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CONVILTIONS

In the text, an Arabic number in brackets, e.g. (127) refers to
a reference, while a Roman number, e.g. (CXVII) refers to a

diagran or drawing.

In the drawings of chemical compounds, a wedge shaped line
revresents a bond coming out of the plane of the paper, while a
broken line is a bond going below the plane of fhe paper. A
dotted line running between three carbon atoms implies a double

bond, the position of which is ambiguous.

In the discussion, whenever both the methyl and phenyl boronates
arc illustroted, a common diagram will be used for both, with

R~ denoting the substituents. The illustration will be numbered
with a Roman numeral, and the suffix, a, will be used to denote

a phenyl ester, the suffix, b, to denote a methyl ester. For
example, for the ion XXX the phenyl-~ form is labelled XiXa, and
the methyl- form AXib.



ABBRIVIATIONS

Gas liquid chromatography

Combined gas liguid chromatography and
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1. GEHWRAL IJNTRODUCTION AND SUMMARY OF THE THESIS

In the last few years, increasing interest has been shown in the
related techniques of gas liquid chromatography (GLC), and combined
gas chromatography and mass spectrometry (GC-MS), and in particular
in the application of these techniques to the analysis of small
amounts of material, such as those which may be found in natural
systens. This thesis investigates the use of these technigues in
two distinct fields; the first is the examination of boronic acids
as reagents for the formation or derivativés of sugars suitable for
GC and GC-!S analysis, and the second is the application of the
technicues to the investigation'of extracts from plant tissue for the
purpose of locating and identifyingz any compounds of a particular

type which may be present in the plant.

In 1968, Brooks and Watson introduced the concept of boronate esters
as suitable derivatives, for GLC and GC-MS, of compounds possessing

a cis bifunctionality, such as cis diols. They suggested the
applicability of the derivative to carbohydrate analysis, and also
showed that pregnanetriol boronate could easily be trimethylsilyated
without disturbing the cyclic ester group. Brooks and Harvey also
showed, in a later pavper, that triple derivatives of a compound could
be made, for example, the methyl oxime of a cyclic boronate tfimethylsilyl
ether. In this same paper the authors demonstrated that acyclic
boronates formed from isolated hydroxyl groups could be displaced by
trimethylsilyation without affecting a cyclic boronate also present in
the molecule. This last observation was extremely important, as it
showed that excess boronic acid could be used to form a derivative

of a compound and any acyclic boronates formed could be removed in
this way. This was ideal for the study of compounds like sugars,
where there are a number of hydroxyl groups present. Excess boronic
acid could be used to form the cyclic boronates, and the compound

would then be trimethylsilylated to eliminate any undesired acyclic



boronates formed. The trimethylsilylation would also result in a
less polar, more volatile compound which would have better GLC

properties.

Shortly after the inception of the present research, there apoeared
the first of a number of papers on this topic; these demonstrated
that it was possible to use the boronates in such a way, and that
where the reaction resulted in one or more hydroxyls remaining under—
ivatised, it was possible to convert them to the trimethylsilyl
ethers, without destroying the boronate already present, producing

a mixed derivative that was suitable for GLC and GC-MS.

To investigate these derivatives further, a comparison has been made
of the GLC properties of the methyl-, n-butylj and phenylboronates and
boronate THSi ethers of a number of sugars, each of which was knowm

to be, initially, in a cyclic form, and hence to have a preferred
conformation which would influence the course of the boronation re-
action in which the boronic acids react only with cis~bifunctional
systens, The GC-MS properties of the methyl- and phenyl- derivatives
have also been studied, the difference of 62 mass units between the
methyl and phenyl groups being an aid to the identification of boron-
containing peaks. From the gas chromatographic data and mass spectra,
and in some instances the nuclear magnetic resonance data, an attempt
has been made to determine the structure of the boronates and boronate

TMSi ethers formed by each sugar.

