preceded h>- a reciprocal hydrogen tranxfcr and tx nor due IO a Z-24 +type reaction 

The gas phase (‘:H,O ion structure problem” has long 
been a matter of considerable interest. In this conlcxl 

special attention has been devoted to ~hc distinction of 

ga~ous protonated ethylene oxide and protonatcd 
aceraldchydc isomer\.‘.” These species exhibited similar 

bchaviour* to a variety of ion structure probes. including 
collisional activation CA). Improved CA-instrumcn- 

talion‘ however has recently resulted in unequivocal 
diffcrcntiation’ of rhc two i\omeric ions The prediction 

that protonatcd clhylcnc sulphide species should also be 
among the stahlc C‘:HS’ species on account of reduced 

ring \tratn. was confirmed in the same study.’ These 
data’ on cy-clic onium ions finally also showed that gas 
phase displaccmcnt reactions are only important in the 

productton of cyclic sulphonium ions. 

With regard IO this revived interest in three-mcmbercd 
ring \;lturalcd onium ions. an investigation of higher 
homologs is of order. Gaseous C,H.O’” and C,H,O” 

\pccic\ have been studied in the pa\t. but no evidence 

ha\ so far been produced for the gas phase occurrence of 
0-alkylatcd ethylene oxide (such as 1). even though such 

\pcclec arc often invoked in the literature’ and have been 
known m the solute phase.’ As far as the sulphur 
analog\ C,H-S’ and (‘,H$’ arc concerned. rhe scarcity 
of gas phase data is rn striking contrast to their well- 

dl~umcnted occurrence in solution.“’ Only one report” 

9 R 

/\ /\ 
I$:’ - cc. 

2 
iI*“’ - cI!2 

1: R -('H, 3: R -- <‘H, 
2 R - C,H. 4: R - C,H, 

‘As ha\ hccn pointed OUI clscwhcre.’ ihc conlenuonz‘ that 
rhcse specie% can bc &riinguishcd by rcaciion with PH, or ii$ 
in an wn qclorron reronance (ICK) rpcclromelcr. remains open 

IO qucwon as thi\ crcterion has only heen tested on (‘,II,O ion\ 
gcncrated by direct potonaiion of eth)lcnc oxide and accraI. 
dchkdc. :tnd may well reflect mlernal ewrg) difference\. 

has dealt with the problem of the gas phase stability of 
cyclic C,H.S’ ions 3. Based on ICR” data showing 

diffcrcnt ion-molecule reactivitie\ for C,HS’ specie\ 

gencratcd from C‘H,SC’I(:CH,OH (through protonation 
and 10s~ of water) and acyclic reference \pccics of 
known xtructurcs. it #a\ concluded that cyclic ion\ 3 

were stable in the gas phase. Although the diffcrcnt 

bchaviour was shown IO correlate wilh a cyclic structure, 
these results may reflect no more than dlffercnccs in 

mternal cnerpic\ due to different precursors.” Hcncc 

more direct evidence for the ga\ phase occurrcncc of 
ions 3 IS neccs\ary to validate the conclusion\ of this 
ICR study. 

A gas phase investigation of onium spccics \uch a\ 1 
and 3 ncccs\ilates the selection of suitable precursor 

molecules from which these species can hc expected to 
be produced upon electron impact. Based on earlier 
studies.” the w-functionalizcd phenctob 
CrHN’H:(‘H>XR (X = 0, S; R = CH,) appeared to be 

the mo\t logical candidates: IOU of a phcnoxy radical 

from these molecular ions u-as expected to he the result 
of a functional group interaction as depicbzd m Scheme 

I. The present study has therefore been conccrncd with 
rhe apphcaCon of collisional activation’ IO the structure 

of long living Ilifctimc > IO ’ sect [M-C,H&))’ ions 

generated from these substituted phcnetob. (‘omp>und\ 
in which R = C,H, have also been included because thcsc 

should product phcnylatcd cthylcne oxide 2 and phcny- 
latcd ethylene sulphide 4 specie\. 

C,H-0’ ions have hccn pcncratcd from fi.rncthux) 
phcnctolc (1) through loss of a phcnoxy radical (de 
supru~ and from ~c.hutyl methyl trhcr (II) through 

R 

* <‘.H.O’ 
H,C--(‘H: H.(‘-_(‘I(. 

Scheme I 
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u-fission. The CA-speclra gathered in Table I. are iden- 
tical within error. thus demonstrating that only one long 

living C,H-0’ species of CH,O=CHCH, 5 strucIurc is 

produced from I. Kate that the seleclion of a 

CH,(KHCH, reference ion was morivated by the car- 
her report- that this species is obtained from 
CH,OCH~CHJX’H,. Also noIc that no other C,H#’ 

reference ions of different sfructure have been included 
as Ihevc have been showIF IO yield subsIantially diff- 
erent CA-specrra. 

AI first glance Ihe data (Table I) on compounds I and 

II. could be inrerprcted in terms of initial formation of 
ions 1 (see Scheme 2) and subsequent rcarrangcmenr IO 
the apparently more stable+ species 5 If a cyclic ox- 

onium ion I does occur as an intermediate, only one 

deulcrated C,H,D:O’ species of strucIure I is IO be 
produced from labellcd compounds C,H,OCL&CH,OCH, 

(I.) and C,H,OCH:C&OCH, (I,). which consequently 

should yield identical CA-spectra. This obviously (Table 
I) is noI the case. Moreover. the non-identity of the 
CA-specrra of [M-C,H,Ol’ ions from I. and I, clearly 

csIablishcs (i) that no total scrambling has occurred prior 

IO CA-analysis, (ii) that methylenc hydrogen scrambling 
(if occurring at all) is incomplete and (iii) that at least a 
subsIanIial parI of collision induced fragmenrauon does 

nol involve a symmclrical lransition state (e.g. I). 

