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1.
CHAPTER 1.

INTRODUCTTIO N,

Thomson l, in 1910, was the first to separate the different mass
components of an element by passing a collimated beam of ions through
a combined electrostatic and magnetic field. The ions, emerging from
this field in a series of parabolic curves, were sorted according to
their mass to charge ratios and were detected by a photographic plate.
Aston 2: in 1919, extending the work of Thomson, demonstrated
conclusively the existence of the two isotopic forms of neon using an
instrument which had consecutive electrostatic and magnetic fieldse.
Photographic detection of the ion beams was possible in Aston's
apparatus as the locus of foci of ions of different mass was a plane.
Such instruments, which were used for accurate measurement of mass
but which were not suitable for measurement of the relative abundance
of the ionic species, became known as mass spectrographs.

At about the same time, Dempster 5 was constructing the first mass
spectrometer. In this instrument an essentiallymono~energetic beam of
ions was split into its different mass components by deflection through
180° in a homogeneous magnetic field. Instruments like this which
used electrical detection of the ion beam and which, therefore, were
capable of accurately measuring relative ionic abundances were known

as mass spectrometers.
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A convenient way of distinguishing the different kinds of
instruments is the method employed to focus the ion beam. Velocity
focusing is the focusing of a beam of ions, homogeneous in mass,
moving in the same initial direction but at different speeds, while
direction focusing is the focusing of a beam of ions, homogeneous in
mass, moving at the same speed but in different initial directions.
Double-focusing is that in which a beam of ions of different initial
speed and direction is brought to a focus. Aston's spectrograph and
Dempster!s spectrometer, which were the fore-runmners of modern
instruments, had only single-focusing properties, the former having
velocity, but not direction focusing; the latter had direction, but not
velocity focusing of the ion beam.

The general theory of the double-focusing of an ion beam was

5

derived by Herzog 4 and the design used by Mattauch and Herzog ~ for a

double-focusing mass spectrograph is still widely used today. Modern
double-focusing mass spectrometers are usually of the design of
Johnson and Nier-6 Double~focusing mass spectrographs and spectrometers
are capable of much higher resolution than single~focusing instruments
as the arrangement of electrostatic and magnetic fields compensates for
any spread in the energy of the ions leaving the source.

Although. it was shown by Barber 7 and by Stephens 8 in 1933 that

the focusing action of 180° deflection in a homogeneous magnetic field,
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as in Dempster's mass spectrometer, was a particular case of the
focusing action of any wedge-shaped magnetic field; it was not until

9

1940 that Nier reported the construction of a 60o sector mass
spectrometer. Single-focusing mass spectrometers which employ a
magnetic field to disperse an essentially mono-energetic beam of ions
are widely used today in chemical analysis.

Most of the mass analysers that have been constructed to study the
mass spectra of organic molecules make use of the electron-bombardment
source developed by Nierloto produce the ions, and a magnetic field to
separate theme However, ions of organic molecules have also been
produced by photon impactll, by é strong electrostatic field (field
ionization)lzand by a high voltage spark.l3 In addition, mass
analysis has been accomplished by selection in a radio-frequency
field,14 and by the time-of-flight of the ions.15

The use of mass spectrometers in the analysis of chemical
compounds was realised by Thomson; but the unreliability of the early
instruments, together with the difficulties of manipulation, deterred
chemists from applying mass spectrometry to their problems. However,
the demand for rapid, accurate analysis of hydrocarbons by the
petroleum industry together with advances in electronic methods led to
the production of reliable mass spectrometers. The mass spectrometer

was used to determine quantitatively the amounts of hydrocarbons or
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types of hydrocarbon which were known to be present in a gaseous
mixture. The first example of such an analysis was given by Hoover

1
7 that the method was not

and Washburn16 and it was later shown
restricted to hydrocarbons. This method of analysis is dependent on

(i) the reproducibility of the mass spectrum of a given compound under
fixed operating conditions; (ii) the mass spectrum of a mixture being

a linear superposition of the mass spectra of the components of the
mixture; and (iii) the direct proportionality of the sensitivity for

the reference peak of a component to the partial pressure of that
component in the mixture. The first use of electronic digital computers
in mass spectrometry18 was in reducing the time ;equired for this kind
of quantitative analysise.

The need for any compound under examination in a mass spectrometer
to be in the vapour state prevented the early workers in this field
from examining those compounds which were not gases under normal
conditions of temperature and pressure. In the usual gas system the
pressure is maintained at approximately 10-2 torr in a glass reservoir
of 2-3 litres volume and allowed to diffuse through a leak under
conditions of molecular flow to the ionization chamber, where the
pressure is of the order of lO"6 torr. The introduction of systems of
this type that could be operated at elevated temperatures by 0'Neal

and Wierl9 and Caldecourt20 increased the range of compounds which



5e

could be admitted into a mass spectrometer. Nevertheless, many
involatile or thermally unstable compounds could still not be
examined because a sufficient sample pressure could not be attained in
the reservoir to obtain a mass spectrum. Organic compounds in the
vapour phase tend to decompose in contact with heated metals, thus
heated reservoir systems made entirely of glass have been developede

The difficulty in obtaining the mass spectra of involatile or
thermally unstable compounds was finally overcome by the development of
methods of introducing the sample directly into the ionization chamber?1
By this means a sufficient sample pressure to obtain a mass spectrum
can be attained at approximately 100° less than ‘the temperature required
using a heated reservoir system. The speed of operation of a direct
inlet system may be greatly increased if it allows samples to be
changed without breaking the mass spectrometer vacuume. The problem of
keeping the sample pressure constant during the recording of the
spectrum when employing a direct inlet system has been largely overcome
by the use of fast scanning. The main advantages to the organic
chemist of such systems are that the mass spectrum of almost every kind
of organic compound can be determined, and that as little as 10_6 gm.
of sample is required, whereas 10-3 gm. of sample may be required for
a reservoir systems

From the time that the mass spectra of propane and butane were
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reported by Stewart and 01son2? a vast amount of data has been
accumulated concerning the behaviour of organic molecules under
electron impact. Two approaches to a theory of mass spectra have been
made. The more fundamental approach is the quasi-equilibrium theory
of Rosenstock, Wallenstein, Wahrhaftig and Eyringzé The two principal
assumptions of this theory are that the processes leading to the
formation of a mass spectrum are a series of competing, consecutive,
unimolecular reactions, and that the rate constants for each of these
reactions can be calculated by an appropriate form of the absolute
reaction rate theorye. The absolute reaction rate theory proposes that
the rate of a reaction is determined by the concentration and
properties of the activated complexes which are in equilibrium with
the reactant species. If sufficient information about the parameters
of the activated complexes is known, it is possible to perform
quantitative calculations of mass spectra and compare them with
experimentally determined values. In spite of the difficulties
involved, such calculations have been made for small molecules;
however, the problems associated with these calculations for larger
molecules means that the theory in its present state has little
application to the bulk of organic compounds. A recent review and
assessment of the future of the theory has been made ?4

The second and more useful approach for the analytical chemist is
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that developed by Mclafferty. McLafferty postula.ted25 that the
factors which determine the formation of abundant ions in mass spectra
are the relative stabilities of (i) the ion and neutral fragment, (ii)
the bonds of the decomposing ion; and (iii) the possibility of
fragmentation through a cyclic transition state. This approach, which
is of a more intuitive and empirical nature,also attempts to
rationalize fragmentations observed in a mass spectrometer in terms of
such concepts of physical-organic chemistry as resonancej inductive
effects) stabilities of carbonium, oxonium ions etc. The evidence that
mass spectral reactions parallel those of solution chemistry is
growing. Indeed, it has been shown that substituent effects in the
mass spectra of certain benzoyl compounds can be quantitatively
related to the Hammet "sigma" constants for these substituents.26 The
theory also requires that the positive charge be localized at favoured
positions in the molecule,i.e.,at hetero-atoms or other functional
groups in the molecule, an idea due to Cummings and Bleakney.27 The
localized charge then dictates the course of the subsequent
decomposition of the moleculee.

Djerassi and his associates28 have developed the localized charge
concept and have often applied it with considerable success in the
extensive studies they have made. As an aid to the understanding of
mass spectrometer processes the same group has, by the use of compounds

suitably labelled with heavy isotopes, elucidated the mechanisms of
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. 28 .
many hydrogen atom rearrangement reactions which are often observed
in the mass spectra of organic molecules. However, deficiences in

9

2
the localized charge concept have been pointed out and have limited
its acceptance.

. 30 . . . .
Biemann”, using the physical-organic chemistry approach but not
using the localized charge theory, has given a set of empirical rules
which attempt to summarize known fragmentation processese.

Recently, McLaffertyBl

has described a "a generalizedmechanism for
mass spectral reactions." This mechanism which is a modification of
his original theory considers that the positive charge and unpaired
electron of an odd-electron ion can be positionéa at different sites in
the ion and that each exerts a separate influence on the course of
fragmentation of the ion.

A different approach, of some use to the analytical chemist, is
that of chemically modifying a functional group such that it will then
cause the molecule to fragment by known and predictable paths. In this
way it is hoped that the position of the functional group in the
molecule can be readily ascertained. Such derivatives which have been

3

used successfully include ethylene ketal gnd thioketa133, N,N-

dimethylaminosé and O-isopropylidene33 groups.
The use of high resolution mass spectrometers in organic chemistry

was pioneered by Beynon36 who realized that, because of the differences
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in the nuclear packing fraction of the elements, it was possible to
distinguish ions that were of the same nominal mass but differing
chemical composition. Thus, if an instrument of sufficiently high
resolving power were available, not only could the molecular formula
of the compound be obtained by accurately measuring the mass of the
molecular ion, but also a great deal of information concerning the
structure of the compound by mass measuring the abundant fragment ions.
This technique was also extremely useful in studying the mass spectra
of compounds whose structures were known. For example, Beynon38 was
able to show that the ion of mass twenty-eight units less than the
molecular ion of phenol was formed by the loss o} carbon monoxide and
not ethylene. Many similar applications of high resolution mass
spectrometry have been described.5

It was soon obvious that more information would be forthcoming if
the elemental compositions of all the ions in a mass spectrum were

knowne The time required to do this by the peak-matching39

method
commonly employed in double-focusing mass spectrometers was prohibitive.
Thus, until 1964 only a few complete high resolution mass spectra of
low molecular weight compounds had been reported.40 At this time,

41

however, Biemann described a rapid, accurate method for precise mass
determination of all ions in a spectrum obtained from a double-focusing

mass spectrograph. In this method the high resolution mass spectra of
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the sample and of a calibration compound are recorded on a photographic
plate. One set of lines on the photographic plate correspondsto the
ions of known mass from the calibration compound, while the other set
of lines correspondsto ions of unknown mass from the sample. Therefore
it is possible to relate the distances between the lines on the plate
to the difference in mass of the ions which produce the lines. By
making use of a suitably programmed computer the calculation of the
masses of the ions of the sample can be rapidly performed. The term
"element map" was used to describe the particular way that the final
data,i.e.y the elemental compositions of the ions, was arranged.

A system suitable for use in mass spectrome%ers has recently been
described.42 In this system the mass spectra of the sample and
calibration compound are recorded on magnetic tape, the time interval
between the ions being related to the mass difference of the ions.

When using an "element map" to determine the structure of an
organic compound it is obviously necessary to have a knowledge of those
rearrangements which involve the migration of alkyl groups and which
involve the elimination of small molecules, the atoms of which are not
chemically bonded in the neutral molecule. The migration of alkyl
groups was originally thought to be of rare occurrence, but recent
investigations43 have shown that such migrations may be more common
than imagined. Similarly, reactions like the elimination of carbon

44

monoxide from the molecular ion of 1l- nitronaphthalene must be fully

[
]
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documented for the full potential of the "element mapping" technique

to be utilised.
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CHAPTER 2.

THE MASS SPECTRA OF CHROMONES.

Introduction.

The majority of chromones found in Nature are derivatives of
2-phenylchromone, i.e., flavone (Fig.I) and 3-phenylchromoneyi.e.,
isoflavone (Fig.I). The remainder, some fifteen in number, are
derivatives of 2-methylchromone. Although these compounds have a

limited distribution, six being found in one plant, Ammi visnaga, and

four in another, Eugenia caryophyllata, it is thought that their lack of
physiological actiwity and of striking chemical p;operties may have
resulted in some being overlooked. However they are not devoid of
interest as, for example, one such compound, rubrofusarin, is based, not
on resorcinol or phloroglucinol as are other compounds of this type, but
on maphthalene; and, in addition, it has recently been shown1 that

siphulin, an acid isolated from the lichen, Siphula ceratities, is a

2-benzylchromone, the only one of its type knowne.

Many naturally occurring compounds are oxygen containing heterocycles
and naturally occurring derivatives of benzopyran have been studied
fairly extensively by mass spectrometry.2 Thus, investigations of the
mass spectra of coumarinsa’4 (benzo-X-pyrones, Fig.l), flavonesB’5

(2-phenylbenzo-5;pyrones, Fig.I), isoflavonesB’5 (3-phenylbenzo;z;pyrones,
7 7

Fig.1), Xanthones,6 chromans' and chromenes' have been made.
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One of the principal features of the mass spectra of oxygenated
aromatic compounds is the elimination of the oxygen atoms as carbon
monoxide or as formyl radicals. For example, peaks corresponding to
(M—CO)+ and (M-CHO)+ are observed in the mass spectrum of phenol8 and

3,4

both coumarin and anthraquinone9 decompose by successive loss of two
molecules of carbon monoxide. The introduction of substituents,
however, may greatly reduce the importance of this type of
fragmentation. In the mass spectrum of the coumarin, mammein (Fig.I)
the most abundant ions are formed by fission of the wvaleryl and 535;
dimethylallyl side chains.lo

As might be expected the mass spectrum of cﬁromone11
(benzo-Y-pyrone, Fig.I) is similar to that of coumarin in the respect
that both spectra contain ions formed by expulsion of one and two
molecules of carbon monoxide. Chromone, however, can decompose in a
way not possible for coumarin. This decomposition corresponds to
cleavage of the 1,2 and 3,4 bonds of the pyrone ring and can be
represented as a retro-Diels-Alder reaction. A recent investigationll
has shown that such a reaction can be used to explain the behaviour,
under electron impact, of widely differing types of compounds, and that
it is often possible to predict which of the two species formed by the

reaction will retain the positive charge. Retro-Diels-Alder

fragmentation is an important feature of the mass spectra of fla.vones?’5
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isoflavones,B’5 rotenoids5 (Figel) and 4-hydroxy--5-phenylcoumarins.12
Ions corresponding to both species formed by this reaction are
observed in every case.

In the present study the mass spectra of a number of
2-methylchromones and 2-hydroxymethylchromones of natural and synthetic
origin have been examined to investigate the correspondence between
cracking pattern and structure. In addition, the possibility of
applying known fragmentations of this type of compound to the chromones
has been considered.

Discussione

(A) Simple Substituted 2-Methylchromones. .

In the mass spectrum of chromone itself two dimtinct fragmentation
pathways are observed. The first gives rise to peaks at m/e 118 and
m/e 90 corresponding to the expulsion of one and two molecules of
carbon monoxide respectively. As the mass spectrum of chromone at
masses less than 118 contains all the ions, with approximately the same
relative intensity, as encountered in the mass spectrum of benzofuran,
it is possible to suggest that m/e 118 is formed by loss of the carbonyl
group from the pyrone ring followed by ring closure to give the
molecular ion of benzofurane. While it is realised that such an
observation does not constitute a proof of the mechanism of elimination
of carbon monoxide from chromone, a similar argument has previously

been used to explain the genesis of the (M—CO)+ ion in the mass spectra
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of many compounds including coumarins?’4 (X-pyrones}3 K-pyrones and
anthraquinones? However, it has been recently shown, by the use of
suitably labelled derivatives, that the (M-CO)+ ion in the mass spectrum

15

of X~pyrone does not have a furan structure.

The second decomposition pathway of chromone involves cleavage of
the ¥ -pyrone ring by a retro-Diels-Alder reaction, the positive charge
remaining with the oxygenated species of mass 120 units. The ion of
mass 120 then undergoes sequential loss of two molecules of carbon
monoxide.

As expected, the mass spectral fragmentation of 2-methylchromone
(I,Fige.II) is similar to that of chromone.v Thus peaks are observed
at m/e's 132, 120 and 92 corresponding to (M-CO)% (M;CBH4)+~ana

(M—CBHA{--CO)+ respectively. However, two additional fragmentations are
noted in the mass spectrum of 2-methylchromone. The (M—CO)+ ion breaks
down by loss of a hydrogen atom, forming m/e 131, rather than by loss of
another molecule of carbon monoxide. A metastable ion at m/e 130.0
confirms that m/e 131 is formed directly from m/e 132. This difference
in the behaviour of chromone and 2-methylchromone is exactly that
encountered in the mass spectra of §-pyrone and 2,6-dimethyl-?{-pyrone}4
If the hydrogen atom is lost from the 2-methyl group in the formation

of m/e 131 in the mass spectrum of 2-methylchromone, m/e 131 can be

represented by a conjugated oxonium ion such as_g_(Fig.III). A driving
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force for this step is presumably the conversion of an odd electron ion

radical (m/e 132) into an even electron ion (m/e 131).

The second difference is observed in the retro-Diels-Alder
fragmentation. In the mass spectrum of chromone the abundance of
m/e 121 can be accounted for completely on the basis of the isotopic
contribution16 of m/e 120, the ion which is formed by the retro-Diels-
Alder reaction. However, in the mass spectrum of 2-methylchromone the
abundance of m/e 121 is 5% greater than the calculated isotopic
contribution of m/e 120. All other compounds examined which form an
ion by a retro—Diéls-Alder reaction also form an ion one mass unit
greater than that derived by the simple re;ction. Since chromone has
no such ion in its mass spectrum the presence of a 2-methyl group is a
necessary condition for its formation. The complete fragmentation

pattern of 2-methylchromone is shown in Fig.III.

Substitution of hydroxyl groups in the benzene ring does not alter

i
|

the general fragmentation pathways already described for 2—methy1chromonei

Thus, the mass spectrum (Fig.lVa) of 2-methyl-5,7-dihydroxychromone
(11, Fig.IIL) shows that it decomposes by routes analogous to A and B

(Fig.III). It is possible that the (M-CO)™ ion in the spectrum of

2-methy1-5,7-dihydroxychromone is formed by loss of carbon monoxide from

one of the phenolic hydroxyl groups rather than from the pyrone ringe.

It has been suggested,3 as the appearance potential of the (lK—-CO)+ ion
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in the mass spectrum of umbelliferone (7-hydroxycoumarin) is nearer the
value of the corresponding ion in the spectrum of coumarin than in the
spectrum of phenol, that the carbon monoxide molecule lost is from the
lactone carbonyl and not from the phenolic substituent. In addition,
Beynon and Williams® showed that for hydroxyanthraquinones the (M-CO)™
ion is formed by loss of carbon monoxide from the ketonic portion of the
molecule. Therefore, it is likely that hydroxychromones b.ehave in the
same manner, although no absolute decision could be made without
studying suitably labelled derivativese

Introduction of a methoxyl group, however, into the aromatic
nucleus has a marked effect on the spectrum. Consideration of the mass
spectrum (Fig.IVb.) of eugenin (2-methyl-5-hydroxy-7-methoxychromone,
III,Fig.I1) shows that "chromone-type" fissions (A, B Fig.III) operate
only to a very small extent. Instead the mass spectrum resembles that
of m-methoxyphenol. The main features of the mass spectrum of
g_l-methoxyphenol17 are (i) a small peak corresponding to loss of a
methyl radical; (ii) intense peaks corresponding to losses of a formyl
radical and formaldehyde; and (iii) an intense peak corresponding to the
combined loss of a methyl radical and carbon monoxide. This behaviour

17

is to be compared with that of the ortho-and para- isomers, the mass
spectra of which contain abundant (M—CH3)+ and (M-CHBCO)+ ions, no
(M-CHO)* and (M-CH20)+ ions being observed. Ions formed by the three

processes outlined for m-methoxyphenol are present in the mass spectrum
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of eugenin giving peaks at m/e's 191 (1»1-0}13),177 (M-CHO), 176 (M—CH20) and
163 (M—CHBCO). Because of the close similarity between the two spectra
it is reasonable to assume that the‘X-pyrone system makes no contribution
to the loss of a formyl radical observed in the mass spectrum of eugenine.
The (M—CH300)+ ion is worthy of some comment. Although no metastable ion
is observed for its formation it is most likely formed by explusion of
carbon monoxide from the (M_CH3)+ ion. Analogous cleavages are noted in
the mass spectra of 2—methoxynaphthalene18 and m-dimethoxybenzene.17

19

The suggestion has been made that the carbon-oxygen bond fission

giving rise to the (M_CH3)+ ion in such compounds occurs only to a small
extent because the (M-CH5)+ ion cannot be stabilised by formation of an
oxonium ion, and because of the preferred elimination of carbon monoxide

from the (M—CH3)+ jon to form the ion (M-CH,CO)*. Weakly abundant ions

3
of mass 166 and 123, in the mass spectrum of eugenin, arise from retro-
Diels-Alder cleavage of the molecular ion and the (M—CHBCO)+ ion
respectively. A metastable ion at m/e 124.5 shows that the (M—CHZO)+
ion breaks down further by elimination of carbon monoxide
(n* calculated for 1767148 = 124.5).

Rubrofusarin (IV, Fig.II), on electron bombardment,behaves in
exactly the same way as eugenine. Thus ions are observed at m/e 243,
m/e 242 and m/e 229 corresponding to (M-CHO)™, (M-CH20)+ and (M—CH500)+

respectively. M/e 189, in the mass spectrum of rubrofusarin,is formed
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by retro-Diels-Alder decomposition of m/e 229, Evidence for this
transition is a metastable ion at m/e 156.0 (m* calculated for
2097=>139" = 155.9).

In the mass spectrum of 2-methyl-5-hydroxy-T7-allyloxychromone
(v, Fig;II) fission of the carbon-oxygen bond of the allyloxyl group is
an important feature. The stability of the allyl ion (m/e 41), which
forms the base peak of the spectrum, accounts for the prominence of this
fragmentation. At higher masses ions are observed for the loss of
carbon monoxide and methylacetylene from the molecular ion, thus
demonstrating that this compound fragments in a manner typical of a
2-methylchromones.. One point of interest in the mass spectrum of
2-methyl-5-hydroxy-T-allylaxychromone is the high abundance (80%) of
the (MI-CHB)+ ione No (M-CH3)+ ion is observed in the mass spectrum of
2-methylchromone, hence it is reasonable to assume that the carbon atom
lost in the formation of this ion is the terminal carbon of the allyl
chaine. The formation of this (M—CH3)+ ion requires the rearrangement
of a hydrogen atom followed by a vinylic cleavage and there is no
obvious reason why it should occure. It should be noted, however, that
the mass spectrum of phenyl allyl ether contains an abundant (M-CH3)+
ione.

