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AMmct The low and high rcsolutlon mazy spccrra of a scrxs of cyclic sulfi~c and carbonate cslcrs of 

acyclic and cyclic 1.2diols have been cxammcd. and the pnncipal fragmentation pathways described. 

Wtth the md of deuterium labcling and the new tcchmquc of “metactable 1011 characteristic” comparison. 

it has been possible to demonstrate “ketone-like” and “cpoxide-hke” M-XOI ions. Two ~OUICS for M-HXO* 

procescs wcrc uncovered. and another important dccomposltloo mode involves loss of C,H,O fragments 

from the parent ion. Arrcmp~s were also made IO compare the electron Impact mduccd rcact~ons of the 

cyclic esters with those reported in the literature for pyrolysis of the sarnc compounds particularly where 

rhc latter showed a srercochcrmcal preference. Attention K drawn m the expcrimenral sectton to lhc use 

of a dlrcct Inlet tcchmquc for mcasurmg ~hc mass spectra of thermally labrle. volatile Ilqutds. 

IN CONTINUATION of our earlier work on carbonate esters of monohydric alcohols 
and phea01s.~ we now report a study of the mass spectrometric behavior of cyclic 
sulfite and carbonate esters of some simple 1.2diols. The systems investigated 
previously (dialkyl, aryl alkyl and diary1 carbonates)’ supplied cogent examples of 
the increasingly widely recognized phenomenon of skeletal rearrangement under 
electron impact,’ and migratory aptitudes of competing aryl groups were deter- 
mined” for the decarboxylation reaction of diary1 carbonates. It was anticipated 
that cyclic esters such as sulfites and carbonates might also undergo interesting 
rearrangements on electron bombardmentj 

In order that the full potential of mass spectrometry as an analytical tool can be 
realized, it is essential to recognize and document as many instances as possible of 
skeletal reorganization. No less important is the study of mechanistic requirements 
for such processes, that they may be better understood and eventually predicted, 
and also to shed fur&r light on the reactions of gaseous ions in general. 

In order that comparisons may be made between the reactions of such ions in the 
mass spectrometer, and processes induced by vibrational (thermal)’ and electronic 
(photo-chemicaB6 excitation, both in solution and in the vapor phase. it is desirable 
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to subject the same chemical systems to each kind of initiation. Some pyrolytic 
studies of cyclic sulfites are already in the literature,‘** and it seemed opportune to 
compare their behavior on electron impact. In particular, the cyclic sulfites (and 
carbonates) of cis- and truns-cyclohexane-1.2diol were examined, to investigate the 
possibility of an electron impact induced analogy to the dramatic difIerence found* 
on their pyrolysis. In this connection, it has already been reported” that the mass 
spectral fragmentation modes of DL- and meso-hydrobenxoin cyclic sulfites (XII) are 
very similar, whereas on pyrolytic elimination of SO, quite different products are 
obtained.**9 Some correlation between the electron impact and thermally initiated 
processes occurring in o-phenylene cyclic sulfite have recently been noted.‘* 

Since inadvertent pyrolysis of a sample in the inkt system or source of a mass 
spectrometer is not entirely unknown, extremely mild thermal conditions (direct 
sample insertion into room temperature source) were employed in an effort to 
overcome this pitfall. 

(1) Cyclic esters of acyclic 1.2401s 
The principal peaks of interest in the mass spectra* of the cyclic esters are sum- 

marized in Table 1. In general, the molecular ions of the cyclic carbonates are more 
stable than those of the corresponding cyclic sulfites. Four major fragmentation 
modes appear to operate: (a) loss of C,H,,O units; (b) a pinacol-type rearrangement 
resulting in expulsion of X02 and formation of a ketone or aldehyde rearrangement 
radical ion ; (c) a second process also affording M-X02 ions, but in which the daughter 
ions are relation to the corresponding epoxide parent ions; (d) formation of M-HX02 
species by two pathways. These processes are discussed further below. Peaks at m/e 

48. 50, 64 and 65 in the spectra are due to SO, H,SO, SO* and HSO, ion res- 
pectively.. 

(a) Formation o/ MC,H,,O ions. This reaction is of significance only in the 
simpler cyclic esters (Table 1, column 3). and is more prevalent in the sulfites than the 
carbonates. Possible fragmentation sequences are depicted in Scheme 1 for propane- 
1.2diol cyclic sulfite (III). (In all Schemes, presence of a metastable peak is indicated 
by an asterisk over the appropriate arrow). From the per cent total ionization figures 
(&,) in Table 1, and the mass spectrum of III (Fig. 3), it can be seen that loss of the 
smaller C,H2,0 entity (ao, M-CH*O) is preferred over the larger (ab, M-CH,CHO). 
This difference becomes even more pronounced at low electron energies (l&15 eV 
nominally), 00 accounting for 54.9% &, and ab 3.3 % &, at approximately 10 eV. 
The contribution of the M-C,Hz,O process in all the other cyclic sulfites (1, III, V 
and VII) increases at low electron energies, but the reverse is true for the carbonates 
(II, IV and VI). With XVI, (Table 1) au remains at m/e 92, while ob moves from m/e 78 
to m/e 80. 