II is at this poinr imporIant IO note that the loss of a 

phenoxy radical from compounds I. 1. and I, occurs in 
the ratio I: I :0.gH. as has been determined on equi- 

molecular mixrures I + I. and I - I,. This points IO the 
operation of an iostope efTccI aI some stage in the 

formation of [M-C,H,O]’ ions from I,. more particularly 
IO a p-hydrogen transfer. Simple cleavage of the C-O 
bond (as in Scheme 3) and subsequenl I.!-shifI of the 

B-hydrogen. can accounI for both the observed isotope 
effect and the production of ions 5 However. Ihc ab- 

sence of [lW-C,H,O]’ ions in the specIra of monofunc- 
Iional phcnylalkyl ethers is a sIrong argumenI against this 

mechanism and leaves IiItlc way but for a functional 

group interactiont in 1, 1. and I,. A plausible reaction of 
this type is outlined in Scheme 4. Following Ihe concept 

of charge localization, an electron is removed in the 

phenoxy subsIituenI.l A p-hydrogen is then abstracted 
and exchanged between the IWO oxygen funcuons: the 
latter step should only be slightly endothermic. con- 

sidering the slightly greater proron affinity of anisolc with 
respect IO dimcthyleIher.‘* Radical site initiated” 

cleavage then resulIs in protonated mcthylvinylcther 
which is converted into ions 5 by a l.3-hydrogen shift. 
According IO Scheme 4. compounds 1.. I, and I, should 

yield species 5s. 5b and 5c respectively. which are indeed 

confirmed by the daIa in Table I. 

Cl&H-CHtiH, CH$-CD=&H, 

58 5b 

(‘H,-CH=&D, 

5c 

CH, CH, 
I II 

HC-CH, 
H:c/-;H, c/H, C/H, 

I I 5 II 

Scheme ! 

n H’ 

(‘,.H.O C.H,Cj’ ‘?)CH, \ [ &H, -c*H:[;,2;H’ 

H:<‘-CH’ 
\\ 4-7 

> H;C-CH’ 

Scheme 4 

‘In analogy IO r’,H,O’ data” Indicating protonatcd cIhylene 
The gcneraIion of a CH,’ fragment upon CA of ions 5 

ox& IO he approxlmatel) 26 kcal mole ’ krs stable than pro- 
can occur by IWO different mechanisms as indicated in 

tonatcd acclaldch)de. 
Scheme 5. Of these. process a involves a sIable molecule 

:Somcwhar urnllu \ituarron\ hare been encountered m other of acetaldehyde as the lost neutral and will Iherefore be 

a.o-bifuncIionaI alkancs .’ preferred: subsIantial retention consequently occurs at 

§IP (I‘.H.(X‘H,) = IEOeV.‘” ID (CH,(K’H,) - lO.OeV.” IP m/e = IS for species 5s and 5b (from I.. I,). whereas 

(C.H.(K:H,(‘H:O(‘H,, = 8.41 cI’ ‘* predominanl shift IO m/e = I8 occurs for species k 
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0 

n= II 
0-CH, 

fw .- 

.,/ (‘H,’ + (‘H:‘H’(.H 

CH’H’fC 
h ’ 

H’ (‘ll:‘H” l (‘,H,H’O 

Scheme ! 

(from I,). The other process (b) is reflected in the ahun- 

dances at m/e = 17 (Cl%H’) and 16 (CH:D’) for com- 
pounds I. and I, respectively. II should also be noted that 

the occurrence of sizeable abundances (Table I) at m/e 7 
16 for I, and m/e = I7 for I, has not yet been accounted 

for. Because of rhe low ahundanccs at m/e = I6 and 
m/e = 17 in the CA-spectrum of ions Se (from I.). only a 

minor fraction of the C,HJJ ions from I can have 
undergone lotal scrambling.’ Partial scrambling. in- 

volving only the CH:‘HbCHR moiety of ions 5 will 

produce equal amounts of CH>D’ (m/e = 16) and CHQ’ 
(m/e - 17) through process h in Scheme 5. lsomerization 
of ions 5 IO ions 1 prior IO CA analysis leads lo the same 

result (Scheme 6). Both mechanisms can account for the 

virtually equal abundances at m/e = I6 and m/e = 17 for 
I. and I, respectively. hut are IO be discarded a\ IOU 
electron energy (I2 eV. nominal) data on [M-C,HIO]‘ ions 

from I. are within error equal to rhe 70cV dara. The 

generation of m/e = I6 (I.) and m/e - I7 (I,) can con- 

sequently only be due IO collision induced decomposition 
partially occurring over a symmelncal intermediate I. 

Collicron induced decomposition of C,H-0’ ions from 
I also yields an abundant m/e - 43 fragment through loss 

of the elements of CH, (Table I). The reaction clearly 
involves the original OCH, methyl group as indicated b) 
the data on I, and likely involves a mechanism as depic- 

ted in Scheme 7: accordingly a dominant shift IO w/e = 
45 and 44 is observed for ions 50 (H’ r D) and Sb 
(H” = D). respectively. the slightly lower value of m/e = 
44 from Sb possibly being due IO the operation of an 

isotope effect. The occurrence of m/e 7 44 and m/e = 45 
peaks in the CA-spectra of Sr and Sb respectively. is to 

hc rationalized (see also discussion on the CH,’ frag- 
ment) by collisional induced decomposition partially oc- 

curring over a symmetrical intermediate I. 
The preceding evidence for the struclure of C,H-0’ 

ions generated from I refers IO long-living species (li- 
fetimes > IO ’ see). The slightly more energetic C,H-0’ 

ions that undergo unimolecular metaslable dccom- 

position (lifetime window IO ‘-10 ’ WC) need not neces- 

sarily have the same structure. Ml-spectra have there- 
fore been collected (Table 2). but indicate a similar 
situation: metastahle C,H-0’ ions from I also have the 

slruclure 5 of lhe a-fission producl from II. The virtually 

identical data on I. and I, require a decomposition 
pathway symmclrical with respect lo the Q and B 

methylene groups in I. unless total scrambling of all 

hydrogens or complete scrambling of the a and B 

methylcne hydrogens has preceded fragmentation. The 
latter two possibilities can be discarded as only partial 

scrambling (if any) was found in the less energetic. long 
living species analyred by CA. The total scrambling 
picture is also disproved by the difference between cx- 
perimental and calculated MI-spectra (Table 2). 
lsomcrizalion of ions 5 IO ions I (see Schemes 6 and g) 

