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ABSTRACT/ _ )
s S
Methyl Radical Loss from Selected C.H,,0 Isomers
] 5, 6 10 ¢

\
Mehrshid Alai - :

“The loss of methyl radical from the molecular ions of c§c1o-
hexenoxide, 5,6-d1‘hydro-4-methy1-2H-pyra§1; mesityl oxide and methyl-
1-methyl-cyclopropyl ketone has éeen invegtigated. On the basis of
metastdble peak shape analysis, CID/MIKE spectra and thermochemical
data, it 1s concluded that the same [C5H7°0]+ fon {s formed in the
case of cyclohexenoxide and 5,6-dihydro-4-methyi-2H-pyran. Loss of
co from [CSH70]* dau_ghter: jons of mesityl oxide and methyl-1-methyl-

cyclopropyl ketone generates isomeric methy'lﬁﬂ yl 16ns.
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1.A.0BJECTIVE F
‘ v R Lo

' o

Thevobjective of this work is to determine the site

of methyl radical elimination from the molecular ions of
. \

selected CoH,n0 isomers and to elqcidate'éhe structure
of daﬁghter ions generated. The subsequent fragmentation
of daughter ipn, [C5H7Q]+, also provides evidence for

the existence of a common ion structure. Thermochemical
data céncerning the molecular ion, [C4H,,01"*, and the
daughter ion, [Csu%o]*, is rgported. Metastable peak
shape analy#is of processes [m/z 98 to m/z 83] and [m/z 83
to m/z 55] as wejl as the collision induced dissociation
spectra of the ions generated are the basis of the dis-

cussion.

I.B.INTRODUCTION

Preliminary studies on a number of\06H100 isomers
suggested significant similarities in the fragmentation

pathways of these different precursors. Attention was

(3 4



.

1

focuseéi;n the methyl radical loss'froﬁ the molecular
ions of isomers with different functionalities. On the
basi§ of results cbtained, several groups of compounds
were formed, each exhibiting a common characteristici '
One particular group, group A: 5,6-dihydro—u-méthyl-2H-
pyran,‘f,‘and syclohexenoxide (1,2-epoxy¥cyclohexané), 3"
was distinguished from others for“its non-composite and
tremendous methyl radical lops process in the metastable
time frame. Group B: mesityi oxide (U-methy;-B-pedtene-
2-one), g, and methyl—1-methyl—cyclopropy£ keéone, 5, had
a characteristic loss at the‘m/z‘8§ to m/z 55 stage.

The following is a summary o% the mass spectral
studies®performed by other researéhers on the above

"

mentioned compounds and the direction taken thereby in

&
this work.
hS
A) ) ’ S
- A limited rumber of studies has been repcrted on

the mass spectral béhabior ef Aédihydro pyrars, Vul'fson
et al., (1), investigated the electron impact fragmentation
ef 5,6=-dihydro=4-methyl-2H-pyran, 1, ard'a number of other
substituted analogues. Fragmentation processes as well)as
daughter iqn structures were postulated for a number of
cases, but not for the lecss of methyl radical (1). Lateiy,
Galkin ‘et 51., (2), reported that metgyl loss generates the

most intense peak in the mass spectrum of 1 at both" high
‘ o




. . . . . . L}
) . - . T .
‘ —r? . . 3

P Voo

C . b <
and low ionizing energies, i{.e. 70 apd‘rz elp%pnpﬂ volts,
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rgspectively.‘ These authors suggested that this fragment-

ation may 1ﬁvqlve the C(4) substituent (2). In order to

assign a structure to the daughter ion éenerated, the site «”'/k”—-
of methyl elimination had to be detérn.lined‘.. '
The methyl radical loss fro; cy&lohexenoxide, 3,
is also the source of the most intenqe:peaﬁ in the mass
spectrum at bgth 70 and 12 eV ionizing energie?. Using J"
2H‘llabellecli anaidgues, Strong et al., (3), proposed three. )
major mechanisms for [H*'-CH3'],‘resh1ting in generation ‘
of three daughter ions a, band ¢, (3). Significant
siqilarities in the methyl 1533 from l and g were observed
during fhe course of this study, specially in the meta-

stable time frame. Therefore, the pessibility of a common

[csg7o]*_daughter ion was examined.
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Examin&)g the kinetigs of methyl eliminatfbn from
ionized a-met.hyl- -pen/ta-3 4= diene—2 ol oninselman et

3
al,, (4), postulated the- presence of the molecular ion
of mesityl oxide, 3, as an .intermediate structure and ‘
reported their results of specific 13¢ and 2H labelling. "
On the basis of their ¢ observations it was indigated ‘'’
that the’ methyl attached to the carbonyl group is ¥,
involved .in "90% of the methyl radical ‘loss from the
molecular fom, of -3,(4)." - . . .
' ' N ' 3 T “ ./’
. ° ‘i ™~ - .
s - , ’
-\ -.
. . L X
« . 1, 3 s ///‘. 1“
H ) hY H.C. : .
HC :cgc: /éH, H-exchange -3 :C=C:H-o
. : o W CH, ‘
¢
N R !
¢ - —
s 'l
-CH,| -907 € .
{ v
= ‘e [ g
: ’ . . ’.
HO. H \/./ |
Ic=c ” - ’
HC =0

" Scheme: I1 ‘ ’
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During our studies, a distinct pattern was obsérved
f8r ‘the process of (m/z 83 to m/z 55] from both mesityl=-
oxide ﬁnd methyl-1:méthyl-cyclopropyl ketone, 4. For both

\ compouﬁds this process in the metastable time frame was
' Tassocia;g? with a significantly small magnitude of kinefié
energy release.~To understand the origin of this common .
chayﬁgter, the methyl radical ibss from the molecular ions
of‘g‘;nd 4 had to be looked into. No previous investiga-
. .tions has been reported on [M+'-CH3'] of methyl-1-methyl-
eyclopropyl keione; however, mass spectral Sehavior.of a

3

number of cyqlqpropyl<derivafives has been fhe topic of
various publications. .Specifggflly, the fate of thglcycla-
propﬁl ring has attracted a great deal of attention.
Experiments on a numbér 6f mondsubstitutéd cyclopropyl
derivative; suggest that the cation radigal of ,cyclopropyl’
undergoes ring opening and hy@gogen transfer prior to ‘
"dissociation (5, 6). Schwarz et al., (7), in studying the

isomerization pétterns of substituted cycloalkanes reported

that regardless of the nature of the'substitdent; ring

opening exclusively involves the 'C1 and C2 bond, and a linear

alkene radical cation is generated. The following is their
proposed scheme for cycloprapyl derivatives (7).

3
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I1.THEORY -

~Or'ganic mass spectrometry ;é concergedlwigh g%é
elucidation of reaction meéhanisms, energetic§~anq‘igp.
sffuctures in the gas phase. When a beam of ions.under- .
. goes unimolecular fragmentation, depending on the type
and ;he age of ion, a wealth of information with regards

to the chemistry of oréanic ions is obtained.