(b) Pinucol rearrangement to M-X0, ions. The pinacol-type rearrangetnentt is 
invoked to explain the occurrence of 1,2-Me and Ph group migrations in compounds 
V, VI. VII, VIII, XI, XII and XIII. where the compositions of certain rearrangement 

l The elemental cornposItIons ol ions conrrlburmg to all peaks discussed or tabulated have been 

determined by precise mass measurements (Experimental Section). 

t II has been clalmed1° Ihat an clcclron Impact mduccd pmacol rcarrangemenl occurs In plnacol l~l( 
(and related 1.2diols). but the rearrangement peaks reported are of low abundanoc and unknown com- 

posirion. 
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peaks (Table 1. last column) clearly suggest an ionized aldehyde or ketone M-X02 
species. Possible decomposition pathways are set out in Scheme 2 (III + ba -+ bc; 
III + M + be + b/), and in Scheme 3 for 2,3dimethylbutane-2,3diol (pinacol) 
cyclic sulfite (VII) and carbonate (VIII). 

In the case of III -* bd (Scheme 2, hydrogen migration), an alternative and in- 
distinguishabk mechanism (III + bg + bh + bd) is conceivable. involving overall 
reciprocal transfer of the same hydrogen. This route appears to operate to some 
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extent, since in the deuterium labeled analog (XVI, Table 1) of III, the M-HSO, 
process comprises two components. First, 57% remains as M-HSO, (Scheme 2, 
bj --+ bk -+ bl, m/e 59 in XVI). and second, 43% moves to m/e 58 in XVI as M-DSO, 
(bg -+ bh -, bi). Thus the rearranged parent ion bh can also easily be imagined to 
expel SO,, and produce the Same ionized propionaldehyde f&f) that would arise from 
the pinacol process. A metastable peak for theloss of SO2 from III was observed, 
but which process (III --, bu, III -. bd, bh --+ hi, or others) or processes are responsible 
is not known. 

k, m/r 43 

With VII, VIII -+ XVII (Scheme 3). pinacol-type U-Me migration is envisaged, 
producing ionized 3,3dimethylbutan-2-one (XVII, Fig 12; pinacolonc),t at mass 
100, and its ch~~te~t~ further d~m~sition peaks at m/e 85 (cu. cb), 57 (cc) and 
43 (bc) (Table 1). Comparison of the relative abundances of the mass spectral peaks 
of authentic pinacolone with those of VII (Fig 6) over the range 12-70 eV, and also 
comparison of their respective met&able peak characteristics**” permit (but do 
not demand) the assignment of XVII radical ion as tbe main M-SO, species derived 
from VII. Similar comparison using tetramethylethylene oxide (XVIII, Fig 13). on 
the other band, seems to exclude its molecular ion as another (major) possible formal 
representation of an M-SO2 species, since two metastable peaks [m/e 24.4 (69 + 41), 
m/e 286 (59 + 4l)J are present in the spectrum of the epoxide (XVIII), but not in 
that of VII (Table 2). This finding is of some interest, sinoe pyrolysis of 2,3dimethyl- 
butane-23diol cyclic sulfite (VII) has been reported” to give tetramenthylethylene 
epoxidt (XVIII). 

An important decomposition mode of tetr~ethylethykne epoxide (XVIII) to the 
same rearrangement ions as VII (and VIII) (mass 43, C,H,O; mass 57, C,H,) has 
already been described.” Comparison of the mass spectra of XVIII with that of 
pinacolone at various electron energies, and of their mctastablc ion characteristics* 
allows the possibility of XVII as a rearranged molecular ion of XVIII, as previously 
proposed.” Thus it seems probable that the cyclic sulfite VII and the epoxide XVIII 
both fragment to some extent cia ionized pinacolone XVII, but the parent ion of XVIII 
does not arise from ionized VII. However, use of metastable ion characttristics**‘2 
and the “external standard method”‘) to rule out a particular structure for an ion 
derived by two separate routes is dependent on the assumption that both ions are 

l Shannon and McLahty” call attention to the useful fact that ions identical in structure and energy 

should exhibit identical decomposition reactions and. therefore, the spcctn sbouid &so sbow the sanu 

metastabk peaks, with identical peak shapes and intensities relative to the parent ion. 

t Set footnote t p. 2950 
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produced in the same energy state.* This assumption, in the absence of any definite 
evidence, would seem to be most in doubt when one ion is a molecular ion, and the 
other a daughter ion. Therefore the conclusions reached here are presented in the 
light of these reservations. 

In Scheme 3, loss of a methyl group from XVII is shown both as a-cleavage to the 
ketone (XVII -, ca) and as fileavage in the t-butyl group (XVII + cb). This inter- 
esting situation was betrayed by the presence of both M-15 (61%) and M-18 (39%) 
peaks in the 70 eV mass spectrum of dJ-3,3dimethylbutan-2-one (XIX).t At lower 
electron energies (10-15 eV), the contribution of M-18 eventually overcomes that of 
M-15. I1 

XIX 

In those cyclic esters containing a phenyl substituent (IX-XIII), peaks at m/e 105 
(Scheme 4, dc + d/l C,H,O) and at m/e 91 (de -+ dg, C,H,) (IX, Fig 7; X, Fig 8; 
XIII, Fig 9) are considered diagnostic of the pinacol-type rearrangement (see Table 1). 
In compounds with 12diphenyl substitution (XII, XIII, Fig 9). further analogous 

rearrangement peaks at m/e 167 (&H+) are present (Table I), and with XI 35 % 

of m/e 105 corresponds to +iH-CH,. Appearance of peaks at m/e 89 (C,H,) 
ant m/e 90 (C,H,), on the other hand, suggest operation of an epoxide-type mech- 
anism,16 (Scheme 4. db -+ dd), discussed further below. 
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l See footnote l p. 2952. 