‘Total scrambling in all (‘,H.D,O’ ions from I. uould yield rhe 
CH,‘. CH,D’. CHD,’ and (‘D,’ fragrncnrs (m/r - I!. 16. Ii and 
IU. respccwcly~ in a ratlo II !I:34:3 



(‘H,‘H” H:‘H’(‘--<‘Eo 

Scheme 6 

C’H’H,” tt- H:‘(‘--<‘SO 

&-CH, 
4/ 

(‘t”H’--C\J 
& (‘Hz-H’-X’tiO’ - (‘H,H” 

s H’ 

Scheme 7 

‘Table 2. MI-\pcClra’ of CJl.1). .O’ iOn\ (K J. 5. 7) 

m/r 

29 30 31 32 33 34 
- 

(‘H, 

!II 

CH, 

I. 

A 
H:C ‘-CH, 

I 

Ctl.d’IH 

0’ 

I 
9 

C‘H..-_GHa 

6 (‘H:(‘H, 

CH,(kHCH..CH, (II) IX - X? - - - 
C.H.OCH,CH,OCH, (I)” 21 - 79 - - - 

C.H,oC‘D:CH:CN’H, II.) - - 65 35 - - 
(‘.H.fKH:CD,fKH, II,) - - 67 33 - - 
C.tt.oCtl:CH,oCD, (I‘)’ - I: I ! 66 I4 

(‘kularrng for rolal wamhlmp in 
1. and I, I IO 33 45 II - 
Calculakd for robI wamhhng in 

1‘ - 3 ?I J? 2: ’ _ 

‘All abundance\ have been normalrzcd to a \um IOU. 
The fragmcnr a~ m/r = 29 must he C,H,’ (and not CHO’) as a 

Scheme 8 

quanritali~e analysis of the data on I,. I., I, tT;~hlc 2) 
indicates that in the subsequent decomposition of ions 6 

complck rhlfr occurs IO m/r. 31 for 1. and I,. II I\ lkrcforc 
gcncrakd by lo\s of CH,O I ox\ of (‘:H. on rhc other hand 
rcsuII\ in Ihc m/r - 31 frapmcnl 

IO CH.A)H fragments, the transferred hydrogen ori- 

ginates for about 33% from poSition a and about 67% 

from position h. This is in good agrecmcnr with the data’ 
on ion source decomposing ion\ produced by a-fkion of 

ethyl ethers. the slightly reduced specific+ for position 

h most probably being due IO increaSed (pxtialb aam- 

hlmg in the less energcric mela~rahle wnc. 

“Ihcw Jara arc m wrprwnpl! god agrccmcnl ullh lwrarurc 

data* on <‘I),-o=(‘HXH, SC ion\ generared lhrough o-fkwn 

(m/r = 33Mm!e = 344) gO/lh 

consequentI\ is the only logical explanation. Such ;1 
mech;mism 15 still compatible with the prevkwly rc- 
porwd* dccomposirion of mclastahlc ions 5 uvcr SUUC- 

lure 6 (we Scheme H) and currelateS well with Ihe 
collision induced dccomposiIion of ions 5 partialI) oc- 
cuninp (ride supru) over a \) mmctrical intcrmcdiate I. .h 
-. - -..-_-.-._-_- 

In an attempt IO dcmonsrralc the ga\ phase occurrence 

of I-oxonia-I-phenyl cyclopropanc ions 2. several 
C,H,O’ fragments have been gcncrarcd (\ec .Schcmc 91: 
compounds IV and V should yield reference ion\ of 
structure 7 and 8 respectively. The tuo specie\ arc 
rcaddy distinguished by their CA-spectra (‘l’ahlc 3. sec. 
e.g. the ahundanccs a~ de = 77, 105 and I?01 which IO 

some extent reflect their sIrucIurcs. Spcc~e\ 8 for in- 

stance is rhc only ion expected IO product ahundanr 
benzoyl ion fragments IC,,H,CEO’. m/t - l0.C). Produc- 
tion of a m/r z 77 fragment on the other hand is fatourcd 
for ions 7 as this reaction involves loss of a much mow 

dahle neutral lacelaldch~dej. 

‘Ion wurcc dccompo\mg C‘H,CH-MD,(‘H, Ion\ for uwancc In complete analogy IO the findings for the (‘,H-0’ 
Ioow (‘,H, .tnd (‘..H,D m a raw of Xc. I<.“’ species generated from B-methun) phenelolc (11. IoSs of 
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(‘ii% (‘H, 
_(:M, I 

<.,.tf.i);-(‘H_r<‘H:C.H, (I\‘) - (*,,H.(‘)=(‘H 

7 

OH ‘OH 

CH.-&H, 
‘ H, 

IV) - (‘.H.-_(:-CH. 

(‘Ha 
8 

Schrmc q 

FC,H,O’ from If1 results in acyclic ions of structure 7 

(Table 31. Their f~rmati(~n very likely is due to a 
me~hanlsm similar to the one outlined in Scheme 4.t 

Labclling expertmcnts have also been carried out. but, in 
contract ttl the results on C,HJ$O’ species (ride ~upra. 
Table I) the CA-spectra for C&l.I$O ions from p- 

FC,H,oCH,CI&OC,ti< (IIIol and 
FC,H,OCDJ’H#CaHI fIII,) are su~risin~y similar. ge 

spectra are in fact superimposable, Except for the m/e = 
G-46 region. Apparently extensive symmct~7ati~~n with 

respect to the D and fi mcthglcnc units has occurred in 

most of the CgHQO’ ions prior to CA-analysis. 

Whether this is due to scrambling or to isomeri~ti~n (to 
ions type 2) prior to collision cannot be ascertained: a 

detailed analysis of all peak patterns is severely ham- 

pered by the imp~~rtant overlap of adjacent peaks and 

has therefore not been attempted. 