The boronates, and the boronate TMSi ethers, have been found to be
good derivatives for GLC, giving sharp, non-=tailing peaks on both

1% $3-30 and 1% QF-1, and though the tendency of the sugars to form
multiple derivatives would make this method difficult for the routine
analysis of a large number of compounds, it does simplify the iden-
tification of individual sugars by increasing the number of useful

paraneters characteristic of each sugar.
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The determination of the structures of the sugar derivatives was not
found to be possible in all cases simply by considera:ion of the
boron—-containing ions, as these can rearrange under electron impact.
Thus, for example, ions containing a five-membered boronate ring
could be derived from an ester which contained only a six-membered
ring, but by combining the information obtained from such ions with
that obtained from the rest of the spectrum, it was possible to arrive

at the structures in question,

The formation of boronate esters by these sugars is determined by the
availability of suitable diol systems, which in turn is governed by
the number, position and conformation of the free hydroxyls in the
parent sugar. Four hydroxyls may result in either a diboronate, or
a number of monoboronates which leave two of the groups unreacted,
while three free hydroxyls result in two possible monoboronates, the

favoured one being determined by the pareni structure.

The mass svectra can also be used to distinguish between very similar
compounds, such as: methyl D-mannopyranoside, methyl D-glucopyranoside,
and methyl D-galactopyranoside, and to some extent between the anomers
of a sugar, for example between the K- and.f?-anomers of the last two

of these compounds.

PThus the boronates and boronate TiSi ethers are suitable derivatives
for GC and GC-lS, giving as much information as, and in some cases

more than the TMSi ethers by themselves.

The second part of the thesis consists of an examination of the
apolicability of GLC and GC-NS to the analysis of plant material, and
in narticular, to the location of sesquiterpenoid compounds in the

plants examined.

The classical method of examining plants has been to extract a large
amount of the plant material in 2 heated solvent, which was then
removed by evaporaiionj and then to chromaitograph or distil the

residue, collecting any fractions which might be pure compounds and



determining their structure, usually by spectroscopic methods.
This method has the disadvantages of requiring the collection and
processing of a large amount of plant material, and of exposing
the extracts obtained to heat or to a chromatographic material
which might result in the decomposition or isomerisation of any

unstable  compounds present.

As an alternative to this, the use of GLC and GC-MS in this type of
investigation has been investigated. The macerated plant material

is extracted at room temperature in a suitable solvent, which is then
removed in a Blichi rotary evaporator, again at room temperature, and
the soluble portion of the residue is dissolved in a mixture of bengzene
and isopropanol in the ratio of 3 : 1. After filtration to remove the
ingoluble residue this solution is passed through a licquid-gel column
‘acting as a molecular filter, to remove the high molecular weight
compounds, which would not be amenable to GLC, but would remain as
contaminants at the beginning of the GLC column., The eluate is

then examined by GLC and GC-MS, with the aim of locating interesting
compounds which can be distinguished by their behaviour on a GC column,

and uwnder electron impact.

Standardisation of the method was effected while investigations were

being carried out on the plant Degeneria vitiensis and a preliminary

survey of this plant has been made. . Two species of Petasites have
been examined and compared, with particular regard to the sesquiterpen-

oids of the petasin tyve vresent in each.

The major part of this investigation has been concerned with the exan-
ination of six plants of the genus Licularia, Plants of this type
have been examined by various grouns of workers and have been shown

to contain a wide range of sesquiterpenoid comvounds. This study was
made of six piants which were growing in thé Logan Botanic Gardens in
Wigtownshire, though the plants themselves have an eastern origin,

being native to Dastern Asia.



The examination showed in particular the close relation these plants
bear to the genus Petasites, since vetasin itself was found in two

of them, while one other Ligularia tussilaginea, contained a number

of compounds similar to furanopetasin. Kany of the Petasites are
divided into two sub-species, one of which contains petusin tyve,

the other, furanopetasin type esters, and the two classes of compounds
are not known to co-~occur in the same piant. This may also be true
of the Licularias and would, therefore, explain why none of the plants
examined showed the presence of both classes of compound. The exan-

ination of Ligularia tussilaginea also pointed out the usefulness of

the analysis technique when dealing with unstable comvounds, since an
important compound was detected which had not been reported in a
previous study. This compound was very unstable, being susceptible
both to air oxidation and to addition reactions, so it would almost

certainly not have been analysable by traditional methods.

Structural identification of the comvounds found was not aluways possible
simply from the GLC and GC-lS data. It was found to be necessary to
isolate as large a sample of each compound as possible, and to exanmine
this by spectroscopic methods, such as infra-red (IR) nuclear magnetic
resonance (IR) and ultra-violet (UV) spectroscopy. In those cases
where this was found to be impossible, however, tentative identifications

of the structures concerned were made from the mass spectra.