+ This cleavage. written as XVII - cb In Scheme 3. would be expected at first glance IO bc unfavorable. 

In that a positive charge IS generated adjacent IO the carbonyl moiety (see K. Bicmann. MUG Spccrromtrry. 

McGraw-Hill Book Co.. Inc.. New York, N Y.. lW2. p. 133). However. other instances of thts behavior 

arc on record [for exnmpk M-IS in androsran-l-one arises 50% from the IOU dC-19. M. Powell. D. H. 

Williams. H. Budrikkwicz and C. Djcrassi. 1. Am Chm Scar. &, 2623 (l964)l. An equally plausibk 

mechanism for M-l 5 in XVII al this time IS shown below 
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(c) Formation of epoxide intermediates by X02 eliminarion. In compounds X 
(Fig. 8). XI and XIII (Fig. 9) intense peaks due to hydrocarbon ions occur at m/e 89 
and 90 (Table 1). and to a lesser extent in IX and XII also. This behavior is character- 
istic of phenyl substituted epoxides,16 and completely atypical for the isomeric alde- 
hydes and ketones. ” In Scheme 4, the three possible decarboxylation product ions 
(dc, dd, de) are depicted, together with their characteristic decomposition products, 
for phenylethane-1,2diol cyclic carbonate (X). The simplest interpretation of the 
mass spectra of the phenyl substituted compounds (IX-XIII) is that most of the 
major peaks can be accounted for by varying proportions of ionized aldehyde (e.g. 
de), ketone (e.g. dc) and epoxide (e.g. dd) M-XOI intermediates. 

To put this suggestion to the test, meso-hydrobenzoin cyclic carbonate (XIII) was 
selected, as its mass spectrum (Fig. 9, Table 1) contains the largest ratio of m/e 89/9O 
peaks to m/e 911105 in this series. Comparison of the low resolution spectrum of 
tram-stilbene epoxide+ with that of XIII below m/e 1% (M-CO,) at various electron 
energies showed that every peak in the former is accounted for in that of the latter, 
relative to m/e 1%. More dramatically, every metastable peak positi0n.t shape and 
relative intensityt in the spectrum of the epoxide is prominently reproduced in that 
of the cyclic ester (XIII) (Table 3). In contrast, the spectrum’ of benzyl phenyl ketone 
is dominated by the peak at m/e 105 (C,HsO. 62% &J, and therefore its parent ion 
can only be a minor contributor to the M-CO1 species fro m XIII (Fig. 9). 

The mass spectrum (see Table 1) of mesehydrobenzoin cyclic sulfite (XII) on the 
other hand, has its base peak (18.2% &,) at m/e 105, and m/e 89/90 are quite small 
(2.6 and 24% Z,,, respectively), indicating that pinacol-type loss of SO2 predominates 
in this instance. Other rearrangement processes also operate in the sulfite (XII)9 that 
are apparently absent in the corresponding carbonate (XIII). Thus an ion of mass 154 
(C,H,O$) is formed9 by the loss of the elements of benzaldehyde from XII, which 
can further eliminate either CO (to give m/e 126, &H,OS) or SO (to give m/e 106. 
C7H60). No peaks at either m/e 154 or 126 were detected in XIII, although the mass 
spectrum of XII obtained under our conditions (see Experimental) was qualitatively 
similar to that previously published.’ 

On pyrolysis, meso-hydrobenzoin cyclic sulfite (cis-XII) aITords**9 benzyl phenyl 
ketone and S02, whereas dl-hydrobenzoin cyclic sulfite (trots-XII) yields dipbenyl- 
acetaldehyde as the main product. However, the mass spectra of the two isomers are 
very similar,’ and both contain ions of ma.ss 91 and 105 (derived from benzyl phenyl 
ketone radical ion) and of mass 167 (derived from stilbene epoxide or diphenyl- 
acetaldehyde radical ions), of which mass 105 is by far the most abundant. 

The trend observed for pinacol-type vs epoxide-type M-XOz processes in XII and 
XIII seems to be general for the rather limited range of compounds employed. Thus 
in the carbonates X (Fig. 8), XI and XIII (Fig. 9) the m/e 89/90 peak group is more 
important than the m/e 91/105 (and 167 in XIII), whereas in the sulfite-s IX (Fig. 7) 
and XII, the reverse is true. 