‘Ihc observed diffcrcnccs m the spectral region m/e = 
43-47 (ccc Fig. I) do however correlate with acyclic 

structure. lk~~)rn~~siti~~n of C,UQO* ions 7, generated 

from III.. yields fragments at m/e = 44 and 45. while 
those from III, seem to exhibit only a more intense 

fr~~~ment at m/e - 45 (\cc Fig. I). This difference can be 
rationalized in a manner similar to Scheme 4 fcee 

Scheme IO). Assuming ti) that the CH,CO’ fraRmcnt is 

due to hydrogen transfer from bnth the mcthine (a) and 

the methyl group fhl of 7. and (ii) that process a is 
d~~rnln~~nt. III, should essentially yield a m/e = 45 peak 

‘.kwzdingl) an cqu~molccular mirrurc of III and ill.. reveal\ an 
wf~rpc &WI of 0 8’ for Io~c of FC.tI.0 from Ill, 
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C.H,WH:CH,‘CK’.H.F - - - .-- cab 

III 

C.H,H’ C.H,H’ 

. + f 

CH; H’-C& C:H’H,‘O’ C,H,‘H’O’ 

III.: m/c 7 ‘iii mle = 44 mlc - 45 
III,: m/r -44 m/r 2 45 mlr = 44 

Scheme 10 

and only a minor fragment at m/e = 44. especially as the 

formation of the latter is subjected to the operation of an 

isotope effect (H’ = D). This minor contribution at m/e = 
44 apparently is masked in the flank of m/e = 45 (see Fig. 

I). Compound 111, however will produce a reduced (iso- 

tope effect: Hb = D) CA-fragment at m/e = 44 through 
processes a and b. and consequently the production of 

m/e = 45 through b becomes even more important (in 

comparison to m/e = 44 from III.). As a result m/e = 45 

is partially resolved (see Fig. I). 
Unimolecularly decomposing metastahle C,H,O’ ions 

(m/e = 121) generated from III and IV (Scheme 9) yield 
identical MI-spectra (not shown): CO (tide infra) and 

HI0 are lost in the same ratio, indicating an acyclic 
clructurc 7 for the metastablc [M-C,H,O]’ ions from III. 

The data on labellcd analogs III., III,, and Ill, 

(C,HJXH,CH+X,D,) confirm that the m/e = 93 frag 
mcnt is uniquely due to loss of CO. An analysis of the 

W-spectra reveals that loss of H>O (Table 4) is preceded 

by total scrambling of all hydrogens: it is thus impossible 

to verify whether mctastable C.H,O’ ions from Ill have 
isomer&d to 2 prior to or upon decomposition. 

The results of our C,H.O’ investigation (ride supra) 

prompted us to compare the CA-data on C,H-S’ ions 
generated from fi-methylthio-phenetole (VI) with the 

data on the a-fission product (Scheme I I) from sec.butyl 

methyl sulphidc (VII). The diffcrcnt spectra (compare 
abundances at m/e 7 46. 59.60.61, 73 and 74) in Table 5 

clearly indicate that these C,H:S’ species are different in 

contrast to their oxygen analogs (vide supra). Salient 
features in the CA-spectrum of (M-C,H,O]’ ions arc, e.g. 

the enhanced losses of CH? (m/e = 61) and C?H, (m/e = 
47) and these do correlate with a cyclic structure 3. 

Ikuterium labelling has once agam been performed in 
order to further corroborate this assumption: within the 
limits of reproductihility Identical spectra have been 

obtained for C,H,D?S’ ions (m/e = 77) from VI. and Vlb 
(Tahlc 5). Excluding total scrambling+ of all ions (prior 10 

CA-analysis), a cyclic structure 3 must therefore be at 
hand, unless collision induced decompositions are 
preceded by complete hydrogen scrambling in the u and 
/3 methylcne units. 

The diagnostically very important m/e = 61 fragment. 

-. _ .- 
+‘l’o~al rc~~nu~n of all peaks m/r - 57-60 m the rpcclrum of 

C,H.D,O’ bon\ (m/c - ?8) from VI,. clcarl) rules ou1 this pas- 
~bdq and of r‘ourv m&cares that rhc generalIon of there 
fragmenrs mvol\cr [he SCH, mclh)I group 

‘Tabk 4. Ims of CH.D),O from metastable CAD. A)’ ions 
(X = 4. 7. 9) 

x Precursor 

9 C.H,OCH,CH,DC.H.F 
7 C,H,OCH,CD,DC.H.F 
7 C.H,DCD,CH:OC.H.F 
4 C,D,OCH,CH,OC.H, 

-H,O -HDD -D,O 

(Ill) 100 - - 
(III.) 57 43 - 
(III.) 60 40 - 
(Ill,) I9 54 !6 

7 Calculated for lolai 
scramblinp in III. 
and Ill, 

4 Calculated for moral 
rcrambhng m III, 

sn 39 3 

17 56 28 

‘All abundatvccs have been normalized IO 3 sum - 100. 

(‘.H,oCH,‘CH,WHT]’ = 
CH, 

1. 

VI /s\ 

HYH’ 

CH, (‘H, 

I 
CH,S-+‘HCH,CIl? 

