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AbmLract - Th* mass sp*cLrometric b~havlour of isomeric 1,3-benzt- 

xathiolr and l,4-b%nzoxathian? derivatives has blen stuti-d in dr- 
2 tail witrr the aid of accurst* mdss m-asur-ments, E/E and B /E lin- 

k-d scans dnd Mass Analyzed Ion Kin-tic Energy Si,~ctra. Whilr th* 

nol-cular ions maintain ths original structurrs, somn fragment ions 

ieome~iz? to a oommon sLrocLur*:(i). Thr r-latrd rl$ctron impact in- 

d u ~ 4  d-~ootpu.,i ii un m..ci.dnrr,. - -1.1 d i r c u h r d  z n  aaLali . 

?ing rnlargrm~nt and ring conLr&st.ior. reactions rrpresent well d-scrib-d procrsseh 

-ith-r in cond?nsld phasr or in gas phase ch~mistry. Pari,:ularly, in mans spectro- 

m-Lrii conditions i . .  in the chemist~y of gaseous innti) theiil rractions hdv? b*cn 

wid-ly d-scribed and thsir driving forcc is mostly dun io thsrmodynamic facto,,. 5urh 

as the higher stability of the$ product jons. 

Thus, for axampl-, 2,3-dihydrob?neoxepine Josrs a methyl group leading Lo chrrnenyl 
1 

cation , 3-hydroxy-2,3,4,5-L-ttthy-dro-1-bbnnnxnpin shows a partial isomlrizdtion 
2 

to Lhs corr?sponding 2-hydroxym*thylchroman* isomers , 4 and 5-mrthylb*nzimi<~zo- 
3 Ins isomsriaa to a 1,3-diazaazul-ne . 

In particular in the mass spectrometry of 1,4-bsnzoxathianes an isom*rization to 

the co~r$sponding 1,3-bsnzoxathiolas ha6 b?sn propos-d by Caputo and  arti in^, in 
order to sxplain th* observed primary loss of CH COOC H ' from th* 2-carboethoxy- 

2 2 5  
l,4-benzoxathiane molscular ion. 

Pursuing our interest in both sulfur containing compounds5 and benzodioxol*-b3nzo- 
6 

xathiol~ +-r!vativ-s , w* undertook the presant investigation on 1,3-h~:nzoxdthiolr- 
2-dc-tic acid, 2-rn4hy1-4hyI r~trri, 2-methyl-3-c.~rbeLhoxy-l,4-benzoxathian* - 2 
and 2,2-dimrthyl-3-carb0m~th0xy-1,4-b~n~0xathin 3 with the aim of studying possi- 
bla El-ctron Impact (EI) induced jsomerization process-s eithe: of molecular ions 

or of common fragm-ntalion products. 



Results and discussion 

Ths 70 aV EI mass spsctra of compounds 1-3 are reported in Table 1. Compound 1 
ahows a behaviour strictly rslated to what has air-ady bssn **scribed for other 

6 
1,3-bonzoxathiola darivativss . In fact, by means of linked scans and accurats: 

mass measursments, the fragm-ntation pattern reported in sch-ma 1 was obtainsd. 

The 1066 of msthyJ or CH COOC H radical6 lead to th* resonanrr-stabiliz-d ca- 
2 2 5  

tions at m/z 223 and m/z 151 respectively. Th- latt*,r decomposition pathway resul 

tcd highly favoured, giving rise to ths base peak in the mass sp-ctrum. Claavaga 

of ester bond with and without H r-arrangement leads to the ions at m/z 192 and 

m / z  193, whils the primary C H ' loss givea rise to the ionic species at m / z  209. 
2 5 

The alrsady described6 primary formation of 2-hydro~~thiophenol is also observed. 

Tabla 1 : 70 eV €1 mass spectra of compounds 1-3 

Compounds 1 
Ionic species 
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Compounds - 2 and - 3 show a p*culiar behaviour easily interpr-t*d in terms of diffe- 
rent molt.cular structur*~. Thlir fragmentation pathwaware sumarizsd in Sch-m* 2. 

Cleavage of ths *S~*I. bonds is r9sponsible for most of the fragmentation products, 

while a rotrosynthetic reaction givas riss to the ionic speci-s at m/z 126. From 

Table 1 it can b* sssn that compounds 1-3 give risa to fragmentation ions at the 
68.9 m/z v a l u * .  