Thus the method is a useful tool for the analysis of compounds occurring
in plants, but it is most efficient as vart of a system of analysis
which involves the use of a complementary range of methods, in which
system it operates best as a screening process to discover the

prescnce of any interesting compounds which might make further work

worthwhile,
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2. AN EXAMINATION OF THE BOROHATE E=ESTERS OF SOME SUGARS

2 -1 Introduction and Historical Backafound

The analysis of monosaccharides can be regarded as a problem in the
separation and characterisation of a mixture of isomers, particularly
when examining naturally occurring compounds. When gas liquid
chromatography, (GLC), and combined gas liquid chromatography and
mass spectrometry, (GC-HS), were introduced, interest soon arose in
the application of fhese techniques, which coupled speed with a small

sample requirement, to this field.

The free sugars themselves proved to be unsuitable for GLC as they
possess several polar hydroxyl groups, which lead to badly trailing
peaks and very long retention times, even with the least polar
stationary phases such as SE-30. It was found to be necessary to

alter the properties of the sugars in some way; ideally some derivative
of the hydroxyls was required. This should be easy to form, giving no
by-products which would appear on the GLC trace, volatile, and stable
under GLC conditions. It should also retain the stereochemical prop-
erties of the parent molecule so thet derivatives of different compounds
should be different enough to be resolvable on GLC, and have distinctive

breakdoun patterns in the mass spectrometer.

Both methyl ethers (1-9) and acetates (9-19) have been used as deriv-
atives for GLC in this way, but in each case the derivative formation
has resulted in multiple GLC peaks due to the formation of isomers
during the reaction (16). A free sugar, e.g. glucose, can exist in
five forms, the acyclic isomer (I), and the o(-anda/?- anomers of the
pyranose (II, III) and furanose (1Iv, V) rings. FYormation of a |
derivative, e.g. the methyl ether, results in four isomers, the -

and./g— anomers of each cyclic form (VI-IX). Dach of these compounds

-6
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gives a peak on the GLC trace, increagsing the difficulty of analysing
a mixture of sugars. Hany different ways of overcoming this
difficulty have been attempted; for example the analysis of aldose
sugars, such as glucose (I) and galactose (X) has been investigated
by J.3. Sawardeker et al., (16). They first reduced the sugar to the
alditol with sodium borohydride, then reacted it with acetic anhydride
to form the acetate. Glucose (I) has, for example been reduced to
glucitol (XI) which was then converted into the acetate (XII).

Another approach has been the use of mixed derivatives, for example,
the trimethylsilyl (THMSi) ethers of sugar oximes (20~22). The sugar
e.g. glucose (I) is converted to the oxime (XTII) or the O-methyloxime
(XIV) and then treated with trimethylsilylating reagents, for example,
bis(trimethylsilyl)-trifluoroacetamide (BSTFA) and trimethylchlorosilane
(™CS). The free hydroxyls are converted into the TlSi ethers, the
oximes into O-trimethylsilyloximes (XV) and the O-methyloxime (XVI) is
unaffected (22). The mass spectral fragmentation patterns of such
O-methyloximes havebeen studied (23), as have those of methyl ethers

and. acetates.

In the case of the acetates the pyranose and furanose forms can be
differentiated (24-26), thourh rearrangement of the ions from the six—
membered ring to the five-membered ring is possible (26) and care
should be taken when analysing the mass spectrum of an unknown compound.
Again, to simplify the analysis, the alditol acetates have been made
and their spectra examined (16, 27, 28). The methyl ethers gzive
characteristic peaks in the high-mass end of the spectrum, but, since
these are of low intensity, they call for careful evaluation during
interpretation (29-34).

The most widely used, and most successful derivative to date, however,
is the TMSi ether. The preparation of carﬁohydrate THMSi ethers was
first described by Hedgley and Overend (35); and later standardised
for GLC by Sweeley et al., who also gave retention data for over a
hundred compounds (36). The ethers were prepared by treating the .
sugar with a 2 ¢ 1 mixture of hexamethyldisilagzane (H¥DS) and THCS in

pyridine. Excess of the reagents was used to ensure complete



derivatisation, and to eliminate any traces of water in the reaction
mixture. An aliquot was then drawn off and injected straight on to
the GLC column, or, to avoid the very large solvent peak caused by

the pyridine, the derivatives were partitioned between water and
chloroform (or petroleum ether) and recovered from the organic solvent,
in which they could be injected (36). Pyridine could also be

removed by evaporation under a stream of nitrogen, then, with or
without the removal of the insoluble pyridine hydrochlorides, re—
dissolved in a more volatile solvent (38). Injection of the inorganic
precipitate onto the GLC column does not anpear to do any damage, even

over prolonged periods of use (37).