(d) M-HXO, processes. In the mass spectra of certain of the cyclic esters there are 
peaks present at one mass unit less than the M-X0* peak flable 1) which are of 

l The mass spectra d ci.s/rruns pun of dkyl” and BI~I’~ subs~itu~cd epoxida are dmual. 

t These appear a~ m/r 163 (broad) (165*/167); m/e I61 (broad) (178*,!1%); m/c 142.5 (167’/1%); m/r 

138.8 (165’!1%); m/e 88.1 (89’/90); mje 56.5 (77*,‘105); m!c 46.5 (65*/91); m/c 44.7 (63’,‘89). 

1 SEC footnote l on page 4. 
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greater abundance than expected for simpk loss of a hydrogen atom from the 
M-X02 species. For example, loss of a hydrogen atom from propionaldehyde is 
insufficient to explain the intensity of the peak at m/e 57 in III (Fig. 3). At least two 
mechanisms appear to operate, and these are revealed by deuterium labeling 

As previously mentioned, the M-HS02 peak (m/e 57) in III (Fig. 3) splits in XVI 
to 57% M-HS03 and 43% M-DSOI, and this observation is conveniently inter- 
preted in terms of ring-opened molecular ions bj (Scheme 2) + bk + M-HSO* (in 
XVI), and bg + bh + M-DS02 (in XVI). Similarly, the M-HSO, peak (m/e 97) in 
XIV (Figs 10.11) splits in XX to 15 % M-HS02 and 85 % M-DSO,. and this situation 
can be explained by analogous ring-opened molecular ions fa (Scheme 5) -fc + 
jcHS0,. and/a -+jh -jI. Clearly only one of these pathways can operate in com- 
pounds I, II, X and XIII. 

(e) Other fragmentation routes. With the higher cyclic esters (VII-XIII), small 
peaks (I& > 2%) may be discerned in their spectra corresponding formally to 
ionized olefin species, generated by loss of X0,. Thus in IX (Fig. 7) there are meta- 
stable peaks at m/e 56.5 (1042/184) and at m/e 58.5; in support of the following 
sequence : 

IX eamie 104 eh m.ie 78 

The Iirst stage of this transformation survives at low electron energies, (12-15 eV), 
but the second is eliminated at the lower end of the range. 

(2) Cyclic esters of cyclic 1,2-dials 
The mass spectra of the cyclic sulfites of ciscyclohexane-1,2diol (&XIV, Fig 10) 

and rrans-cyclohexane-1.2diol (trots-XIV, Fig 11) and the corresponding cyclic 
carbonates (&-XV and trarrs-XV) were obtained in order to assess any electron 
impact induced parallel to the sterochemical dependence of the pyrolytic reaction 
products reported by Price and Berti.” 
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Thermolysis’ of c&XIV at 250-300’; yields cyclohexanone (XXI) as the principal 
product, the formation of which can be rationalized by 1.2-migration of a tertiary 

l ThCmPssSpCCUUlll I’ c4 sryrcne shows a signikan~ peak (32% relative l bundamx) at m/e 78. and 
observation da wtastabk peak for its formation from he parent ion hu been reported.‘* 
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(i) Pinacol-type hydrogen migration, giving cyclohexanone radical ion /g 
(CeH,,,O), which characteristically fragmct&’ to ion Jk of mass 55 (70% C,H,O). 
In the d,-trwtscyclic suhite (XX). the majority of m/e 98 is shifted to m/e 102 (10% 
relative abundance) and m/e 55 splits equally bctwccn m/e 56 and 57. At low ekctron 
energies (12-15 eV) the peak at m/e 98 (in XIV) persists, whereas m/e 55 is much 
reduced in intensity. Thcsc data, therefore, arc consistant with visualizing this 
process as the electron impact induced analog of the pyrolytic reaction cis - XIV --, 
XXI + so,. 

(ii) Pinacol-type ring contraction, giving cyclopcntanc carboxaldchydc radical ion 
(fi), which in turn affords fi of mass 69 (95 % C,H,). In the labeled compound XX, 
Jj now appears at m/e 73. At low electron energieg the peak at m/e 69 (in XIV) be- 
comes kss signifiit, but survives longer than J7t at m/e 55. This process is the 
elec ron impact induced parallel of the pyrolytic reaction truns-XIV + XXII + S02. 
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If fi can undergo a h&Lafferty rearrangement to produce fi. then important peaks 
at m/e 41 (C,H,) (m/e 43 in XX) and m/e 57 (95 y0 C,H,O) (m/e 59 in XX) are accounted 
for. Both of these peaks are suppressed at low electron energies. 

(iii) Hydrogen transfer from the tertiary position (C-l) in /o furnishing fi. which 
may then back transfer the same hydrogen in a McLafferty process (to C-2), giving 
jg ona again. This route is indistinguishable from XIV going directly to /g by (i). 
Its operation is revealed, however, by the appearana of a peak at m/e 101 (15% 
relative abundance) corresponding to M-HSO, (rather than M-DSO& in XX 
(Table l), which can be derived by simple cleavage of HSO, in fi. 