A. The Mass Spectrometer:

Recent advances in mass spectrometry have resulted
in a variety of scphisticated and powerful instruments.
However, this introduction will be limited to a commonly
uséd (in this woerk as well as elsewhere) double focusing
mass spectrometer, the VG-micromass, t§pe ZAB-2F which

consists of (Fig.1):

1) an inlet system \

2) an ion source and an accelerating field
3) the first field free region

4) a magretic sector

5) thé second field free region

6) an electrostatic sector (ESA)

7) an ion collector

8) an amplifier and a recording device
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In addition, a powerful vacuum system is required (8). 7 X
¢ . V4

Such an arrangement 1s often refered to as reversed geo-

metry, since the magnetic sector preceeds the electro- \\\

static-anglyser. One advantage of such geometry is the }
ability to perfo}m energy analysis on mass selected ilors

(9). Numbers on the lower part of Fig.1 repre;ent prox-
1mat§ time scale of events (in/rsec) for an iop of myz 100

in the accelerating field of 8000 veolts.:

‘1) The ion source and the acceleration region

In a typical EIlSOurce, under the impact of a
beam rof electrons produced from a heated filament, the
gaseous molecules of the samble lose an electron, and
positively charged magecular ions are generated. Further

fragmentation of such ions results in a nugber of daughter

ions:
Mee — MT + 2
+0 * *
+I
~N M2 + M3

With the aid of a repeller electrode hearing a

small positive potential, ions formed are directed towards
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the exit slit of the source. These iors have only a small
range of potential energy in additiorn to their thermal
enefgy spread, Upon arriving tg the acceleration region
they fall through a potentialidifference of several kVs, _
e.g. 8kV, acquire translational energy and go through the
flight path. The mdin ion beam is hence the one havipg

a kinetic energy equal to the full accelerating energy
(10).

1i) The magnetic analyzer
For {ons of charge ze and velocity v subjected
~to a magneti; field B perpendicular te’ their trajectory,
’;Ythe following condition must be satisfied:
Bze = Mv/R (1)
where M is the mass of the ion and R i{s the radius of the
ion path _curvature. The kinetic energy of the ion will be:
. . 1/2 Mv2= zeV . (2)
hence: ‘ |
M/ze = (R%B2/2V) ¢
From the abave, it is clear that the magnetic analyzer
is a momentum separator and the commenly used " m/z" is
representative of the " ﬁass-to-charge nymber ratio", where
e is the unit charge. In the single focusing mode, scanning

the magnetic‘sector will generqte‘the conventional mass

i



spectrum, containing peaks due to the molecular ion and its
fragment ions. In addition to ions being formed in the
source, if any fragmentation takes place in the first field

free region, the region between the ion acceleration and

"the magnetic sector, it will be detected as a small diffuse

metastable peak with the apparent mass of m22/m1 (11)., Such
péaks may be hard to pick out as they are often partially
or completely covered by a larger peak, and are very much

less intense than the normal peaks in the spectrum.

11i) The electrostatic analyzer
For ions subjected te the éction of a circular
electrostatic field perpendicular to their trajectory,

a circular path of radius r will be followedxir:

zeEz Mv/r : } . (8)
wher; E is the electro;;atic field. '
following equations 2 and 4 : . -

r = 2V/E L8y

Hence, the eléctrostatic analyzer\i;-a kinetic ‘energy “ ,
separator and fragmentation of massbselected ians‘witgiﬁ
the second field free region, Fig.1, will be Séégrated
on the basis of’their energy-to-charge. Scanning th&

electric sector voltage downward will result in an ion




~

kinetic energy spectrum, resulted from the unimolecular
fragmenta€ion of a mass selected ion, M;KE‘(mass analysed
ion kinetic energy). Simce the voltage scale between E,
the é}gcﬁric‘sector voltage necessary to transmit the
parené\ion, and 2ero corresponds linearly teo the'mass.
$cale of daughter lons, the following relationship exists:
| \ Ey /E5; = mqy/m, (6)

This fragmentation may alsoc be associated with a consider-
able amount of translational energy release, T, which will

be discussed later, (12).

Latef;, the use of collision gas to excite the
ion beam and to induce fragmentation has become wide-
spread. The gas cell is‘oftenkplacea in the second field
free region, prior to the electrostatic analyzer. Upon
collision of the neutral gas molecules with the ions
passing through thg cell a variety of high intensity |
fragmentations tak&s place. Daughter ions generated are
charge-to~-energy separated b& scgnning down the electrie
sector (11). ‘

The analogy of Fhe mass spectrometer as a coﬁplete
chemical laporatory cad n;y,be witnessed. Synthesis of
ions takes place in the\gource, thﬁ magne;ic analyzer
purifies the ions, in the collisio#'cell reaction of pure

ions takes place and the éesultins ions are analyzed by

the electric sector (11).

3
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B) METHODS FOR ION STRUCTURE DETERMINATION

The following are the main experimental methods
employ;d in the determination of ion structures and
fragmentation mechanisms, Each of these techniques may
also be used in conjunction witg site specific isctope

labelling: =~ . -

-Ion Thermochemistry
¥ -Metastable Ion Characteristics

-Collision Induced Dissociation Spectra

It is important to note that -each technique samples
ions of different life times and internal energies. Table 1

“

is a summary pf these variations.

The information obtained from each methed is also
dependent on the isomerization barrier. If the isomeriza-
Eion barfier is much higher thaq the lowest threshold for
decomposition, all methods yield the samé information. If
the isomerization barrier is lowef than the lowest thres-
hold for decomposition, the thermochemical data and the
collision induced dissociation spectra will show the

existence of two structures, whereas metastable ion

characteristics will result in information on iscmerized

ions only (13).
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'.Table 1, Life time and energy dependencies of
techniques used in ion structure
determiration,

Technique

Ion Thermo-~
chemistry

Metastable
Ion
Characteristic

Collision
Induced
Dissociation

0-E,

v

(13).

Ene_r'gya Lifetime

-10

Characteristic

Ions in their
electronic and
vibrational
ground. state

Decomposing ions
with a rnarrow

,range of internal

energies just above
the threshold for
decomposition, up
to ~ leV.

b

'

Non—-decomposing
lons with internal
energies between
0 and Eyo

a) E,= lowest threshold for aecompositbgp.

Q9

- o - + 4 '
N "
- . Rl s s
e 0 - N e N o H ‘
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1) Ion Thermochemiétry

For the reaction °

AHgy (AB*) = IE + AH, (8B)
. . -~
the heat of formation of the molecular ion can be deter-
mined from the heat of formation of the neutral molecule

v

14
and the adiabatic ionization energy, IE. ’

The heat of formation of the dﬁughter ion can be

estimated from the following:

l -y oy o
éka(A ) = AE +¢3Hf(AB) - ‘ﬁHf(B ) Eexcess

where AE is the energy required for the appearance of the

may partially be estimated

daughter ion Peak, and E ,.ess

from the magnitude of the kinetic energy release in the

metastable time frame (14), Fig.2.

Since the heat of formation of each ion is character-
istic of that particular structure, the same or different
heats of ‘formation may imply ideﬁtica% or different ion
structures., The information obtained, as mention;d previous=-
“ly cor%espond; to the ionization thresheold ( in the case of
the molecular ion) or the formation threshold ( in the case
daughter ion) structure which may or m not be the same as
the ion st;gpture(s) studied in other ziﬁe and energy frames.

Another practical importance of gas phase ion thermo-

o




. Af+'B.
— 2
s V4
AB" + >
T . AE(A")
. o
> _IE(AB )
o
m o
y a Las
w |
OH(AB)
, 0 i

Fig.2. Energy diag:am for generation ard fragmentation of
an ion [AB]™" |

3

chemistry is in determination of the location and distri-
bution of charge in ions of a homologous series. Heats of
formation of organic ions can be estimated using relation-
ships between the cmf of ions differing only by the number
of substituent group at or adjacent to a charge bearing atom.
Recently, Holmes et al., (15), showed that the ionization
energies of a homologous series are linear with relation to
the reciprocal number of atoms, Fig.3, and expanded such

meaurements to estimation of heat of formation of ions of
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ﬂinteresg.' ,
. In addition to difficulties with estimating excess
energy, it shquld be realized that there are other problems
associated .with this technique. For example,‘differénfrions
may coincidentiy.have the same heat o?,forﬁétion. The use
.of conventlional mass spectrometers in meaéé}ing IE vaaues
lowers the accuracy by 19-20 kJ/mol, and Aé\vglués are even

’,

' ‘ )
less reliable (16).