I 
k CH,k’H 

‘..I(, 

9 
VII 

Scheme II. 

generated from C,HIS’ ions through loss of a CH) unit. 

involves the u and /3 methylene hydrogens only, as SCD, 
labelling in VI, results in a quantitative shift of the 

fragment to m/e = 64 (Table 5). ff the assumption of 
cyclic C,H-S’ ions 3 is correct. CH: and CD, losses from 
C,H,D,S’ ions (compounds VI. and Vlh) should occur in 
a I : I ratio. This is not directly visible in the CA-spectra 
(Table 5) as losses of CQ and CH, from C,HWY 

CH, H 

CH:? 1 
‘CH: 

H’ 
I...lbd! CH; ‘5-H .M\U’ 

-1 NcLY 
~ 

C’,H,H,” 

CH’ ‘H 2 

Scheme I? 
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fabk 5. CA.spectra’ of C,&b. .S” ions (x = 4. 5. 7) 

CH, 
I p.FC.H.ot’H,d p-FC.H,oCD:d 

CornpaL CH,SCHCH,CH,’ ditX:H,CH:SCH, Cl?$CH, CH:SCH, C.H,OCH,(‘HfiCD, 
mlr lion” VII VI \:I. VI. VI, 

IC CIi, I.6 1.0 1.3 1.4 
in 2.4 
26 C,H, 6.4 6.9 9.4 
27 C,H, t1.c I2.R 6.3 6.4 14.1 
28 C,H, 1? ..I 47 R.6 8.9 
29 C,H, 1.4 1.1; 8.6 8.5 2.9 
30 d.0 4.7 
31 3.1 3.1 1.4 
32 s 1.7 I? 2.0 2.1 2.5 
33 SH I.4 I.! 
3’ H,S 07 1.0 1.0 
36 0.6 0.6 
37 0.4 03 07 
39 C,H, 3.0 l.d 
40 I.5 I.! 

141) C,H, t2Y.3, r7.t1 (I 31 (I.dl 
(42) (13.5) 1129t i 3.61 
1431 f2?.81 124.3) (25. If 
144) $11.6) 
(d>J CHS 133.6) tMXI ( 30.4) 00.4) (209) 
146) (‘ii,S 111.01 124 3) tM.61 00.3) (25.V 
(47) CHS G481 14t.R) 00.3) (27.R) 
1481 CH,SH $3.11 13.X) 04.X1 123.4) P.31 _I 
(49) Cli\SH> 17.6) 18.2) t! tt 15.3) (26.3) 
150) (5.0 15 31 1134) 
01) (2 I) 11.71 16.2) 
(.‘2) f9.6) 
57 (‘,HS 71 67 2K 28 7.2 

IW (‘:H,S 16.0 I34 (7 C6 13.9 
$9 C,H.S 23.6 17.9 7.7 7.5 19.3 
60 (‘:H,S 12.0 8.0 10.6 10.1 Y.1 
61 C,H,S O? 2.6 11.2 11.1 - 
62 X8 8.6 
63 2.2 2.1 
64 3.0 
69 C,HS 0.6 
fl C,H,S 1.0 - 
73 C&S 2.3 6.5 
74 C,H,S 6.8 12.7 1.5 1.2 
75 3.1 3.2 2 
76 X.? 9.4 ::3 
I! 96 

‘Abundances have been normalilcd lo a sum = 100 for all peaks excluding the m/r z 41-52 regmn. MI spccta for unlabelkd 
compounds do u&cd contain peaks at m/r = 41 and 47: these are therefore due to low energy processes which arc sensitive IO internal 
energy variatmns. Because of partial shifts of these peaks in the spectra obtained from lab&d precursors, the entire region PI-52 was 
omitted in the normalization. 

“For unia~~lcd precursors only . 
‘Except for the abundances at mfr = 41 and 47. no changes occur upon lowering the ekctron energy from 70 to I! cV: collision 

induced decomposition therefore occws from a single structure and not from a mixture of structures. 
bnK additional p.Iluoro label war ncccssary bccauv VI yvlds an appreciable peak at mlt - 77 K.H,‘f isobaric with CIH,I),O” 

ions. The unlabclkdp-fluorocompound onthe other handcouldnotbe uxd(instead of Vl)asC,H-S’ and&H,’ (tltrougblossof HFfrom 
C.H.F’. m/r = 95) both occur ac tnle = 75. 
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species coincide at m/e = 61, but the equal losses of CHt 
(yielding mfe - 63) for both VI, and VI, are a strong 
mdication that this is indeed \o. Moreover, m/e - 62 and 

m/e = 63 fragments should occur in a ratio of 6: I+ if 

C,H*D:S’ ions from VI. and VI, are indeed identical tie. 
3 is their structure), whereas this ratio should be as high 
a\ 23: 1’ if the identical results for VI, and VI, were due 

IO scrambling of Q and 8 methylene hydrogens. The 
aclual rallo being -4: I.$ thcrc cannot be any doubt 
concerning the cyclic structure 3 of [M-C,H.O] ions 
generated from VI. 

With regard IO these striking results on long living 

C,H-S’ ions. the structure of their unimolecularly dc- 

composing metastahlc counterparts evidently is of in- 
terest. Apparently (see Table 6) it is not possible to 
distinguish metactable [M-C,H,O]’ ions from ions 9 on 

the basis of the WI-spectra: both species loose H,S 

tnrle - 411 and C:H, (m/e = 47) in the same ratio. The 

htl-spectra of CIH.DS’ ions on the contrary- indicate 

that a symmetrical st~~ture has been involved: neither 
total scrambling nor scrambling over the Q and B 
mcthylene units can be responsible for the identical 

spectra obtained from VI, and VI, as these mechanisms 

have been shown to be of minor importance in the even 
leis energetic (‘,H.S’ ions sampled by CA (see also the 

calculalcd distributions for total scrambling; ‘fable 6). It 
must therefore be concluded that (:,HX ions, initiaif~ 
produced as 3 and with suficient intcrnat energy to 
undergo unimolefular metastabie decomposition, 
isomertze lo lhe acyclic species 9 prior 10 fragmentalion. 

Such isomer&ion result\ in rapidly interconverting 
structures even if de~ompns~tjon occurs predominantly 

or exclusively from only one of these, and finally leads to 

randomization of the a and fi methylcne hydropens 
exactly in the manner depicted in Scheme 6. As far as 
loss of H:S (m/e 7 41) is concerned. the data in Table 6 

correspond to a dominant si~c-specific process involving 

one CHS hydrogen and one from the original mcthylcne 
groups, with an isotope effect discriminating against 

deuterium in the fatter case. A plausible sequence of 
events acct~m~ating this result is given in Scheme 12. 
loss of C?H, (m/e - 47) occurs in a more complicated 

fashion but can be described very accurately by assum- 

ing decomposition over ions 10 (c-1 decomposition of 

metastable ions C,H-0’) and partial conversion oF f0 
into ItY by a I,?-methyl shift (Scheme 13). 