(iv) Hydrogen transfer from the secondary position (C-3) in fa affording fb, which 
may then back-transfer the same hydrogen to oxygen, producing fi. In XX (Table 1). 
85 % of the M-HSOI peak in XIV (/I, m/e 97) moves to m/e 100 (M-DSOJ, and this is 
conveniently visualized as arising by cleavage in /b furnishing a species such as /I. 
It is noteworthy that most (85%) of the hydrogen lost as HS02 in XIV originates 
from the secondary (C-3 and C-6) positions (labeled in XX), whereas a maximum of 
57% arises from the equivalent position (methyl group) in III.* 

Thus the ions contributing to mass 98 (M-SO,) in the cyclic sulfites (XIV) probably 
have at least four structures (/g, fi, /i. j-9). in that this seems to be the minimum 
number required to account for the major characteristics (i.e. peak positions, com- 
positions and abundances of fragment ions at different electron energies, metastable 
peaks, and isotope shifts) of the mass spectra. Comparison of metastable peak shapes, 
positions and relative abundances+ of XIV with those of cyclohexanone and cyclo- 
hex-3cnol (XXIII, Fig 14) showed that these molecular ions could be possible 
M-SO, species, but by the same criteria, the parent ion of cyclohexene oxidez3 can 
be excluded. The mass spectrum of the epoxide contained a prominent additional 
metastable peak at m/e 28.1. 

The behavior of the related carbonates (XV) was completely analogous to that of 
the sulfites (XIV). and does not warrant separate discussion. 

The M-X02 ions derived from the cyclic sulfite and carbonate esters are most 
simply represented as ionized aldehydes or ketones resulting from pinacol-type re- 
arrangement (common to all compounds studied), or as ionized epoxides (or their 
immediate product ions) when phenyl substituents are present (compounds IX-XIII). 
Specifically, epoxidctype intermediates could be ruled out for compounds VII and 
XIV. 

Pyrolytic studies of meso- and DL-hydrobenzoin cyclic sulfites**’ (cis- and rranr- 
XII) and cis- and tranr-cyclohexane-1,2diol cyclic sulfites (cis- and rrons-XIV)’ 
showed marked stereoselectivity. Hydrogen migration occurred in the c&compounds 
(affording ketone products), and carbon migration in the rrans-series (yielding 
aldehydes), together with SOz. Electron impact investigations of the cislrruns- 
isomers of XII’ and of those of XIV showed, on the other hand, that very little 
difference is observable in the respective mass spectra (see Figs 10 and II), taken 
under the mildest thermal conditions available. 

l Strictly. rhe peak shifts observed in XVI do not ruk out transfer d the tertiary hydrogen, although 

this seems mcchanisrlcally unlikely In the most stahk open form of rhc molecular ion (bg. bj. S&me 2). 

+ See footnote l on p. 2952. 
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Frc. I Mass spectrum d e1hantl2diol cyclic 
sutilre (I). 

f;la. 3 Mass spectrum of propane-1,2dlol cyclic 
suliire (III). 

FIG. 2 Mass spectrum dcthancI.2- 
diol cyclic carbonate (Ii). 

FIG. 4 Mass spectrum of propanc1.2dwl 
cychc carbonate (IVl 

FIG. 5 Mass spectrum of c~/~wu-butane-2,3-ddiol RG. 6 Mau SpCCtNtII d 2,3dimethylbutanc2,3diol cyclic 
cydlc sulfite (Vl suKte (VII). 
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FL 7 Mass spectrum of phcnylethanc-l.Zdiol cyclic sulfirc (IX). 

FIG. 8 Mass spectrum of phenylcthanc-l,Zdlol oychc carbonate (Xl. 

FIG. 9 Mass spectrum of nuso-hydrobcnzom cychc carbonate (crs-XIII). 
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FIG. 10 Mass spectrum of ru-cyclohcxanc-1.2dlol FIG I I Mass spectrum of rronr-cyclohexane-l2dlol 

SUlfilC (Cls-xlv~ cyclic sulfite (frons-XIV). 

FIG. 12 Mass spectrum of pmacolone 

(XVII). 

FIG. I3 Mass spectrum of rcwamcthyl- 

ethylene epoxidc (XVIII), 

I 

i0” / 

FIG. I4 Mass spectrum of qclohcx-3-en01 (XXIII). 
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?AaL, I. i%3%CIPAL PEAKS IN THE UA.tf SPECTRA of CYCLIC SULRTE AhD CARBOtiATE EST?& 

Compound M” M-W%.0 M-X0* 
.-. . __-...- 0 0 I (Fig. I) 108: 6.4 78: (M-30): 21.7 44: 5.1 

--_ . -_ _ .._ .--- _ .-_ 
G II (Fig. 2) 88: 14.3 58 (M-30): 2Q 44 : 7.2 

--. .-- .-.. 
111 (Fig. 3) 122: IQ 92 (M-30): 12.3 58: 20 

78 (M-44): 3.4 

--. _-_. .__ - 

M-HXOI Rearrangemart peaks 
-.. _- . 

43: 1DS 29 (CHO) : 22.8 

___ ~-. ..-- 
43: 19.5 29 (CHO) : 3!+8 

57: 4.8 43 (C,H,O) : 286 
29 (C,H,) : 5.3 
29 (CHO) : 36 

~- _ ._---._ 

P 58: 2.4 

XVI 124’: 1Q 92 so(M-44): (M-32): 107 39 6O:29 58: 3.4 43 45 (CIH,O) (C,HD*O): : 244 Il.7 

DD” - _. . .- .._. 

p 0 IV (Fig. 4) 102: 09 72(M-3Q): 58 (M-U): .- ~__.. 7.5 58 : 7.5 57 : 22.8 43 29 29 (CIH,O) (GH,) (CHO) : : : 19.4 9.5 7.8 
_ ~___ .-. 