6

Fa

> <

°

B . )

1i) Metastable Ion Characteristics.

'
K}

Studying the relative abundancés of.daughter ions
gererated from a‘particular precursof in thg‘métastable
time frame and comparing their relative abundances with
other isomeric ions could be important in ‘assigning ion
structures. Two identical ions of different origin will
result in the same ‘type of metastable fragments with
similar abundance ratios. 1In the reverse geometry instru-
ment, scanning the electric s?ctor voltgge will result ’
in a'MIKE’(mass\analyéed ion kinetic energy) spectrum.
Because of ‘the sensitivity of MIKE spectrum to the intérnal
energy distributi?n of fragmenting ions, nqg hybothesis can

4

 be established on the basis of MIKE spectra alone(17, 18).

li[



K

By adjusting the instrumental conditions for best
enefgy resolution, metastable peak shapes aﬁd the kinetic

' .
energy releases could be studied, which are less sensitive

"to energy distribution than MIKE spectra. The slow decomposi-
» L

tion taking place in a field free region ¢f the mass spectro-
meter is usually accohpanied by the release of translationad,

kinetic enerfgy. This,energy release determines the shape of

the meqéstablé ﬁeak observed.

\

For the fragmentation
+. At
, MBTT — AT+ Bm
the energy profile 'is: -
. - + - + .
AE(A*) - IE(AB*") -‘AHf(A ) + OHp(B ) - OHp(AB ) o+ Eexcess

.

The excess energy determihes the internal energy
and the kinetic energy of the frazhenﬁ ion, and itself is

composed of two terms: 6

E =E*+.E

excess .r

E#:désignates the energy required to achieve rate constants
appropriate to the ob§ervational time frame of the experi-
ment., It also represents th; non-fixed energy which is stat-
istically partitioned between degrees of freedom. E.r is the
difference between the enthalpies of the transition state
and the final state; It is dependent on the reaction and in-
pendent of coperational conditions, and is also referred to

as fixed energy or the reversg activation energy. A fraction

a
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of Eexcess gives rise to the term T, the amount of kiretic
energy released. As a rule of thumb, if T is small it is

representative of Ex and E is negligible; if T is large

r
E.r is the major contributor and involvement of E#:is small.
In the case of simple cleavage T is small and E r is almost
‘nil, e.g. the reaction of an ion with a radical does not

require much activatioen energy; whereas, in the case of re-

arrangement reactions, the reverse activation energy is

significant (14).

Gaussian-type metastable peaks are often observed
with a small release of kinetic energy. The presgﬁce of
such peaks is usually indicative of simple'cleavage and a
single reaction channel. A composite metastable, however,
is representative of the number of reacting configurations
involved and/or the number of daughter ions generated.

They d{pen contain a narrow companent, (small T), super=-
imposed on & broader one, (larger T), Fig.5. Reducing the
ionizing energy may suppress one of the reaction channels
(the companert of 'higher AE), and change the peak shape.
Isotope labelling has in many instances separated one com-
ponent ‘from the other(s), (17). o

The width of the metastable peak at, a selected height
is a measur% of the kinetic energy released upon fragmenta-
tion. This measured value is usually corrected for the

enérgy spread of the main beam at the same height, assuming

-



‘«'“Eié.S. Relative metastable

Eexcess and T.

s

A

peak shapes with respect to

22
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assuming that the main beam is much narrower than the meta-

stable peak (16). Since T represents the amount of kinetic

energy released from 'decomposing ions', its value has been

- fragmentation of two isomeric ions gives rise ‘Yo *similar T

used as a characteristic of the fragmentation irccess. If

values, identical reaction channels and/or daughter ions are

assumed. Ions of the same structure but different precur=-

sors, in general, give rise to similar T values, (14),

"Additional and different experiments are required to verify

such hypothesis. For example, ion aging, i.e. reducing the

‘acceleration voltage may reveal the unexpected presence of

twq or more reaction channels, change the overall metastable

.'peak shape and alter the T, 5 values (19).

»
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111) Collision Induced Dissociation Spectra

‘ When ions that do not have enough energy or the right
configuration to fragmént callide with atoms or molecules of
@ neutral gas, translational energy of the ion is converted
‘into electronic excitation and a number of daughter ions are
éroduced (20). For example, when helium is used as the
coellision gas, sevg{al electron volts are transfered and
there is aﬂsignificgnt increase (by a factor of hundred or
more) in the number of ioni fragmenting in the field free

' regionicoiiisioq,cell (21).

*

Therefore, collision induced fragmentaticn involves

two processes, Fig.6:
o .
1* « N —, m1+ +N bimolecular
excitation
(erdothermie)

m +’.——————ﬂ mt e+ m unimolecular
1 , 2 3
: ‘ fragmentation
(exothermic)

e s o o g i o s i
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In terms of formation and decomposition the colli-
sion induced dissociation spectrum -resembles the normal

mass spectrum and hence could be indicative of the

structurE‘of the precursor ion (22).

Since metastable ion decompositions are detected in
the same manner as the collision induced fragment ion peaks
(only without the collision gas) there will be MI contriJ

butions in the CID spectrum, and often a correction for

these processeS is required.

\

It has been argued that the‘collision induced dissoc-
fation spectrum is independent of the precursor ion's ‘inter-
nal energy, however, this point is still unresolved (23, 24).
In order to avoid any confusion, it is suggested that ions
of lower internal energies be selected for collision induced
dissociation. For example, the CID spectrum of metastably
generated daughter ions, or of iohs produced at lower lon-
1zing energies is less affected by internal energy varia-

tions (25). -

—




P Do : Lately, the structure of the neutral producte of ion

k.

fragmentations has been determined by collision induced ‘dis-

R

sociative ionization and ob;erVation of subsequent fragment-
ation. For example application of this new.. technique dis~-

tinguishes between HCN and HNC fragménts from pyridine and

ko
~ -
, aniline, respectively (26) Loss of CH20H rather than CH3 ,
4 <
~ from ionized methyl- acetate has been established by this '
N3 ‘
1
-method as well (27) : ‘ - S
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ILI.EXPERIMENTAL .
A) "COMPOUNDS - L N

1) Origin:

‘ The ﬁnlabell;d compoundé were purchased from
thel}ldrfch Chemicai Company, Milwaukee, and were
‘used without further‘purdfication. Mass and NMR spectra’
.of these compounqs were comparable to the ones reported
in the literature. C
| Labelled compouhds Wwere synthesised Sﬁing labelled
starting matérials; bought from Merck Sharp’ and Dohme, ‘ »
Mon%real. Because of ihé’emphasis on mass spectral
" behavior rather than synthesis, yields were not optimised
" as long as sufficient amount of the desired productawas

o
obtained.

ii) Synthetic Procedures:
‘ The 5,6-dihydro—u-CD3-2H-pyran was prepared from
4~methoxy-5,6-dihydro-2H-pyran and CDB-MgI by a procedure

analogous to the synthesis of methyl cyclohexaqe from
methoxy-cyclohexane (28). As the yield was low, the final
product was taken up in xylene and redistilled. Collected
fractions were analysed using gas chromatogﬁaphy and the

-fraction richest in the product of interest was used for

gas chromatography- masS spectrometry. Analysis of the



reaction p;cducfs”indicated the presence of two iscmers
"the desired isomer was obtained pure by preparative gas

s -]
chromatography at 60 C using a 3% 0.V.=17 column.