Wa consid5rnd it of interest to study the structures of thew? ions by mnans of 

MIKE * ~ ~ ~ ~ - i m e n t ~ ,  in order to determine possibl* isomsrization procsas*s. The ions 

at m / ~  151, of molscular formula C H OS, are present for all th* compoundb. It8 
8 7 

high abundance for 1 suggrsts the structura of ths resonance stabilized ions already 
d-scribed for other 1,3-b9nzoxathiol- dsrivativgs, aither in solution chemistry or 

in mass sosctrom*tric conditions: 

~igur* 1 - MIKE spectra of ionic spscibs at m/z 151 originaLing from EI of : 

a) compound 1; b) compound 2;  c) compound 3. 
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2 
Figurp 2 - B /E linksd scans of ionic spec]-s at m/z 151 originating from EI of 

a) compound 1; b) compound 2;  c) compound 3.  

Ths MIKE spscLra of ionic speciss at m/z 151 originating from EI of 1-3 are prac- 
Lically supcrimposable (sse Fig. 1). The naturally occurring decomposit~on of 

the=* ionic spscies ar- mainly duo to CH ', H20, CHO', SH., CH CO' and CHS' 
3 3 

losses. 

While the losses of CH ' and CH CO' are in agrsement with the benzoxathiolic 
3 3 

structure (51, ths loaseh of H O and CHO' *re betLer rnlated to thr pr-sencr of 
2 

substitutrd phenol. On the conLrary the losses of SH' and CHS'are in agree men^ with 

forced to propose Lhe presence of differenLly structured ionic species dt m / z  151, 

i . e .  2-dehydro-2-rnethyl-l,3-b~nnoxathiok (+I, 2-hydroxyphenyl vinylidens bul- 
2 fonium ( 5 )  and 2-mercaptophenyl vinylidsns axonium ( 2 ) .  B /E linked &cans show 

+. that the ionic species at m / r  151 originate prlfsrentially from M for com- 

pound 1 and from the ionic sprcies at m/z 209 and m/z 179 for compounds ? and 

3 respectively (see Fig. 2). The mschanism for the formation of C H OS' ions - 8 7 
for 1 is show in Scheme 3. Ions a originate by simple cleavage of ths C(2)-CH2 
bond. Thecleavageof O(1)-C(2) bond leads to molecular species in a open btruc- 

ture which, through 'CH COOC H 106s and H rearrang-ment, gives rise to ions &,. 
2 2 5  
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Finally, ions c originate through the analogous mechanism starting from thr clea- 
uagc of the thioethsrral bond. 

For compound Z (see scheme 4 )  the formation of ions 5 can be explained first by 

an H rearrangement process followed by ring contraction with further loss C H 0 ' .  
2 2 2  

For the formation of ions b and c the cleavage of athrreal and thioethereal bonds 
raspsctivoly must be invoksd also in this c a a c .  

For compound 3 a more exstensius rearrangement may bs raquired to give ions a, b - 
and c .  which must nsc-ssarily pass through the r*arrangemr;nt of th* dimethyl gs- 
mina l mi-ty. On the contrary, *ither the mol~cular ions or thr [ M-CH If ionic 

3 
spscies of compounds L-3 give ria* to clearly differsnt MIKE spectra, proving 
that jn thass ions ths original structuras ar* maintainsd. 

For compounds 2 and 3 abundant ionic specios at m/z 164  and m/z 165  arc prrs-nt. 

Accurats mass measurements and linktd scans dsmonstrate that they or~ginat* from 

primary Joas*s of C H 0 ' and C H 0 ' respectively. Whils for compound 2 thcsc 
3 6 2 3 5  2 

fragmsntation procass-s can easily b e  ?xplainad with Lhe formaLion of 3-m-thyl- 

bonsoxathiane moietias, for compound 3 they result difficult to gxplain. Tha 
MIKE spectra of the ionic species at m/a 1 6 4  and m/z 1 6 5  originating from com- 

pound2 ar* practically suparimposable with thos* of the corrrsponding ions from 

3. Hancc ths r+lated fragmentation procassIs give riss to ions of idontical strut- - 
tur-S. 

For compound tha formation of ionic species at m/e 1 6 4  can be explained by tho 

concertad losses of COOC H 
' 
and H', while for compound g they can b s  explain-d 

2 5  
by th* analogous concsrt*d loss~s of COOCH ' and CH . H ~ n c e  for th* ions at m/z 

3 3 
164 originating from 2 and 3,  it is reasonable to propose thc structure of 2-mo- 
thyl-1,4-bsnzoxathiane molecular ion. 