Substitution of a X,?f-dimethylallyl group in the benzene ring or

the presence of a 2,2-dimethylchroman system is also sufficient to
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suppress to a great extent "chromone-type" fissions (Ay B Fig.III).
This is evident from the mass spectra of peucenin (VI, FigeII)
isopeucenin (VIIJ,Fig.II) and allopeucenin (VII , Fige.II). The mass
spectra of these three compounds are very similar. A metastable ion
at m/e 15248, in all three spectra, shows that fragmentation of the
3;pyrone ring by a retro-Diels-Alder mechanism takes place from m/e 205,
the base peake (m* calculated for 205165 = 132.8). M/e 205 is
formed by expulsion of a C4H7 radical from the molecular ion (m*
calculated for 2602057 = 161.6, observed 161.6) Although this
fragmentation is somewhat surprising, especially in the mass spectrum
of peucenin where is involves a vinylic fission, it agrees with the

594,521 _ 4

previously reported behaviour of K}X-dimethylallyl
2,2-dimethylchroman3’7 systems. Only in the spectrum of isopeucenin
is an abundant ion recorded for the loss of a C4H8 molecule. The
genesis of this ion, m/e 206, d¢an be regarded as a retro-Diels-Alder
decomposition of the 2,2-dimethylchroman ringe

The ion of mass 217 in the mass spectra of peucenin, isopeucenin
and allopeucenin corresponds to the loss of 43 mass units from the
molecular ion, m/e 260. Observation of the appropriate metastable ion
(m* calculated for 26O+-->217+ = 18l.1, observed 181.1) shows that it is

formed, in every case, directly from the molecular ion. This suggests

that a 03H7 radical is expelled in the formation of m/e 217, and
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explains the greater abundance of m/e 217 in the spectrum of peucenin
that in the spectra of isopeucenin and allopeucenin. The (M;43)+ ion in
the mass spectrum of osthol (7-methoxy—8-x,5-dimethylallylcoumarin) was
shown, by the presence of the appropriate metastable ion, to be formed
by loss of a fragment of 28 mass units from the (M—CH3)+ ion.” The
neutral fragment of mass 28 was assumed to be carbon ﬁonoxide. On the
other hand, Willhalm7 and co-workers report that the (M-43)+ ion in the
mass spectrum of 2,2-dimethylchroman (Fig.I) arises by loss of a
molecule of ethylene from the (MECH5)+ ion. Exact mass measurement of
m/e 217 (calculated 217.0501; found 217.0493) confirms that for peucenin,
isopeucenin and allopeucenin that the (M-45)+ ion consists of a single
species formed by loss of a CBH7'radical. It would obviously be of
interest to examine the mass spectra of osthol and 2,2-dimethylchroman

under high resolving power conditionse

Cleavage of the alkyl side chain is also the most important

fragmentation process in the mass spectrum of dihydropeucenin (lX,Fig.II).

Thus peaks are observed at m/e's 219 (M- C5H ), 206 (M;C ) and 205

(MFC M/e 205 is formed by ﬁ-cleavage to the ring and m/e 206

Hy) -
is formed by,g-cleavage accompanied by migration of a hydrogen atom to
the ring-containing product, in agreement with the behaviour of

l-phenylalkanes. McCollum and Meyersonzzfound that K—cleavage with

hydrogen migration occurs in the mass spectra of l-phenylpropane and
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higher homologues, and that 95% of the hydrogen which migrates is
originally attached to the 5;carbon of the alkyl chain. Formation of
a substituted tropylium ion would explain the high abundance of m/e 205,
A metastable ion at m/e 133.0 confirms that m/e 165, the only other
ion of any importance, in the mass spectrum of dihydropeucenin, is
formed by a one-step fission of m/e 205 and that this reaction
corresponds to a retro-Diels-Alder decomposition of m/e 205
(m*-calculated for 2057 165" = 132.8).
In contrast to the mass spectrum of eugenin (III,Fig.II), the
mass spectrum (Fig.Va) of dihydropeucenin 7-methyl ether (X, Fig.II) does
not contain ions corresponding to (MZCHO)+ and (M-CH20)+c
Dihydropeucenin methyl ether, under electron impact, breaks down in the
same manner as dihydropeucenine Thus, the major fragmentation pathway
is fission of the alkyl side chain, ions being observed at m/e's 233

(M,c3H7), 220 (M-C4H8) and 219 (M-C Decompositions involving the

459).
methoxyl and X;pyrone functional groups are noted at lower masses as
indicated by metastable ions at m/e 163.1 and m/e 117.5 corresponding
to the transitions 219%—>189" 4+ 30

and 189+__~>149+ + 40 respectively. Hence. m/e 219
fragments by expulsion of a formaldehyde molecule to form m/e 189 which

subsequently undergoes a retro-Diels~Alder reaction to yield m/e 149.

The high abundance of the ion formed by simple ﬁ~cleavage of the side
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chain (m/e 219) in the mass spectrum of dihydropeucenin methyl ether may
also be explained by the formation of a substituted tropylium ion.

As might be expected,the decompositions observed in the mass spectra
of dihydropeucenin and dihydropeucenin methyl ether are also observed in
the mass spectrum of dihydroheteropeucenin (XI, Fig.II) and in the mass
spectrum (FigeVb) of dihydroheteropeucenin 7-methyl ether (X11l, Fig.II).
However, one gignificant difference is observed. The abundance of
m/e 206 in the mass spectrum of dihydroheteropeucenin can be accounted
for solely on the basis of the isotopic contribution16 of m/e 205 i.e.
no ion corresponding to ﬁ-cleavage and migration of a hydrogen atom is
formed. The abundance ratio, corrected for naturally occurring isotopes,
of the ion m/e 206 to m/e 205 in the mass spectrum of dihydropeucenin is
1.2/1, demonstrating that each process occurs with élmost equal
probability. Similarily, ﬁ-cleavage accompanied by the rearrangement of
a hydrogen atom does take place in the mass spectrum of
dihydroheteropeucenin methyl ether, whereas the abundance ratio,
corrected for the contribution of naturally occurring isotopes, of m/e
220 to m/e 219 in the mass spectrum of dihydropeucenin methyl ether
is l/l. If the explanation for the difference in behaviour of the
dihydropeucenin compounds and the dihydroheteropeucenin compounds is to
be based on steric grounds, then it seems likely that the C-5 hydroxyl

group must be involved in the rearrangement reaction observed in the mass
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spectra of the dihydropeucenin compounds. A plausible mechanism which
requires the participation of the C-5 substituent is shown in Fig.VI.
This mechanism, however, requires & seven-membered transition state,
rather than the four-250r six-membere%%transition states which have been
suggested for the rearrangement of l-phenylalkanes. An alternative
explanation may lie in the different thermodynamic stabilities of the
dihydropeucenin compounds and the dihydroheteropeucenin compounds. It is
possible to isomerize dihydropeucenin to dihydroheteropeucenin by
treatment with hydroiodic acid, whereas the reverse reaction does not

25

occur under the same conditionss Therefore, it is likely that
dihydropeucenin is thermodynamically-less stable than its isomer. It
is possible, then, that the additional energy possessed by
dihydropeucenin is sufficient to allow the rearrangement process to
occure.

It is not suprising that the molecular ion of a highly substituted
compound like 2-methyl-5-methoxy-6-formyl-7-hydroxychromone (X111,
Fig.II) does not decompose by a retro-Diels-Alder reaction, especially
when it is recalled that such a decomposition does not occur in the
mass spectrum of a simple chromone like eugenin (III,Fig.II). Instead
the main fragmentation pathways involve the functional groups other

than the pyrone ring. Thus, in the spectrum are ions of m/e's 233

(M-H), 219 (M-CHB), 217 (M-0H), 218 (M-HZO) and 203 (M—CHBO). The
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base peak of the spectrum, m/e 206, is formed by the loss of a molecule
of carbon monoxide from the molecular ion. The carbon monoxide
molecule could come, either wholly or partly, from the carbonyl group
of the pyrone ring, from the 6~formyl group or from the 7-hydroxyl
group. Observation of the appropriate metastable ions shows that there

are at least three paths by which m/e 206 can decompose, namely :-

-H -CHO
(1) m/e 206 —> m/e 20§ —>m/e 176

I o
(calculated for 206™»205% = 20$.0, observed = 20%.0)
-CHO -CHO -H
(2) m/e 206 —»m/e 177 —>m/e 148 —m/e 147.
(calculated for 206f—?177+ = 152.0; observed = 152.0;
" w177 148% = 123.7; " = 123.9;
n w148 147" = 146.0; " = 146-147.)
-H,0 -Co ‘
(3) n/e 206 "> m/e 188 —»m/e 160
(calculated for 206f—7188* = 171.6; observed = 171.5
" v 188t 160" = 136.1;  » = 136.0)

Paths (1) and (2) agree well for ions of mass 206 containing a
6-formyl groupe. The mass spectra of salicylaldehyd626and
grmethoxybenzaldehyde27both contain ions corresponding to (M-H20)+ which
suggests that path (3) could be followed by ions of mass 206 containing
a 6-formyl group. However, it will be shown later that a molecule

of water may be eliminated by a reaction that involves an interaction

of the 4-carbonyl group with the 5-methoxyl group of a chromone.
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Hence, without the use of suitably labelled analogues,it is not possible
to decide the exact nature of the (M-CO)™ ion in the mass spectrum of
XIII.

The only compounds which were available for examination, in this
study, which possess additional substituents in the pyrone ring are
2-methyl-3-acetyl-5,7-dihydroxychromone (XIV,Fig.II) and its
7-acetylated derivative (XV, Fig.II). The primary fission of the
T-acetylated derivative is expulsion of a molecule of ketene to give an
ion, m/e 234, which can be considered to be identical with the molecular
ion of 2-methyl-3-acetyl-5,7-dihydroxychromone, in agreement with the
known behaviour of phenyl acetates.28 Thus. it is found that the spectra
of both compounds are the same in normal and metastable ions, except for
some variation in ion intensities. Therefore only the mass spectrum of
2-methyl-3eacetyl-5,7T-dihydroxychromone will be discussed.

Although the molecular ion of 2-methyl-3-acetyl-5,7-dihydroxy-
chromone does decompose by elimination of a molecule of carbon monoxide
from the pyrone ring the main fragment ions are observed at m/e 219
(M_CH3) and m/e 216 (M-HZO). The methyl radical lost in the formation
of m/e 219 is almost certainly that of the 3~acetyl group for two
reasons. Firstly, no (M—CH3)+ ion is present in the spectrum of
2-methyl-5,7-dihydroxychromone, and secondly,fission of the carbon-

carbon bond adjacent to a carbonyl function is known to be a favourable
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process as the positive charge can be readily stabilised in the
resulting ion.

A metastable ion at m/e 199.4 confirms that the (M-H,0)" ion
results from an electron impact induced disgociation of the molecular
jon, m/e 234 (m*calculated for 234%>216" = 199.4). Examination of the
mass spectrum of 2-methyl-5,7-dihydroxychromone shows that it does not
decompose in this way; hence the observed elimination of a molecule
of water in the mass spectrum of the corresponding 3-acetyl compound
must arise from some interaction of the 3-acetyl group with either the
2-methyl or the 4-carbonyl groups. If it is possible for the 3-acetyl
group to exist in the enol form a reasonable mechanism for the
elimination of water can be proposed as shown in Fig. Vlle The driving
force for this decomposition would then be provided by the formation
of the cyclic, conjugated daughter ion at m/e 216. M/e 216
subsequently fragments by elimination of a molecule of carbon monoxide
to form the ion m/e 188. (m*balculated for 216%»188" = 163.6;
observed = 163-164.)

A metastable peak at m/e 106.9 in the mass spectrum of 2-methyl-
3-acetyl-5,7-dihydroxychromone could arise from either of the
transitions :-

(1) 219+~9-153+ + 663 m*balculated 10689

*
(2) 216" -152" + 64; m calculated 106489,

=
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Exact mass measurement showed that the elemental composition of the ion
m/e 153 is C7H504 (calculated 153.0188; found 153.0195), while the
composition of the ion m/e 152 is one hydrogen less i.ee. C7H4O4
(calculated 152.0110; found 152.0109). Thus the fragment of mass 66

eliminated in (i) would be C H,0 and the fragment of mass 64

4

eliminated in (2) would be 05H As the expulsion of a C5H4 fragment

4
from m/e 216 is considered extremely unlikely, the metastable ion at

m/e 106.9 must arise from transition (1). Therefore, the ion of mass
153 is formed by fission of the 1:2 and 3:4 bonds of the pyrone ring in
the (M—CH5)+ ion accompanied by the migration of a hydrogen atom to the
charge retaining species. Although,vas previously pointed out, an ion
arising by retro-Diels-Alder cleavage of the pyrone ring of a 2-
methylchromone is always accompanied by a weakly abundant satellite

ion one massvunit greater, this is the sole example where the

abundance of the satellite ion is larger than the abundance of the ion'
formed by the simple reaction. The same type of fragmentation,

observed in the mass spectrum of 4-hydroxy-3-phenylcoumarin, was
interpreted in terms of the transfer of the hydrogen atom attached to
C-3 in the 4-keto tautomer of this compound.12 A mechanism, similar

to that proposed to take place in the mass spectrum of 4-hydroxy-3-
phenylcoumarin, is shown in Fig.V1ll. In the mass spectrum of 2-methyl-

3-acetyl-5,7-dihydroxychromone the ion of m/e 152 can be formed either by
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1oss of a hydrogen atom from m/e 153, or by a simple retro-Diels-Alder
cleavage of m/e 219. The latter alternative is preferred as the ion
m/e 67, the composition of which was confirmed to be C4H3O

(calculated 67.01839; found 67.01843), corresponds to the other product
of the retro-Diels-Alder reactione.

(B) Purochromones.

Recent investigations have shown that the electron impact induced

. . . . 2
dissociations of furocoumarlnSB’ 7

are not greatly different from those
of simple coumarins. In addition it was shown that, although the
fragmentation of a methoxyl substituent may be superimposed on the
fragmentation of the X-pyrone ring, the mass spectra are independent of
the position of the methoxyl group. For example, the mass spectra of
xanthotoxin (XVI, Fig.IX) and bergapten (XVII, Fig.IX) are almost
identical, ions being observed at (MkCH3)+, (u-co) ¥, (M-COCH3)+ and
(M-02020H5)+'3 It will be seen, however, that the mass spectrum of a
furochromone can depend largely on the position of a methoxyl
substituente.

Examination of the mass spectrum of norvisnagin (XVIII, Fig.IX)
shows that the fragmentation of this compound is not greatly different
from that of a simple chromone such as 2-methyl-5,7-dihydroxychromone.

Thus retro-Diels-Alder cleavage of m/e 216, the molecular ion, gives

rise to the ion m/e 176 which decomposes further by sequential
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elimination of two molecules of carbon monoxide, ions being observed

at m/e's 148 and 120. Metastable ions at m/e 143.4 (calculated for

2167 >176% = 143.4), at m/e 124.5 (calculated for 1767—>148% = 124.4),
and at m/e 97.3 (calculated for 148" > 1207 = 97.2) confirm each step

of this degradation route. One difference in the mass spectrum of
norvisnagin is noted when compared with that of 2-methyl-5,7-
dihydroxychromone. Metastable ions at m/e 162.0 and m/e 186.0, in the
mass spectrum of norvisnagin, show that m/e 187 (M-CHO) can be formed
from both the molecular ion (m¥ calculated for 2l6+-->187+ = 161.8) and
from m/e 188 (M-CO) (m* calculated for 1887—187% = 186.0); whereas,

in the mass spectrum of 2-methyl-5,74%dihydroxychromone, & metastahble

ion is only observed for the formation of the (M-CHO)+ ion from the
(M-C0)™ ion. It is realised that the absence of a metastable’ ion

for a particular transition does not necessarily mean that the i
transition does not take place. Nevertheless, the possibility that the
(M-CHO)+ ion in the mass spectrum of norvisnagin is formed by two
different reactions, while the same ion in the mass spectrum of
2-methyl-5,7-dihydroxychromone is formed by one reaction only, would j
explain the differences in the abundance ratio of (M-C0)* to (M-CHO)' i
in the two spectra. The abundance ratios of (M-C0)* to (M-CHO)' are E
0.2/1 and 1.3/1 in the mass spectra of norvisnagin and .

2-methyl-5,7-dihydroxychromone respectivelye.
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Precise mass determination of the ion m/e 160 in the mass spectrum
of norvisnagin showed that its composition is CIOHSOZ(Calculated
160.0524; found 160.0518), and thus originates from the molecular ion
by expulsion of two molecules of carbon monoxidee

The fragmentation sequence involving retro-Diels-Alder
decomposition of the molecular ion followed by successive losses of two
molecules of carbon monoxide is also noted in the mass spectrum of
norisovisnagin (XX1, Fig.lX). Loss of carbon monoxide from the
molecular ion is confirmed by a broad metastable ion centred at 163.8
(calculated for 216%—>188" = 163.6). No metastable ion is detected for
the direct loss of a formyl radical,~ but one at 186.0 shows that the
(M=CHO)" ion arises from the ion m/e 188 by the loss of a hydrogen atom.
The abundance ratio of the ions (M-CO)* to (M-CHO)™ is 0.9/1, which
is much closer to the value of this ratio in the mass spectrum of
2-methyl-5,7-dihydroxychromone than to the value in the spectrum of
norvisnagine

The most abundant ion in the mass spectrum (Fig.Xlla) of khellinol
(XX111,Fig.1X) corresponds to the loss of a methyl radical from the
molecular ion. Barnes and Occolowitz,17in a study of the mass spectra
of phenyl methyl ethers, showed that when it is possible to write
quinonoid structures for ions derived by the loss of a methyl radical

from each compound there is no fission between the aromatic ring and
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the ether oxygen. In a later investigation, the same authors noted
that abundant ions are observed for the loss of a methyl radical from a
methoxyl group in the mass spectra of those coumarins for which the

3

(M—CH3)+ ion could be represented by a conjugated oxonium ion.

30

Recently, Shapiro and Djerassi”’ pointed out that the (M-CH3)+ ion in
the mass spectrum of 6,7-dimethoxycoumarin could be represented by a
conjugated oxonium ion only if the methyl radical were lost from the
C-6 methoxyl group, and by appropriate deuterium labelling they were
able to prove the methyl radical is indeed lost preferentially from the
C-6 methoxyl group.

In the light of all this evidence there is no doubt that the
(M—CH3>+ ion in the mass spectrum of khellinol is formed by the loss
of a methyl radical from the C-8 methoxyl group rather than from the
C-2 methyl group, and the formation of a conjugated oxonium ion
explains its high abundance. Weakly abundant ions of m/e's 218 and 203
can be attributed to the elimination of carbon monoxide from the
molecular ion and the (M—-CHB)+ respectively. Retro-Diels-Alder
decomposition of the molecular ion of khellinol does not take place;
however, the (M—CH3)+ ion does cleave by this mechanism to give the
ion m/e 191 which subsequently expels a molecule of carbon monoxide

forming the ion of mass 163. Metastable ions of m/e 157.9

(calculated for 231%—»191% = 157.9) and m/e 139.0 (calculated for
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l91+—9165+ = 139.1) substantiate these transitions.

It is very surprising that, even although it can be represented
by a conjugated oxonium ion, the (M-CH3)+ ion in the mass spectrum
(Fig.X1lb.) of visnagin (X1X,Fig.1X) only amounts to 1% of the base
peak intensity. The fragment ion of greatest abundance is m/e 201
corresponding to the loss of a formyl radical from the molecular ion.
No loss of carbon monoxide is observed, but a weakly abundant ion of
m/e 200 corresponds to the loss of formaldehyde from the molecular ion.
It is suggested, as no (M-CO)+ ion is formed and as a (M-CH20)+ ion is
recorded, that the elements of the formyl radical lost in the formation
of m/e 201 originate from the C-5 methoxyl group. The different modes
of fragmentation of methoxyl groups on the C-5 and C-8 positions of a
furochromone may be due to an interaction between the C-5 methoxyl
group and the C-4 carbonyl group of the pyrone ring. Thus, it is
possible that the initial step in the formation of m/e 201 involves
transfer of a hydrogen atom from the methoxyl group to the carbonyl
function as shown in Fig.X.

Transfer of a hydrogen atom from the C-5 methoxyl group to the
carbonyl group may also be the initial step in the formation of the
(M-H20)+ ion in the mass spectrum of visnagin. A metastable ion of
m/e 195+4 confirms that this loss of water is induced by electron

*
impact (m calculated for 230+—->212+ = 195.5). A plausible mechanism



Abundance

Relative

100

50

100

50

50

Fig,XIIa;
Fig.XIlb;

Fiz. XIIa,

Fig, XIIb,

100

163

184

160

Mass Spectrum of

Mass Spectrum of

23N

246

201

200

Khellinol,

230

Visnagin,
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for the loss of water is shown in FigeXl. The mechanisms suggested for
the loss of a molecule of water and the formyl radical in the mass
spectrum of visnagin would also account for the differences in the mass
spectra of the isomeric¢ methoxyanthraguinones. Beynon and Willia.ms9
found that the mass spectrum of l-methoxyanthraguinone contained
(M-0H)* and (M—H20)+ ions, the abundance of each being approximately 9%
of the base peak, while the corresponding peaks in the spectrum of
2-methoxyanthraquinone were undetectable. In addition, they found that
the loss of a formyl radical from the molecular ion was more probable
for the l-methoxy than for the 2-methoxy compound. However, the fact
that 2-methoxyanthraquinone does have a (M-CHO)+ ion in its mass
spectrum could mean that the suggested mechanism is not the complete
explanation. One further example of methoxyl groups fragmenting in a
different manner depending on their position in the molecule may be
quoted. It was found that the mass spectra of those furoquinoline
alkaloids which have a C~8 methoxyl substituent contain abundant
(M-CHO)+ ions, whereas the mass spectra of those furoquinoline alkaloids
which have methoxyl groups substituted at other positions contain
(M-CHO)" ions which are of very weak intensity.31

The remaining important peaks in the mass spectrum of visnagin are
found at masses 184 and 160. The composition of m/e 184 was found to be

C (calculated 184.05273 found 184.0524), and although no metastable

12H802
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ion is recorded for its formation it can be formed by the loss of a
molecule of carbon monoxide from the (M—H2O)+ ion. A metastable ion at
m/e 128.0 shows that the ion of mass 160 is derived from the (M-CH20)+
ion (m* calculated for 200-5160% - 128.0), and that m/e 160, therefore,
arises from a retro-Diels-Alder decomposition of the (M—CH20)+ ion.

The mass spectrum of khellol (XX, Fig.IX) shows that it cleaves in
the same manner as visnagin under electron bombardment. Thus the
(M-CHO)+ ion, m/e 217, is the most abundant fragment ion in the
spectrum. Accompanying m/e 217 are ions of mass 216 and 215
corresponding to losses of formaldehyde and a methoxyl group
respectively. It is possible, howeve;, that the elements of
formaldehyde, the formyl radical and the methoxyl group all originate
in the 2-hydroxymethyl group. As the same fissions are noted in the
mass spectrum of visnagin, it is likely that fragmentation of the
2-hydroxymethyl group of khellol plays little or no part in the
formation of these ions. Additional support for this theory is provided
by the mass spectrum of khellol obtained in the presence of deuterium
oxide. When the spectrum of khellol was recorded in the presence of
deuterium oxide a mixture of non-deuteriated and mono-deuteriated species
was formed. Analysis of abundances of the molecular ions showed that
53% of the molecules were labelled. Similarily it was found that 53%

+ . + .
of the (M-CHO) ions were labelled. Therefore, either the (M-CHO) ion is
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formed preferentially by loss of 29 mass units from the methoxyl group,
or that in any loss of 29 mass units from the alcohol function there

is complete retention of the alcoholic¢ hydrogen atom. It has been

shown that the results obtained for the (M.—CHO)+ ion in the mass spectra
of various deuteriated derivatives of benzyl alcohol could best be
explained if all the hydrogen lost came with equal probability from the

52 Hence less than 100%

three hydrogen atoms of the hydroxymethyl groupe.
retention of the label would be expected in the mass spectrum of
deuteriated khellol, if the alcohol group made a significant
contribution to the (M-CHO)+ ion. Furthermore, a metastable ion at
m/e 119.5 corresponding to the transition 217°—>161% + 56

* + + . ; + .
(m calculated for 217 —»161" = 119.4) confirms that the (M~CHO)™ ion
can undergo retro-Diels-Alder decomposition of the pyrone ring, thus
additionally demonstrating that the hydroxymethyl group is retained in
m/e 217.

The molecular ion of khellol also fragments by loss of a
molecule of water to form m/e 228 which subsequently breaks down with
loss of carbon monoxide to give m/e 200. M/e 171 is formed by the
loss of a formyl radical from m/e 200. Metastable ions at m/e 211.2

+ +
(calculated for 246 —>228" = 211.3), at m/e 175.4 (calculated for
+ +

22" ~200" = 175.4) and at m/e 146.4 (calculated for 200%—171% = 146.2)

confirm this decomposition‘path. Loss of a formyl radical is also
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noted from the ion m/e 216 (ii~CE,0) (n* calculated for 2167—>187" =
161.8; observed = 161.9).