OCH; . . Chy

o ‘ . CDMgl
‘. Mg
NN

The CD3,1-methyl-cyclqpropyl keto&e was prepared
by a base tatalysed excharge of methyl-17meth‘! cycle=-
propyl ketonge Qith DZO, over a pericd of 48 hours. The
nreactioé mixture was extracted with ether, and the ether
extract was dried over MgSOu'and concentrated. The final .
product was identified by GC, and the site of lébelrling
was dgtérmingd by NMR.

CH,. base . CH
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B) INSTRUMERTATION
i) Double Focusing Mass Sbectrometer:

A Hitachi Perkin Elmer RMU-7 mass spectrometer
of reversed geometry was used to perform preliminary
Studies. This instrument was equipped with a 0-500V
ESA power supply driven by a 0-20V ramp generator.
Sample pressure was approxima’tely_3.5x10'6 mm Hg and’
the accelerating volt;ge was 2.5-3 kvV.

Further experiments were performed on a VG-Micto-
mass spectrometer, type ZAB-2F, of reversed geo;etry, .
fitted with a coilision cell located immediately prior to
the ESA enterance slit, Fig.1. The acceleration voltage was
8 kV, and sample pressure was about 4x10~7 mbar,

Ionization potential and appearance energies
were measured by Dr.F.P.Lossing at the University of
Ottawa! using monoenergetic elect;on impact as described
elsewhere (29,‘30). :

Metastable appearance energy measurements, using
the method suggested by Burgers et al, (31), were performed
‘an QHKratos AEI MS-902S mass spectrometer at the University
of Ottawa. |

a) ConventiSnal mass spectra: Samples were admitted
to the electron impact source via a Granville-Phillips
variable leak valve aor a heated septum inlet at 150.C. \
Once the instrument was optimized for maximum signal inteﬁé-

AN
ity, the magnet was scanned and the spectrum was recorded. A

—

PR
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*

Peaks were normalized to a base peak intensity of 100, and
//»rélative intensities were reported. All spectra were run at
70 eV ionizing energies, unless otherwise indicated.

b) MIKE spectra: To obtain the unimolecular MIKE
spectrumjof an ioh, the magnet was tuned to pass only the
desired idn, and the electric sector voltage was scanned.
Using the relationship E{/Ex= mq/my, tge fragment daughter
ions were identified, the peaks obtained were normalized to
a base peak intensity of 100, and relative intensities were -
reported.

cs Kinetic energy release: To provide good energy
reielution the ESA source and collector slits were narrowed
until the main beam width was a minimum, i.e., 4-5 V at the
base for the ZAB-2F. A slow scan of the ESA voltage, with

v the magnet tuﬁed to transmit ions of the desired mass,

allowed recording the metastable peaks. Values of T were

_calculated using:
! m2 z eV (AE 2
- )
16 my my E ,

+* +
for oWy — m," + m3

where

T: the kinetic energy reltf:z in eV units

m,: mass of the precursor i

m2; mass of the daughter ion

m3: mass of the neutral fragment




-

:-width of the metastable peak at a selected

.

height, 'in sector volt -units

electric sedtor voltage at which normal ions

are transmitted ‘

The kinetie eﬁergy release was corrected for the
natural width-of the main beam, u;ing the relationship
(17):

A

Wp(oorr) = (W < Wy #1712 -

where |
hmb: Width of the main beam &t a selected height
Wyp*: width of the metastable peak at that height
. ) )
ﬂ .

F 4

N

A flve parameter mathematical model devised by Holmes

and Osborne, (32), was used to obtain the distribution of the

kinetic energy release as a function of T

%

l

n(T).

-

—— g - -




! " --d) Collision induced ffagmentation*éﬁegtra: The |

procedure was identical to that for MIKE:Sbepﬁra, except

that helium gas at 6x1077 mbar pressure was introduced

A A

to the 2nd FFR collisibn cell.; Fragmentation peaks due to

uhimolecular decompositions ;niihe 2nd FFR prior to thg

. .-fé‘ '

ﬂ} ’ gas cell were‘a{so°observed in Lﬁe Edrliéion induced
Spectra- however, uch peaks were not considefed in the
normalization process. Because there is no general agrée-
ment on how to report a CID\spectra, a method of normaliz-
ation was used in which each,g}bup 6f daughter ions' was
normalized to the most 1ntense Pegk in. that group, instead’
of the most intense peak in the spectrum.

Y
1 P
. ;

" s
w o
(X%

!
< 5

. The neutral products of ion fragmentatins were exam-
- » N N

g ~ mined as follows (26). A positive voltage, approximately 800:

?P.' . V,was applied to the collision.cell. All positively charged

:products could enter the gas cell and undergo colllslon
induced dissociative 1on1zat10n‘ The lonized neutral molecule,,
"and its fragments, were then analysed by the’ electric sec;pr

»

2 * as described above.
~

3 -
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ii) Other Instruments:

Gas ChromatographéMass Spectrometer: A VG-Analytical
TOTOE mass spectroﬁeter interfaced with a Dani 2800‘gas-
chromategraph and:equipped with a mini computer data system
was used for the analysis of the reaction products. This
insérument was available at the Ottawa/Carlton Center, for
Mass Spectrometric Studies, Ottawai

"

N Proton NMR:-spectra were obtaipé@ using a Varian T-60
NMR .spectrometer. The spectra of thelabelled products were ‘
compared with those reported in the literaturé, when available,
or with spectra of the unlabelléd:compouhds under the same
Anditiéns, i.e. Qithbut the use of-solvent or TMS.
u ™~
#3 Preiiminary GC analyéis was bétformed on a GOW-MAC
eries 750 gas chrométograph with'g FID detector and a 6
foot by 0.125 inch, 3% 0.V.=17 column.
P}eparative gas chromatography was done using a PYE
séries 105 automatic GC equipped with a 99:1 column exit
0splitter, FID detector and 3% 0.V.-17 column. -The effluent
of multiple 10)”1 injections were ccllected in- a capillary :

tube cooled in liquid nitrogen.

'\a Ty
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IV. RESULTS and DISCUSSION - .. '~ - =~

v \ ‘ . 4 -~

A) Cyclohexenoxide and 5,6-dih&dro-u-methyl-eﬁ-pf}an‘Y

" Methyl loss is the only’ sigrificant proceQS'
observed in the MIKE spectra of the mclecular iorns.
of 5,6-dihydro-#Amethyl-ZH-pyran; 1, and cyclohexen-
oxide, g. Both metastable peaks are .extremely intense
and there is no indicaticn of instruﬁental 1nsensiti-i‘
vity to other processes that might have been involved.
Te confirm that the C-U4 substituent is tite only siﬁe ”
of the methyl radical loss from 1, the EI ard uni-
molecular MIKE spectra of'5,6-dihydro-ﬁ,u,u-methyl-d3f
2H-pyran, 2, were examined. Negligible less of CH3’ CH,D .
or CD,H were ocbserved in the conventicggl spectrud,-Fig, |
T, and the Qnimolecular MIKE spectrum shdwed less of.
CD31as the only detectable.process in the secend field
free region. Therefore, the possibility of hydrogen
scrambling prior to methyl radical loss could be ruled
cut and it may be concluded that C-ulsubstitu;nt is the
only source of methyl moiety eliminated. '

Because of hydroger transfer and loss of positionfl

identity, Strong et al (3) were unable tc define a unique

pathway for methyl radical loss from g cn the basis of

‘conventional EI spectra and metastable peaks observed from
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21 Tabelled cyclohexeneoxides.

e

a) Thermochemical measurements:

Using energy selected‘klectrons, (29), the ioniiat;on
energy (IE) of l and 2 and the appearance energies (AE) of
[C5H7o]+ from these precursors were measured. Tablé
2 also shows the heat of formation of neutral molecqles
calculated from the group additivity contributions (33)
and the heat of formation of daughter ions generated by

methyl radical elimination. ,

N

Table 2, Thermochemical data corresponding to [CSH7°J+
generated from l and g.