Ths ions at m/e 1 6 5  easily orjginats from by simpla claavage of the C(3)-CO 

bond, whils for 3 tho m-chanism report*d in schcme 5 can b2 propos-d.  - . . 

c.;1" + a- -> ~ o o c ~ c H ~ c O ~ H ~ .  3 

\ COOCH, '. 
'WC* 

\ 

In conclusion ths titla compounds do not seem to undergo €1 induced isom~riaation 

procsssrs. The presence of fragment ions of identical structure(s) must be ascri- 

bad to the high stability of th? fragmsnt itsolf. 



EXPERIMENTAI 

All the mass spectrometric mnasur*m+nts wers performed on a VG-ZAB-2F instrument 

operating in EI conditions (70 sV, 200 A ) .  Samples werc introduced dir~ct P 
inl*t system without any probe heating and with an ion source temperature of 200°C. 

2 
Metastable transition ware detocted by B/E and B /E linked scans7. Accurate 

mass measurements were performod with the ptak matching technique at 10.000 

resolving powar (10% valley definition). Mass Analyzed Ion Kinetic Energy (MIKE) 
8 

sppctra were obtained in th* usual mannsr . Compound 1 was analytically pure sam- 
9 ple synthesized and purified according lit-rature . 

2-Msthyl-3-carbethoxy-l,4-b~nzo~athi~~ 2 

A mixture of 2-hydroxythiophcnol (0.1 mole), 2,2-dibromo%thylbutanoate (0.1 mola), 

anhydrous potassium carbonat* (0.194 mole) and dry acetone (100 ml) was rafluxcd 

under a stredm of nitrogen for 24 h. Aetarcooling the mi.xture was filt-red 

and tho solid was washed with dry ac9tonn. The solvent was then removed in a 

rotary jvaporator and the residue was poured into water and rxtracted with di- 

athylethar. The sthareal layprs was washed (in turn) with 10% aqueous sodium 

hydroxide, water and dried over anhydrous sodium sulfate. After solvcnt ivapora- 

tion the cruds product w a s  chromatographed on a silica gel column using petrolsum 

ether-disthyl sther 3:l as eluent to give the compound z; yield 58%, b.p./j mm 
172-175"C, nD19 1.5625; ir (neat) : 1740 cm-' (C=O); 'H-nmr (CDCI ) d : 1.15 (ti 3H, 

3 
CH -CH , 1.40 (d, 3H, CH -CH-S-), 3.55 (m, IH, CH -CH -S), 4.10 (q, ZH, CH -CH -1, 
-3 2 -3 3 -2 3 -2 
4.60 (d, lH, -0-CH -COO) and 6.90 (m, 4H, Aromatic). Anal. Calcd. for C H 0 S: 

-3 12 14 3 
C, 60.48; H, 5.92; S, 13.45. Found: C, 60.42; H, 5.93; S, 13.41. 

This compound was prepared by the same procedure described for 2 ,  starting fro,) 

2-hydroxythiophcnol (0.1 molo), 3-methyl-2,3-dibromoethyJhutanoat~ (0.1 mol,?) 

to give 3,  yield 68%, b.p. /2 mm 136-138°C, ni7 1.5710, ir (neat) : 1745 cm-' 
1 

(C=O); H-nmr (CDCI d : 1.45 ( s ,  6H, (CH ) -C-S), 3.65 ( s ,  3H, -COOCH - 1 ,  
3 -3 2 3 

4.50 ( s ,  lH, -0-CH-) and 6.85 (m, 4H, Aromatic). Anal. Calcd for C H 0 S : 12 14 3 
C, 60.48; H, 5.92; S, 13.45. Found : C, 60.45; H, 5.91; S, 13.43. 
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