A comparison of the mass spectrum of khellinol with the mass
spectra of visnagin and khellol makes it possible to predict that a
linear furochromone with methoxyl groups at C-5 and C-8 will exhibit
two distinct fragmentations of the methoxylgroups, namely; (1) loss of
a methyl radical from the C-8 methoxyl; and (2) loss of a formyl
radical from the C-5 methoxyl group. The mass spectrum of khellin
(XX1V, Fig.lX) is in excellent agreement with this prediction. Thus
the abundance of the (M—CH3)+ ion is 98% of the base peak (the
molecular ion), while the relative dbundance of the (M-CHO)+ ion is 38%.
However, in contrast to the mass spectra of khellol and visnagin, the

mass spectrum of khellin contains an ion derived by the loss of water

from the (M—CH3)+ ion, rather than from the molecular ion. Nevertheless, '

the same mechanism that was described for the loss of water from the
molecular ions of khellol and visnagin can be used to explain the loss
of water from the (M-CH3)+ ion in the spectrum of khellin, if it is
accepted that the methyl radical is lost solely from the C-8 methoxyl
group. Observation of the appropriate metastable ions shows that the
remaining abundant ions in the mass spectrum of khellin can be derived
by eliminations of carbon monoxide, formyl radicals and methyl radicals

from the (M-CH3)+ and (M-CHO)' ions (Fig.X111).

|
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Transition

260245 +
260231 +
2314216 +
245217 +
245*>216" +
217202 +
217->189" +

15
29
15
28
29
15
28

FIGURE XIIT,

Observed m*

Calculated m¥*

231l.0
205,2
202,0
192.1
190,.4
188.0
164.5

230,8
205,.,2
20L.9
192.2
190,4
188.0
164,4
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Further confirmation of the behaviour, under electron impact, of
this type of compound is provided by the mass spectrum of ammiol
(XXV,Fig.1X) which also contains abundant (M-CH3)+ and (M-CHO) ions.
It is possible that the formyl radical is lost from the 2-hydroxymethyl
group. However, the arguments used to exclude this possibility in the
mass spectrum of khellol may be applied to the mass spectrum of anmiol.
Metastable ions at m/e's 20840, 20641 and 177.5 in the mass spectrum
of ammicl show that m/e 233 is formed by the loss of carbon monoxide
from the (M—CHB)+ ion (m* calculated for 261Y—»233" = 208.0), that
m/e 232 is derived by the loss of a formyl radical from the (NLCH3)+ ion
(m* calculated for 26172327 - 206:2) and that m/e 203 is derived by
loss of a formyl radical from m/e 232 (m* calculated for 232+—>203+ =
177.6) .

In view of the mass spectral behaviour of eugenin (III,Fig.II) and
rubrofusarin (IV,Fig.II) it might be expected that isovisnagin
(XXII,Fig.1X), which has the same oxygenation pattern as eugenin, would
also give the mass spectral reactions associated with a m-methoxyphenol.
However, the mass spectrum of isovisnagin does not contain a (MPCHZO)t
ion, and the (M-CHO)" ion is weakly abundant. In addition, no (M—CH5)+
ion is detectable, even though any such ion éould be represented as a
conjugated oxonium ion. Instead it is found that the pyrone function

determines the course of fragmentation of isovisnagin. Thus ions are
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observed at m/e 202, m/e 201, m/e 190 and m/e 162 corresponding to
(-co)*, (m-cHO)*, (M-03H4)+ and (M-CBH4CO)+ respectively, i.e.,
isovisnagin cleaves in a way typical of a simple chromone. Metastable

ions at m/e 173.0, m/e 160.1 and m/e 133.5 corresponding to the

transitions
202¥>187" + 15 (m calculated = 173.1)
190" =175 + 15 (m" calculated = 160.1)
1627 ~147" + 15 (m" caleulated = 133.3)

show
that carbon-oxygen bond fission with loss of a methyl radical does take
place from several fragment ions.

Conclusions.

Previous investigations had established that a likely dissociation,
induced by electron impact, of compounds containing a X—pyrone ring is
decomposition of the molecular ion by a retro-Diels-Alder reaction. It
is, therefore, a reasonable assumption that such a reaction would be a
prominent feature of the mass spectra of chromones. Some support for
this assumption is found in the mass spectrum of chromone, the parent
compound of the class, which does contain an abundant ion formed by
this means. However, the results obtained in the present study show
that retro-Diels-Alder cleavage often takes place from a fragment ion,

rather than from the molecular ion, thus indicating the unfavourable
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nature of the process. Indeed, it was found that no such decompositions
were evident in the mass spectra of several of the more highly
substituted compounds examined. It is likely, therefore, that it will
not always be possible to distinguish a chromone from an isomeric
coumarin solely on the basis of their mass spectrae.

The mass spectra of linear furochromones were found to be
particularly sensitive to the position of methoxyl substituentse. Thus.
the results obtained show that a methoxyl group on the C-8 position
fragments by elimination of a methyl radical, whereas a methoxyl group
on the C-5 position cleaves with loss of a formyl radical. This
difference in behaviour may be explained by an interaction between the

C-5 methoxyl and the C-4 carbonyl groups.
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EXPERIMENTAL,

The mass spectra were determined with an A.BE.I. Ltd. M.S5.9
mass spectrometer using a direct inlet systeme The ionizing voltage
was 70eV and the source temperature was maintained at 200°C.

The mass spectra are tabulated overleaf.



26
27
28
29
32
37
38

39
41
42
43
44
45
49
50

53

59
61

62

349
1.1
16.6
1.9
246
37
9.2
Te4
0.9
1.5
0.9
9.6
55
1.3
15.3
5+5
59
55
3.7

8e6

Mass

Spectrum

of Chromonee.

/e
63
64
65
69
73
T4
75
76
T7
89
90
91
92
93

118

119

120

121

146

147

% Abund.
25.8
20.3

1.1
3eT
1.8
8.1
57
42
1.7
10.5
12.9
1.3
443
2.6
52.6
5¢5



Mass Spectrum of 2-Methylchromone.

/e % Abund. /e % Abund.

26 1.0 66 8.5
27 2.2 67 11.7
28 14.2 69 1.5
32 4.2 89 1.3
37 2.1 91 1.0
38 8e4 92 3845
39 16.7 93 245
40 1.2 94 842
41 1.0 101 1.0
42 1.0 102 2.5
43 6.7 103 1.7
44 15.1 120 51.8
50 8e4 121 649
51 97 131 23.4
52 1.7 132 26.1
53 2.8 133 2.2
61 1.3 160 100.0 M
62 5.0 161 11.7
63 18.1

64 16.7

65 4.9



Mass Spectrum of 2-Methyl-5,7-dihydroxychromone,

% Abund.
2.1
1.4
37

14.0
2.3
4.4
42

14.0
1.6
5.8
5.6
1.9
4.4
1.4

1.2
2.3
1.6
1.4
1.9

2.3

M/e
65
66
67
68
69
70
73
74
75
76
17
78
79
80
81
82
83
95
96

108

111

% Abund.
1.9
2.1
4.2
1.1

19.8
0.9
1.9
1.4
0.9
0.9

2.3

2.1
0.9
0.9
4.0
0.9
1.6

1.2

2.6

M/e
121
122
123
124
125
135
136
148
149
150
152
153
159
160
163
164
165
191
192
193

% Abund.
2.1
0.9
4¢7

14.0
049
2.3
2.1
1.9
0.9
0.9

14.0
2.3
0.9
1.2

11.6

16.0
1.4
1.9

100.0 M

11.6



39
40
41

43
44
50
51
52
53
54
55
57
59
62
63
64
65
66
67
68

Mass Spectrum of 2-lMethyl-5-hydroxy-7-methoxychromone.

% Abund.
1543
95
5.8
1.5
16.1
11.1
4.5
9.1
2.9
5.8
1.9
37
2.9
1.5
442
349
242
2.5
2.9
5.8

1.5

M/e
69
71
74
75
17
78
79
80
81
83
85
89
90
91
92
93
95
97

103
105
106

% Abund.
16.1
1.3
2.8
1.6
4e1
2.6
63
1.5
2.3
1.5
3.2
2.6
1.5
663
3.1
1.6
10.1
1.5
1.5
2.0

1.5

M/e
107
108
109
110
111
119
121
122
123
124
134
135
136
137
138
147
148
149
150
161

162

% Abund.

54
4e4
1.5
3¢9
0.9
1.3
1.5
1.3
9.5
1.0
1.3
4.8
2.5
34
5.7
1.2
14.6
5.8
0.9
1.0

0.9

/e
163
164
166
175
176
177
178
179
191
205
206
207

208

% Abund.

14.6
1.5
1.8
1.0

25.0

397
8.8

1.0

il



ii/e
-39
41
43
44
45
50
51
53
55
57
60
62
63
64
65
67
69
13
74
75
76
17
78

% Abund.
3.1
2.3
449
2.5
1.0
1.4
2.1
1.4
1.9
1.6
1.0
1.2
2.7
1.0
1.2
2.1
2.7
1.4
1.6
2.3
1.9
2.5

1.0

Mass

Spectrum

of Rubrofusarin.

M/e
79
86
87
88
89
90
91
92
95
97
98
99

100

100.5

101

102

105

107
115
116
119
121
122

% Abund.
1.2

1.6

1.9
1.0
1.4
1.4
1.0
1.0
1.0
1.2
1.0
2.1
1.4
1.2
1.4
2.5
2.1
1.0
1.2
2.5
33

M/e
131
132
133
136
145
146
147
148
149
156
157
158
159
160
161
171
172
173
174
175
176
177
185

% Abund.
1.0
1.2
1.9
445
1.0

1.0

347

1.0
1.0
1.0
1.0

1.0

1.0
3.1
1.6
1.9
1.0
243
3e3
1.2

1.0

N/e
187
189

190
200

201
202
203
213
214
215
216
217

228

229

230
231
242
243
244
271
272
273
274

% Abund.
1.0
4.1

1.0
247

3.3

1.4
3.3
2.9
1.9
2.1
1.0
1.2

12.7
2.1
1.0

12.3

31e5
4.9
3T

100.0 M

17.5
2.3



Mass Spectrum of 2-Methyl-5-hydroxy-7-allyloxychromone.

M/e % Abund. M/e % Abund. li/e 5 Abund. MN/e % Abund. M/e % Abund.

39 4448 69 40.9 96 2.1 133 445 178 544
40 9.1 70 L5 97 1.5 134 2.1 185 1.5
41  100.0 71 1.5 102 2.1 135 4.2 186 1.8
42 445 T4 2.1 103 1.8 136 3.9 187 2.1

43 51.5 75 207 105 740 137 2.1 188 1.5
44 9.1 76 1.8 106  18.2 145 1.5 189  25.8
50 8.8 T7 9.1 107 10.6 146 1.5 190 9e4
51 18.5 78 10.6 108 4.5 147 4.8 191 8.5

52 542 79 17.6 109 L5 148 11.5 192  32.4

55 11.5 80 2.1 110 1.2 149 5.2 193 3.3
54 4.5 81 3.0 111 1.8 150 6.4 203 23.9
55 10.9 82 1.5 115 2.4 151 346 204 52.1
56 1.5 83 1.8 117 1.2 152 2.4 205 17.9
57 3.0 85 20.9 118 2.4 161 18.2 206 845
60 0.9 86 1.2 119 3.3 162 6.1 214 1.5
61 1.2 87 1.8 120 3.0 163  46.7 215 9.1
62 746 89 244 121 3.6 164 12.1 216 2.1
63 9.1 90 3.0 122 21.2 165 2.1 217 80.0

64 3.0 91 9.1 123 44.8 173 l.2 218 9.7
65 6.4 92 33 124 8.8 174 1.5 2219 1.5

66 8+5 93 6.1 130 1.2 175 14.5 231  18.2
67 13.3 94 1.8 131 1.2 176  13.6 232 8.8 M
68 3.0 95 6.7 132 1.2 177 455 233 9.1

2Z A 1.9



39
40
41
43
44
50
51
52
53
55
63
64
65
67
69
77
78
79
81
85
87

% Abund.
68
1.3
6.3
8.4

1.1

3.4
l.3
28
6.5
1.9
1.0
2.9
4.9

10.2
3.7
l.1
2.1
1.6
3.6

1.0

Mass

Spectrum

of Peucenin.

/e
89
91
92
93
95

102
103
105
107
115
120
121
122
123
124
137
147
148
149
151

161

% Abund.
1.1
244
l.1
4.1
2.6
1.5
1.6
1.3
1.1
7.8
1.1
1.3

244

1.1
1.6
1.0
1.0
1.6
2.1

1.5

M/e
164
165
175
176
17T
189
192
193
201
203
204
205
206
207
216
217
218
219
227
229

230

% Abund.

1.0
361
1.0
1.9

36

749
1.9
246
2.1
2.4
100.0
13.6
- 1.6
1.6
82.2
749
3.6
24
246

2.4

/e
231
241
242
2453
244
245
246
258
259
260
261

262

% Abund.
5.0
445
1.1
8e4
2.3
25.3
442
1.3
442

41.6 M
T3
1.0



/e
39
40
41
42
43

50
51
52
53
54
55
56
57
58
63
64
65
66
67
68
69
70

12.1
3.0
13.4
2.2

1912

11.0
3.0
3.0
3¢5
33

3.8
1.9
545
2.5
11.2

1.1

Mass Spectrum of Allopeucenin.
M/e % Abund. M/e % Abund.
71 1.6 115 345
75 1.1 116 1.1
I 4ed 119 1.1
78 1.9 120 1.1
79 3.6 121 1.6
80 1.6 122 1.6
81l 2.7 123 5.8
83 1.6 124 1.1
85 2.5 133 1.1
89 1.1 135 1.1
91 6.0 136 1.6
92 2.2 137 1.6
93 3.8 147 1.4
94 1.1 148 1.4
95 2.5 149 1.6
96 1.1 151 1.9
99 1.4 165 2.7
101 1.4 173 1.4
103 1.4 175 2.5
105 2.2 176 5.8
107 1.6 177 245
108 1.6 189 1.6
109 1.9 192 3.0

M/e
193
201

203
204
205
206
207
217
218
219
227
229
230
231
241
243
244
245
246
259
260
261

262

% Abunde

1.1
1.6
340

100.0

17.3
2.5
2943
55
2.2
0.8
0.8
0.8
3.0
1.6
3.6
1.1
12.9
2.5
1.6
1.2 M
6.6

1.1



llass  Spectrum of Isopeucenin.

M/e % Abund. li/e % Abund. 1i/e % 4bund. M/e % Abund. M/e % Abund.

39 l4.4 69 11.3 99 443 136 1.2 207 344
40 4.1 71 1.4 100 1.0 137 1.4 217 377
41 16.1 73 1.2 101 1.4 147 le4 218 9.6
42 2.4 74 1.0 102 1.4 148 3.6 219 2.4
43 14.9 75 1e4 103 1.9 149 1.7 227 1.0
44 14.9 76 l.2 104 1.0 151 1.9 229 1.0
45 1.7 77 5.5 105 2.4 161 1.4 230 1.0
50 2.6 78 2.6 106 1.2 163 12 231 3.4
51 6.5 79 4.3 107 2.2 165 2.6 232 1.0
52 3.1 80 1.9 108 2.4 173 446 241 2.2
53 6.0 81 2.6 109 1.9 175 3.1 243 4.8
54 1.7 83 1.7 115 5.3 176 9.1 244 1.7
55 12.5 85 3.6 116 1.2 177 3.6 245 12.5
56 4.3 86 lo4 119 1.4 189 1.7 246 3.4
57 2.4 87 1.2 120 1.4 1922 5.8 259 2.4
62 1.2 89 0.0 121 1.9 193 3 1.9 260 52.1M
63 4.1 90 1.2 122 2.4 201 1.9 261 14.4
64 244 91 13.9 123 5¢5 202 4.1 262 2.2
65 5.8 92 4.1 124 1.2 203 48

66 2.9 93 543 130 1.0 204 2544

67 6.5 94 1.4 133 1.7 205 100.0

68 1.9 95 2.6 135 1.2 206  23.0



39
41
43
44
51
53
55
57
65
67
69
77
79
81
83
85
91
92
95
97

% Abunde
3.0
5.4
343
1.9
1.2
l.1
6.8

1.9

1.9
6.6
1.6
l.1
1.6
1.1
1.6
1.4
1.6
1.4
0.9

Mass

Spectrum

of Dihydropeucenin.

M/e
103
105
109
123
124
137
151
165
176
177
178
192
193
205
206
207
208
217
219

220

% Abund.
0.8
0.8
1.0
9.1
0.8
2.1
2.7
4.4
1.0
3.1
0.9
2.1
1.3

743
100
12.7
1.6
33
14.3

1.9

11/e
229
233
245
247
262

263

% Abund.

1.1

M/e % Abund.




Mass Spectrum of Dihydropeucenin-7-methyl ether.

- # o
M/e % Abund. M/e % Abund. M/e % Abund. /e % Abund. M/e % Abund.

39 943 68 1.5 93 2.6 135 1.8 202 549
40 2.8 69 6.6 94 l.2 136 1.1 203 3.0
41 15.2 70 2.5 95 53 137 1.4 204 2.5
42 3¢5 71 4.4 96 1.6 145 1.3 205 3.4
43 14.1 73 1.8 97 4.1 147 1.3 206 2.3
44 5.1 T4 1.1 101 1.9 148 3.6 207 1.2
50 1.8 75 2.5 103 1.2 149 8.0 216 1.4
51 4.5 76 1.3 105 2.6 150 1.8 217 6.8
52 2.2 77 5.3 107 l.8 ~ 151 1.1 218 1.8
53 3.8 78 1.6 108 1.6 156 1.5 219  86.7
54 1.5 79 3.3 109 3.0 161 2.9 220 100.0
55 9.6 80 1.6 110 1.8 163 1.7 221  13.2
56 4.5 81 6.1 111 245 175 1.6 222 1.6
57 9.4 82 2.0 115 2.0 176 3.8 231 2.2
58 4.2 83 4.3 117 1.1 177 2.2 2332 15.1
60 1.5 84 1.3 119 1.5 178 0.8 237 L 20
63 2.0 85 2.8 121 9.1 179 1.5 243 1.3
664 1.2 86  11.7 122 1.8 189 22.4 245 1.9
65 3.6 89 1.8 123 2e5 190 8.1 261 1.8
66 1.2 91 4.5 125 1.6 191 6.1 276 21.0 M




Mass Sbectrum of Dihydroheteropeucenin.

1i/e % Abund. M/e % Abund. 11/e ¢ Abund.
39 2.9 177 1.5
41 2.9 191 0.7
43 2.9 192 2.0
51 1.2 205 100
53 1.3 206 1244
55 2.1 233 0.6
63 0.8 262 17.5 M
65 1.3 263 2.8
67 1.2
69 4.2
77 1.1
9 1.3
81 1.1
93 1.1
99 0.9
123 0.9
136 0.9
137 1.4
165 15.8
166 1.2

176 0.6




Mass Spectrum of Dihydroheteropeucenin-7-methyl ether.

M/e % Abund. M/e % Abunde. M/e % Abunde M/e % Abund.

39 3¢5 121 4ol
41 443 136 1.9
43 4e2 149 4.3
51 1.8 161 1.1
52 1.2 176 2.9
53 1.2 177 1.1
55 1.5 179 2.8
63 l.1 189 8.2
64 0.8 190 1.2
65 2.4 206 1.5
67 1.6 217 0.8
69 349 219 100
17 1.9 220 13.8
79 1.6 221 1.6
80 0.8 261 0.2
85 1.0 276 22,3 M
91 1.3 277 3.8
93 1.7
105 0.8
107 0.9

108 1.4



Mass Spectrum of 2-Methyl-5-methoxy-6-formyl-7-hydroxychromone.

li/e % hbund. /e 5 Abund. /e % Abund. M/e % Abund. M/e % Abund.

36 2.8 65 5e2 102 1.4 135 2.0 187 1.6
37 3.2 66 5.8 103 7.6 136 14.2 188 642
38 6.4 67 11.6 104 2.0 137 3.6 189  10.4
39 21.0 68 1.4 105 2.8 145 444 190 2.8
40 2.2 69  38.0 106 l.4 146 1.8 191 3.2
41 4.6 70 1.6 107 2.0 147 9.4 192 8.0
42 3.8 T4 4.0 108 10.4 148 2444 193 1.6
43  28.4 75 2.6 109 1.8 149 4.6 203 14.0
44 8.0 76 2.4 110 1.6 150 1.4 204 3.4
50 6.4 77 7.8 111 1.4 151 2.4 205 50.4
51 12.0 78 3.4 117 1.4 152 1.4 206 100.0
52 6.0 79 5.0 118 1.0 159 2.4 . 207 14.2
53 11.6 80 5.6 119 2.6 160 39.0 208 2.0
54 2.6 81 1.8 120 3.6 161 6.0 215 1.2
55 6.6 85 4.0 121 2.4 162 1.8 216 846
56 1.0 89 2.4 122 1.4 163 3.4 217 8.0
57 2.4 90 2.6 123 6.2 164 2.0 218 1.8
59 2.4 91 5.6 124 1.8 165 1.8 219 13.6
60 1.6 92 3.6 125 2.6 175 4.6 220 1.8
61 2.8 93 5.2 131 2.4 176 13.6 233 10.0
62 6.8 94 2.8 132 4.2 177 29,2 234 24.0 M
63 10.0 95 6.8 133 2.8 178 344 235 3.2

64 3.6 96 1.0 134 2.0 179 1.6



67
68
69
14

Mass Spectrum of 2-Methy1-3~acetyl—5,7-dihydroxychromone.

% Abund.
19.3
1.8
5¢3
440
49.0
3.0
53
Te5
1.8
5.1
le4
6.5
2.3

400

3.5
49.0
3.3
270
l.1

1.2

M/e
15
1
78
79
83
89
91
93
95
96
91

103

107

108

109

111

116

123

124

125

136

% Abund.
1.2
2.8
2.6
2.6
1.2
1.2
l.4
1.2
1.6
53
1.1
1.8
5+9
1.8
1.8
246
248
4e2
946
1.2

1.8

M/e
137
152
153
154
155
160
163
164
177
178
187
188
189
191
192
193
205
206
215
216

217

% Abund.
1.9
16.1
TT9
6.1
0.9
1.1
4.9
1.9
2.3
0.9

0.9

1.2
1.9
13.1
1.2
345
1.4
1.2
26.3

5.1

M/e
218
219
220
221
233
234
235
236

% Abund.
0.9
100.0
11.2
1.2
37
86.1 M
11.4

1.2



36
38
39
40
41
42
43
44
50
51
52

53
54

55
60

62
63
64
65
66
67
68

Mass Spectrum of 2-Methyl-3-acetyl-5-hydroxy-7-acetoXychromone .

% Abund.
1.9
1.5
946
1.1
3.0
849

87 «6
845
2.8
45
1.3
2.3
0.8
3.0
1.7
1.7
3.0
0.8
1.7
2.6

29.4
1.5

M/e
69
14
75
76
77
78
79
83
85
89
90
91
92
93
95
96
108
109
110
111
123

124

% Abund.

14.7
1.1
1.1
0.8
1.9
1.9
1.9
1.9
1.5
1.1

0.8

0.8
0.8
1.3
2.1
l.1
1.1
0.8
1.1

6.8

M/e
134
135
136
145
147
148
149
152
153
154
160
162
163
164
187 "
188 O
191
192
193
205

206

216

% Abund.

1.1
1.3
1.3
0.8
0.8
l.1
0.8
6.8
32.1
2.1
1.1
0.8
3e2
l.1

0.8

1.3
10.9
1.3
4T
47
46 .8

M/e
217
218
219
220
221
233
234
235
276
277

% Abund.