AHg(M)  IE(MT*) AE OHy
’ + +
[CgHa01"  [CoH,0]
; (kJ/mol). (eV) (ev) (kJ/mol)
5,6-dihydro-
Y-methyl-2H~- N
~ pyran '-133  8.88 9.62 6149\
cycelohexen=

oxide -125 9.82 9.90 682

A




]

Because the AE{yalqe*obtained*for [Céﬂ7o]* from
3 is very close to the‘IE of 2, the heat of formation
of [C5H7Q]+ must be considered as an upper bound (IE .
11mited). In our studies generally, an average AE-IE of
ca. 0.3. eV was observed ‘and hence a value in ﬁhe vieinity
of 653 kJ(mol"1 may be more rep;esentative of the heat
of fokmatio? of [CgH,01" generated from 2. °

3

11) Metastable Peak Shape Analysis:

The methyl loss processes from the molecular ions
of 17and 2 in the second field free region gives rise to
a non-composite and Gaussian-like metastable peak. Table

3 give} the T valués obtained for this process.

®

Table 3, Ty gvalues for the [M*'-CH3‘] process

from 1 and g.

\
. 'T.S £T> n
(kd/mol)  (kd/mol)
5,6=-dihydro-
4-methyl-2H- .
pyran 1.4 4.6 1.68.
ﬁyclohexen-

oxide 2.5 7.5 1.63
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Note that reported Tg.s values differ only by less
than 1 kJ/mol. The n(T) curves_show a high degree of sensi-
tivity to the presence of a second component in the meta-
stable peak (34). Fig.8 shows the distribution of kinetie
energy release, n(TS vs. T curves, calculated by the method
of Holmes and Osborne (32). For loss of methyl radical
from l and g'in\the second field free regibn’there is ne

indication of a second reaction channel in eithef case.

v

"§11) Collision Induced Dissociation Spectra

The CID/MIKE spectra of source generated m/z 83
fons from 1 and 2 and 5,6-dihydro-4-methoxy-2H-pyran, 6, '
are shown in Table 4, Spectra obtained from ! and'g are
quite i&entical. The least squares plot of. peak intensi-
ties suggested by Lehman et al, (35), gives the correlation
" coefficient of r=0.991 for the Spectra of 1 and é. Values
of r equal to or greater than 0.95 are considered as indi-
cative of very similar spectra. For the spectra obtaine?
from 1 and 2 the value of r=0.964, supporting the possi-
bility of identical daughter ion structures (or mixture of

structures), Fig.9. Because of the method of normalization,

small variations in the relative intensities are magnified,

-
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Table 4, Cellision Induced Disscciation Spectra of [C5H70)+
© . ions from 1, 2 and §. o , o

]

’n ’-4 ’ ‘ “ . "*
S ~ Source of [C5H70] |
12 2a. 6a ‘1b 2b 6bd 1ec 2¢ 6b¢

m/z ( Relative Intensity
- 26 24 24 25 23 26 26 26 27 27
27 100 100 100 100 100 100 100 100 100
28 20 . 20 18 19 22 22 20 24 24
29 68 73 68 70 75 T4 66 T4 68
31 5 6 y 6 y 5 3 3 y
37 16 16 22 16 18 17 19 20 18
38 - 32. 30 32 N 31 31 35 39 37
39 100 100 100 100 100 100 100 100 100
41 7 7 8 7 T 8 10 10 10
42 7 6 7 T 6 6 5 y 5
43 31 21 31 33 19 33 20 11 24
50 39 6 41 36 46 37 34 48 33
51 46 53 ug Ny 52 L7 42 52 .43
53 ]00 100 100 100 100 100. 100 100 100
54, 26 47 29 28 48 35 23 55 26
55" ., 258 252 226 267 243 261 83 136 100
81 100 100 100 100 100 100 66 53. 76
82 69 92 85 60 82 72 100 100 100

1a,2a,63é source ions at 8 kV; 1b,2b: source ions at
T kV; 6b: source ions at 6 kV; 1¢,2¢,6c: metastably
Lgenerated in the first field free region.

tQue to unimolecular contribution CID abundance df f:?F

m/z 55 not included in normaljizations.

®

e SN, W
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Partial CID spectra of source m/z 83 from l and g.
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particularly for peaks at m/z 82, 8% and 54. Peak intens-
ities at m/z 81 and 82 have small contr;butions from uni-

molecular processes which are not corrected for here. The
peak at m/z 54 follows a Qery intense peak at m/z 55.which

may degrade the resolutior and the accuracy of the measure-

ment. f

The CID/MIKE spectra of metastably generated ions are compa;-
able to those obtained from the source m/z 83 ions. Some
differences are observed 21 the relative abundancés of msz (
82 ard 81, which can be explained in terms of time and energy
required fer isomeri%atior. For source gernerated ions, isomer-
ization may be considered complete, and the CID/MIKE spectra
represent the moét stable.ion‘stucture. On the other hard,
the metastably gererated ions sampled by the collision irduced
dissociatior process may not be ir their mest stable configur-
atior, i.e. isomerization may not ye*t be completed.

The urimolecular MIXE spectra of source generated m/z
83 iors from 1, 2 and 6 are essentially identical and have
orly onrne peak at m/z 55, corresponding to loss of a mass
28 neutral. Metastable peaks for tnis process were analyzed
under condition of good erergy resolution. The composite
nature of each peak is showr in Fig. 10. The ﬁagnitude of
the kiretic erergy release is very similar ir each case,
giving an average of TO.S: 222+ 10 meV ard an average <(T>

value of 347+ 5 meV.
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Using the method suggested by Burgers et al, (26),
, for determination of the neutral products of ion fragmenta-

tions, only one peak at m/z 28 was observed for both l and E,

identified as loss of CO, as the followirg:

* (CeH01* —— [C,H,1Y
[CgHq0 :-c';; > o ity :

i This, in addition to the .results pfesen%ed above,
confirms the hypothesis of a common daughter “ion from the
melecular ions of l and g, both at threshecld and 70 eV.

- The ion structure proposed is also in accordance with one

of the mechanisms suggested by Strong et al, (3), as . shown

in the following scheme:

£
&

3

R R H
o .o ~ . /
061 @ . (ﬁ O R+ CH,, CD, 1OCH,
. - N I '
[~]

mvz 83
M1
, ™ +
/ - . - 7 -C_}TQ
o+ };;Ei;ja X IR~
7 He = - ‘
)-gm * - . .
3 a v
M+ 2 , myz 83

Scheme V.|

-»




. It should be noted here that the possibility of
having ' more than one ion structure exists. Other structures,
if presénf, would contribute ‘to .theé minor differences observ-

A

ed in the CID/MIKE spectra. However, should a mixture of ion

14
structures exist, the same mixture is generated from 1 and 2. v
f [od ~

B
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B) Mesityl Oxide, and Methyfi1-MethyI-Cyplopropyl'Ketone

L4

.

Y N

i) ‘Metastable Peak Characteristics

- Methyl radical loss is the only detectable process

in the MIKEVSpectrum of the molecular ion of mesityl-

47

oxide; 3. A narrow Gaussian-like second field free region

metastable peak (T.5=z 21 meV; <T>= 57 meV, nz 2
associated with this fragmentation.

curves-does not suggest the presence of a second

channel, Fié.ﬂ."@ydrogen'atom exchange prior to or

"f during ﬁethyl radical elimination is possible.