The derivatives formed in this way fit closely to the ideal. They

are easy %Yo form, convenient to handle,.stable at the temperatures

used in GLC and they are also readily hydrolysable back to the free
sugar, a distinct advantage when they are used for preparative GLC (36).
In only a few cases the reaction has not proceeded satisfactorily,
generally when using compounds containing acid groups, for example,
uronic acids (39), or ascorbic acid (40). It is thought that
hydrochloric acid (HC1l) is formed during the reaction, and that this
inhibits the ether formation (17). Modification of the acid group or
use of a different silylating reagent (39) were the methods used to
overcome this difficulty. The reaction is quantitative (36), and
there is good agreement between the results obtained by quantitative

gas and paper chromatography of sugars (41, 42). The derivatives

have good retention characteristics, giving good peak shapes with little
tailing, even on fairly polar columns, and retention times (adjusted to

give good resolution) of between five and thirty minutes (36, 43-64).

The major disadvantaze of the TMSi ethers is the formation of isomer

peaks. Bach sugar TiSi ether gives two to four peaks, corresponding
to the - and /- pyranosides and the (X - and /?- furanosides, (17,

36, 45, 64, 65). This occurs especially when water is present in

the reaction mixture, catalysing the equilibration of the mixture of

-8-
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isomers (17). Thus for mixtures of TiSi ethers of sugar stereoisomers,
for example, glucose (I), ralactose (X) and mannose (XVII), the
resolution of anomers and ring isomers gives many coincident and over—

lanping peaks (17).

Under given conditions of derivative formatvion, thé nunber of peaks
and their rclative provortions are found to be constant for each sugar.
It is thus possible to calculate the total amounts of each sugar
present from any one single, completely resolved and identified peak

(36, 67, 68,6Ql:Tables of these proportions are available (17).

Considerable variation is found, however, between sugars analysed from
pyridine and aqueous equilibrium mixtures, and between sets of values
based on similar prepcrative procedures but different solvents. In
pyridine, trimethylsilylation is faster than mutarotation (36), there-
fore, it is possible to determine naturally occurring ratios of sugzar
anomers if analysis is made soon after derivative formation, and if
the reaction has been carried out in scrupulously dry pyridine (19).
Recently, also, ecuilibria of this tyve have been studied by using the

trirluoroacetates as derivatives of the sugars (70).

Tdentification of individual peaks does, however, present a problem.
Such a nealk may be known to be related to a svecific compound, but the
absolute identification of it as one isomer or anomer can be difficult.
GLC can provide only relative inforaation from standards, not direct
structural or chemical data. It is possible to sevarate each compound
by preparative GLC and determine its structure by classical methods,

but this is cumbersome, and the time required would cancel the advantage
of usinz GLC. Such a procedure is impracticable, if the sample under

congideration is too small. Hence the use of GC-lIS.

In 1957, Sharkey et al, reported mass spectral data of silylated, long
chain, alivhatic alcohols, and most of the observations and ideas of
these authors are still tenable for other classes of compounds (72).

The electron—impact (BEI) mass spectra were characterised by the fragment
of mass to chérge ratio (m/e) 73. (XVIII), which is present in the
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highest abundance, The highest g[g value is generally that of the
molecular ion (M)+ minus 15 due to the loss of methyl from one of

the T!MS1i groups. In a recent paper, (73) Richter and Hunneman

have compared the spectra of the TMSi ethers and dimethylsilyl (DiSi)
ethers of primary alcohols, and have shown that, for the latter
derivative, the relative intensity of the M-15 ion is severely reduced
with respect to that of the correspondinz TiiSi ethers. A number of
rearrangenents have been reported as occurring during the breakdown of
a TiiSi ether; for example, the loss of a methyl group with subsequent
replacement by a hydrogen atom (74), intramolecular migration of

complete THSi groups (75, 76) and McLafferty-type rearrangements (77, 78).