942
1.3
100.0
12.8
1.5
4e5
57.6

6.8

46.4 M
6.6



38
39
41
43
44
50
51
52
53
62
63
64
65
66
67
69
74
75
76
7
79

% Abund.

1.1
2.9
1.0
33
1.6
2.3
4e4
1.0
1.8
1.2
2.9
1.8
1.0
1.0
1.2
2.7
1.8

1.9

1.8

242

Mass

Spectrum of 5-Norvisnagin.

M/e

80
91
92

103

108

119

120

121

131

132

135

145

147

148

149

159

160

161

176

177

187

% Abund.

1.0
1.1
343
1.2
4.1
1.0
9.6
1.0
1.5
2.9
33
1.0
1.0
Tel
1.1
1.1
648
1.0
21.6
442
Te5

M/e
188

216
217

218

% Abund.

1.8

100.0 M
135.0

1.5



38
39
41
42
43
44
50
51
52
53

55
60

62
63
64
65
66
67
69
74
75

% Abund.

1.6
4.6
1.1
049
6.2
2.5
2.5
3¢5
1.7
2.5
0.9
0.9
1.9
5.2
243
1.5
1.5
1.7
748
3.4

4.01

Mass

Spectrum of Norisovisnagin.

M/e
76
17
78
19
86
87
89
91
92
93
94

102

103

119
120
121
131
132
134
135
136

% Abund.
1.7
37
2.3

134
1.1
1.1
1.1
1.1
37
0.9
4.9
0.9
1.2
1.7
12.3
1.4
1.4
1.2
2.5
12.0

009

M/e
145
147
148
149
150
159
160
176
177
178
187
188
189
216
217

218

% Abund.

2.0
l.1
14.5
1.9
0.9
0.9
l.1
62.8
10.0
1.1
19.2
20.0
243
100.0 M
13.8

1.7



37
38
41
43
44
50
51
52
62
63
66
67
69
75
17
19
91
94
96
107

119

% Abund.

4.1
0.9
2.4
2.2
1.1
1.7
1.2

0.9

1.4
3.0
2.3
0.9
1.2
1.4
1.1
0.9
32
l.1

l.1

Mass Spectrum of Khellinol.
M/e % Abund. M/e % Abund.
123 1.2
163 18,2
164 1.5
175 0.9
176 1.1
177 0.9
187 0.9
191 8.8
192 1.1
202 0.9
203 1.1
205 1.2
217 le4
221 1.2
230 1.4
231 100.0
232 13.3
233 1.7
246 37.9M
247 5.8



M/e % Abund.

37
38
39
40
41
42
43
44
50
51
52
53
55
56
57
58
61
62
63
64
65
66
67

1.8
3.6
1247
2.2
2.7
1.5
25.2
7.6
9.1
21.8

244

1.8
1.1
1.8
1.6
1.8
6.7
944
1.8
2.0
1.8

8.9

/e
68
69
72
73
14
75
76
7
78
79
80
85
86
87
88
89
90
91
92
93

100

101

102

Mass Spectrum of Visnagin.

% Abund.
1.1
6.7
2.5
1.6
7.8

10.0
Te6
53
2.0
4.7
1.8
1.8
3.1
6.9
2.2
3.3
1.3
2.2
1.1
1.1
4e4
2.2

27

M/e % Abund.

103
104
105
107
115
116
117
118
119
120
127
128
129
130
131
132
133
134
135
136
143
144
145

561
4.2
1.7
2.2
11.6
3.1
2.2
1.1
4.9
l.1
1.1
2.9
1.3
1.3
2.0
12.0
6.9
2.9
1.6
1.1
1.1

242

4.4

/e
146
147
148
149
155
156
159
160
161
162
171
172
173
174
175
176
184
185
186
187
196
200

201

% Abund.

1.1
842
1.1
1.1
1.1
1.1
2.0

334
7ol
1.6
4.7
3.3
2.2
2.0
2.5
1.3

4749
6.9
2.2
3.3
1.3
6.0

80.0

M/e
202
203
212
213
214
215
216
219
227
228
229
230
231

232

% Abund.
11.4
1.6
2.5
649
1.3
1.1
2.5
1.8
3.1
1.1

2647

100.0 M

14.3

1.8



37
38
41
43
50
51
55

51
61

62
63
64
65
66
67
69
73
14
75
76
77
80

81

% Abund. M/e % Aburd. M/e % Abund. M/e % Abund. M/e % Abund.

1.8
2.8
1.5
1.8
1.8
343
55
l.2
1.7
1.8
2.6
1.0
2.0
1.7
1.3
5.8
1.8
242
5.1
2.4
2.0
1.5

1.2

83
86
87
88
89
90
91
92
93
100
101
102
103
104
105
107
108
109
115
116
117
118

119

Mass

Spectrum of Khellol.

3.8
2.5
53
2.7
3.8
1.7
4.2
1.3
1.3
1.7
343
2.8
4.0
3.2
2.2
1.8
13
1.2
6.7
6.5
2.3
2.0

4.8

123
129

130
131
132

133

134
135
142
143
144
145
146
147
148
150
159
160
161
162
170
171

172

342
342
1.8
6.0
11.3
5.0

5.8

1.7

1.3
3.0
4.0
4.5
1.5
11.6
1.3
1,2
6.2
17.8
10.0
1.8
1.8
23.3
3.3

173
174
175
176
185
186
187
188
189
190
191
198
199
200
201
202
211
215
216
2¥7
218
219

228

3.2
1.3
243
1.8
1.3
3.3
14.6
2.5
33
1.7
2.5
2.3
2.6
2043
5.0
2.5
1.3
6.8
5.8
584
943
1.3

4'0

229 4.1
230 1.8
231 1.0
232 1.0
243 1.3
244 5.0
245  25.3
246 100.0 M
247  14.8
248 1.8



37
38
39
40
41
43
44
50
51
52
53
55
61
62
63
64
65
66
67
68
69
73
14

% Abund.
1.5
4.9
842
2.2
1.1
8.3
2.7
3.2
5¢5
1.8
345
1.5
2.3
4.7
542
1.2
3.0
9.1
6.1
2.0
2.3
1.8

345

M/e

75
76
TT
78
9
80
81
83
86
87
88
89
90
91
92
93
94
95
101
102
103
104

105

442
243
9.1
4.7
247
l.1
4.2
243
1.5
342
1.2
342
4.9
4.1
41
2.9
T0
446
343
342
1.7
1.2

12.1

Mass Spectrum of Khellin.

% Abund. M/e

106
109
115
116
117
118
119
120
121
122
123
130
131
132
133
134
143
145
146
147
148
149
150

% Abund.
3¢5
244
1.7
1.4
1.5
3.8
549
1e4
247
1.7
1.5
543
1.7
1.2
244
548
2.1
1.8
1.7

13.6
1.7
3¢5
2.3

M/e
151
152
159
160
161
162
163
171
173
174
175
176
177
178
187
188
189
190
191
201
202
203
205

% Abund. M/e % Abund.

1.2
2.7
1.7
2.0
3¢9
3.8
1.8
1.2
3.3
2.6
12.9
1.8

24.1

2.1
1.1
2743
4.2
1.7
3.1
Te3
1.7

206
214
215
216
217
218
219
227
228
229
230
231
232
233
243
244
245
246
247
259
260
261

262

0.9
343
64

TTeT

44.8
6.1
1.1
Te9
2.1
1.2
2.9

379
6.1
1.1
2.1
2.1

97.0

14.4

2.0

100.0 M

15.8

2.3



Mass Spectrum of Ammiol.

ii/e % Abund. /e % Abund. 1i/e % Abund. M/e % Abund. M/e % Abund. M/e % Abund.

37 1.5 67 4.8 101 3.5 136 3.0 176 ,.q

221 2.3
38 2.0 69 T3 102 13 BT 10 197 336 30 3.5
390 9.1 70 1.3 103 2.3 138 1.8 175 1.4 231 9.9
40 1.3 71 18 104 1.8 143 2.0 4146 1.8 232 41.4
41 5.8 73 2.8 105 10.1 144 1.0 447 5¢3 233 19.4
42 2.8 74 38 106 2.8 145 3.5 1gs 1.5 234 6.1
43 114 75 546 107 1.8 146 1.8 189 3.8 243 5.6

44 2042 76 2.8 109 2.3 147 10.1 199 1.8 244 1.8
45 4.0 77 6.6 115 2.8 148 2.0 191 2.8 45 4.6
50 4.0 78 2.8 116 2.5 149 5.1 192 446 246 2.8
51 6.3 79 2.5 117 2.0 150 3.5 201 5.6 247 35.4
52 1.5 81 3.8 118 2.5 151 1.5 202 348 248 5.3
53 5.3 83 7.3 119 5.3 152 1.0 203 1504 259 3.9
55 848 86 1.5 120 1.5 155 4.3 204 2.9 260 2.8
5% 2.0 87 3.8 121 2.3 15 3.8 205 18.9 261 100.0
57 3.8 88 2.0 122 1.5 160 2.5 206 3.3 262 15.1
59 1.5 89 4.0 123 2.3 161 3.0 207 1.3 263 2.3
60 2.0 90 3.8 124 1.8 162 348 214 1.3 274 2.3
61 2.5 91 4.0 130 1.0 163 3.0 215 3.3 275 4.6
62 5.6 92 2.8 131 3.0 164 2.0 216 5.3 276 89.1 M
63 6.3 93 2.5 132 1.5 171 1.8 217 5.3 277 13.1
64 1.5 94 5.6 133 3.0 173 106 218 2.9 278 2.0
65 3.0 95 6.6 134 5.0 174 2.5 219 8.3

66 8.1 96 1.0 135 1.8 175 T¢6 220 1.3



38
39
41
43
44
50
51
53
55
57
62
63
65
67
69
14
75
76
7
78
79

% Abund.

3.2
1.5
6e4
342
1.7
2.0
1.7
1.5
1.5
1.7
3.7

1.0

4.0
3.0
54
2.0
2.4
1.0

1.2

M/e
91
92

101

102

103

104

111

115

119

120

131

132

133

145

147

148

149

159

160

161

162

Mass

Spectrum of Isovisnagine

% Abund.

1.7
1.0
342
1.2
1.2
1.0
1.0
1.0
54
1.0
2.0
2.0
1.0
1.2
11.4
1.2
1.2
2.0
1.5
1.2

5.0

M/e

172
175
176
186
187
188
190
191
201
202
230
231

232

% Abund.
1.0
6.2
1.5
1.0

30.4
4.0

3Q.4
5.0
3.2
4.0

100.0 M
15.1

2.0
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CHAPTER 3.
THE MASS SPECTRA OF TETRACYCLIC TRITERPENES.

Introduction.

The triterpenes form a group of natural products which are
considered to be derived by various cyclizations of squalene. The
triterpenes, therefore, contain about thirty carbon atoms, and can be
divided into the two main groups of tetracyclic and pentacyclic
triterpenes. Although the tetracyclic triterpenes are closely related
to steroids, in that both classes of compounds contain the
perhydrocyclopentanophenanthrene skeleton, it is only in recent years
that many of the structural problems associated with the tetracyclic
triterpenes have been solved.

The present study is mainly concerned with the sub-groups of
tetracyclic compounds that are related to lanostane (I, Fig.I) and
euphane (II, Fig.I). Other compounds in these groups may be derived
by modification of the rings and side chains by various oxygen
containing functions and carbon-carbon double bondse.

The system of numbering and naming tetracyclic triterpenes is
based upon the nomenclature rules for steroids, and is illustrated in
Fig.I for lanostane. Substituents that are above the plane of the
rings, i.e., cis to the C-19 methyl group are described asﬂ ; while

those below the plane of the rings, i.e., trans to the C-19 methyl
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are Ol In the diagrammatic representation of such compounds,
substituents that are ﬁ are attached to the ring by a thick line,
those that are X by a broken line. Many of the compounds examined in
this work have been named as derivatives of the acetates of lanostenol
(III, Fig.II) and euphenol (IV, Fig.II).

The three fused cyclohexane rings of lanostane can adopt a chair:
chair: chair conformation, whereas the rings of euphane must adopt
a chair: chair:boat conformation. The energy difference between the
chair and boat forms of cyclohexane has been estimated as 5.5
kgal./mole,1 and it is accepted thaty because of this energy difference,
compounds which contain cyclohexane rings will exist in chair
conformations if possible.

It is to be expected, therefore, that compounds with an all chair
conformation will be thermodynamically more stable than compounds
which are forced to adopt a boat conformation in one of the rings.
Thus it is found that euphenol, on treatment with acidg’3 rearranges
to iso-euphenol (V, Fig.II) the rings of which can exist in the chair
conformation. The driving force for this rearrangement has been
attributed3 to the lessening of conformational straine. No
corresponding rearrangement is known in the lanostenol series of

compounds as such a rearrangement would lead to a conformationally

unfavourable structure.3
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4

It has been shown' that certain features of the mass spectra of
cis - trans isomers can be related to their thermodynamic stabilities.
Thus, it is a general rule that the abundance of the molecular ion of
a cis isomer is smaller than that of the corresponding trans isomer,
which usually parallels the relative stabilities of the compounds.4
However, some exceptions are known; for example, the abundance of the
molecular ion of cis - hexahydroindane is smaller than that of irans -
hexahydroind.ane,5 although the cis isomer is the thermodynamically
more stable.6

It might be expected, therefore, that a similar effect would be
observed in the mass spectra of the lanostane and euphane types of
compounds, even although they are not c¢cis - trans isomers.

The mass spectra of the tetracyclic triterpenes were determined
with a two-fold objective; firstly, to examine the fragmentation of
such compounds, and secondly, to investigate the possibility of
relating any differences in their mass spectra with conformational

effectse.

Discussion.

The mass spectra of euph-8-enyl acetate and lanost-8-enyl acetate
are characterized by a lack of specific fragmentation of the tetracyclic
ring systeme. The only important ions in their spectra are the

molecular ion, the (M-CH5)+ ion, and the ion formed by the loss of



51.
acetic acid from the (M-CH3)+ ione
The mass spectra of steroids which have a C-17 side chain contain
an abundant ion corresponding to the loss of the side chain plus 42

T

mass units, ' and the evidence available at present indicates that
this fission proceeds with the loss of the C-15, C-16 and C-17 carbon
atoms.8 It is a reasonable assumption that, as the strain associated
with the crowding at the C/D ring junction would be relieved, such
fragmentation would be an important process in the mass spectra of
lanostenyl acetate and euphenyl acetate. However, it is found that
no ion corresponding to cleavage through ring D is formed.

The abundance of the molecular ion of lanostenyl acetate is

2.2% 2:39, whilst that of euphenyl acetate is 1.7% > in agreement

39’
with their expected thermodynamic stabjilities. Loss of a methyl
radical from C-18, C-19 or C-32 would result in stabilization of the
positive charge by the A8 double bond in the (MFCH5)+ ions. The
abundance of the (M-CH3)+ ion of the more congested isomer, euphenyl
acetate, is 7.5% §E39, the corresponding value for lanostenyl acetate
being T.2% Z 39°
As it is known that euphenyl acetate rearranges to the more stable
iso-euphenyl acetate, it is to be expected that the molecular ion of

iso-euphenyl acetate will be more abundant than that of its isomer.

The mass spectrum of iso-euphenyl acetate is in good agreement with
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this prediction, the abundance of the molecular ion amounting to
5+0% 2:59. The loss of a methyl radical is a much less probable
process, the abundance of the (M—CH3)+ ion being 0¢5é239. In spite
of the fact that it is formed by a vinylic fission, the ion
corresponding to the loss of the C-17 side chain, m/e 357, is of major
importance (2.3%2:39) in the mass spectrum of iso-euphenyl acetate.
Subsequent decomposition of m/e 357 with loss of acetic acid yields
m/e 297 (m" calculated for 357 =>2977 = 271.2; observed 271.2)

Cleavage of the bonds in ring C that are allylic to the 13(17)
double bond and concomitant transfer of a hydrogen atom, results in
the formation of the ions m/e 263, containing ring A, and m/e 207,
containing ring D. Fission of the 8:14 and 9:11 bonds, i.e., at the
B/C ring junction yields the ions m/e 249 and m/e 220 for the ring A
and ring D containing products respectively. Metastable ions of

m/e 1567 and m/e 143.5 corresponding to the transitions

+ + *
263 —>203" + 60 (m calculated 156.7)

+ + *
and 249"—>189"° + 60 (m calculated

1]

143.4)

confirm that the ions of mass 263 and 249 do contain ring A.

Three compounds with a zﬁ? double bond were available for study,
namely, lanost-7-enyl acetate, 9ﬁ'-euph-7-eny1 acetate and
9 X -euph-7~-enyl acetate (dihydrobutyrospermyl acetate). The mass

spectra of lanost-T-enyl acetate and 9 -euph-7-enyl acetate are very
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similar to each other and to the spectra of euph-8-enyl and
lanost-8-enyl acetates. The abundances of the molecular ions are 1.8
and 1.9%259 for the euphene and lanostene compounds respectivelye.
However some steric influence on the fragmentation of these compounds
is evident from the abundance of the (M-CH5)+ ion, which is 9.0% 239
for 9« ~euph-T7-enyl acetate and 5.7% 259 for lanost-7-enyl acetates

Retro-Diels-Alder decomposition, a reaction which is a prominent
feature of the mass spectra of certain pentacyclic 9and tetracycliclo
triterpenes, yields the charged diene, m/e 288, of very low abundance
in both spectra.

A comparison between the two derivatives of euphenol is possible
as the 9X compound, dihydrobutyrospermyl acetate, has a boat form in
ring C, while the 9/5 isomer adopts an all chair conformation. Thus,
in agreement with the expected thermodynamic stabilities of these
compounds, it is found that the abundance of the molecular ion of
9 B -euph-T-enyl acetate is 3.3% 239, which is greater than that
(1.8% 239) that of dihydrobutyrospermyl acetate. The abundances of
the (M—CH3)+ and (M-CHS-CH3002H)+ ions are smaller,in the spectrum of
the 9,5 compound, than the abundances of the corresponding ions in the
spectrum of the 9o¢ isomer; however, at lower masses the reverse

situation occurs. Thus abundant ions are observed at m/e's 357, 315,

397, 288, 270 and 255 in the mass spectrum of 9/3 -euph-T-enyl acetates
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The ions of mass 357 and 315 arise by loss of the side chain and by
loss of the side chain plus 42 mass units respectively. BEach of
these ions can eliminate a molecule of acetic acid, m/e 357 forming
m/e 297 (n" calculated for 357%—297% = 247.0; observed 247.0), and
m/e 315 forming m/e 255 (m* calculated for 3157—2557 = 206.4;
observed 206 - 207).

The ion at m/e 270 arises from decomposition, with loss of acetic
acid, of m/e 330 which is formed by fission of the 13:17 and 15:16
bonds, & cleavage previously noted in the mass spectra of C-17
substituted steroids.ll

The mass spectra of lanost-9(1l)-enyl acetate and euph-9(1ll)-enyl
acetate are very similar to each other and to the spectra of the
isomeric compounds containing a C-7(8) or C-8(9) double bond. Thus
loss of a methyl radical and loss of acetic acid from the (M-CH3)+ ion
are the only important features in the spectra of these compounds.

No ion corresponding to the monoene or diene produced by retro-Diels-
Alder fragmentation is observed in the spectra of either of the

é}?(ll) .

isomers.

The additional stability conferred on the molecular ion by the
presence of a conjugated diene is evident from the abundance
(9.7% 239) of the molecular ion of eupha-7,9(1l)-dienyl acetate.

Identification of metastable ion transitions (Table I) confirmsthat
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the four fragmentation schemes shown below are possible for

eupha-7,9(11)-dienyl acetate.

(1) 468, Mt

/N
355" 408" (1-60)"
N\

a9s5"

(2) 468, M

e

313, 3147

S

253

+9 (M’60)+

(3) 468, Mt

(4) 453, (u-CH,)"

/ \ 393"
N

Scheme (1) involves loss of the C-17 side chain, whilst (2)

(@)

30
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Scheme

Scheme

(1)

(2)

(3)

(4)

TABLE TI.

Transition

+ +

468" —» 408
468" —> 355"
355" — 2957

468" — 313"
468" — 314"
313t — 2537

408" — 2537

468t — 288"

oggt— 208*

453% — 300"

300t — 240"

+

+

+

60
113

60

155
154

60

155

180

60

155
60

*
Observed m

*
Calculated m

35549
25849
241.5

209.5
210.9
204 .5
157.0

1773
180.6

199.0
192.1

5557
25849
241.5

209.3
210.7
204.5
156.9

1773

180.6

198.8

192.0
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corresponds to the loss of the side chain plus 41 (m/e 314) and 42
mass units (m/e 313).

The ion of mass 288 in scheme (3) must contain ring A as it
subsequently decomposes with the loss of acetic acid, and, therefore,
must be formed by cleavage of (a) the 11:12, 13:14 and 15:16 bonds;
or (b) the 12:13, 13:14 and 14:15 bonds; or (c) the 8:14, 13:14 and
13:17 bonds. Each of these processes (a— c) requires the transfer
of a hydrogen atom to the product ion. Of the possibilities (b) seems
the most likely as it involves cleavage of bonds which are allylic
to the double bonds. Similarly, fragmentation across rings C and D
has been noted in the mass spectra of compounds related to the 157
pentacyclic triterpene, bauerene, and of compounds derived from the
[5?(11) triterpene arborene.9

The ion of mass 300 in scheme (4) is formed by loss of the C-17
side chain plus 40 mass units from the (M%CH3)+ ion.

The mass spectrum of lanost-7-en-3-one is almost identical to
that of 9 B -euph-T-en-3-one. The major differences occur in the
abundances of the molecular and (M-CH5)+ ions. Although both
compounds can adopt an all chair (or quasi-chair) conformation, it is
found that the molecular ion of 9ﬁ;-euph-7-en-3—one is more stable

than that of its isomer, the respective abundances being 2.6%239 and

1uﬁ6z39. This result is in good agreement with the relative
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stabilities of lanost-7-enyl acetate and 94 -euph-7-enyl acetate. Thus
the ratio of the abundance of the molecular ion of 9/B-euph—7—enyl
acetate to that of lanost-T-enyl acetate is 1.7/1; the corresponding
ratio for 9 -euph-7-en-3-one and lanost-7-en-3-one is 1.8/1. This
quantitative agreement may be rather fortuitous, but it does demonstrate
that the compounds derived from 157;euphene are the more stable to
electron bombardment.

Release of steric crowding on fragmentation would account for the
differences in the abundance of the (M-CH3)+ ions. The abundance of
this ion in the spectrum of the less stable isomer (lanost-?—en-B-one)
is 6.2% 239, that of 9 A -euph-T-en-3-one is 2.8%239.

At lower masses both spectra contain peaks at m/e 313, 286, 271
and 245. Loss of the C-17 side chain is responsible for the formation
of m/e 313. "Steroid-type" fragmentation with loss of the side chain

7

plus 42 mass units' yields the ion of m/e 271l. Precise mass
determination confirmed that the compositions of the ions m/e 286 and
n/e 245 are 020H300 and 017H250 regpectively. Hence both ions contain
ring A. The ion of mass 286 can be readily derived by fission of the
13:17 and 15:16 bonds of ring D. As the ion m/e 245 contains ring 4,
it must be formed by fragmentation across rings C and D. Cleavage of

the 12:13, 13:14 and 14:15 bonds, a process suggested to occur in the

mass spectrum of eupha-7,9(11)-dienyl acetate, results in the formation
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of an ion of mass 245 and composition Cl7H25O.