+ r “ - * I3
based on the results of Zwinselman et al., (4),
atime scale appropriate to the 'second field free.
the resulting ion would still have structure d,

* ' . ~

“below: - u
‘ Lol
. N ?ﬁ * "D'h N lﬁH’ 1
) CH=CaCH—CmQ e CH=CmCH—C=CH,
d .
m/p 53 ' ) . e L ¥
W, ,
" .
O
= | r
’ .o ‘ CHY NoR e e G
i) 1 CH,y,
Scheme V.lI o
B 1l
K“-g ° H . )
’ Hy& N Y
47 ?’5 H-exchange "‘23 ?ﬁ
¢ c
N To G
H,C/ g/ \9" H,C( %ﬁ/ ‘?‘

.7}3 is

reaction
However,
for the-
region

as -shown

v

Examination of the n{T) ©

2

R




The MIKE spectrum of the -molecular ion of methyl-

1-methy%-c§c10propyl‘ketone is: T' ‘ \

w/z 98 to 97 83 80 70 69 "{5'6' 43
ORI 62 36 5 3 4 -5 400
F M _ [
o ot

As is obvious, methyl radical loss is, a major .

v\{

fragmentation route. The associated second field-free
region metastable peak Y% a composite, with almegélred

0 5 of U5 mev Fig.12- a Deuterium labelling of the ter-

miral methyl group, [)—é cn,. ,7 ’ results in essentially
complete deconvolutlon of the composite peak’into a
‘ narrow component (TO 5=20 meV) for [M*¥ -CD3 ] and a broad
o~ peak for S -CH3 1, Fig.12b. Loss of water from the
molecular forn of methyl-1-methyl-cyclopropyl ketone, 5, §sa
s ) about 15% of uhe methyl radical loss. Thus the small second
comoonent seen in the n(T) d1stribut10n for CD3 lgss, Fig.j},‘

- ” .

may be attributed to the loss of water. This does rot intro-
duce a significant error in the TO 5 value, but ,is reflect-

, ed in the <T> value of 76 meV. ) \g;

ii) Heats of Formation of Threshold Configurations:

lorizatior energies (IE) of 3 and ﬁ, and the

appearance energies (AE) of [M*- -CH3']'from these pre-
- cursors were measured,'using‘monoenergetic electrons,
~ as described by Lossing’et al, (29). Heats of formation

’ >
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/
of the neutral molecules were calculated using the Bens%y

additlvity method, (33). The results obtained zare summar-

ised in table 5.

Table 5, Thermochemical data corresponding to
methyl loss from 3 and 4.

AH (M) IE AE AHelCgH0"]
(kJ/mol)  (eV) . (eV) (kJ/mol)
' Mesityl-
oxide 89 9.10 9.48 4 5717
Hethyl-?-
Methyl-
Cyeclopropyl
Ketone -136 9.24 9.88 669

The different values obtained for Cka[CsH7O+]
from é and i can be attributed to generation of daughter
ions of different threshold conf;guration. Metastable AE
measurements for loss of 15 u and 18u from Z show that,
as might be expected, the threshold loss of methyl radical
)fram E does not involve the «-CH3 group; i.e, simple
- cleavage, ané it is assumed that the C(1) substituent is
the'oge being elimirated, although additional labelling.
experimprts are reeded to establish this point. Accoerding
te asi-Equilibrium Theory, rearrangement reactiors
require léss activation energy and are more domirant at

lower erergy levels than simple cleavage type reactions. ,



which aregsgen'more often at higher internal energy levels
(15). As the loss of 15 u may involve rearrargement, it
takes place at lower icrizatior energy tharn the simple
¢leavage loss of 18 u.

, The proposed formation threshold configuratiod of 9
from mesityl oxide was further ascertained by application
of a scheme suggested by Holmes and Lossing for estimating
the heats of formaticn of gas-phase orgénic fons (36, 37).

These authors showed that successive methyl substitutiens

at the charge bearing site results in a straight line plot

\

for LHo(ion) vs. log (no. of atoms). The first ion in the
series of interest, gererated by loss of CH3 from icrnized
methyl-vinyl ketone, (38), could have either canorical

structures shown below:
.

t

-+
CH2=HC-C=O “—“’ Hzc—HC-':C:O

o
Loss of a hydrogen atom from crotcraldehyde gives
rise to the second ion im this series,. (39), and ion d can
be seen as a doubly CH3 substituted ion 5. The line drawn
through these pdints lies almost parallel to correspondirg
plots for cother series of .methyl substitution at charge
bearing sites. Fig.14, shows that the least squares line
C, passing through 9: 5 and }, %s appreoximately parallel
to lines A and B8 chosen from 137). The data used are given
in Table 6. The straight lire plot confirms d as the pro-

posed structure of the ion generated by CH3° loss from 3.
-



Table 6, Data used in plot of OAHplion] vs. log n, (Fig.1H)

Line Structure n 4OHelion] log n ref.
(kJ/mol)
CHy0 4 942 0.602 37
A - CHycHO - 7 818 0.845 37
(Ca3)2co 10 . 720 . 1.000 - 37
- CH,0H 5 703  0.699 37
B 'CHycHod 8 582 . 0.903 - 37
’ (CH3),0H 11 502 1.040 37
CH2=CH-C*=O ‘ 7 ' 749 0.845 38
c *cu3cn=ch-cf=o .10 690 1.000 16
(CH3)5C=CHC*=0 13 577 "~ 1.114  this
: . work

|
uares line equations:

-553 .582 ’ . 1278.21

13

! C:‘2 slope= =624.371 Intercept= 1287.84
& i) '
B;, E -589.728 . ' 1115.02
A A b

vt s i e
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Fig.14. AH.[ior] for “successive substitution of -CH3 vs.
log (ro. atoms).
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The AE value used to obtain the heat of formatior
of ion } was measured usinrg a conventional electron impact
source and the semi-logarithmic method. This approacﬁ is
known to yield relatively iraccurate AE values (16). The
distance between pcint } ard the 1in#\C may be taken as a

correction term for the heat of formation of 1.
”~

Therefore, even though w-cleavage seems to be a
secondary process, relative to rearrangement, at formation
threshold'energies, because of resonance stabilizafion in
the ion g there is no competition between simple cleavage
and rearrangement in the gereration of [CSH70*] from
mesityl oxide. Only ion d resultirg from o-cleavage i3+

seen at the forhation threshold.

ii1) CID/MIKE Spectra:
The CID/MIKE spectra of source generated m/z 83
ions from 3,4 and 7 are givern in Table 7.  The very

intense peak observed at'm/z 55 contains a contribution




'S4 from § are significantly lower thar—the ones from 3

from the unimolecular (MIKE) decomposition in all three
cases. Therefore, the intensity of the m/z 55 peak was

nct taken into consideration wheé measuring the CA,spectra.
The CID/MiKE s?ectrum of m/z 86 generated from Z has a
significant peak at m/z 46, indicating that the correspond-

ing m/z 43 from g can be rationalized as:

\ / g-CH, m/z 43
o DcH, |
¢-cn, 0
CH, / ™~ &-co,  m/z ug
The presence of a small amount of unlabelled méterial-is
assumed by the small m/z 43 peak in the CID/MIKE spectrum

-~

of 7. The relative abundances of peaks at m/z BT, 81 and

-~

and Z. Thege peaks may be indicative of characteristic
differences in the ions of m/z 83.from these‘preeursors.
Perhaps the generation of 5 resonance stabilized ion S
(from 3) decreases the availabilty of hydrogens to be

lost folloﬁing collisional aétivation, but‘this process has

not been studied in any detail in this work.

It was proven by studying the collision induced dis-

sociation spectra of the neutral fragment ions that' the

process [m/z 83 to 55] involves the loss of CO in the case

of 3 and z.

57



Table 7, Collision induced dissociation spectra of

[CSH7O]f‘ions from 3, 4 and 7.