V (Fig. 5) 136: DS 92(M44): 8.0 72: 30 71: 57(C,H,O) : 2.5 
43 (C,H,O) : 450 
43(C,H,) : SQ 
29 (CHO) : JQ 

(cis~rralu) 29 (C,H,) : 7.5 
-- __ _--.-. .-... . 

VI 116: 3.2 72(M44): 04 72: 04 71- 2.4 

(cis/rruJu) 
--- - .._-- .~.. .~. 

r’ 

VII (Fig. 6) 164: 03 106 (M-58): II.8 100: 08 99: 

r 
_~_ - -.. ._- 

xp 

VIII 144: 5.7 86 (M-58): - loo: 1.2 99: .’ 

._~_. _~. 

# 

y” 

IX (Fig 7J 184: 01 154(M-30): 1.1 12Q: 6.6 119: - 

ds 

0 
78 (M-106): 

- ~.. _-- _. ._.-. 

* 
X (Fig. 8) 164: 6.4 I34 (M-30): 120: 31, 119: I.3 

58 (M-106): - 

57(C,H,O) : 2.4 
43 (C,H,O) : 300 
43 (C,H,) : 1OQ 
29 (CHO) : 5.7 
29 (CzH,) : IV7 
.__ - .- 

85(C,H,O) : 20 
57 (&HI): : 19.3 
43 (CzH,O) : 28Q 

-.-- -- 
85 (C,H,O) : 4.2 
57 (C,H,) : 12.5 
43 (CIH,O) .236 
--. -- 

lOS(C,H,O) : 1.8 
92 (GH,) : 8.8 
91 (C,H,) 368 
90 (GH,) : 1.5 

_ ._-. - 

106(C,H,O) : I.2 
IOS(C,H,O) 4.2 
92 (GH,) : 4Q 
91 (GH,) : 190 
90 (C,H,) : 13.5 

-_ _..-_. - - . _-- ..- 
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Compound M* l MC.HI.O M-X0, M-HXO, Rearrangement peaks 
- -. ~-- -_-. - --_-. _ - -- 

Xl 178: 70 lU(M-44): .’ 134: 09 133: 4.3 105 (C,H,O) 7.3 

72 (M-106): 105 GHs) : 40 

9l (GH,) : 7Q 
90 (C,He) : 22.7 

(cu/rrans) 43(CIH,0) 2.7 
-- - - 

6 
XII 

0 r 
PD 

w 
-- 

XIII (Fig 9) 

6 

260: 0.2 

240. lx.7 

162: 02 

I54 (M-106): 1%. .- 195: 167(C,,H,,) : 07 
106(C,HIO) 26 

I06 (C,H,O) 18.2 

91 (C,H,) : I.3 

90 (GH,) : 2Q 
-_ ._- - --. 

l34(M-106): I%: 1.5 195 : 3.8 167(C,,H,,) 7.5 

106(C,H,O) : 16 

IOS(C,H,O) : 40 

91 (C,H,) : 3.5 

90 (C,H,) : I46 
--~ .-- -- --- 

- 98:2Q 

_. .-- 
frans- 162: @3 98: I.7 

XIV (Fig 1 I) 

_.._ .- cp 0 cis-xv 142: 02 98: @7 

97: IIQ 69 (C,H.) : 86 

55(C,H,O) : 5.2 

97: IQ4 69 (C,H,) : 15.2 

SS(C,H,O) : 3.5 

- - .-_- _-- .- - 

loo: 1@3 73 (C,H,D,) : 12.4 

101 : I.9 56 (C,H,DO). 3.1 

57 (C,HDzO): 2.5 

97: 0.7 69 (C,H,) - 5.8 
SS(C,H,O) 7.3 

--- _ _-_... 
97: 03 69 (C,HJ 266 

55(C,H,O) : 2.5 

l The tirst figure in each column rdcrs IO nominal m/e value. and the second IO oL Z:, (I-VI) and 7; Z& (VII-XX). 

’ Isotopic composition: 80% d,; 20% d,. 

’ lsotopiccomposition:95%d,;4Y<d,; I%d,. 
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&a m:, a: Partnt hllghkf Neurral 
-_ . .-. .--_ ..-- 

72.3 72.25 005 100 85 15 
-. - _- -- .--. _- 

54.8 5414 006 82 67 15 
_--.- ..- .- 

52.9 52.81 009 85 67 I8 
- --.. -- -. 

38.4 3864 -024 106 64 42 

38.22 VI8 85 57 28 
.-_. -- .- ..-_ _ 

37.1 37.10 0 41 39 2 
_-_ _~_ _~_ .- 

36.5 36.2 I V29 42 39 3 
. _-_. .~__ - --.. -. _. 