The CAdata on C,H,S ions (m/e - 137) generated 
(Scheme 14) from fi-phenylthio-phenetole (VIII) and 
from phcnyl scc.butyl ether (IX) are contrasted in Table 
i. ‘I‘hc spectra show substantial differences (e.g. at m/e = 

m/r 
- 

41 42 43 44 47 4n 49 co 
-. -,- ., 

(‘H, 

(‘H,StHCH:CH, (VII, 50.x - - - 49.2 -- - - 

C,H.<X‘Ii,CH:SCH, (VI)” 516 - - - 48.4 - - - 

C.H,0CI~,CH:SCIl, WI.l <I 13.x !? w - ?I.‘: 27.: 4.0 - 
C.H,oCH,CD:SCH, (VI,., l : I IA ! 33.6 - 21.3 27 0 3.9 - 

C,H<OC‘H,CH>.SCD, 1Vl.b - 20 39 0 6.6 04 I94 30.1 I4 

C’alculatcd for to&l 
rcramhlmg in VI. and VI. 2.: 24-s 24.5 - 13.x 2’ T 6.9 - 
~‘alcuLl1ed for lOlaI 

scramhftnp in VI. - 7.4 35 14.7 55 24 9 16.6 I.4 

‘All ahundaoccs are normalized lo a sum = 100 
“Ihe %fl~spccIrum of m/e. 75 ion\ from VI contains an “app3rcnt” fragmcm at an cncrg) 

fraclron ?‘!79 uhlch is due IO the mctastahle transitron mir 79-o m!e = ?7 (77’/79 = 751 

occurring in the Arst field free rtgion (i.e. prior to mass anal)&) 

,,,-_. .- . - 
*The data on VI. mdicatc Ihal only the S(‘H, methyl group IS 

inrolted m rhe production of ~hc m/e = 60 fragment (loss of 

CH,). Conxqucnrly thts fragment labundancc: 8.0. WC Table 5) 
murt be quanrtfali\el) shifted lo m:e : 62 for Vi. and VI, in Ihe 
event of complete D md B meth!lenc hydrogen rand~~rni~all~~n. 
(‘H:. (‘HI) and CD, wilt bc lo\t in a I ,A- 1 ratio. thcrchy 
wnfrthutmg !.6!6 - 0.43 at m/e 2: 61 and 63 and (2 6/6)4 - I.73 41 
mir - h? .a\ a rcwl~ a (m/e - 62). (m/e - 631 rafio of (K 0 - 
I ill:0 43 -- 23: i P. expected. If howber no wch scrdmhiing 
occurs and a c?cir \rructure 3 1, present. CHI and I‘D, should 
he lost from the C,H,I):S’spccie~ in a 1: 1 ratio. therchg con. 
lrihurmg 2.02 - I.3 at both mie - 61 and 63. and bleldinp a 
Imle - 62) lmfe h?t ratio of X.0: I.>- h: I. 

!l%hrs is shghtl) loucr than rhc ctpected tridr ~ttprut 6: I rafto. 
Partial overlap of m!r 62 and m!e - 63 rcwlts in 4 slightly 
increased peak high1 for mie 63 and conscqucml) a slrghtly 

reduced ralw 
BSuch lolaI scrambling prior IO (‘.A.aniilysis has not occuncd 

IO a great c’ttcm a\ complctc rcirntion of peak\ ai mie - 39. 45. 
!I and 65 has wcuncd (we ‘I’ahlc 71. 

69, 77. 121 and 123) demonstrating that different s;truc~ 

lures are involved. In contrast IO their C,H,O’ analogs 

(vidc supral. C,HS’ ions produced from VIII could 
therefore have cyclic structure 4. especially as this 
structure correlates with some features of the CA-spec- 
tra: species 4 are the only ones to undergo loss OF CH? 

(yielding m/e - 1231. whereas loss of the elements of 
CH, (m/e = 1211 requires much less rea~n~ement from 
structure 1 I. 

Thic struclural inference based on spectral comparison 
is reinforced by the data on labelled compounds VIII. 
and VIII, (‘fable 71. En&ding total scrambling6 in all 
C,II.I&S’ ions, lhe su~rimpo~ble spectra are corn- 
patibic either with scrambling of n and p mcthylene 
hydrogens or with the formation of only one CJI-D:S’ 

species from both VIII. and VIIlb (i.e. structure 4). fhesc 
IWO alternatives can be distinguished (cf. C\H-S’ ions) by 
an analysis of the diagn~)sti~ally very important Fr~~gment 
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(‘H, \ (‘H, 
I 

1x 11 

Scheme 14. 

from C.HS’ ions apparently involves three aliphatic 

hydrogcns and one aromatrc hydrogen and conscquentl) 
results in equally abundant peaks at ntle - I21 and I!? 
for C.H.D,S’ ions. These peaks heing more interw and 

also broader, partial (but important) overlap of the high 
mass flank of m/e = 122 wilt uccur with the mfe = I!3 
peak (loss of CD:), thus causing an increased peak 

height. The data in ‘Table 7 do reveal the correct (i.e. 

50%) shift of nr/c = 123 (in C,HS’) IO ntle = I!5 (in 
C‘,H.D:S’). It should also bc noted thaw the absence of 

any significant peak at m/e -1 124 for VIII, and VIII, 

clearly establishes that no ~cramhling has occurred in the 

aliphatic portion of the C.H-D,S’ ions.- 

a~ m/e - 13, peneratcd through loss of a CH: unit. 