3

m/z
26 3
26 16
27 100
28 16
© 29 79
37 17
38 32
‘39 100
40 19
41 11
42 7
43 I
50 65
. 51 66
. 53 100
sy ne6
® .
81 21

82

100

Source of Ion

y . 7 -
Relative. Inténsity ' T
5 y
27 25
100 100
20 19
61 Y
23 16
34 28
- 100 100 |
17 19 '
9 10
8 o 5
38 . 13
55 52
52 54
100 - 98
84 100
75 67 !
100 100 .

[téﬂ70]+ source ions at 8 kV.

‘Due to MI contributions,
';}are not reported.

peak, intensities of m/z" 55

. —— r——— o v -
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Table 8, Collisional induced dissoci
of [CMH7J ions from 3, u and

As

ion spectra
-~

oo Souqce of Ion
3a La Ta 3b

Tb
-~ Relative  Intonsity
m/z ’ ..
25 3 b 3 2 3
26 19 18 y 18 © 19 20
27 100 100 100 86 91
28 16 16 16 9 11,.
29 73 - 75 76 100 100
> . 4
37 12 12 13 10 _ 11
38 20 22 . 23 - 16 T 7
39 100 100 100 100 100
49 Cog 11 12 1 9
O 54 59 54 33 37 o
51 58 - 63 55 31 35 ,
52 . 13 ¢ 15 15 6 8
53 . ' 100 100 88 100 100
8 18

4

3a,la, and 7a' metastably genergted from m/z 83 in the

3b and 7b: source ions at 8 kV
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In the metastable time'frame'thfs’proeess is asSociated
with (in the case of ;) a non;compesiee, Gaussian-type .
peak (T. 5' 25 meV {T>=68 meV) as shéwﬁ in Fig.16. For

7 the eorfesponding metastable peak was also narrow o
,fT.S— 56 meV), but because of impurlties in tﬁe precursor
vz 83 ion the value of <T>= 125 meV; cannot be- taken as
being relieble. Othei compounds studied- even some ketonesé
exhibited a much larger kinetic energy relea;e for’this a
precees.. Bowen et al, (40)1 studying the loss of Br' frod v
five isomeric CuH7Br, reported that 1- and 2- methallyl-

bromide molecular ions had a 31gnif1cantly small a‘:rage

h -N.

kinetlc energy release (0.4 kJ mol

v l(’ . : ‘ , ’ ' . ‘ \L/f.
Oof the [Cuﬂ7]*‘ions studied by Lossing,. (41),
the heat of formation of the methyl allyl cation was
reported to be the lowest ( 853213 kJ/mol) with QH.for the
.2-methyl allyl ion being slightly higher (883+21 kJ/mol).

The generation of 2- methyl allyl cation from mesityl oxide

P

is eXpecteq, as following: , .. . .
A | : ~
HE Mo S . ,
-3 \C=C CH. . .H;c\ /H N .
. \c’ 3 ——— T C:C L] H’c\ -+ <+
"-“Jc 0] - CH H’c ’ N =0 — ,C =C .
, O 3 d - -C=0 ‘ H‘C
b - ' ’ o ! - £
~  Scheme - VAl a
. ) -
" ‘ ! . ... . . ] ‘ﬁ
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The gerneratior of methylAéllyl catien frcd methyl-
‘ 1-methyl cyc10propyl‘ketcpe could follew the path shown
heref\ |
/
\ ’ «
s |
0 /&\ o+ . . '
\ n CH3
~CH. —_— -c- —_— A
[ré-cx, v =-C Tom Y
. : CH . CH,
e t
/ ° Scheme V.IV . . :
. - '
. T?ii scheme is in agréemeﬁi with the cre proposed
. "+ by -Schwarz et al., (7). Whether the cyclopropyl ‘ring remairs

"intact ir the m/z 83 ion is questicnable. However, if the’
ring had not opgned, due to rearrangément,k ore would expect

to observe a larger release of kiretic erergy for m/z 83 to 55.
»

- The CIDAMTKE spectra of metastatbly generated w/z 55

from m/z 83 of 3’énd 7 are givern in Table 7. Excep: fa?‘

‘the relative irtensities of m/z 5% pedks, the specira are

similar. The miror differerces cbse-ved may be due te’

isomeric structural differerces. - For soyrce generated m/z
‘ ] - I '
55 from 3. and 7 the CID/MIKE spectra are agair quite

: - - R £ v

\ _similar. Howpver, it should be)aken irto consideration

/' . F L]



‘ences due to, a lower energy barrier for isomerization

e

that the source m/z 55 ions may have a diffe}ent config=-
urati;; than the metastably gererated entity. It should
also be mentioned that, in a number of cases, collisional
activation spectra fail to distinguish 'structural differ-

than for fragmentaion. This is particulérly true for

hydrocarbon .ions (42). ¥



A

.

V. Conclusions and Suggestions for Further Studies
f

!

) ' '

-On the basis of thermcchemical data, metastable peak
shape aralysis and cellisicrn irduced dissociatior spectra
it'is concluded that the less of me:hyl.radical from the -
molecular ions of cyclohexenoxide ard 5,6-dihydro-4-methyl-
ZH-piran gererates a commor daughter ion, beth at/:hresﬁcld
‘and 70 eV. ‘Tor ¢ is mest likely the structure ol this
daughter Yor. Should a hixture of structures exist, icr ¢
would be a major comporent of such mixture.

In the mecharnism procposecd Dby S:rong‘ét al, (3), the
molecular ier of tetrahydroxepin is the intermediate ion in

: C e t
the process of methyl radical ioss frim cyclohexercxide.

+*

There is no informaticr available c¢n the mass spectrai _behav-:

icr of te+«rahydrecxepir. Attempts have beer made to pre-

pare this compourd and to study its fragmenta{ian pathways,

N

yet rpfinements ir the syrthetic procedure are reguired,
L -~ T
RBecause of hydrogern atom scram>diing, Site specific

13¢ labaliing of gyclahéxenoxide is necessary t5 idertify
the metnyl radical beirg elimirnated.: ‘

CI?/MIKE spectra of metastably gepfrated m/z 55 from
n/z 83 w;uld alsoe corfirm the existenfe of a2 common daughter

14 -
ior structure and provide information with regards te the

‘[Cuﬁ7]* ier structure. o

.

e



. | j
B) -
Experimental results indicate the possibility of

generatirg isomeric methyl-allyl ions from [C5H70]+ daughter
ions of mesityl-oxide and mefﬁyl-1-methyl-cyclopropyl ketone.
At present, evidence supporting the existence of a common

,[055703* from 3 and 4 is lacking.

+.
He. M SN HC.
Y e=c c=C JCc=CH
AT oW emo I
S ,
o d L g

_CH
D—é CH, | e /\w:—c'l.I _ 3

-CH, -co >

Tt
-y

"é . . %

As it can be séen from the above, it is postulated
that the cyclopropyl ring is opened, at least,, prior to the
co loss: Experiments finalizing the state of the cyclopropyl
ring would be of great importance in confirming the structute

+ + : '
of {CSH7o] and [Cuﬁ7] ions generated from 4 and 7.

\)
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The applicetion of the plot oflﬁﬂf[ioﬁi vs. log no.
atom could be further extended to the estimation of the heat
of formation of ion e.

Also, since peak of m/z 55 in the spectra of § and 4
could be originated at least from two different sources, i;e;
from [m/z 98 to 55] and/or from [m/z 83 to 55], the CID/MIKE.

spectra of m/z 55 is not pure and metastably generated m/z 55

.ions should be looked at instead. In observing metastably

generated m/z 55 from m/z 83 ions of 1 difficulties were
encountered. The use of a2 triple sector analyzer in such

w

instances is recommended.