It has been shownl2 that the main features of the mass spectrum
of 5 X-androstan-ll-one (VI, Fig.III) can be rationalized in terms of
charge localization on the carbonyl group followed by cleavage of the
bonds K or ﬁ to the carbonyl group. If the same processes occur in
the mass spectrum of an ll-keto tetracyclic triterpene it is possible
to predict, by calculation of the appropriate mass shift, the ions
which should appear in the spectrum of, e.g., ll-ketolanostanyl
acetate (VII, Fig.III). A comparison of the predicted and observed
ions is given in Fig.IV.

From Fig.IV it is seen that with one exception every process
which results in the formation of an ion in the mass spectrum of
androstan~ll-one is also responsible for the formation of an ion in
the spectrum (Fig.Va) of ll-ketolanostanyl acetate. That the
observed ions do, in fact, have the correct elemental composition was
confirmed by high resolution mass spectrometrye.

Although there is a good qualitative agreement between the
predicted and observed ions, it can be seen that several processes are
less important even on a rough quantitative basis. This is not
entirely surprising as it was found that about 50% of the hydrogen
transferred in the formation of the ions, m/e 164, 151 and 177, in

the spectrum of androstan-ll-one originate from C-4.12 The absence of
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hydrogen atoms on C-~4 would then explain the reduced importance in the
mass spectrum of ll-ketolanostanyl acetate of the ion m/e 290 which
corresponds to the ion m/e 164 in that of androstan-ll-one. This
argument, however, should apply equally well to the formation of the
ions of mass 277 and 303 in the spectrum of ll-ketolanostanyl acetate.
The fact that the fission which gives rise to the ion m/e 303 is of
equal, rather than smaller, prominence means that factors other than
the availlability of hydrogen atoms must be taken into consideratione
For example, the increased abundance of m/e 263 and 303 can be
attributed to the release of steric crowding of the molecule which
accompanies their formatione

The mass spectrum (Fig.Vb) of ll-ketoeuphanyl acetate (VIII,
FigeIII) shows some interesting differences from that of the isomeric
lanostane compound. The most remarkable difference is the almost
complete absence of the ion of m/e 263 in the spectrum of
ll-ketoeuphanyl acetate. It has been shown that the formation of the
corresponding ion in the spectrum of androstan-ll-one, m/e 177, can
be explained on the basis of the initial fission of the 11:12 bond;
migration of the C-9 hydrogen atom via a six-membered transition state
to C-12; and subsequent homolysis of the 8:14 linkage (Fig.VI).12

Recent studies with deuterium labelled 11-,12 12-,13 15-14 and

16-keto steroids15 have indicated that the Mclafferty rearrangement
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of ketones will only take place if the interatomic distance between
the carbonyl group and the itinerant hydrogen is less than 1.83.

It is, therefore, a reasonable assumption that, if the mechanism
shown in Fig.VI can be applied to the formation of the ion m/e 263
in the spectrum of ll-ketolanostanyl acetate, the C-9 hydrogen atom
and the C-12 carbon atom must attain a minimum separation of
approximately 2 l. The interatomic distance between the C-9 hydrogen
and the C-12 carbon atom is approximately 3 Z in the intact molecule.
Hence, if this distance is maintained after initial homolysis of the
11:12 bond, rotation about the 8:14 bond is required for the centres
involved in the hydrogen transfer Treaction to approach each other by
about 2 Z. However, Drieding models show that rotation about the
8:14 bond of the ion, from ll-ketoeuphanyl acetate, corresponding to
a (Fig.VI) produces overlap of the C-18 and C-7 hydrogen atoms before
this separation can be attained. Thus transfer of the C-9 hydrogen
atom and the subsequent formation of the ion m/e 263 may be prevented.

It is also of ibterest that, when the spectrum of ll-ketoeuphanyl
acetate was determined under high resolving power conditions, the ion
of mass 277 was found to be composed of two different species which
were present in equal amounts. One species corresponded to the
expected fragment, C19H330’ while the other corresponded to Cl7H2503‘

On the other hand, this ion in the spectrum of ll-ketolanostanyl
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acetate was found to be composed of the 019H330 species only. The
C17H2503 fragment may be readily formed by fission of the 12:13 and
8:14 bonds and concomitant transfer of a hydrogen atome. The driving
force for this cleavage can be attributed to the release of the strain
at the C/D ring Jjunction which accompanies the formation of the
017H2505 ione.

In addition, the mass spectrum of ll-ketoeuphanyl acetate contains
an ion of mass 293. No ion of this mass is observed in the spectrum
of the corresponding compound derived from lanostane. Precise mass
measurement showed that the composition of m/e 293 is 018H1903’ and
that it, therefore, contains ring A. It may be derived by fission of
the 11:12, 13:14 and 14:15 bonds, i.e., across rings C and D, thus
demonstrating that an unfavourable fragmentation can be produced by
steric effectse.

Although it is expected that ll-ketoeuphanyl acetate will be the
thermodynamically less stable isomer because of the chair:chair:boat
conformation it is forced to adopt, the abundance of its molecular ion
was found to be greater than that of ll-ketolanostanyl acetate. The
respective values are 1.4% 239 and 0.9%239.

The mass spectrum of 3,ll-diketolanostane fully confirms the

behaviour to electron impact of an ll-ketolanostane derivative. Thus

the ions of m/e 303, 290 and 277 which are present in the spectrum of



Abundasice

Relative

1007 =ig, VIIa,

277

50+

306 440

200 300

1001 Fig, VIIb.

277

" 1 A 1 L AL
| 1 ] T 1 t I i T T [ 1 I 1 ! ]
400

500

do e " 400
3
200 m/e

FigeVila: lMasgs Spectrum of 7,ll-Diketosuphanyl acetate

Fig.,VIIb: Mass Spectrum of 7,ll-Diketolanostanyl acetate




62

ll-ketolanostanyl acetate are also observed in that of
5y1ll~diketolanostane; whereas the ion of mass 263 in the spectrum of
ll-ketolanostanyl acetate is shifted by 44 mass units to m/e 219 in
the spectrum of the diketo compound. In other words the fragmentation
of the molecule is still directed by the 1ll-keto function. However,
one new mode of fragmentation is observed in the spectrum of
3,11-diketolanostane. An abundant ion at m/e 414 corresponding to
(M-28)+ was proved, by the use of high resolution mass spectrometry,
to be formed by the loss of a molecule of carbon monoxide.

In contrast to the behaviour of ll-ketolanostanyl acetate and
ll-ketoeuphanyl acetate, it is foun& that the abundances of the
molecular ions of 7,1l-diketolanostanyl acetate and 7,1ll-diketoeuphanyl

respectively, are in agreement

acetate, which are 2.8% 2. and 1.2%Z3

39 9
with the expected relative stabilities of the compounds. It might be
expected that the mass spectra of the diketo derivatives will exhibit
enhanced fragmentation of ring B as the additional carbonyl group at
C-7 provides extra sites where favourable cleavages may take place.

Thus, although the ion of m/e 277, which is the most abundant ion
in the spectrum (Fig.VIIa) of 7,1ll-diketoeuphanyl acetate and which is
also an important ion in that (Fig.VIIb) of 7,1l-diketolanostanyl

acetate, could be formed by a process analogous to that resulting in

the formation of m/e 263 in the spectrum of ll-ketolanostanyl acetate,
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it is found that the composition of m/e 277 is 019H5OO' Therefore the
ion of mass 277 is formed by cleavage of the 9:10 and 7:8 bonds of
ring B and concomitant transfer of a hydrogen atom. The alternative
mode of formation of the ion m/e 277 by fission of the 11:12 and 8:14
linkages could have been excluded for 7,ll-diketoeuphanyl acetate
without the use of high resolution mass spectrometry as this process
only occurs to a very small extent in the mass spectrum of
ll-ketoeuphanyl acetate,

The ion of mass 306 which is present in both spectra is also
formed by fission through ring B. Thus it arises by cleavage of the
9:10 and 6:7 bonds, the positive charge remaining with the ring D
portion of the molecule.

Another ion which is common to the spectrum of 7,ll-diketolanostanyl
acetate and to that of the isomeric euphane derivative is m/e 251,
Cleavage of the 9:11 and 8:14 linkages results in the formation of two
species each of mass 250, but differing in chemical composition. The
composition of the fragment containing ring 4 is 015H2203, whereas that
of the portion containing ring D is Cl7H300' Thus it is possible that
the ion m/e 251 consists of two species each arising from fission at
the B/C ring junction accompanied by the transfer of a hydrogen atom.
Precise mass measurement confirmed that both species are formed and
that 90% of the abundance of the ion m/e 251 is contributed by the

Cl5H2303 jon. A metastable ion at m/e 145.3 in the mass spectrum of
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7,11-diketolanostanyl acetate shows that m/e 251 can decompose with
the loss of acetic acid from the ClSH2503 species (m* calculated for
251751917 - 145.3; observed 145.3).

As many of the major fragmentation processes of an ll-keto
triterpene take place by initial cleavage of the 9:10 bond, it can be
predicted that these fragmentations would be suppressed by the presence
of a ZB? doublg bond, as in addition to producing unfavourable vinylic
cleavages, hydrogen atoms which can take part in rearrangement
reactions are no longer presente.

Observation of the shifts in mass of the ions in the spectra of
ll-ketoeuph-8-enyl acetate (IX, Flg.VIII) and 3,1l-diketoeuph-8-ene
(X, Fig.VIII) allows structural assignments to be made for some of the
ions. Thus, the ions observed at m/e 332, 303 and 277 in the spectrum
of ll-ketoeuphenyl acetate are shifted by 44 unit; to lower mass values
in the spectrum of 3,ll;diketoeuphene, i.e., to m/e's 288, 259 and 233.
Hence each of these ions contains ring 4.

As the ion of mass 332 in the spectrum of ll-ketoeuphenyl acetate
contains ring A the neutral fragment must contain the elements of the
side chain plus 39 mass units. The simplest way to extract the 39
mass units would be from ring D, although the usual fragmentation of
ring D involves loss of the side chain plus 42 mass units.

The origin of the ions of m/e 303 and m/e 259 in the spectra of
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ll-ketoeuphenyl acetate and 3,1ll-diketoeuph-8-ene respectively can be
readily interpreted in terms of charge localization on the 1ll-keto
group, followed by homolysis of the 11:12, 13%3:14 and 15:16 bonds
(Fig.VIII).

The remaining process common to both spectra involves cleavage of
the 8:14 and 12:13 linkages accompanied by the transfer of a hydrogen
atom to the charge bearing product. This fission gives rise to the
ions m/e 277 and 233 in the spectra of ll-ketoeuphenyl acetate and
5yll-diketoeuphene respectively.

It is thus seen that, as expected, the main features of the mass
spectra of ll-ketoeuphenyl acetate and 3,1l1-diketoeuph-8-ene are

fragmentatione of ring D and not of ring B.

The mass spectrum of 3,ll-diketoeuphene contains an ion, m/e 412,
which was shown by high resolution mass spectrometry to correspond to
(M-CO)+. A metastable ion at m/e 285.5 confirms that the ion of mass
412 can fragment with the loss of 69 mass units (m* calculated for
412¥— 33" - 285.5), which was proved to be C5H9 by exact mass
measurement. Thus the ion of m/e 343 corresponds formally to the loss
of the four carbon atoms of ring A, although it is formed by a two-step

Loss of the carbon atoms of ring A which occurs in the mass

17

process.

spectra of coprostan—B-one11 and 5 X-androstan-3-one is known to be

a process that is extremely sensitive to slight structural changes.
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For example, neither cholestan—B-onell nor 4,4-dimethyl-5 -~androstan-
3-one18 exhibit this fragmentation when subject to electron impacte.

The two ions of greatest abundance in the mass spectra of
T-ketoeuph-8-enyl acetate and 3,7-diketoeuph-8-ene are the molecular
ion and the (M-CH3)+ ion. However, many of the low abundance fragment
ions can be assigned structures by the appropriate mass shift in the
two spectra. Thus, the ions of mass 327, 313, 285, 271, 259 and 234
in the spectrum of 3,ll-diketoeuphene appear at m/e's 371, 357, 329,
5315, 303 and 278 in that of T7-ketoeuphenyl acetate respectivelye.

Loss of the side chain and of the side chain plus 42 mass units
from the molecular ion is responsible for the formation of the ions
m/e 327 and 285 in the spectrum of the diketone.

Elimination of the side chain less one hydrogen atom from the
(M-CH3)+ ion yields m/e 313, while expulsion of the side chain plus 41
mass units from the (M-CH3)+ ion yields m/e 271 in the spectrum of
3,11-diketoeuph-8-ene.

The remaining fissions common to both spectra also involve
cleavage at the C/D ring junction. Thus the ion m/e 257 can arise by
initial homolysis of the allylically activated 11:12 bond with
subsequent collapse of the 13:14 and 15:16 bonds. The most probable
mode of formation of m/e 234 is by fragmentation of the 12:13% and 8:14

linkages and concomitant transfer of two hydrogen atoms to the ring

A/B portion of the molecule.
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Conclusionse

The mass spectra of the tetracyclic triterpenes have shown that
the presence of a [&7, z§8 or 459(11) double bond is not sufficient
to produce specific fission of the tetracyclic ring system of these
compounds. However, it is found that those compounds which contain
a carbonyl group in rings B or C undergo cleavage through the rings
when subject to electron bombardment. Thus the mass spectra of such
derivatives may be of more use in the determination of structural
features.

In addition it was found that, with one exception, the compounds
which are derived from lanostane ar; more stable to electron impact
than the corresponding compounds derived from euphane, a result which
could have been predicted from consideration of the conformations of

the rings of the compoundse.
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70.

EXPERIMENTAL.

The mass spectra were determined using an A. E. I. M. S. 9
double-focusing mass spectrometer. The source temperature was
maintained at 200°C and the energy of the electron beam was 70eV.

A direct inlet system was used to introduce the samples.
The mass spectra of the compounds examined are tabulated overleaf.

The author gratefully acknowledges the generous gift of samples

from Dr. W. Lawrie.



39
41
42
43
44
53
55
56
57
58
67
69
T0
71
T2
7
79
80
81
82
83
84

% Abund.
1.7
27.6
1.2
45.6
1.4
1.4
22,2
1.5
17.8
0.7
6.9
30.0
1.9
9.7
0.7
1.8
5.7
0.8
12.4
1.6
15.7

1.1

MASS SPECTRUM OF LANOST-8-%NYL ACETATE

M/e
85
91
92
93
94
95
96
91

105

106

107

108

109

110

111

112

115

117

118

119

120

121

% Abund.
3.0
6.8
1.1

11.0
2.1
24.8
10.9
1.0
12.4
2.1
15.0
2.5
15.6
1.7
7.2
0.7
1.0
3.0
1.1
17.9
3.3
15.9

M/e
122
123
124
125
128
129
130
131
132
133
134
135
136
137
141
142
143
144
145
146
147
148

% Abund.
3.2
9.8
1.2
2.6
1.2
2.6
1.4
7.2
2.2

.}2.1
3.7
14.7
4.3
4.3
1.2
1.4
4.4
1.8
11.0
2.6
11.2

2.2.

M/e
149
150
151
155
156
157
158
159
160
161
162
163
164
165
169
170
171
172
173
174
175
176

% Abund.,
6.9
1.5
2.2
1.8
1.4
54
1.9

12.3
3.2
15.2
2.6
55
1.1
1.8
2.1
1.1
5¢7
1.9
9.9
2.5
8.4
1.5

M/e % Abund.

177 2.3
179 1.8
183 1.9
184 0.8
185 5.0
186 1.9
187 11.0
188 2.6
189 8.3
190 1.5
191 1.9
193 3.3
197 1.8
198 0.8
199 4.1
200. 1.2
201 6.9
202 1.7
203 3.7
204 0.8
205 2.9
206 1.0




207
211
212
213
214
215
216
217
219
220
221
225
226
227
228
229
230
231
233
239

Y% Abund.

2.5
1.9
1.1
5.9
4.0
11.0
2.1
1.7
3.9
1.1
1.7
2.1
1.1
11.2
2.9
10.8
2.2
1.4
2.1

2.3

M/e

240
241
242
243
244
245
247
253
254
255
256
257
258
259
260
261
267
269
270

271

% Abund.

4.1
10.3
2.5
5.7
1.2
1.7
1.9
4.6
1.5
6.8
1.5
3¢5
1.0
4.1
1.4
2.5
1.4
2.5
1.5

2.5

M/e
272
273
274
275
276
281
282
283
284
285
286
287
288
289
290
295
297
298
299
300

% Abund.

1.4
10.8
4.3
8.3
2.1
1.8
1.0
4.3
1.1
1.7
1.4
. 2.9
1.9
3.9
1.1
1.7
3.0
1.1
3.0

1.5

301
302
303
311
313
314
315
316
325
327
329
330
337
339
341
342
343
355
357
379

% Abund.

4.8
1.5
1.7
1.1
3.5
1.4
3.0
1.1
1.7
1.2
1.1
1.1
1.2
1.5
1.9
1.0
2.3
1.2
1.0

1.0

M/e
393
394
395
396
397
408
409
410
411
413
453
454
455
456
457
468
469
470
471
472

% Abund.

3.7
1.5
88.9
28.9
5.3
1.1
1.4
1.9
1.8
1.1
2.5
1.4
100
34.7
6.6
10.9

4.4

10.8

1.9




39
4
42
43
44
45
53
55
56
57
58
67
68
69
70
71
72
77
79
80
81

82

24.7
1.9
48.6
2.6
1.8
2.3
34.2

2.8
26.3
1.1
11.0
1.4
44.0
3.0
14.2
1.1
3.2
9.7
1.4
20.2

2.9

MASS SPECTRUM OF EUPH-8-ENYL ACETATE

M/e
83

84
85
91
92
93
94
95
96
97
98
105
106
107
108
109
110
111
112
115
117

118

% Abund.
22.1

1.8
4.4
10.7
1.8
17.3
4.5
41.0
4.0
14.9
1.2
18.3
3.1
21.9
3.4
22,6
2.3
10.0
1.1
1.3
4.0
1.5

M/e

119
120
121
122
123
124
125
128
129
130
131
132
133
134
135
136
137
141
142
143
144
145

% Abund.
23.5

4.1
20.9
4.2
12.6
1.5
3.7
1.4
3.5
. 1.6
9.6
2.1
14.4
3.1
15.4
3.3
5¢3
1.3
1.4
0.4
2.0

13.3

M/e
146

147
148
149
150
151
155
156
157
158
159
160
161
162
163
164
165
169
170
171
172

173

% Abund.
2.9
14.0
2.6
8.0
1.5
2.9
1.8
1.3
6.2
2.1
14.1
3.2
15.4
2.6
5.6
1.3
1.9
2.0
1.1
59
2.1

12.2

M/e
174

175
176
177
179
183
185
186
187
186
189
190
191
193
197
199
200
201
202
203
204

205

% Abund.
2.7
10.1
1.6
3.0
1.8
1.9
5¢5
2.1
12.9
3.1
12,2
2.0
2.3
3.2
1.7
4.1
1.3
8.6
1.9
2¢3
1.3
3.0




206
207
211
213
214
215
216
217
219
220
221
225
227
228

229

% Abund.
4.7
1.3
1.3
5.4
3.2

11.5
2.2
1.8
3.5
2.0
2.1
1.5

11.0
2.6

10.0

230
231
233
239
241
242
245
244
245
247
255
256
257
259
261

% Abund.
1.9
1.4
2.6
1.8

10.0
2.1
5.1
1.1
1.8
2.1
5.4
1.3
2.8
3.1

1.8

M/e
266
267
269
271
273
274
275
281
282
283
284
285
287
288

289

% Abund.
1.0
1.3
2.6
2.1
7.3
2.6
3.3
2.4

4.0
1.1
v 1.5
2.4
1.1

300

297
299
301
302
303
311
313
315
325
327
328
329
337
339
341

% Abund.
2.9
2.9
442
1.1
1.1
1.1
1.5
2.3
1.3
1.2
1.1
1.1
2.5
1.1

2.9

M/e
342
343
357
395
396
397
410
411
413
455
456
457
470
471
472

% Abund.
1.0
2.4
1.9

92.0
29.5
6.5
1.8
1.6
1.0
100

34.0
6.7

8.3

1.4




M/e

39
41
42
43
44
53
55
56
57
58
65
67
68
69
70
71
72
17
78
19
80

81

% Abund.

2.1
27.5
1.8
642
2.1
3.2
3649
2.8
22.5
1.0
1.6
18.1
3.2
76.1
5.0
11.9
1.1
T3
1.1
22.9
3.2
57.3

MASS SPECTRUM OF ISOEUPHENYL ACETATE

M/e
82
83
84
85
91
92
93
94
95
96
97
98

105

106

107

108

109

110

11

112

117

119

% Abund.

24.1
22.9
1.8
4.1
17.7
342
43.6
25.2
99.5
9.4
15.1
1.6
20.9
5.7
45.9
11.2
46.8
5¢5
20.6
2.1
3.0

25.2

M/e
120
121
122
123
124
125
128
129
131
132
133
134
135
136
137
138
139
145
144
145
146
147

% Abund.

8.0
39.2
32.6
46.8

8.3

8.7

1.6

1.6

5.9

_ 1.8
20.9

7.6
40.6
18.6
20.9

3.7

1.8

1.6

1.0

6.9

2.3
25.2

M/e
148
149
150
151
152
153
159
160
161
162
163
164
165
173
174
175
176
177
178
187
186

189

% Abund.

9.9
23.0
8.0
15.3
2.1
1.1
7.1
2.8
32.1
545
12.4
3.9
2.5
6.4
2.1
15.6
3.0
5.7
1.4
8.7
2.8

37.2

Me
190
191
192
193
201
202
203
204
205
206
207
208
209
215
217
218
219
220
221
227
229

231

% Abund.

16.1
15.8
2.8
3.0
5.0
4.2
37.2
16.3
13.3
28.2
45.9
27.3
3.7
2.8
1.3
1.6
3.4
49.3
16.1
1.8
1.4
13.1




232
233
241
243
245
246
247
249

% Abund.

2.8
3.0
1.0
1.0
1.8
1.8
1.4
9.6

Me

250
257
259
262
263
264
271

273

% Abund.

2.1
1.1
1.8
2.8
5.7
3.4
1.0

1.6

/e

297
298
299
315
325
326
356
351

% Abund.

25.7
6.4
1.8
1.0

1.4
1.0
1.3

54.4

M/e

358
359
385
386
395
396
409
410

% Abund.

14.0
2.1
1.6
2.3
2.8
1.0
1.1

362

411
412
427
455
456
470
471
472

70 Ablmd .

3.2
1.0
1.1
4.8
1.8
100.0 M
36,2
6.7




39
40
42
43
44
53
55
56
5T
67
68
69
70
71
17
19
80
81
82
83
84
85

% Abund.

1.1
14.9
1.2
38.9
1.3
1.5
22.1
1.9
18.4
19
1.2
27.3
2.0
10.4
2.3
7.8
1.5
17.0
2.8
14.3
1.1

3.3

MASS SPECTRUM OF LANOST-7-ENYL ACETATE

M/e

91
92
93
94
95
96
91
98
105
106
107
108
109
110
111
117
118
119
120
121
122

123

% Abund.

9.3
3.2
14.0
4.1
29.2
3.5
9.3
1.0
17.2
4.0
20.0
3.7
17.9
2.0
6.2
4.4
1.8
20.2
5.9
17.9
5.8

13.4

M/e
124
125
127
128
129
130
131
132
133
134
135
136
137
139
142
143
144
145
146
147
148

149

% Abund.

1.7
2.5
1.7
1.1
2.7
1.3
8.9
3.3

20.5

* 843

27.4
5.4
29
1.5
1.3
4.4
1.9
12.0
3.3
15.4
6.1

11.1

M/e
150
151
153
155
156
157
158
159
160
161
162
163
164
165
169
171
172
173
174
175
176
177

% Abund.