Turning back to the problem of peak identification, it has been shown
that structural and geometrical isomerism influence mass spectral
fragmentation patterns (79, 80). For example, from the consideration
of quantitative mass spectra of twenty Ti5i ethers of aldohexoses and
partially methylated derivatives, Petersson and Samuelson (81) developed
a method of determining the number and position of methoxyl substituents
in monosaccharides, DeJongh et al., (71) established detailed frag-
mentation patterns of D-glucose, Me D-glucopyranoside, and ethyl
D-galactopyranoside by the use of labellinz technigues and high resol-
ution mass spectrometry. In agreement with other work (66, 81-84)

they shoued differences between the pyranose and furanose ring isomers,
e.g. for a furanose THSi ether such as that of glucose (XIX) the
intensity of the fragment m/e = 217 (XX) is sismificantly larger than
that due to m/e = 204 (XII), while for the corresponding pyranose (XXII)
compound the reverse is true, These differences have been used to
identify minor peaks in the GLC of silylated aldoses (71), and in those
of fructose where the open-~chain derivative of the compound could be
distinguished (66).

The mass spectra of (X - and./9- anomers have been examined with varying

results; Reed et al. originally showed differences between the spectra

-10-






of Me ¢{-D-glucopyranoside and Me ﬂ-p_—glucopyranosid.e (85, 86) but
DedJongh et 2l. claimed that the spectra of anomeric forms of penta-
O-trimethylsilylated glucopyranose were identical as were the

anomers of the corresponding galactopyranose (71). Similarly, no
differences were noted in the spectra of the corresponding
pertrimethylsilylated methyl glycosides. These experiments were
repeated using a lower ionisation voltasze in the mass spectrometer in
an attempt to limit secondary fragmentation processes, and so acocen—
tuate stereochemical differences (37). The spectra of the trimethyl-
silylated anomers run at 1T7eV do show minor intensity differences,
particularly in the ratio of the two peaks of gég = 435 and g[g = 393,
The former is due to the loss of a methyl group from the parent
molecule, the latter to fragment A (XXIII), minus a methyl (T1).

The ratio 435/393 is larger in the spectrum of the/4~—anomer than in
that of the (X —anomer. Similar differences were found in galacto-
pyranose and mannopyranose, and in the methyl glycosides of all three
sugars. There the ratio considered was that of g[g = 377 caused by
loss of --CH3 and trimethylsilanol (TiISiOH) from the molecule, to

m/e = 361, caused by loss of OCH3 and THSiOH (89). These ratio
differences are useful for analysis but they have two main drawbacks.
The ratios vary if the ion source temverature of the mass spectrometer
is altered, which may cause difficulty in reproducing them, particularly
from machine to machine, and secondly a very large body of data would
have to be built up before the technique could be used for routine

analysis.

Scheuer and co-workers (89) examined, in glycol TI3i ethers, the
m/e = 147 fragment common to many dihydroxy compounds {76, 91) in which
the hydroxyls need not be adjacent to each other (76). In the glycol
derivatives this fragment arises from a cyclic elimination leading to
(P1Si0 = Si(CH3)2 )T They argued that the intensity of this ion could be
related to the case of formation with which the traansition state could
occur, and predicted the order of intensities that should occur in the

o~ and /J—anomers of glucose, galactose and mannose. These were a

close match to the experimental values, and so the basic postulate

-]l
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may hold and may in time be apvlied to structure determination.

Applications of the TilSi ether to suzar chemistry are many and various.
Zinbo and Sherman have studied the fragmentation of some suzar phos—
phates (75), as have Harvey, llorning and Vouros (92, 93), Petersson
has examined the TiiSi ethers of acyclic alditols {94) and of the
lactones from the corresponding aldonic acids (95) and he has also
used the methyloxime-TilSi ethers in a very general method for the

" analysis of sugars, sugar acids and lactones (96). TSi ethers have
been used by deWilt (93) in the study of the oxidation of sorbose to
2-keto-L-gulonic acid, and by Kamerling, Vliegenthart, Vink and

de Ridder for the analysis of oligo-saccharides and disaccharides (99,
101), and in the study of partially methylated sugars occurring in the

sphingoglycolipid found in oyster mantle (102).