Assuming cvclic ions 4 lo hc prcscnl. equal amounls of 
(‘HI and CD, are 10 be IOSI from C,H.D,S’ ions 

generated from WI. and VIII,. thus yielding equally 
ahundam peaks at rtrle - I! and 123. Some interference 

does however occur: loss of a C’H, molecule (m/e = 121) 
--.. - . . ._. . - _.__ 

* f’hts uould rcwl~ m (‘H:. ( HI) .md (‘I).. hemp IO\I m A I 4. I 
ralro. rcwlling In a Imlc - 1241 lrnlr = 13) ratio of 4-I which 
cvidcn!l) IS nor the ~asc (‘I’ahlc ‘1 

The bchaviour of mctastahle C,H,S’ ions prcrduccd 
from VIII closely rescmhlcs (Table 8) that of the Q. 

fission product C,H&HCH, II from IX. mdicaring the 

same suucture II for both. The minor ahundancc vari- 

ation clearis results from differences in the internal 

energy ~istr~butiun as pr~ucti~n of C,H,S’ ions from 
VIII and IX involves loss of 93 and 29 mass units 

respecrivcly: the inlernal energy must he less in the 
former case. Deulerium labclling (\‘lll. and VIII.) result\ 

in only one MI-spectrum far C’,H.D!S’ ions: the only 

Precursor 

(‘H, 

- ..- _. _ . L.-_ .- 

2: 39 JI 4’ ‘I 63 6.’ 69 -- nz I!1 I?! I!3 I2.l 12’ 
_- --,--- 

~~H,~‘ft~If:~.H, tIX1” 3,s 6’ 0.9 ‘5 19 I 4’ 11.5 6.2 !b. 1 ?? llh - - - - 

(‘,ti,WH:(‘H>SC.H, WlIl” 1 h 9 c - ‘2 I61 69 158 14.2 IK? 5.0 !I - I.4 -. - 

(‘,H.oCT?.CH,S(‘,H, ~Vll1.r~ 24 10.0 - 76 I!.9 9.4 164 lh! Il.9 59 I.4 I4 I ? - 0.5 

(‘JMK’H CD SC H ) :‘h. l\:lfl Y’ D z.< 9: - 7.3 16.2 92 I!6 lb.1 I!.0 59 I6 I6 I.6 - 0’ 

‘All ahundanccs have hccn normalircd IO a sum - 100. CmmolcAar mclvstahlc dccomposilion IO frapmcnl\ at m!t (9. 91, 103. 
IiN. 109 and 135 doe\ nccur for the unlatwllcd compounds: thcv fragments arc therefore due IO lou energy prwc\ws and ha\c 

conwprentl~- hcen omttted. ‘Thts is also ~hc zase for rhc peaks at one and IW mas unit\ hrghtr m ~hc lahelled compounds. 
“f.ou-crmg rhe electron cncrg) from 70 IO 15 et' (nomin~t ieavc\ this qecrrum unchanged: collismn mduced dccompo~itmn 

thercforc occur< from a tingle ~trucrure and not from a mtxture of \trucfurct 
‘The reduced abundance at m/r - ‘7 it due to a partial shift IO mir = 7R which pal; 1% unrcwlvcd l’artlall! Ihi\ rcducrwn could 

alw tx due IO mcthylcnc hbdropn rran\fcr prmr 10 formatmn of m/r r! (l\010pc CtTCOl) 

'AI a rcwl! of the rclawclg hlph m!r.baluc of C’.HS’ ion\ and 0%~ Gpnificanl peak wldthx of CA-peak\ (encrg) rclc~w~). prrllall) 
*hilted pcakx m ywztra of lahelled ions udl rcwlr m poorI> reA\ed multtplcts. Sumcwal evaluation ix rhcrcforc often difficult and 
ha\ onl! hcen performed on clearIt defined peak top 
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Table 8. W-spectra’ of C.H.U. .S’ tons Ix - 7. 9) 

m/c 

59 60 61 103 104 IO! 106 109 110 111 135 136 137 

(:H, 

I 
(‘.H,.W’HCH,CH, 0x1 237 - - 26.5 IO.8 - - 39.0 - - (418) - - 
C.H#CH,CH,SC.H, Will) 18.4 - - 24.9 I? 6 - - 44.1 - - MO) - - 
(‘.H,oCD,CH,SC.H, WIIIJ 6.R IO.! 3.1 - 10.9 16.3 x.9 21.9 15.1 6.8 - (1751 1431) 
C,H&CH,CO,!.H, PJIIIJ 5.6 8.0 2.9 - 10.2 16.1 9.0 22.2 16.9 9.2 - 1193) 1482) 

CaiculaIcd for total 
scrambling in VIII. 

and VIII.” 7.7 9 2 15 0.7 9.7 17.3 9.8 7.4 24 .c I? 3 127) (.381t ($72) 

‘All abundattccs have been nmmalircd IO a sum - 100, excluding m/r = 13s (in IX and VIII) bccausc of Ihc large differences in 
intensities. 

“Assuming no uotopc effects are occurring. 

logical explanation (excluding total scrambling: see Table 

8) is that these more energetic (in comparison to long 

living C,HS’ ions sampled by CA) Cd&’ ions are 
initially generated as cyclic species 4, but have sub- 
sequently undergone ring opening to II. 

From the above analyses it follows that three-mem- 

bered ring sulphonium ions 3t and 4 are stable in the gas 

phase at lifetimes greater than IO ‘sec. The cor- 
responding oxonium ions 1 and 2 however, could not be 

demonstrated: instead the acyclic oxonium ions 

CH&CHCH, 5 and C,H‘kHCH, 7 were found. 

These results are in perfect agreement with the earlier 

ICR-data” and validate the elegant correlations which 

had been drawn between gas phase reactivities and 

solute phase reactions. The production of stable acyclic 
oxygenated species 5 and 7 through loss of a phenoxy 

radical from CaHIOCHFH:OCH, (I) and p- 
FCaH,0CH2CH@CaHI (III) respectively, indicates that 

the predicted So,-mechanism Gcheme 1) is outcom~t~ 
by the reciprocal hydrogen shift of Scheme 4. This is 

readily understood in terms of much more stringent 
energy requirements imposed by the highly strained 

transition state involved in the displacement reaction of 
!jchemc I (X = 0). Subsfitution of the oxygen atom for a 

sulphur, as in C,H,WHCH,SCH, (VI) and 

~~H,~H:CH:SC~H, iVlI1). however. reduces the ring 
strain of this transition state and thereby effectively 
lowers: the activation energy for direct SN, reaction. As 

a result the hydrogen shift is now outcompeted by the 

displacement rcaclion. This clearly i11ustratcs that frag 

mcnlation reactions can be very scnsilive to structural 
changes. 