1.9
2.9
1.1
1.4
1.1
5.1
1.8
12.4
3.6
14.4
2.8
6.4
1.1
2.3
1.6
5¢5
2.0
15.4
3.1
15.7
2.4
3.0

179
183
185
186
187
188
189
190
191
193
197
199
200
201
202
203
204
205
206
207
211

213

% Abund.
2.1
1.4
4.8
1.8

11.4
2.9
7.1
1.5
2.5
3.0
1.3
3.8
1.4
6.4
3.1
542
1.3
2.5
1.7
2.4
1.5

5.9




M/e

214
215
216
217
219
220
221
225
227
228
229
230
231
233
239

240

% Abund.

2.5
6.8
1.5
2.2
3.3
1.1
1.7
1.2
7.9
2.3
12.4
2.6
2.1
3¢5
1.4

2.2

% Abund.

7.2
1.8
54
1.2
2.3
2.0
2.8
2.4
1.0
20.2
4.7
4.1
10.2
3.1
3.7

2.8

M/e

269
270
271
272
273

274
275

276
281
283
284
285
287
288
289

290

% Abund.

5.6
12.6
5.3
1.3
10.7

3.4
4.2

1.1
l.4
4.7
1.2
’ 1.9
2.9
Te3
6.2

103

M/e

297
298
299
301
302
303
311
513
315
316
325
3217
329
330
339
341
343

70 Ablmd .

4.9
1.3
2.3
3.2
1.1
1.7
1.5
2.0
5¢3
2.4
2.1
1.5
4.2
3.7
1.2
1.9

2.2

M/e

357
367
393
395
396
397
410
411
413
455
456
457
468
469
470
471

472

70 Abmd .

1.5
1.0

1.5
100
3243
5.8
4.3
2.2
1.5
14.9
26.0
4. 9
4.6

1.8

8.8

1.7




M/e

39
41
42
43
44
53
55
56
57
67
68
69
70
T1
T2
77
79
80
81
82
83
84

% Abund.

1.0
12.9
1.0
31.5
1.0
1.3
2l.2
1.7
16.9
T.4
1.1
26.4
1.7
10.1
1.0
2.1
7.2
1.1
16.2
2.6
13.6

1.0

MASS SPECTRUM OF DIHYDROBUTYROSPERMYL ACETATE

/e

85
91
92
93
94
95
96
97
105
106
107
lo8
109
110
111
117
118
119
120
121
122

123

% abund.

2.8
8.7
2.4
13.0
4.3
32.8
3.9
9.6
15.5
3¢5
18.6
3.3
18.4
1.8
6.9
3.4
1.3
16.9
4.7
15.3
4.7

10.5

M/e

124
125
127
129
130
131
132
133
134
135
136
137
139
143
144
145
146
147
148
149
150
151

9% Abund.

1.3
2.4
1.1
2.0
1.1
6.6
2.2
15.0
5.8
18.7
3.7
4.5
1.4
3.1
1.3
8.9
2.2
12,2
3.8
7.4
1.3

2.5

/e

157
158
159
160
161
162
163
164
165
169
171
172
173
174
175
176
177
179
185
186
187

188

% Abund.

3.6
1.3
10.3
2.4
12,1
2.4
5.0
1.0
1.7
1.0
3.9
1.3
10.0
2.4
13.9
2.1
2.6
1.7
3.4
1.3
10.7

2.5

M/e

189
190
191
193
199
201
202
203
204
205
206
207
208
213
214
215
216
217
218
219
220

221

% Abund.

9.9
1.8
2.4
2.7
2.7
6.4
2.6
5.9
1.4
2.6
3.3
4.0
1.1
3.8
1.9
7.6
1.6
1.9
1.4
3.4
1.8

3.0




227
228
229
230
231
233
239
241
242
243
244
245

% Abund.

7.8
2.0
8.0
1.5
1.4
2.7
1.0
7.0
1.7
4.9
1.0

1.6

M/e

246
247
255
256
257
259
260
261
262
269
270

271

% Abund.

1.3
2.8
6.6
1.5
3.4
6.8
2.0
3.2
2.4
3.4
1.1

1.8

M/e

273
274
275
281
283
284
285
287
288
289
297
298

299

% Abund .

9.4
3.1
3.4
1.4
4.7
1.1
1.4
2.0
3.3
2.9
“3.6
1.0

2.2

M/e

301
303
311
313
315
323
325
329
341
343
344
357
393

% Abund.

3.4
1.0
1.0
1.1
2.1
1.3
1.3
1.7
2.3
2.1
1.0
2.0

1.0

395
396
391
410
411
413
455
456
457
468
470
471
472

% Abund.

82.2
26.5
5.0
1.7
1.2
1.1
100

34.4




39
41
42
43
44
53
54
55
56
57
58
59
60
65
66

67

68
69

70
71
72

7

% Abund.
4e4
48.1
440
100.0
3.3
5.1
1.2
70.4
6.5
5841
2.5
1.1

1.1

1.0
2649
5.2
84.2
6.7
31.6
2.5

706"

Mass Spectrum of 9ﬁ;-Euph—7-enyl acetate.

M/e

78
79
80
81
82
83
84
85
91
92
93
94
95
96
97
98
99

105

106

107

108

109

% Abund.

2.0
249

5.8
584
14.5
4042

3.8
10.0
21.9
13.0
3945
15.1
756
10.9
21.4

2.3

2.9
431
12.0
5242
13.8

45.6

/e

110
111
112
113
117
118
119
120
121
122
123
124
125
127
128
129
130
131
132
133
134
135

Te
14.

2

2e
8e
e
46.
14.
AT
40,
31,
5.
6.

3

5e
3
18.
8.
42.

22

% Abund.

2

8

.1

9
4
9
0
9
4
6
9
3

8

3

2e

3
2

2

8

1
9
6

759

M/ e

136
137
138
145
144
145
146
147
148
149
150
151
155
156
157
158
159
160
161
162
163
164

% Abund .

174
12.7
249
845
4.0
2549
7.6
34.4
15.4
25.5
5¢4
62
2.3
1.8
10.3
4¢3
28.0
Te5
26.0
6.5
11.4

2.7

RL/e

165
171
172
173
174
175
176
177
178
179
180
181
185
186
187
188
189
190
191
192
193
199

% Abund.

37
9.1
4.4
317
9.1
34.4
6.2
649
1.8
34
5.1
1.5
846
3.6

20.3

14.3
3.3
6.0

2.9

9.1

Owor




M/e
200
201
202
203
204
205
206
207
208
213
214
215
216
217
218
219
220
221
227
228

229

Mass Spectrum of 9 A -Euph-7-enyl acetate (Cont'd.).
!

% Abund.
4.1
21.0
843
17.3
442
546
2842

12.8

13.4
6.0
15.2
11.9
18.4
442
5.8
14.7
8.3
17.6
9.1
32.9

M/e
230
231
233
254
239
240
241
242
243
244
245
246
247
248
255
256
257
259
260
261

262

% Abund.
8.0
4.4
59
2.3
2.2
2.4

11.2
3.6
6.6
1.5
3.2
3.9
4.7
2.2

29.3
745
6.9
5.1
2.9
5¢4
2.5

M/e
269

270
271
272
273
274
275
276
277
283
287
288
289
290
297
298
299
301
302
303
513

% Abund.
4o
22.8
79
2.0
16.0
7.8
14.1
8.0
3.4
4.3
5e5
21.4
15.9
4.7
32.8
8.6
3.6
5¢5
4.4
2.2

244

/e
514
315
316
317
325
326
327
329
330
331
339
341
343
344
353
355
356
357
358
367
369

% Abund.
1.9
17.9
12.5
3¢5
3.5
1.2
2.1
2.1
546
1.5
1.7
2.8
2.9
1.6
1.8
2.2
1.3
17.1
59
2.2

1.8

/e
385
393
394
395
396
397
410
411
412
455
456
457
470
471
472

% Abund.
2.2

2.5
1.1
82.1
26.0
5.0
20.0
8¢5
2.1
89.0
3062
5.4
100.0 M
35.8
6.5




39
41
42
43
44
45
53
55
56
57
58
67
68
69
70
71
72
17
79
80
81

82

% Abund.

2.0
20.9
1.7
47.0
1.7
1.2
2.1
31.0
2.6
22.9
1.1
12.0
1.8
37.6
2.8
12,2
1.0
3.3
9.8
1.8
22.3

12.4

MASS SPECTRUM OF LANOST-9 (11)-ENYL ACETATE

M/e

83
84
85
91
92
93
94
95
96
97
98
99

105

106

107

108

109

110

115

117

118

119

%

Abund.

18.4
1.9
4.5

11.4
2.3

19.1

23.2

41.1
4.9

11.5
1.1
1.1

21.1
5.7
4.8
T.3

26.2
7.9
1.2
4.5
2.1

27.4

M/e

120
121
122
123
124
125
127
128
129
130
131
132
133
134
135
136
137
138
139
142
143
144

% Abund.

8.8
24.2
6.7
14.3
1.8
3.5
1.6
1.2
2.7
"1.4
10.1
4.7
17.8
7.9
20.9
8.0
6.7
1.1
1.0
1.1
4.3
2.0

M/e

145
146
147
148
149
150
151
153
155
156
157
158
159
160
161
162
163
164
165
169
171

172

9% Abund.

13.6
4.6
14.6
4.6
10.8
3.0
1.2
1.1
1.2
1.0
542
2.1
15.0
3.7
19.5
3.9
6.8
1.2
2.3
1.5
2+4

2.1

/e

173
174
175
176
177
179
183
185
186
187
188
189
190
191
193
195
197
199
200
201
202

203

11.7
3.4
19.0
4.9
3.8
2.2
1.1
4.2
1.6
10.7
4.0
9.5
2.6
2.6
7.6
1.2
1.2
3¢5
1.0
7.4
2.2

5.2




/e

204
205
206
207
211
213
214
215
216
217
219
220
221
225
227
228

229

% Abund.

1.2
2.6
1.2
3.0
1.1
54
2.8
10.0
2.5
1.9
4.0
1.3
3.0
l.2
7.6
2.6
9.2

/e

230
231
233
239
241
242
243
244
245
247
248
249
255
256
257
258
259
260

% Abund.

2.0
1.8
2.1
1.8
T¢3
1.8
4.7
1.2
1.4
1.9
5.7
1.4
7.0
1.7
5.4
1.4
4.8

1.8

M/e

261
269
270
271
272
273
274
275
276
281
283
285
286
287
288
289
290
297

% Abund.

3.1
2.3
1.9
2.3
3.0
10.5
7.5
9.0
2.7
1.5
“3e4
1.5
1.2
343
4.2
6.5
1.6
4.7

M/e

298
299
301
302
303
313
315
317
318
325
327
330
332
337
341
342
343
344

% Abund.

1.1
2.9
4.4
1.6
1.5
1.6
3.3
6.0
3.4
1.2
1.3
1.1
2.5
1.0
2.5
1.1
2.1

1.0

M/e

353
357
358
367
395
396
397
409
310
411
412
413
455
456
457
470
47
472

% Abund.

1.0
2.4
1.0
1.0

87.1

28.1
5.7
1.0
3.3

2.2




39
4
42
43
44
53
55
56
57
58
67
68
69
70
71
72
17
79

81

82

83

‘70 Abund.

1.6
17.2
1.4
36.1
1.4
1.7
26.0
2.5
19.6
1.0
9.5
1.4
31.6
2.6
10.7
1.0
2.8
8.0
1.5
17.5
9.2
17.9

MASS SPECTRUM OF 8x-EUPH-9 (11)-ENYL ACETATE

M/e

84
85
91
92
93
94
95
96
91
98
103
105
106
107
108
109
110
111
112
117
118

119

% Abund.

1.7
4e2
9.2
1.9
14.8
16.9
34.2
3.6
11.2
1.1
1.0
17.0
4.2
19.6
4.1
17.7
1.9
7.4
0.8
3.8
1.6

21.7

Me

120
121
122
123
124
125
128
129
130
131
132
133
134
135
136
137
142
143
144
145
146
147

9% Abund.

5.6
18.3
4.5
11.7
1.5
3.3
1.1
2.7
1.3
8.6
3.8
14.9
4.9
15.2
3.6
4.8
1.2
3.8
1.8
11.7
3.6

12.2

/e
148
149
150
151
155
156
157
158
159
160
161
162
163
164
165
169
171
172
173
174
175
176

% Abund.

3.2
79
1.5
2.6
1.3
1.0
4.8
1.8
12.2
3.1
13.7
2.5
4.9
0.9
1.9
1.3
4.6
1.6
10.1
2.7
12.7

2.7

M/e

177

179

183

185
186
187
188
189
190
191
193
197
199
200
201
202
203
204
205
206
207

208

% Abund.

2.8
1.6
1.3
3.6
1.4

10.4
2.6

10.0
2.0
2.2
3.6
1.1
2.8
0.9
7.0

1.8
4.9
1.4
2.7
1.6
4.5
1.2




211
213
214
215
216
217
219
220
221
225
227
228
229

230

1.1
5.9
2.8
9.9
2.0
1.6
3¢5
1.2
2.2
1.0
9.3
2.7
8.8

1.8

M/e

231
233
239
240

241

243
246
247
253
255
256
251
259

% Abund.

1.5
2.3
1.4
1.3
7.9
1.8
4.7
1.4
2.2
1.3
5.8
1.5
2.7
3,2

M/e

260
261
269
270
271
272
273
274
275
276
281
283
285

287

% Abund.

1.0
2.0
2.3
1.4
2.0
0.9
7.6
3.4
3.9
1.0
V1.3
3.4
1.3
2.6

M/e

288
289
297
299
301
302
303
313
315
325
327
339
341
345
351

% Abund.

2.7
2.8
3.1
2.2
3.8
1.1
1.1
1.7
2.5
1.1
1.0
1.0
1.9
1.8

2.0

M/e

393
395
396
397
410
411
413
455
456
457
468
469
470
471
472

% Abund.

1.4
80.1
25.0

4.9

1.7

1.2

0.9

100
34.7
57




39
41
42
43
44
53
55
56
57
67
69
70
71
77
79
81
82
83
85
91
92
93

MASS SPECTRUM OF EUPHA~7, 9 (11)-DIENYL ACETATE

71/ Abund .

1.0
11.4
1.0
31.4
1.0
1.9
16.0
1.4
12.6
4.6
19.6
1.4
6.6
l.4
2.5
6.1
1.6
6.8
1.7
3.5
1.0

6.4

M/e

94
95
96
97

105

106

107

108

109

110

111

115

117

118

119

120

121

122

123

125

128

129

% Abund.

1.3
14.9
1.7
53
8.4
2.9
9.9
2.0
7.8
1.0
3.0
1.2
3.0
1.5
11.0
2.7
6.5
1.9
4.7
1.1
2.1

4.4

M/e

130
131
132
133
134
135
136
137
141
142
143
144
145
146
147
148
149
154
155
156
157
158

% Abund.

1.8
9.2
6.1
9.0
3.4
5.8
1.0
1.5
2.3
A’5.2
9.2
3.1
13,1
4.9
5.8
1.3
2.1
1.0
5.0
3.8
12.7

4.0

Me

159
160
161
163
167
168
169
170
171
172
173
174
175
181
182

183

. 184

185
186
187
188

189

% Abund.

11.3
2.6
4.0
1.2
1.6
1.3
6.8
3.3

12.5
4.1
9.7
2.1
2.0
1.9
1.4
6.2
2.4
9.1
3.9
T.2
1.7
1.6

191
193
195
196
197
198
199
200
201
202
203
205
207
209
210
211
212
213
214
215
219

223

% Abund.

1.0
2.3
242
1.3
5.1
1.8
6.3
2,0
4.8
1.5
1.5
1.1
1.0
1.8
1.1
57
1.8
11.2
2.8
1.9
1.0

1.5




M/e
224
225
226
227
228
229
237
238

240
241
242

243

% Abund.

1.0
8.0
2.9
9.7
5.2
2.9
1.3
1.0
11.6
24.9
12.2
3.1
1.1

253
254
255
256
257
265
267
268
269
271
273
274
279

21.3
8.8
3.9
1.0
2.7
1.0
2.0
1.1
1.3
1.8
6.5
1.6

1.7

281
285
286
287
288
289
295
296
297
299
300
301
302

311

% Abund.

2.4
1.0
5.3
4.1
19.9
4.6
10.6
2.8
1.9
2.3
6.5
-/ 7.2
3.1

1.2

M/e
313
314
315
316
323
325
327
328
339
340
341
355
356
365

% Abund.
19.9
7.6
2.6
1.5
2.3
1.4
1.1
2.4
5.8
2.0
1.4
6.4
2.4
1.4

M/e
383
393
394
395
408
409
410
425
453
454
455
468
469
470

% Abund.

2.4
23.3
10.7

2.8

6.2

4.6

1.4

1.0
17.2

5.9

1.3

100.0
34.0
6.7



M/e

39
40
41
42
43
44
45

51
52
53
>4
55
56
51
58
59
60
66
67
68

69

% Abund.

9.9
8.C
69.2
8.6
8l.7

13.2

2.1
2.1
1.1
7.8
5.3

77.6

11.2

53.7
2.1

25.5
4.2
3.2
1.9

28,2

6.1

MASS SPECTRUM OF LANOST-7-EN-3-ONE

M/e

70
71
72
73
74
77
78
79
80
81
82
83
84
85
86
91
92
93
24
95
96
97

?c Abund.

5645
7.5
23.3
15.1
2.7
7.4
2.1
16.9
4.0
38.1
6.6
30.2
3.5
6.1
1.8
17.5
4.5
20.3
7.2
43.4
9.9
19.4

M/e

98

99
100
101
103
104
105
106
107
108
109
110
111
112
113
115
116
117
118
119
120

121

% Abund.

506
1.8
2.2

2.1

1.0
2.0
1.1
5.7
1.6
20.2
6.1

18.1

M/e

122
123
124
125
126
129
130
131
132
133
134
135
136
137
138
139
140
142
143
144
145
146

% Abund.

6.3
16.5
4.5
7.3
2.8
4.1

2.2

3.9
1.3
1.8
4.8
1.9
9.6

3.1

M/e

147
148
149
150
151
152
155
156
157
158
159
160
161
162
163
164
165
166
169
171
172

173

% Abund.

10.6
35
8.2
2.2
5.4
2.3
1.7
1.7
4.2
1.6
8.2
2.9
9.1
1.7
7.3
1.8
3.6
1.0
1.2
4.0
1.3
5.6



174
175
176
177
178
179
180
181
182
187
188
189
190
191
192
193
194

“% Abund.

6.8
1.5
3.5
1.0
4.4
1.3
3.2
1.4
4.4
2.3

12.7
3.1
4.6
1.4
2.5
1.0

/e

195
199
200
201
202
203
204
205
206
213
215
216
217
218
219
220

221

% Abund.,

2.1
3.2
2.1
4.7
1.3
4.0
36l
1.0
1.8
1.8
3.7
1.6
2.0
3.1
3.4
2.7

1.3

M/ e

227
228
229
230
231
232
233
241
243
244
245
246
247
253
255
256
257
258

% Abund.

1.6
1.2
2.8
1.0
3.9
1.1
1.7
1.1
6.6
./3'1
15.8
2.5
1.4
1l.4
1.4
1.2
7.8
2.9

259
260
261
269
271
272
273
274
275
281
282
283
285
286
287
288
297
299

% Abund.

10.0
2.5
2.9
1.7

21.4
6.3
1.4
1.6
1.6
3¢5
1.0
1.3
8.4
8.8
2.7
2.0
2.1

4.0

300
315
316
321
323
324
525
335
331
395
409
411
412
413
424
426
427
428

% Abund.

1.0
4.5
1.3
1.0
5e2
1.8
1.0
2.4
1.2
2.8
1.7
100.0
33.4
5.2
2.5
22.8 ¥
6.9

1.5



39
40
4
42
43
44
45
50
51
53
54
55
56
57
58
59
65
66
67

68

69
70

Y% Abund.
5¢7
4.2

65.1
6.7
100.0
5.4
1.2
1.3
1.5
7.5
2.1
65.7
9.8
56.2
2.0
1.4
2.4
1.0
23.5
4.5
45.6
4.5

MASS SPECTRUM OF 9 ﬁ - EUPH-7-EN-3-ONE

M/e
71
72
7
18
79
80
81
82
83
84
85
91
92
93
94
95
96
97
98
99

105

106

% Abund.

22,1
1.2
7.2
1.8

17.6
4.0

36.5
8.2

23.4
2.7
3.8

18.1
6.2

21.5
9.3

40.6
9.1

10.6
1.0
1.3

23.1

56

e
107
108
109
110
111
112
115
116
117
118
119
120
121
122
123
124
125
126
127
129
130

131

% Abund.
24,0
6.9
20.9
5.0
6.8
1.2
2.2
1.2
4.5
1.5
19.3
6.2
19.3
10.6
14.1
1.9
6.2
1.4
1.4
2.5
1.2

8.1

M/e
132
133
134
135
136
137
138
139
143
144
145
146
147
148
149
150
151
152
157
158
159
160

% Abund.

3.6
19.4
7.8
19.4
4.5
5.0
1.7
4.1
362
1.9
9.3
3.7
13.2
4.1
8.3
1.7
2.8
l.1
4.2
2.0
8.3

3.2

M/e
161
162
163
164
165
169
171
172
173
174
175
176
177
178
179
180
185
186
187
188
189

190

% Abund.
7.1
1.5
6.2
1.0
1.6
1.2
2.7
1.4
5.8
2.2
8.3
1.5
3.1
1.0
1.3
1.7
1.7
1.4
7.9
1.9
5.2

1.0



/e

191
192
193
194
199
200
201
202
203
204
205

206

% Abund.

2.7
1.3
2.7
1.3
1.4
1.1
3¢5
1.3
2.7
2.1
2.4
4.6

/e

207
208
213
215
216
217
218
219
220
221
227

229

% Abund.

4.2
1.0
1.0
2.7
1.4
4.2
2.1
4.0
3.3
1.3
1.7

2.5

230
231
232
233
234
243
244
245
246
247
257
258

% Abund.

1.0
1.8
2.9
3¢5
1.2
3.6
2.9
12.4
3.2
1.0
2.7

2.0

259
260
261
271
272
273
274
275
285
286
287

288

/D

Abund.

3.2
1.0
1.0
14.7
5.8
3.7
1.3
2.8
1.4
4.9
1.9
1.5

M/e

297
299
313
314
327
341
411
412
413
424
426
427
428

% Abund.

l.2
l.2

12.0



39
40
Q

43
44
45
50
51
53
54
55
56
57
58
59
60
65
€6
67

69

9% Abund.

5.6
3.1
52.7
4.8
100
5.6
3.6
1.4
1.2
6.9
5.7
65.4
9.2
51.1
1.9
11.4
3.2
1.9
1.5
28.9
8.4
79.5

MASS SPECTRUM OF 11-KETOLANOSTANYL ACETATE

A

70
71
77
78
79
80
81
82
83
84
85
86
91
92
93
94
95
96
97
98
99
105

‘7"—’ Abmd .

8.1
7.0
4.9
1.5

17.3
4.7

43.5

31.7

28.4
4.1
4.1
1.2

12.3
2.8

27.7

15.6

68.3

11.1

11.9
2.0
1.1

15.9

M/e

106
107
108
109
110
111
112
117
118
119
120
121
122
123
124
125
126
127
128
131
132

133

% Abund.

4.6
27.3
31.8
8.2
6.7
1.1
1.1
1.9
1.3
15.4
6.8
30.1
13,2
19.0
4.5
2.6
1.1
1.4
1.1
3.1
2.6

14.2

M/e

134
135
136
137
138
139
143
144
145
146
147
148
149
150
151
157
159
160
161
162
163
164

% Abund.

T.5
22,8
17.1
17.1

3.7

2.9

4.1

2.9

8.4

3.9

8.9

7.9

4.1

2.0

1.1

1.1

3.9

3.3

9.2

3.0

6.9

1.9

165
166
171
173
174
175
176
177
178
179
185
187
188
189
190
191
192
193
194
199
201

202

% Abund.