Appendix:

——————————

i) Mass spectrum of 5,6-dihydro-u-CD3;2H-pyran

m/z R.I.(%)

27 - 17

41 \ 31 ‘

42 \ 31 . '

43 . 26

4y i 15 ,
53 10

55. : 41 - s

56 , 11

58 11

69 . 10

70 119 o _
72 19

83 100

100 . 10 \

101 58 , »

i1) Mass spéctrum of Cﬁ3-1-methyl-cyclopropyl ketone

m/z R.I.(%)
27 27
29 24
39 3
y3 ¢ 46
.44 76
45 69
u6 45 )
53 15 , .
55 - © 100 . ‘
- 83 - 24
98 ' 19
.99 29
100 24

101 13,




(9)Ndd

—

o'l 0'z

L RY




ocouvx.;ao.aoao»o ;:»o.e..—n.;ﬁ.os wodjy H.mzo = o H] 403 1 *sA (L)u (A3

ool 1 . Owo L ﬂavh i “1 N..Q / A

- - - .

-t

i

i

!

) |

X }
e H

= : i

: t
]



7

REFERENCES:

P N.S.Vul'fson, G.M.Zolétareva, V.r.Bockkarev, B.V.Unkovskii,

V.B.Mochaiu,~Z.I.Smoling and A.N.Vul'fson, IZZ. Akad. Nauk
SSSR, Ser. Khim. 1125 (1970).
2) E.G.Galkin, E.M.Vyrypdev, N.A.Romarov, E.A.Kantor, A.M.

Syrkim and D.L.Rakhmankulov, zh. Prikl. Khim. (Lenirgrad),
55, 960 (1982).

é) K.M.Strong, P.Brown and C.Djerassi, Org. Mass Spectrom.,
2, 1201 (1969).

4) J.J.Zwinselman, N.N.Nibbering, B.Ciommer and H.Schwarz,

Current Topics in Mass Spectrometry and Chemical\§;netics,

Eds. J.H.Beynon and M.L.McGlasharn, Heydern ard Scn, London
(1982).

5) B.Ciommer, W.Zummack, H.Schwarz and N.N.Nibberinrg, Org.
Mass Spectrom., 17, 152 (1982).

6) ?.Borchers, KfLevsen,‘H.Schwarz, C.Wesdemiotis ard R.Welf-
schutz, J. Am. Chem. Soc. 22, 1716 (1977). |

7) H.Schwarz, C.w;§demiotis, K.Levsen, H.Heinebach and W.
Wagner, Org. Mass Spec%@gm., 14, 244 °(1979).

8) R.P.Morgan, J.H.Beynon, R.H.Batemar and B.N.Green, Int. J.
Mass Spectrem. Ion Phys., 28, 171 (1978). ‘

9) J.H.Beynan, R.M.Caprioclli and T.Ast, Oég. Mass Spectrom.,
E} 22§ (1971).

10) R.G.Cooks, J.H.Beynon, R.M.Capriolli and G.R.Lester, Meta-



: stable Ions, Chapter 1, Elsevier Amsterdam (1973).

1)
12)
13)

S 1)

15)

16)
17)
. 18)
19)
20)
21)

22)

C J. Porter, J.H. Beynon and T. Ast Org. Mass Spectrom., 19,
101 (1981). | |

J.H.Beynon, F.M.Hérri;, B.ﬁ.Green and R.H.Bateman, Org.’
Mass‘Spectrom., 11, 55 (1982).

K;Lévsen, Fundamental Asﬁects of Organic Mass Spectrom-
etry, Chapter V, Verlag Chemie, Weinheim (1978).

P.Longevialle, Principes de la Spectrometrie de Masse des

Substances Organique, Masson, Paris (1980).

J.L.Holmes and F.P.Lossing, Current Topics in Mass

'Spectrometry and Chemical Kinetics; Eds. J.H.Beynon and

M.L.McGlashan, Heyden and Son, London, (1982).

H.M.Rosenstock, K.Draxl, B.W.Steiner and J.T.Herron,

J.Phys. Chem., Ref. Data 6, Suppl.l, 6 (1977).

J.L.Holmes and J.K.Terlouw, Org. Mass Spéctrom., 15, 383
(1980) . | |

L3

A.N.H.Yeo and D.H.Williams, J. Am. Chem. Soc., 93, 395
(1971). . ‘

C.Lifshitz, ?.Gotchiguian and R. Roller, Chem. Phys. Lett.,
95, 106 (1983). >

-4

R.G.Cooks, Collision Spectroscopy, Chapter VII, Ed. R.G.

Cooks, Plenum Press, New York (1978).
M.S.Kim and F.W.McLafferty, J. Am. Chem. Sec. 100, 3279
(1978).

F.W.McLafferty, Tandem Mass Spectrometry, John Wiley and




. 23)°

73

Sers, New York (1983).
K.Levsen and H;Schuérz, Angew Chem. Irnt. Ed..Engl. 15,
509 (1976).

24) C.J.Porter and J.H.Beynon, Int. J. Mass Spectrom. Ion

25)
26)
%7)
28)
29)
30)
3?)

32)

34)

-

Phys., 28, 321:(1978).
F C‘Burge"s J.L.Holmes ard J.H.Beyror, Org. Mass Spectrom ,
16 62 (1981)

P.C.Burgers, J.L.Holmes, A.A.Mommers and J.K.Terlduw, L
Cﬁem; Phys. Lett. 12, 1 (1983)

P.C.Burgers, J.L.Holmes, A.A. Mommers, J.E. Szulejko and
J.K.Térlouw, Org. Mass Spectrom. 19, 442 *(1984).

S.Cabiddu, A.Maccioni and M.éecci, Gazz. Chim., Ital.,

100 939 (1970). | |

K Meda, G P.Semeluk ard F. P. Lossirg, Int. J. Mass

Spectvom , Ion Phys., 1, 395 (1968). ¢ )

F.P. Lossing ard J.C. Traegﬂr, Irt J. Mass Spéc;rom., Icn
Phys., 19, 9 (1976). )
P.C.Burgers and J.L.Holmes, Org. Mass Spectrom., 17 123
(1982). |

J.L.Holmes and A.D.Osborne, Int. J. Mass:Spectrom. Ion

‘Phys., 23, 189 (1977).
33)

S.W. Benson, F R. Cruikshank, D.M.Golden, G. R Haugen, H.E.
0'Neal, A.S.Rogers, R Shaw ard R. walsh, Chem. Rev., 69,
279 (1969)

J.L.Hélmes and A.D.Osborne, Org. Mass Spectrom., 16, 226




red

35)

36)

-

(1981). ] : : ‘ B
T.A.Lehman, MEM.Burse} and J.R.Hass, Org. Mass Spgctrom.,
18, 373 (1983). : . ' !

J.L.Holmes, M.Fingas and F.P.Lossing, Can. J. Chem., 59, |

. 80 (1981). | -

37

38)
39)

<40)

J.L.Holmes amd F,P.Lossing, Can. J. Chem., 60, 2365 (1982).

J.L:Holmes, J.K.Terlou;.and P»C.Burgers, Org. Mass

Spectrom., 15, 140 (1980).
S——— ‘ . ) v

H.H.Hommes and J.K.Terlouw, Org. Mass Spectrom., 14, 51

(1979).

4

R.D.Bowen, D.H.Williams, H.Schwarz and C.Wesdemiotis, J.

. Chem, Scc. Chem. Comm., 261 (1979).

" 41) F.P.Lossing, Can. J." Chen., 50, 3973 (1972).

42) D.L.Kemp and R.G.Cooks, Collision Spectroscopy, Chapter V,

Ed. R.G.Cooks, Plenum Pqess,;New York (1978).

f ® % . -4