31.8 31.74 006 106 58 48 

31.88 -008 58 43 I5 
-- _ -.._ .~ _-- 

29.5 29.49 001 57 41 16 
_--_- ..~ .- -_ 

28.1 28.17 -007 54 39 I5 
-- -_ ..-_ _ ..-_. ._ 

25.1 24.98 VI2 164 64 100 

25.14 -004 29 27 2 
._ __- . - -. .-... - _- 

21.8 21.81 -001 149 57 92 

21.74 06 IW 48 58 

21.75 005 85 43 42 
._ -. _. -- 

16.3 16.29 001 59 31 28 

EXPERIMENTAL 

Mass specrra 

Tbc low rzsolu~on masa spectra of the cyclic esters were obtained by Dr. A M. Duff&! and one d the 
aurborq using an Atlas CH-4 im I. AI fw u heated iakt cooditionr were employed, viz. 

TO4 ion SOUTCC II 180” and gas inkt reservoir at loo”. In view of the koown tbamal lability dtbcs com- 

pounds, spectra were alxo obtriaod by diti insertion dtbe xampk into the km soufa at ambknt ranpcra- 
IUrc. Liquid sampkx (I.-VI. IX-XI. XIV and cis-xy) wm adsorbed dirculy onto cbaKoal (and hence 

IraIadu~lidst,md~lidPmpks(VII.VtII.XII.Xlllrod~rmu-XV)we~~ouadiDIimrtdywil~ 

before loading ioto cbe WAS direct insertion cartridge charcoal crucibles. This ~cchnique. devcbopbd by 
Dr. A. M. DuffIeld of our laboraIoria a~ Staoford Univerxiry. is puticularly useful for tberavlly labile 
liquid sampks d moderate volaIiliIy. Relatively slow diffusion d the sampk out of the &arcaal adxo&n~ 

In the Ion source g~vcs qtute srabk Ion currcnIs. by assumtng the rok d tbc source kak in Abe bea~ai inkt 
sys~an. II was found Ibar for Abe simple low mokcular weight es~crs, tberr wax littk diffcrmcz between 

Abe speara obticd by cacb mctbod. but for rbe more compk.x compounds (su text) tbcrc were amxida- 
abk diffmam io peak relative ioIcnaitics and peaks observed. Figs 14 aod 12-14 were oblliaed with the 

heated inkt. and Figs >I I by tbc direct inncrtioa mtbod. For cxampk. mokcular ias~ were relatively kss 

abundanI by tbc hca~ed inkt method. and compound VII exlbita! a lark pak (23 % relative abundance) 
aI m/c 82. due IO loxx of H,SO,. and almost absent when tbe spectrum wax taken by direct e (Fig 6). 
Mass spectra wcrr taken routinely at 70.15 and I2 cV. but in special CXES at other nominal values 
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eb mt* at Parent D8UgIM Neutral 
_. ._--_-.- ..- _- 

162 (broad) 163.47 - I% 179 17 
163.02 - 167 165 2 

161 (broad) 16165 1% 178 I8 
.- -- . .._. - ._ 

142.5 142.29 @21 1% 167 29 
- _ _ . __ .._ _.-. 
13po 13890 010 1% 165 31 

88.1 8801 m 90 a9 I 
_ .-___ _ - .-.. - -- 

58.4 58.41 -001 1% 107 89 
58.33 007 107 79 28 

--.-. .- ~- 
56.5 56.47 003 105 77 28 

--.. - .--. _ ..--- 

54.5 5448 002 152 91 61 
.--.. ..---- -_- _ 
46.5 46.43 007 91 65 26 

46.52 -002 178 91 87 
.._. _- - _ .~ 

44.6 4459 001 89 63 26 
44.50 010 178 89 89 

.__~ - _-. - 
339 33.78 Ql2 77 51 26 

High ruolution mass musurwtxn ts were nccurcd by Mr. R. G. RW with an ALL MS-9 double 
fantstiO8 rMM rpecir04MtCr. Of Cipputnt ESChtiOtt 1 pIrt i0 ls.a@. d fittad With m d w hated 

inlet syskm II 2CUP. sod ioo sounx tanp of 230”. It is appreciated that the predk mass masuremen~s 
were t&at under very dihcot CoflditiOM from the low re8olution qKurr 

The recorda! wur~bk perks were uaignai to the transitions shown in Tabks 2.3 and 4 by computer. 
la a Fom IV program &v&d by Mr. S H. Brown of tbcu laboratorka for I.B.M. ‘2090 use. the input 
data compriaea tbc nun m peak poehoar wtutabk pak @tioar, ti fr8ctional man toknna 
between obrnsd aad akuhtcd mctastabk nluu ( *03 for Tabla 24)” Output coh6Uoftbclist 
ofobrcnad mctastabk puk positions, and for c&t, all possibk transitions (prrnt). daughter. neutral) 
among the integral @r are given (neutrak suc!t as 13.21. ctc arc “‘forbidden” in the program). as wdl as 
thakuhta!metastabkpakpositioauultbeousadiffenmuA& 

All the unlhkd I.2diols were commcrchl ympks of rusonabk purity. as were the cydic eaten I-IV. 
All tbc cydic aten had satisfactory C, H (and S in the rullitca) armlynx 