1.9
1.1
1.1
3.0
1.9
13.4
7.1
4.8
1.1
1.1
1.1
1.9
1.1
3.4
1.9
3.2
1.4
2.6
1.3
1.1
2.3

1.4



M/e

203
204
205
206
207
208
215
216
217
218

219

% Abund.

8.7
1.9
1.6
1.1
5.6
1.7
1.6
1.4
1.8

1.1

2.4

M/e

220
221
229
230
231
243
245
248
249
250
257
258

% Abund.

2.0
1.1
2.5
1.3
1.5
1.1
1.1
6.4
1.9
1.2
1.9

1.2

M/e

259
262
263
264
265
271
272
275
276
277
278

281

% Abund.

1.0
1.3
72.3
12.8
1.9
2.4
2,1
1.2
1.2
3.6
Vl.O

1.1

M/e

286
287
289
290
291
303
304
305
317
318
319
332

% Abund.

1.7
1.1
2.4

13.0
2.8

58,2

14.7
3.1
4.1
1.8
1.1

4.1

M/e

333
383
384
411
412
426
427
428
471
486
487
488

% Abund.

1.1
3.8
2.7
3.7
1.9
17.9
7.4
1.9
1.4

6.1

103



39
40
41
42
43
44
45
50
51
53
54
55
56
57
58
59
60
65
66
67
68
69

% Abund,

6.6
2.1
62.7
6.8
100
8.6
3.6
1.4
1.2
5.4
2.6
52.3
6.8
42.7
2.4
1.6
1.3
2.2
1.4
24.0
7.2
72.3

MASS SPECTRUM OF 11-KETOEUFPHANYL ACETATE

M/e

70
71
72
77
78
79
80
81
82
83
84
85
91
92
93
94
95
96
97
98
105

106

% Abund.

5.9
16.7
1.9
4.0
1.2
13.9
3.8
38.1
25.4
20.6
3.0
3.4
9.2
2.0
23,1
24.5
68.2
10.7
9.9
1.4
10.7

3.8

M/e

107
108
109
110
111
112
113
117
118
119
120
121
122
123
124
125
129
131
132
133
134
135

% Abund.

22.0
9.1
32.8
11.9
5.6
1.1
1.2
1.6
1.0
11.8
5.0
22.4
8.7
15.2
2.6
3.1
1.4
2.8
1.2
10.1
4.8
20.4

M/e

136
137
138
139
143
145
146
147
148
149
150
151
152
157
159
160
161
162
163
164
165

171

% Abund.

13,2
14.7
2.7
2,0
1.0
4.1
1.7
5.8
2.7
Tel
4.0
1.8
1.1
1.0
4.2
2.2
7.9
3.6
5.7
1.3
2.1

1.2

M/e

173
174
175
176
177
178
185
186
187
188
189
190
191
192
193
194
199
201
202
203
204

205

% Abund.

2.7
1.6
12.4
4.1
5.2
1.1
1.4
1.0
2.3
1.0
2.6
1.4
2.0
1.1
4.7
1.1
1.1
1.6
1.6
3.8
1.1

1.1



206
207
208
215
216
217
218
219

220

222
229

230

% Abund.

1.2
6.9
2.9
2.1
1.0
1.7
1.8
6.3
1.8
3.0
1.9
1.1

l.1

M/e

231
233
235
241
242
243
245
249
250
259
263
264

271 -

% Abund.

1.9
1.1
1.1
2.4
1.0
1.3
1.3
3.7
1.7
2.0
3.4
1.1

2.5

m/

o

272
273
275
276
277
278
286
287
289
290
291
293
294

% Abund.

1.3
1.5
1.2
1.0
4.6
1.1
3.4
1.1
1.1
11.5
7 3.1
7.0

103

M/e

295
303
304
305
313
317
318
319
332
333
355
373
374
383

% Abund.

l.4
21,6
5.1
1.3
1.4
1.2
1.1
2.2
13.1
2.9
1.5
1.7
1.1

205

/e

384
411
412
424
426
427
428
468
471
484
485
486
487
488

1.1
2.6
1.4
1.2
10.4
4.0
1.0
1.1

1.4



39
40
Qn
42
43
44
45
50
51
53
54
55
56
57
58

59

65
66
67
68
69

MASS SPECTRUM OF 7, 11 - DIKETOLANOSTANYL ACETATE

% Abund. Mfe

6.4
5.8
59.6
6.0
100
5.8
1.7
1.1

1.1

2.4
59.4
5.8
51.0
2.3
1.2
1.0
2.3
1.0
23.6
6.1

64.8

70
71
72
77
78
79
80
81
82
83
84
85
91
92
93
24
95
96
o1
98

105

106

% Abund.

4.9
20.0
2,1
4.5
1.3
13,2
6.8
3049
9.8
21.2
1.3
3.0
11.2
3.2
24.9
8.5
44.7
10.3
10.7
1.4
12,0

3.7

Me

107
108
109
110
111
112
117
119
120
121
122
123
124
125
129
131
132
133
134
135
136
137

% Abund.

30.8
15.2
30.1
6.8
5.0
1.2
2.1
12.1
6.7
"34.5
16.0
18.1
3.8
3.0
1.1
2.8
1.2
7.8
3.0
19.5
13.1

2.6

M/e

138
143
145
146
147
148
149
150
151
153
157
158
159
160
161
162
163
164
165
166
167

171

% Abund.

Je2
1.1
3¢9
1.0
6.9
2.1
8.4
3.4
3.5
1.3
1.1
1.0
3.1
1.4
4.2
2.3
9.7
5.8
3.0
1.4
1.0

1.0

173
174
175
176
177
178
179
181
182
183
185
187
188
189
190
191
192
193
194
199
201

203

Y% Abund.

2.6
1.0
4.1
1.1
2.9
1.8
2.0
4.1
1.1
1.3
1.0
2.1
1.1
2.8
1.0
15.7
1.7
2.9
1.1
1.1
1.3

1.8



204
205
206
207
208
209
215
217
218
219
220
221
222
227
229

231

% Abund.

1.0
1.8
4.6
8.0
1.6
1.0
1.0
1.0
1.0
1.9
10.4
7.1
2.5
0.9
0.9

2.1

M/e

232
233
243
244
245
248
249
250
251
252
257
259
261
262
263
267

% Abund.

1.0
1.3
1.2
2.0
1.2
1.1
1.8
l.4
6.4
1.4
1.3
1.5
1.3
1.0
1.3

1.0

271
275
276
277
278
279
289
290
291
292
301
302
303
304
305
306

% Abund.

1.0
1.3
1.6
24.5
6.8
2.7
2.4
2.1
2.2
1.3
. 1.4
1.1
4.5
4.8
2.6
8.7

307
317
318
319
320
331
332
533
341
345
546
347
348
359
360
387

% Abund.

1.8

1.1

2.1
1.3
1.3
3.4
1.0
1.0
1.1
1.9
1.9
1.2
3.2
2.1
2.6

M/e

388
413
414
415
416
425
440
441
472
483
484
485
486
500
501

502

1.2

2.7

1.2

1.3
2.0
Te3
2.1
2.0
3.4
1.5
3.2
1.4

14. 2
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39
40
41
42
43
44
45
50
51
53
54
55
56
5T
58
59
60
65
66
67
68
69

Y% Abund.

5.8
4.0
52.3
4.8
85.4
3.6
2.1
1.4
1.3
5.2
2.1
45.17
4.6
37.9
2.4
1.3

1.3

1.7 ‘

1.2
20.0
5.4
48.7

MASS SPECTRUM OF 7, 11-DIKETOEUPHANYL ACETATE

M/e

70
71
72
75
76
17
78
79
80
81
82
83
91
92
93
94
95
96
91
98
105

106

% Abund.

3.6
14.2
1.4
4.8
1.2
9.9
4.8
23.7
8.0
15.2
2.1
2.3
9.4
3.9
21.3
6.2
35.1
6.7
8.8
1.3
9.1
4.0

M/e

107
108
109
110
111
117
119
120
121
122
123
124
131
132
133
134
135
136
137
138
139
145

‘70 Abund .

20.7
9.1
22.0
4.6
4.0
1.8
8.2
15.9
30.8
12,4
3.4
3.0
2.4
1.0
6.2
3.1
15.6
43.7
13.2
1.8
1.9
3.6

M/e

146
147
148
149
150
151
152
153
157
158
159
160
161
162
163
164
165
166
171
173
174
175

% Abund.

1.2
5.6
1.6
6.3
1.9
2.9
1.4
1.0
1.2
1.0
2.4
1.2
4.1
1.7

14.5
4.4
3.8
1.0
1.0
2.5
1.1

2.5

/e

176
177
178
179
181
182
185
187
189
190
191
192
193
194
199
201
203
205
206
207
208

213

Y% Abund.

1.8
2.0
1.1
1.2
18.5
2.8
1.1
1.1
2.3
1.0
5¢7
1.1
51
1.0
1.1
1.4
1.6
1.1
1.1
37
1.0

l.l



215
216
217
218
219
220
221
222
223
227
229
231

233

% Abund.

1.4
1.0
1.3
1.1
1.2
4.5
345
1.0
1.0
1.1
1.1
1.1

1.1

M/e

243
244
245
249
250
251
259
261
263
275
276
2717
278

% Abund.

1.0
0.9
1.0
1.0
0.8
1.9
1.0
1.1
1.0
1.1
1.1
100.0

22.6

M/e

279
280
289
290
291
292
293
303
304
305
306
307
317

Y% Abund.

3.6
1.0
1.1
1.1
1.1
1.7
1.0
2.0
2.7
2.4
U11.8
2.8

1.8

M/e

318
319
320
331
332
333
545
346
359
387
397
412

413

% Abund.

1.1
2.1
1.0
1.0
1.0
1.0
1.4
0.8
1.0
1.0
1.1
1.6

1.0

415
422
423
425
436
440
441
457
472
485
486
500
501

502

% Abund.

1.0
1.7
1.1
1.0
1.1
10.7
1.0
1.3
1.0
3.8

1.3

4.8
1.3



53
55
56
57
60
67
68
69
70
n
71
19
80
8l
82
83
84
85
91
92
93
94

90 Abund .

1.1
23.0
3.0
15.2
1.1
6.1
1.5
24,7
2.2
6.6
2.2
44
1.1
10.2
2.1
8.5
1.1
1.7
5¢5
1.1
7.2
1.7

MASS SPECTRUM OF 11-KETOEUPH-8~ENYL ACETATE

M/ e

95

96

97
105
106
107
108
109
110
111
117
119
120
121
122
123
124
128
129
131
132

133

75 Abund .

15.9
2.1
4.2
7.6
1.5
9.3
2.5
8.9
1.1
1.7
1.9
8.5
2.1
9.9
5.9
7.0
1.1
1.3
1.9
3.6
1.3

7.0

M/e

134
135
136
137
143
144
145
146
147
148
149
150
151
155
157
158
159
160
161
162
163
164

% Abund.

2.5
10.6
2.2
3e2
2.2
1.1
5.3
1.5
5.9
24
4.4
1.1
1.1
1.1
2.8
1.3
5.3
1.7
5.9
1.3
2.2

1.1

M/e

169
171
172
173
174
175
176
177
179
183
184
185
186
187
188
189
190
192
197
199
200

201

% Abund.

1.3
2.8
1.1
5¢5
1.9
545
1.3
3.6
1.7
1.3
3.0
1.1
3.8
1.7
7.0
1.5
1.5
2.1
1.1
242
1.1

6.7

M/e

202
203
204
207
211
213
215
216
217
218
219
225
227
228
229
231
233
241
245
255
257
261

% Abund.

1.7
14.0
2.1
1.1
1.1
2.2
3.6
2.2
7.8
1.7
1.5
1.1
2.3
1.1
1.7
1.1
1.3
1.9
2.3
1.7
1.1

3.6



263
269
270
271
272
277
278
279
288

289

% Abund.

2.8
4.9
1.3
1.1
1.1
43.3
8.5
1.1
1.1

1.1

M/

o

303
304
311
316
317
318
327
528
329
530

% Abund.

7.0
3.8
1.0
1.5
1.5
1.1
1.1
1.1
1.5

1.1

M/e

532
5333
5342
346
355
571
5712
381
382

395

% Abund.

19.0
4.2
l.1
1.0
1.5
2.1
1.5
1.7
1.0

4.2

396
409
410
422
423
424
425
426
427
430

% Abund.

1.7
8.5
3.2
1.3
1.1
2T.5
10.2
5.2
1.3

1.9

M/e

431
432
468
469
470
482
483
484
485
486

% Abund.

1.7
1.9
2.3
4.4
2.1
2.3
1.7

100.0 ¥
36.8

6.8



53

55
56

58
59
65
67

69
70
71
17
18
79

81
82
83
84
85
91

9% Abund.

3¢3
75.9
4.1
28.4
1.2
1.4
1.6
12.3
1.8
25.2
2.9
11.8
4.3
1.0
7.8
1.4
15.3
2.2
12.1
1.2
1.6

9-8
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M/e

92

93

94

95

96

97
105
106
107
108
109
110
111
115
116
117
118
119
120
121
122

123

% Abund.

1.6
9.6
2.5
19.0
2.9
57
11.7
2.0
12.3
2.2
11.4
1.6
2.5
1.8
1.0
5.3
1.0
12.1
2.0
8.0
2.0

6.3

M/e

124
125
126
128
129
130
131
132
133
134
135
136
137
138
141
142
143
144
145
146
147
148

% Abund.

1.4
3.1
1.0
1.8
2.7
1.4
4.7
1.2
7.6

T 2.2

13.3
2.4
3.5
1.2
1.0
1.4
3.1
1.6
6.9
1.8
7.4
2.0

M/e

149
150
151
155
156
157
158
159
160
161
162
163
164
165
169
171
172
173
174
175
176
177

% Abund.

8.0
1.6
1.6
1.4
1.0
3.5
1.6
6.1
2.0
9.4
2.4
3.3
1.0
1.0
1.4
3.3
1.4
5.9
242
6.3
1.8

4.5

M/e

179
183
185
186
187
188
189
190
191
193
197
199
200
201
202
203
204
205
207
211
213

214

% Abund.

1.8
1.6
2.9
1.2
4.9
2.0
55
1.6
2.5
1.8
1.4
2.5
1.0
5.8
1.4
2.9
1.4
3.9
1.4
1.0
2.2

1.0



218
219
220
225
227
229
230
231
232
233
234

% Abund.

4.1
1.2
9.2
2.0
9.6
1.6
1.0
1.8
3.1
1.2
2.4
1.6
94.9
15.8

9% Abund.

1.8
1.0
1.8
2.5
1.2
1.8
1.2
2.2

13.5
4.1
1.2
2.0
2.7
2.4

274
285
286
287
288
289
290
299
300
301
311
313
327
328

% Abund.

1.0
5.9
3.3
2.0

17.2
3.9
1.0
1.2
1.0
1.4

v 1.2
1.6
5.1

2.5

329
330
342
343
344
345
354
355
356
357
369
370
383
385

% Abund.

349
1.6
345
70.4
19.6
2.5
1.8
3.9
1.8
1.0
1.8
1.0
1.2

1.2

397
398
407
411
412
413
414
425
426
438
439
440
441
442

% Abund.

4.1
1.6
1.2
8.3

52.9
10.0
1.6
8.6
3.1
1.6
1.7
100 M
34.0
5.9



M/e

53

56
57
58
65
67
68
69
70
71
77
79
80
81
82
83
84
85
91
92
93

9% Abund.

2.5
29.7
3.2
25.0
1.0
1.1
8.0
1.5
3067
2.5
8.9
2.8
6.9
1.0
11.5
1.7
10.8
1.0
1.5
7.2
1.5

12.5

MASS SPECTRUM OF 7-KETOEUPH-8-ENYL ACETATE

M/e

94

95

96

97
105
106
107
108
109
110
111
117
119
120
121
122
123
124
125
128
129

130

% Abund.

2.2
22.1
2.5
5.3
10.6
1.7
12.9
2.1
8.7
1.3
2.8
2.3
10.6
1.7
19.1
3.0
5.7
1.0
1.1
1.1
1.9

1.1

M/e
131
132
133
134
135
136
137
141
142
143
144
145
146
147
148
149
150
151
155
156
157

158

% Abund.
4.5
1.1
8.5
2.1

12.7
1.7
2.5
1.0
1.1
2.5

1.3
5.7
1.7
9.1
2.1
6.6
1.1
1.1
1.1
1.0
3.0

1.1

M/e

159
160
161
162
163
164
169
17
172
173
174
175
176
177
183
185
186
187
188
189
190

191

% Abund.
7.0
1.9
8.1
1.7
3.4
1.1
1.3
2.5
1.1
6.6
1.7

10.2
1.7
1.3
1.3
2.8
1.1
4.2
1.3
5.3
1.1

1.1

M/e

197
199
201
202
203
205
206
207
208
211
213
214
215
217
225
227
228
229
230
231
241

242

% Abund.
1.3
2.5
3.4
1.1
3.0
1.1
1.1

10.6
1.7
1.3
2.1
1.1
2.1
1.3
1.0
2.3
1.1
4.9
1.1
1.0

1.5
1.0



243
244
247
255
256
257
259
261

269

% Abund.

6.8
1.3
1.1
2.3
1.1
1.3
1.1
1.1

103

/e

271
273
278
279
287
288
289
2917
301

% Abund.

1.0
1.5
7.6
1.5
2.3
1.7
1.3
1.1

103

M/e

302
303
304
305
311
315
316
317
329

9, Abund.

1.9
3.4
1.5
1.1
1.1
4.2
3.6
1.8

3.6

330
331
344
355
357
358
371
372
391
399

% Abund.

1.5
1.0
1.1
1.1
4¢5
1.1
10.8
3.0
1.1

1.1

424
425
427
441
469
470
471
484
485
486

% Abund.

1.0
1.1
1.1
1.5
100.0
36.0
6.4
9.2 M
31.8

5.9



% Abund.

2.4
2.3
1.3
5.8
2.3
45.4
7.8
33.4
1.6
1.8
4.9
3.4
52
13.6
2.9
34.2
4.9
13,1
1.8
2.4
545
2.0

MASS SPECTRUM OF 3, 7-DIKETOEUPH-8-ENE

M/e

79
80
8l
82
83
84
85
91
92
93
94
95
96
97
98
99
105
106
107
108
109

110

% Abund.

8.1
1.9
13.5
3.4
13.5
2.4
3.6
11.0
2.1
14.4
6.6
22.7
4.1
7.5
1.6
1.3
10.0
2.1
10.0
2.8
11.3

2.1

M/e

111
115
116
117
118
119
120
121
122
123
124
125
128
129
130
131
132
133
134
135
136
137

% Abund.

1.3
2.4
1.3
3.2
1.1
9.2
2.4

23.5
3.7

1.3
1.5
4.4
2.8
3.1
1.6
4.9
1.5
7.9
2.4

14.9
2.3

445

M/e

141
142
143
144
145
146
147
148
149
150
151
155
156
157
158
159
160
161
162
163
164
165

% Abund.

1.8
1.8
2.9
1.5
6.8
1.9
8.1
2.1
6¢5
1.3
1.9
1.6
1.3
3.1
1.6
6.5
2.1
6.5
1.9
3.6
1.0

109

/e

169
170
171
172
173
174
175
176
179
183
185
186
187
188
189
190
191
193
195
197
199

201

% Abund.

1.6
1.0
2.9
1.5
6.5
1.9
7.6
1.6
1.6
1.5
2.9
1.1
3.6
2.3
3.9
l.1
1.1
1.0
1.0
1.3
2.1

2.9



202
203
205
206
207
208
211
213
215
217
219
221

227

% Abund.

1.1
1.8
1.1
1.5
13.3
2.6
1.1
1.6
1.6
1.5
1.1
1.0

1.5

229
231
233
234
235
241
243
245
246
255
251
258
259
260

% Abund.

1.5
1.0
1.0
6.8
1.8
1.1
1.3
4.1
1.1
1.0
2.1
2.8
10.0

2.8

M/e

261
269
271
272
273
274
285
286
287
288
299
300
301

302

% Abund.

1.3
1.0
7.9
645
3.2
1.1
4.5
2.1
2.6
1.6
1.5
2.1
1.3

1.6

303
309
311
313
314
325
326
327
328
329
339
541
355
556

% Abund.

1.0
1.0
1.9
7.6
1.9
1.9
1.5
18.3
4.5
1.1
1.0
1.0
1.6

1.0

M/e

397
398
411
412
423
424
425
426
427
438
439
440
441
442

% Abund.

1.5
1.0
1.1
1.3
1.9
1.8
92.3
30.3
5.5
2.9
2.3
100.0 M
33.2

7.0
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Tl
CHAPTER 4.

STRUCTURE DETERMINATION OF SOME PENTACYCLIC AND
TETRACYCLIC TRITERPENES.

A) Pentacyclic Triterpenes.

Extensive studies of the mass spectra of pentacyclic triterpenes
by Djerassi and his oo—workersl’2 showed that, in many cases, the mass
spectrum is characteristic of a given compound in this class. This
is especially true if the triterpene contains a carbon-carbon double
bond which is found to direct the fission aiong specific ?aths, other
functional groups, e.g., carbonyl, hydroxyl and carbomethoxyl having,
in general, little influence on tie fragmentation of.the molecule,

For example, the most important cleavage of A}z oleanenes and ursenes
can best be déscribed as a retro-Diels-Alder reaction involving the
12:13 double bond, the positive charge remainihg with the diene
produced. From the mass of the molecular ion and the mass of the ion
produced by this reaction, it is possible to position substituents in
the ring A,B or ring D,E portion of the molecule.

Therefore it seemed probable that mass spectrometry could provide
a ready means of identification of pentacyclic triterpenes isolated
from natural sources, and, indeed, several recent identifications by

this method have been described.3
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Triterpenes from Saccharum Qfficinarum L and Cortaderia
Toetoe Zotove.

4

During the course of an investigation'of the constituents of the

leaf wax of Cuban sugar cane (Saccharum officinarum L) it was found

that the material isolated, which was preliminarily designated as
Substance W, was in all probability a mixture of triterpene methyl
ethers. When Substance W was subject to gas liquid chromatographic

5

analysis” it was resolved into two major and one minor componente.
Therefore, in order to facilitate the identification of these ethers,
it was necessary to determine the relative retention times of selected
authentic triterpene methyl ether%.

Thus it was found that none of the stationary phases employed
(0.5% Apiezon L, 1l.5% SE-30, 1.5% QF-1, 1% CDMS) gave any clear
distinction between germanicol methyl ether (I,Fig.I), -amyrin methyl
ether (II,Fig.I), ﬂ-amyrin methyl ether (III,Fig.I), taraxerol methyl
ether (IV,Fig.I), and multiflorenol methyl ether (V,Figel), i.ce,
the compounds derived from the oleanane or friedo rearranged oleanane
skeleton. Nevertheless, it was possible to distinguish these ethers
(I-V, Figel) from any of the compounds %-amyrin methyl ether (VI, Fig.I),
bauerenol methyl ether (VII, Fig.I), arundoin (VIII, Fig.I) and
cylindrin (IX, Fig.I).

A comparison of the gas liquid chromatographic data of substance
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W with that of the authentic methyl ethers suggested that Substance
W contained arundoin and one or more of the oleanane group as the
major, and bauerenol methyl ether as the minor component.

As it was known that the pentacyclic nucleus fragments, under
electron bombardment, in a way determined by the position of the
double bond, Substance W was subject to preparative gas liquid
chromatography and mass spectrometric analysis. Although it was not
possible to isolate the minor component on account of its very low
abundance in the mixture, both major components were successfully
isolated. Thus, by comparison with the mass spectra of authentic
samples, it was established that ore was arundoin (VIII, Fig.Il) and
that the other was taraxerol methyl ether (IV, Fig.I).