The unimolecul~ly decom~sing metastable (M- 
C,H,O)- species of lifetimes in the IO ‘-10 ’ XC interval, 

are all undistinguishable from the acyclic R-~CHCHI 
(X = 0. S: R = CH,, C,H,) reference species. The SUL 

‘After submission of rhrs paper wc were mformcd of CA- 
results:’ ohtaincd m Prof. McIaffcrty’s group and indicating that 
ions 3 arc rcable species. Thus is in agreemen with the present 
data which do however provide more conclusive evidence for the 
cychc structure Ihrough dcuIcrium labclling Ivide suprat 

tThis is also r&cIcd m the IAP~.WCrH,O~lP~ vahe~‘~ for 
C,H,o(‘H:(‘H,0C.H, (l.tlcV) and C.H,tXTH,CH&C.H, 
(03 CV) 

phur containing ions CHkCHCH, 9 and C,H,.kCHCH, 

11 are produced by isomerization of the initial cychc 

product 3 and 4. respectively. The oxygenated species 5 
however is directly generated from the molecular ions of 
1. but does rearrange to 1 prior to decomposition. Meta- 

stable GHPO’ ions from III are also acyclic 7 but it could * 
not be ascertained that their formation or their decoms 
position involves a cyclic intermediate 2, although the 

latter seems more plausible on account of the data on 

C,H,O’ ions. 
These conclusions concerning metastahlc ions arc the 

result of a careful confrontation of MI- and CA-data and 

would not have been possible if Ml-data only had been 
used. The present study clearly shows the combination 

of the two ion structure probes (in conjunct;on with 
labelling experiments) to he extremely useful in obtaining 

a deeper insight in ion structure problems. 

EwwJ.wEMAL 

Mass spectrometrtc measurements wcrc performed on an AEI- 
MS50 double focusing in~tNrncn1. ionizing energy 7OeV. emis. 
sion current 3OOpA. source Icmp. _W. Collisional activatxxn 
mcasurcmcnts wcrc made on a mod&d Varian CHQB mass 
spcctromercr cquippcd wtth an electric sector following !hc 
magnet (accclcration voltage 8 kV. clecrron energy 7OcV. elec- 
tron bcam 20 PA. source remp 159’) For CA~mcasurcmcnIs lhc 
He pressure in Ihc colltston chamber was increased unfil rhc 
precursor ion mIcnsiIy was reduced IO one Ihird of IIS original 
value. The CA-spccira were then rccordcd as reported prc- 
vtously.~ A11 CA-spectra arc the means of at lcarl two 
mcasurcmcnts. 

StarGng compounds for the synfhcsis of 1.2.bifuncIional 
ethanes wcrc methyl phcnoxyacctaIc and methyl p-luoro- 
phcnoxyacctatc (Schcmc 151 obtamcd by acidic cslerilicalion of 
~hc commcrctal (Aldrich) acids. Thea a,o.d, derivatives were 
obtained by three ~ccess~ve cquilihra!ionr with mcrhanol-00 
(Aldrtch) to which a sodmm splinter had ken added: the 24 hr 
cquIlibraIions wcrc carried OUI at lO@T in a scaled glass tube. 
Further conversion of the srartrn(t materials was prformed as 
outhncd in Scheme I!. Ltthtum aluminum dcutcridc (Merck) and 
trideutcromcthyl iodtdc (Aldrtch) were obtained commercially. 
The prcparaoon of Ill. from meIhyl phcnoxyacctrIc involved the 
use of p-K,H,ONa in reaction 2. Lithium aluminum dcutcride 
reduction of methyl mcchoxyacctatc. Iosylation and su~trtution 
with &mm phcnoxtde yielded I.. These routes to I. and III. 
were preferred bccausc of the higher tsotoptc purttrcs (98% d, 
rather than --KEG d,t Compound III. was prepared usmg 
sodiumphenordc.d, in reaction 2. whereas VI. ncccctitatcd 
Irtdcutcromcthylation of ?-phcnoxyethaneIhiol ” A Gr@rd 
rcactton of phenylmagncvium bromide and accfonc” afforded V 
Finally. the use of set buianol as a substrate in reaction 1. yields 
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(x’x:c’Y,o(“%~ 

I.‘. 
w 
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R-H.F *a0 

I- 
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WV R -X Y H. % - D: 1. 

I 

R tX’X:CY:SC.H, l 

c *w,*** 
R WX:CY>OTs t”“*r’“;rm . R (K‘X,C’Y,SCfI, 

L U#‘N I*\*> 
3 

R X . Y *H: VIII 
:E 

R-X-YnH:VI 
R .., Y - H. X - D: VIII. ’ ‘22,“’ R - F. X - D. Y - 11: VI. 
R X ff. Y = D: VIII, h R - P. X tf. Y I>: VI. 

R oCx:CY?0c.H. 

R F. X - Y - H: 111 
R-F.X-H.Y-D.III. 

Scheme I! 

11, rhertr~ its rosylate rcwltr in IV. VII and IX when subjected 
IO reactions 2. 3 and 4, rerpectiuely. Isotopic puri~its of all 
labelled compound? have been dctcrmincd by mass spcc. 

tromcuy: 9I@ d, for I.. I,. Ill., III,. VI. and VIII,: 99eG d, for 1, 
and VI,; 91sC d, for VI. and VIII.. So corrections for incompkv 
laklling are. however. ncccssary as mars analysis precedes CA. 

and ?&analysis. Posttional retention of the label has also ken 
verified for all d, compound5 by 90 MHr’H SMR meas~cmenIs 
on a Varian EM390 apparatus. Purity of all compounds hat ken 

checked by gas chromatography. rhtn layer chromatography or 
high prc\ture hqmd chromamgraphy. When necessary. purifica. 
Iion was carncd out by prcpara~~ve GC or HPLC 
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