(a) Cyc/& @lcs. Theme were prqarcd uaenti&y aaxxdiag to Pria and Berti.’ exccpc that CHC!, was 
usal as solvent_ la a typhl preparation. the dial (I mok) and dry pyridine (I.>2 mob) - stirred 
at 0”. in ethanol-fra CHQ,. and thhyl chloride (I mok) addal drapwiu over 30 miru +be aoluth was 
stinad~troomcempfocI~~2hr.Ild~pouradiato*r~ia~~toryfunocLTbcorpnicp~ 
was wubad to neutrality and drial over anhydrous C&O, @herite) Tbc rolvcnt w8s removed under 
raducsd~urr.~tbcaudccrcticrullitcpurifiadbyGU:or~linlionInchtformrcuc.lO% 
SE30 oo Chr omosorb W or 5% Apiaoa L proved effactivc columar Cluraucristic IR aborpticntr were 
observed at 90&96Oand IMO 122Ocm- Thesolid sulfitaVII and CD-XII meltedat 41.42”and 126 128^ 
(ht. I26 12R’)’ mpaztively Yields were typically 3070% on a 200 mg sch. 
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ee mL,, a: Parent Daughter Neutral 
.-. -_ - - - - - - .- 

77.10 77.11 -Oil1 R3 80 3 
..- - -. -.- - - -. - - 

7V20 7030 -010 98 a3 IS 
. - - ..-- - - .-- - _- 

65.30 

-- -- 
6440 

_- 

48sil 
-. .- 

46.30 
.- - 

43.20 

- 
37 IO 
_-_ 

3l.m 

65.3 I -041 
6506 024 

_-.. _-. 
‘64.34 006 
.- -- 

4908 -018 
.- ..- 

4628 002 
-. - 

42.98 022 
43.21 -001 
- 

37.10 ooo 

31.19 001 
3095 V25 

- - .- 
29.50 2939 

29.76 
29.49 

_ -- 
25m 25.28 

2s.m 
-_.-- -. 

24.m 24Ql VI9 
24.36 -016 

__ 

-- .- . .- ._ 
VI1 162 69 

- 026 98 54 
01 57 41 

.--- .-_ - 

-DOS 162 
ooo 70 

_-_ .-. 

64 
42 

-- 

98 a0 18 

69 67 2 
-. .- - --. -. 

97 79 IX 
- .- - ._-... 

97 69 28 
-- .- __- _- _. 

97 67 30 
.- - .-. - - 

114 70 44 
70 55 IS 

- .- - - .- 
41 39 2 

- -. -. _.. _ 

97 55 42 
57 42 15 

- _-_ - 
70 41 
69 41 

93 
44 
16 

- 

98 
28 

- .- 

29 
28 

(b) Cyclic carbonmes. The diol(1 mole) and dry pyridim (I+2 moles) were stirred in EtOH-fra CHCl, 
at 0”. and phoagene bubbled through the solo slowly for 1 hr. The soln was stirred at 0” for a further hr.. 
then at rcxnn temp for I-.2 hr. The workup, methods of puriBcatioo and yidds were as in (a) above. Charac- 
teristicIRabsorptionswereobsenedat 10~1070,126&1300and I77V18OOcm~‘.Tbesolidarbonates 
melted as hollows: VIII. 180 181’; XIII. I I6 117.; rruas-XV. 46-47’. 

(c) I.l-d,-Propant-1.2diol c)rlic sul’re (XVI) Ethyl lactate (900 me) was reduced with LAD (300 mg) IO 
dry ether for 2 days at reflux temp. Tbe reaction was worked up with sat. Na$O,aq. tbc solvmt removed 
under vacuum. and the crude product isolated by continuous exrracticm with CH,Cl,. GLC puriftttioo on 
IO% Apiaon L/Chrom. W column was effected, using authentic propane-1.2~dial as a standard. Yield of 
I.Id,-propane-1,2diol was 310 mg and a low resolution mass spectrum iodiated an isotopic purity of 
about 8V% dx. 

The labeled diol was converted IO XV1 m rhe usual way (see (a) above). aml the ~sotoptc punty was 
&reruuned as So% d,. 20’,: d, from its spectrum. 

(d) 3.3,6.6-d,-Cplduxune-1.2-&o/ cydic sulffc (XX). 3.3.6.6d,Cyclohexene* (300 mg) was converted 
to the epoxxde by published proadura. ‘* The cpoxide (300 mo) was dis~Aved in SO%aq acetone (25 ml) 
and a few drops ofaO% HClO, aq added. The solution was stirred at room temp overnight, then neutralized 
with solid NaHCO,. the aatone stripped OK and the aqueous phase continuously extracted with CH,Clz 

l Supplied by Merck. Sharp and Dohme, Montreal, Canada. 
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for 2 days. The crude diol(450 mg.l was DOI purihed at this smge, but converted dnectly to the cyclic rulfim, 
which was then rigorously purified by GLC. Using a IO R 10% Apiezon L,Chrom W column at 150” with 
Helium flow &I ml mm-.‘. the retention lime of cis-XIV is 21 mins and rruns-XIV 17 mini The lab&d 
sulfite XX had retentron time identical to that d rruns-XIV. The mass spectrum showed the d,-cyclic 
sultite~obe95%d,,4”,~d,andl%d, 
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