From the work of Djerassi and his associates,l’2 it is possible
to predict the cracking patterns of taraxerol methyl ether and
arundoine. Table I shows that the mass spectra of taraxerol methyl
ether and arundoin, as determined in the present work, are in
excellent agreement with the predicted spectra. However, in addition
to the ions predicted to be present (series A), the mass spectra of
these two compounds contain a further series of ions (series B).
Observation of the appropriate metastable ions showed that this extra
series of ions is derived, by the loss of methanol, from ions of

series A which contain the methoxyl group. The mass spectra of
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bauerenol methyl ether (VII, Fig.I),X- and p-amyrin methyl ethers

(VI, III, Fig.I) and cylindrin methyl ether (IX, Fig.I) confirm that
their mass spectra can be predicted from the published data, and that
the loss of methanol is a general process of triterpene methyl ethers.
The predicted ions, the observed ions and the observed metastable ions
pertinent to this loss of methanol are shown in Table 1.

Although not the most favoured route of mass spectral

fragmentation, a similar loss of methanol occurs with simple methyl
"ethers, as is apparent from the data tabulated by McLafferty.6 Thus,
in addition to providing a further illustration that the fragmentation
of the pentacyclic triterpene nucleus is directed by a double bond
rather than by any other functional group, the triterpene methyl
ethers provide an example of a usually less important process gaining
some prominence.

From the detailed studies of the gas liquid chromatographic
behaviour of authentic triterpene methyl ethers it was likely that
material isolated from the native New Zealand plant, Cortaderia
toetoe, contained the methyl ether of &-amyrin; one or more of the
methyl ethers of germanicol, S—amyrin, ﬁ-amyrin, taraxerol or
multiflorenol; and arundoin. The mass spectra of the fractions
obtained from preparative gas liquid chromatography confirmed that
o- and p-amyrin methyl ethers and arundoin are constituents of

Cortaderia toetoe.
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It is of interest that when the mass spectrum of arundoin was
determined using a heated reservoir system, instead of the direct
inlet system routinely employed, the ion, m/e 408, corresponding to
the loss of methanol from the molecular ion became more pronounced.
The increased abundance of the ion m/e 408 may be due to a thermal
process prior to ionization, although a metastable peak at m/e 37863
confirms that the ion m/e 408 is formed, in part at least, from the
molecular ion. Furthermore, the ions of m/e's 393, 255 and 241, in
‘the mass spectrum of arundoin obtained using the heated reservoir
system, are more abundant than the ions from which they are derived
through loss of methanol; whereas the reverse occurs in the mass
spectrum obtained using the direct inlet system.

Also of interest is the appearance of an ion of mass 365 in the
spectrum of arundoin determined employing the heated reservoir system.
A metastable ion at m/e 326.5, corresponding to the transition
~408+—>365+ + 43, shows that this fission can be attributed to the loss
of the isopropyl side chain from ring E. It has been established that
the loss of the isopropyl side chain is a characteristic of those
pentacyclic triterpenes which contain an isopropyl group? and no
explanation can be offered to account for the lack of this fission in

the spectrum of arundoin obtained using the direct inlet system.



FIZURE II,
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Triterpenes from Gaultheria Subcorymbosa and Chameanerion
Augustifoliume.

Ethanolic extraction of the twigs and leaves of the native New

Zealand shrub Gaultheria subcorymbosa resulted in the isolation of

a substance which showed widely differing melting points on
crystallization from different solvents.7 In addition, the melting
point of the methyl ester derived from this substance was also
dependent on the solvent used for crystallization. It was, therefore,
possible that these different methyl ester fractions corresponded to
different compounds. However, examination of the mass spectra of the
methyl ester fractions not only revealed that the spectra were the
same but also, by comparison with the published spectruml, identified
the ester as methyl ursolate (X, FigeII). The observed melting point
differences may be explained by different crystalline forms or may
be due to solvation effects.

Ursolic acid, characterised as methyl acetyl ursolate, was shown
to be a constituent of the leaves of the rose-bay willow-herd

(Chamaenerion augustifolium)8 by comparison with the mass spectrum of

an authentic sample. In addition, the mass spectrum of a triterpene
isolated from the same source contained abundant ions at m/e 486
(031}15004), the molecular ion, at m/e 262, m/e 223 and m/e 203. The
ions m/e 262 and 203 are consistent with a 12:13 double bond and a

* ,
carbomethoxyl group at C-17 (m calculated for 262t+203* = 157443
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observed 157.4). As the molecule contains four oxygen atoms the
remaining two must be in rings A and B, in agreement with the presence
of a peak at m/e 223 corresponding to the ring 4, B portion of the
molecule. A study of the other physical and chemical properties of
this compound showed it to be methyl 2 «-hydroxyursolate (XI, Fig.II).8

(B) Tetracyclic Triterpenes.

In the course of an intensive examination of the fungi Daedalia

guercina and Polyporus betulinus several metabolites of each fungus

were isolated. The compounds isolated from Daedalia guercina were

code-named D.Qel, D.Qe4, DeQ.5 and D.Q.7; those from Polyporus betulinus

were code-named P.B.l, P.B.2 and P.B.5. It is proposed to discuss the
mass spectra of the compounds P.B.l, P.B.5, D.Q.4 and D.Q.5, and to
describe the role played by mass spectrometry in the elucidation of
the structures of the others. A description of the other physical and
9

chemical properties of these compounds has been given elsewhere.

The Compounds PeBsl, P.BeH, DeQed and D.Qe.5.

It was knownlo that Polyporus betulinus was a gource of the

polyporenic acids A and C and a comparison with authentic samples
established that the compounds P.B.l and P.B.5 were methyl polyporenate
C (XII, Fig.III) and methyl polyporenate A (XIv, Fig.III)

respectively. In a similar manner it was shown that the compound D.Q.4
was identical with methyl polyporenate C, and that the compound D.Q.5

was identical with methyl 7,1ll-dehydrotumulosate (XIII, Fig.III).
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Although the mass spectra of methyl polyporenate C and the
compounds P.B.l and D.Q.4 exhibited an abundant ion at the expected
molecular weight of 496, another molecular ion of mass 498 was present
in all three spectra. The contaminant of molecular weight 498 was
almost certainly the corresponding 8(9)-monoene, methyl 7,11-
dihydropolyporenate C, and as it has been shown11 that the mass spectra
of such compounds do not contain abundant ions formed by fragmentation
of the rings, the presence of the small amount of methyl 7,11~
dihydropolyporenate C has been ignored in the interpretation of the mass
spectrum of methyl polyporenaté C. Similarly it was assumed that the
small amount of methyl tumulosate, which was found to be present in
the samples of the compound D.Q.5 and methyl dehydrotumulosate, makes
little contribution to the intermediate mass region of the spectra of
these compoundse

In the high mass region of the spectra of methyl polyporenate C
and methyl dehydrotumulosate the main features are ions which correspond
to the loss from the molecular ion of a methyl radical, a water
molecule, and these combined. The abundance of the (M-H20)+ ion in
the spectrum of methyl dehydrotumulosate is not significantly greater
than that of the corresponding ion in the spectrum of methyl

polyporenate C, although methyl dehydrotumulosate contains two hydroxyl

groupse.




79

At lower masses, abundant ions are observed at m/e's 311, 295
and 271 in the spectrum of methyl dehydrotumulosate and at m/e's
309, 293 and 269 in that of methyl polyporenate C. Therefore these
ions are formed by corresponding fissions and must contain the left-
hand portion of both molecules. Thus the ions at m/e's 311 and 309
‘are formed by the loss of the C-17 side chain and a molecule of water.
As both compounds exhibit this fragmentation, it is likely that the
C-3 hydroxyl group is retained in the ion of mass 311 in the mass

12 that the

spectrum of methyl dehydrotumulosate. Although it is known
elimination of water, induced‘£y electron impact, does not proceed

by a 1l:2 mechanism, the formation of a centre of unsaturation in ring
D by the loss of a water molecule could well explain the high
abundance of the ion subsequently formed by the loss of the side chain.

13 through ring D with the loss of C-15,

"Steroid-type" fission
C-16 and C-17 and their substituents gives rise to the ions at m/e
271 and m/e 269 in the spectra of methyl dehydrotumulosate and methyl
polyporenate C respectivelyo

The genesis of the remaining significant fission common to both
spectra is less easy to explain. However, a metastable ion at m/e
185+2 shows that m/e 293, the ion formed by this fission, arises by
cleavage of the ion m/e 463 (m* calculated for 463+—'293+ = 185.4) in

the mass spectrum of methyl polyporenate C. In a similar way, the
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corresponding transition in the spectrum of methyl dehydrotumulosate
gives rise to a metastable ion at m/e 18745 (m* calculated for 465t¢
2957 = 187.2). Thus this cleavage proceeds by the loss of the side
chain plus one hydrogen atom from the (M-33) ion. The driving force
for this fission may be the aromatisation of rings C and D, and the
ion formed can be represented by a structure such as XV (Fig.IV).
In addition to the fragmentation paths described above,metastable ions
at m/e 27640 and 260.0 indicate that methyl dehydrotumulosate also
breaks down by expelling a molecule of water from the ions m/e 311
and m/e 295 (m* calculated forv311+~>295+ = 276.0; m* calculated for
295+<>277+ = 260.1). No such losses are observed in the spectrum of
methyl polyporenate C, thus confirming that the ions m/e 311 and 295
do contain ring A.

The mass spectrum of methyl polyporenate A (XIV, FigeIII) is
characterised by fragmentations corresponding to the loss of the
methyl and hydroxyl groups. Ions are observed at m/e 485 (M—CHB),

m/e 482 (M-HZO), m/e 467 (M-CHB-HZO) and m/e 449 (M-CH —HZO-H2O). The

3
only ion to which any significance could be attached at lower masses
is m/e 313 which arises by the loss of the C-17 side chain from m/e

482, Observation of the appropriate metastable ions shows that the

sequence of fragmentation is :~
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*'//”m/é 482
m/e 500,M m/e 467—>m/e 449
\m/e 485
Transition Qbserved m* Calculagted m*
500" —>482% 4+ 18 468.4 46446
5007 —485% & 15 470.5 470.5
467449 + 18 431.9 431.7

The behaviour of methyl 3-acetylpolyporenate A, under electron
impact, is similar to that of methyl polyporenate A. Metastable ions
present in the spectrum confir; that the molecular ion of methyl
3-acetylpolyporenate A, m/e 542, decomposes as shown :-

m/e 524

/

m/e 542 m/e 509—>m/e 449
\m/e 527/

Transition  Observed m . Calculated m%
542%= 527 4 15 512.4 512.4
542%—s524% 4 18 5068 506 <6
527Y— 5097 + 18 491.8 491.6
5247 —509" + 15 493-494 494 .4
5097 —>449% + 60 396.1 396.1

From the above it is seen that the loss of acetic acid from the

(M-33)T ion in the mass spectrum of methyl 3-acetylpolyporenate A
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replaces the loss of water from the (M-33)¥ ion in the spectrum of
methyl polyporenate A. This type of fragmentation of LP(9>
tetracyclic triterpenes, even although it does not involve a specific
fission of the tetracyclic ring system, proved to be of great value

in elucidating the structures of the other metabolites isolated.

The Compound P.B.2.

The compound P.B.2, when subject to electron bombardment,
exhibited a molecular ion at m/e 600« Exact mass measurement of the
molecular ion and of several of the abundant fragment ions was carried
oute The results obtained are collected in Table II.

From Table II and observation of the corresponding metastable ions
(Table III) the fragmentation pathways shown in Fig.V can be deduced.

The presence of abundant ions at m/e 467 and m/e 449, together
with m/e 313 as the only significant fragment of lower mass suggested
that the compound P.B.2 was a derivative of methyl polyporenate A.

The fact that the ions of mass 500, 482, 467, 449 and 313 corresponded
exactly in elemental composition to the corresponding ions in the
spectrum of methyl polyporenate A was & further indication that this
suggestion was correct. Moreover, the mass spectrum of the compound
P.B.2. was similar to the spectrum of methyl 3-acetylpolyporenate A in
that the elimination of a C4H604 species from the (M—33)+ ion replaces

the loss of acetic acid from the (M-33)" ion in the mass spectrum of

methyl 3-acetylpolyporenate A.
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TABLE II

Nominal Mass Observed Mass Formulse Assigned Calculated Mass
600 600.4043 056 356 o7 600.4026
567 567.3694 055 H51 Og 567.3685
500 500. 3879 032 H52 o4 500. 3865
482 482.3765 032 Hso o3 482.3760
467 467,3520 031 H47 O3 467.3%525
449 449.3228 031 H45 0, 449.3419

TABLE III
Transition Obsgerved m* Calculated m*
600" —> 5827 + 18 564.5 564.5
600" —s 482 + 118 387.0 387.2
5677 =3 4497 + 118 355.2 355.5

4677 —— 449" + 18 431.6 431.6
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Thus from a comparison of the mass spectra it seemed probable
that the compound P.B.2 was basically methyl polyporenate A linked by

the C-3 oxygen atom to a C4H505 unit. Additional support for this

theory was furnished by the infra-red (I.R.) and nuclear magnetic
resonance (N.M.R.) spectral analyses which were consistent with the
presence of two methoxycarbonyl, a secondary hydroxyl and an
exomethylene group.9

The problem now focused on determining the nature of the C

42604

species which the compound P.B.2 expelled under elec¢ctron bombardmente.
As two methoxycarbonyl groups had been shown to be present, one of

them must be contained in the C H60 fragment. The most plausible

47674

structures for C H6O are s-

47674

(1) CHBO.CO.O.CO.CHB (2) CH3O.CO.O.CH20HO

(2) CH,0.C0:CO.0OCH

3 3 (4) CH30.CO.CH2002H

(5) CH;0.C0,C0.CH, 0B

As structures (4) and (5) could be readily expelled (Fig.VI) by
a McLafferty rearrangementl4, they were considered the most likely.
Distinction between (4) and (5) was possible as only (4) could easily

give rise to the ion of composition C (m/e 500) observed in the

H_,O
3275274
spectrum of the compound P.B.2.
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Thus the compound P.B.2 was probably a methoxycarbonylacetate of
methyl polyporenate A.

Further proof of the structure was gained in the following way;
the mass spectrum of the compound P.B.2A, obtained by treatment of the
compound FP.B.2 with methanoclic sodium methoxide,9 yielded a molecular
weight of 500 and a precise mass determination showed a molecular

formula of C (calculated 500.3865; found 500.3854). The

327529
compositions of the ion m/e 313 was found to be 022H530 (calculated
313.2531; found 313.2534). In addition the mass spectrum of the
compound P.B.2A was identical,héxcept for some differences in ion
abundances, with that of methyl polyporenate A. It is known that the
C-24 exomethylene double bond of methyl polyporenate A moves into
conjugation with the C-26 methoxycarbonyl group under basic conditions,

9 of the other physical properties of the compound

and an examination
P.B.2A established its identity with methyl isopolyporenate A.

Thus the most likely structure for the compound P.B.2 was that
of a methyl methoxycarbonylécetylpolyporenate A, and a comparison9
with model compounds such as cholesteryl malonate confirmed that the
compound P.B.2 was methyl 3-methoxycarbonylacetylpolyporenate A
(XVI, Fig.VII).

The Compound D.Q.le

The mass spectrum of the compound D.Q.l showed a molecular weight

of 600. The results of high resolution measurement of the molecular ion
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and of several fragment ions are collected in Table Iv.
Identification of metastable ion transitions (Table V) lead to the
fragmentation pathway shown in Fig.VIII for the compound D.Qele

It can be seen that, like the compound P.B.2, the compound D.Q.1
fragments with the loss of a C4H604 entity. Hence the compound D.Q.l
probably contained a methoxycarbonylacetyl group also. Additional
evidence as to the nature of the functional groups was available from
the I.R. and N.M.R. spectra which were consistent with not only a
methoxycarbonylacetyl function, but also with a further
methoxycarbonyl group, and an éliphatic or six-membered alicyclic
ketone.9

As four of the oxygen atoms present in the compound D.Q.l were
accounted for in the methoxycarbonylacetyl unit, the other
methoxycarbonyl group and the ketone must be eliminated in the
fragment of composition 08H1403° The 08H14O3 fragment contains two
double bénd equivalents and, therefore, it is unlikely to be contained
in a cyclic systems Probably it arises from a rearrangement process
involving the carbonyl function.

The elemental compositions of several ions of lower mass enabled
the structure of this portion of the molecule to be determined. It
was noticed that abundant ions were present at m/e's 153, 143 and 115,
Ions which arise by random fission of a triterpene nucleus are

normally present at these masses, but are always weakly abundant.
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TABLE IV

Nominal Mass Observed Mass Formula Assigned Celculated Mass
600 600. 4010 Crg Bog O 600. 4026
585 585.3792 035 H53 07 585.3791
467 467.3530 C31 H47 03 467.3525
427 427.2857 Cpp Hzg O, 427.2848
309 309.2578 Cpy Hys 309.2582
185 185.1174 C1o Hy7 O 185.1178
153 153.0910 Cy Hyz O, 153.0915
143 143.0705 C7 H O3 143.0708
115 115.0759 Cg Hy O, 115.0759

TABLE V
Transition Observed m* Calculated m*
600" -5 5857 + 15 570.4 570.4
585" ——> 4677 + 118 373.0 372.8
5857 = 4277 + 158 311.7 311.6
4677 —> 309" + 158 204.5 204.6
4277 > 309" + 118 223.5 223.6

1857 == 153" 4+ 32 126.5 126.5

+
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The composition of the jon m/e 185 was also determined as a metastable
ion at m/e 126.5 corresponding to the transition 185+~>153+ + 32 was
present in the spectrum. M/e 185 was found to be a doublet of

composition ClOHl703 and Cl4H17' Therefore there must be a further

two carbon atoms in the chain containing the C_H, 6O, entitye. The ions

871473

of mass 143 (C7H 05) and 115 (06H11°2) differ in composition by the

11
elements of carbon monoxide, and thus could readily arise from fission

on either side of the carbonyl group. A partial structure for this

portion of the molecule would then be :-

CHZ\\\ CH2 C4H8\\\\
R CH2 co CO2CH3
18 1 1 11

Cleavage of the bond to the carbonyl group with the migration
g

of a hydrogen to the carbonyl oxygen atom i.e., a McLafferty
14

rearrangement, would explain the elimination of 158 mass units

(CBH 03) in the mass spectrum of the compound DeQ.l. Fission of the

14
carbon~-carbon bond § to the carbonyl suggested that this point might
be a site of chain branchinge

Little evidence is available for the nature of the 0221{33 ion

(m/e 309), but since the fungus Daedalia quercina had been shown to

produce tetracyclic triterpenes it seemed a reasonable assumption that

the compound D.Q.l1l was also a tetracyclic triterpene. The aliphatic
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carbon chain would thus form the C-17 side chain of the molecule.

Eight of the nine double bond equivalents of the compound D.Q.1
have now been accounted for, and spectroscopic evidence9 points to
the presence of an 8:9 double bond, in agreement with the lack of
specific fragmentation of the ring system observed in the mass spectrum
of the compound D.Qsle Therefore the compound D.Q{.1 most likely has
the structure XVII (Fig.VII).

The Compound D.Ge7e

Exact mass measurement (Table VI) of the molecular ion, m/e 612,

of the remaining metabolite of Daedalia quercina, that has been

subject to mass spectrometric investigation, showed that the compound
D.Q.7 had a molecular formula of 037H56O7’ i.ee, the molecular formula
is exactly one carbon atom more than that of the compound D.Q.l. The
mass spectrum of the compound D.Q.7 shows the loss of 118 mass units
characteristic of the methoxycarbonylacetyl group, and the peaks
associated with fragmentation of the side chain are shifted 12 units to
higher mass. Thus the neutral fragment of 158 units, eliminated in
the mass spectrum of the compound D.Q.1l, appeared as a loss of 170
units (Fig.IX) in the mass spectrum of the compound D.Q.7. Similarly
the peaks at m/e's 185, 153, 143 and 115 in the spectrum of the

compound D.Q.l were replaced in that of the compound D.Q.7 by peaks at

m/e's 197, 165, 155 and 127.



FITURE IX,

C39H5604 m/e 612
-CHs
C3H5307 m/e 587
-c,H o/ \CQH1L
m/e 479 CqoH, Ca7hag®s
- CgH1.03 /3 H:O,
C23M33

m/e 309

m/e 427



TABLE VI

Nominal Mass Observed Mass Formula Assigned Calculated Mass
612 | 612.4037 G5y Heg O 612.4026
597 597.3774 036 7:153 07 597.3791
479 479.3518 032 H47 03 479.3525
427 427.2848 Cpy Hyg O, 427.2848
309 309.2571 Cps Hys 309,2582
197 197.1153 C)y Hy Oy 197.1178

TABLE VII
Transition Observed m* Calculated nr*
6127 —» 597" + 15 582.3 582,3
597" —» 4797 + 118 384.5 384.3
597" —> 4277 + 170 306.0 305.4
479" —s 309" + 170 199.2 199.3
4277 == 309" + 118 223,9 223,6

1977 = 1657 + 32 138.1 138.2
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It was, therefore, concluded that the compounds D.Q.l and D.Q.7
were structurally identical in rings A, B, C and D, and up to Cc=-23,
the carbon atom bearing the carbonyl group. The additional 12 mass
units could then be accounted for by the presence of another carbon
atom in the side chain together with a double bond or eguivalent.
However, the N.ii.R and O.R.D. spectra of the compound D.Q.7 can only
be explained by the presence of a -CHZ—CHZ-O— group? and all the
oxygen atoms of the observed molecular ion have been allocated. Hence
the observed molecular ion must be derived from a more highly
oxygenated species. It is thought that the ion m/e 612 represents a
(M-H20)+ ion, the structure of the compound D.Q.7 being that (XVIII)

shown in Fig.VII.
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EXPERIMENTAL.

The mass spectra were determined using an A.E.I., M.S.9,
double-focusing mass spectrometer. The samples were introduced by
means of a direct inlet systeme

The mass spectra of the compounds examined are tabulated

overleaf.



Mass Spectrum of Methyl Polyporenate C.

/e % Abund. M/e % Abund. /e % Abund. M/e % Abund.

53 11 91 20 121 12 148 2
54 2 22 5 122 2 149 4
55 100 93 19 123 13 151 2
56 7 94 4 125 10 152 2
57 15 95 22 126 2 153 4
58 3 96 12 127 3 154 3
59 7 97 34 128 7 155 13
65 4 98 3 129 11 156 10
67 25 103 27 130 5 157 25
68 3 104 2 131 15 158 10
69 47 105 24 132 18 159 15
70 4 106 4 133 16 160 3
71 7 107 20 134 3 161 6
77 10 108 3 135 6 165 6
78 3 109 15 137 5 1o6 4
79 17 110 2 139 2 167 6
80 3 111 4 141 7 168 4
8l 26 315 5 142 8 169 19
82 4 116 4 143 18 170 11
83 23 117 7 144 6 171 23
84 14 118 3 145 20 172 8
85 5 119 24 146 5 173 8
87 4 120 4 147 aé 175 4

Over.
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Spectrum of Methyl 7,ll-dehydrotumulosate.
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Mass Spectrum of Methyl 7,ll-dehydrotumulosate(Cont'd.)e.
% Abund. M/e % Abund. il/e % Abund. M/e % Abund.
7 193 3 231 2 310 9
2 194 2 235 3 311 29
6 195 6 236 2 312 8
4 196 8 237 4 313 3
3 197 3 258 2 463 3
12 198 6 239 4 464 2
7 201 4 251 2 465 10
19 202 2 253 6 466 3
6 203 3 254 2 480 10
8 207 3 255 3 481 3
2 209 7 257 5 483 5
4 210 3 259 3 484 2
4 211 7 270 6 498 51
4 212 2 271 8 499 2
5 213 4 272 11 500 2
3 217 3 273 5
11 221 3 274 4
6 222 2 277 13
13 223 4 2178 5
4 224 2 293 4
7 225 5 295 61
4 227 4 296 15
4 229 2 297 7
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MASS SPECTRUM OF METHYL POLYPORENATE A.
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MASS SPECTRUM OF THE COMPOUND P.B.2
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