Recently, a new derivative has been used for the GILC and GC-MS analysis
of sugars, viz, the cyclic boronate ester. This is formed by the
reaction of, (for example) a 1,2- or 1,3~ diol system with a boronic
acid, e.g. phenylboronic acid (XXIV), resultinz in a five-membered (XXV)
or six-membered ring (XXVI) boronate respectively. The first sugar
boronntes were made by Jolfrom and Solms (103), who fused a mixture of
phenylboronic acid and the sugar and extracted-the products with
petroleum ether to give the ester. Later workers, however, used
different rcaction conditions since the realisdtion that a rapid
equilibration was taking place (104) sugrested the use of anhydrous
solvents and the removal of water from the reaction to promote the
formation of the ester (105). The 4,6- cyclic ester of Me & —D-glucop—
yranoside (XXVIIa) was prevared by treatment of the sugar with phenyp-
boronic acid in boiling benzene, removal of the water being effectied
with a Dean and Stark apparatus, as was the ver(phenylboronate) (XXIXa)
(106, 114). Treatment of the sugar with the acid anhydride (XXVIIIa)
(107) under similar conditions was also shown to give te ester (108-11C),
as was the use of 2-methoxyethanol (113), lie-cellosolve (115), or a
methanol and water mixture (111,112) as a solvent for the sugar and

anhydride reaction.
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The relative stabilities of the various sizes of the ring that can be
formed as boronate esters have been investigated in several ways.
Bowie and Husgrave have showm (116) that the stability of the rings
towards hydrolysis depends on two factors, the size of the ring and
the number of alkyl substituents. The seven—membered ring was the
most easily hyirolysed of the 5-, 6~ and T-membered rings examined,
while the six-membered ring was the most stable. As the number of
alkyl substituents on the ring increases, the stability of each of the
types of ester to hydrolysis increases. The hydrolysis is thought

to proceed by an attack of water on the boron atom (xxx, XXXI), resulting
in a tetrohedral configuration round this atom (XXXII, XXXVII). The
greater strain in the seven- and five-membered rings make the next
step, cleavage of one of the boron-oxygen bonds and so breakdown of
the ring, nore favourable in these esters than in the six~membered
derivative, where there is very little ring strain. The presence of
alkyl substitvents on the ring results in a steric hindrance to the

formation of the tetrahedral configuration, and so to the hydrolysis.

The same authors also comment on the effect upon the stabilities of
the esters, of different grouvs attached to the boron atom. A come
parison was made of the phenylboronate and the methylboronate six-—
membered esters and it was shown that the phenylboronate was less

stable to hydrolysis.

A later paper by HcKinley and Weigel (117) investigated the formation
of cyclic boronates by reaction of the boronic acid with acyclic triols,
allowing the possibility of the formation of either the five-membered
or six-mcmbered boronates, and the authors produced three general rules
governing the situation. Considering the four examples shown, with
each of their possible derivatives, glycerol (XXXIV), DL-butane 2,3,4-
triol (XXXVII), L—arabino-pentane 2,3,4-triol (XL), and xylo-pentane
24344-triol (XLIV), if the non-hydrogen substituents of a six-membered
ring ester are equatorially disposed (XXXVI, XZXXIX) this isomer will

be the major product; +thus the 1l,3-ester of glycerol (XXXVI) and the
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2,4~ester of DI-butane 1,2,4-triol (XXXIX) are the major products of
their respective reactions., If thé six-membered ring would possess
axial substituents (XLIII, XLVI) the five-membered ring isomers are
the exclusive ovroducts (XLII, XLV). Lastly, five-membered rings with
trens—-substituents (XLI) are formed more easily than those with Cis—

substituents (XLII).

These rules do not seem to apply to all the cyclic boronates. For
example, in Ile { —=D-galactopyranoside (XLVII), where it is possible

to form either the 4,6~ (XLVIII) or the 3,4-esters (XLIX), the six-
membered ester would possess axial substitueants and so the five-membered
ester should be formed exclusively. The reaction is, however, known
to produce either the six-membered cyclic ester (XLVIII) or the per
(phenylboronate) ester (L) in which the six—membered rings is present
(L). Similarly, the absolute structure of N-(p-bromophenyl)- =D~
ribopyranosylanine 2,4-phenyl boronate (Ll) established by X-Ray
diffraction annlysis of the crystals, shows that this compound is in
the six-membered form, while the rules would suggest that it should have

the five-membered form which is also available to it (113).

The boronates of some corti:costeroid triols are also known to form the
gix-membered ring (129, 131) although the configuration of the hy'roxyl
groups is that of a 1,2,3-triol system, for examvnle: 17, 20, 21-
trihydroxy-4-nregnen—3-one (LII) which has been shoun, by an X-ray
crystallogravhic structure determination, to form the six~membered

ester (LITII) (119).

Thus it would seem that while these rules may hold true for the sinpler
acyclic systems they are less apprlicable to cyclic systems. In these
cases the formation of the boronate ester would more probably be
governed by the configuration of the substrate molecule, which would
result in a preferred conformation of the hydroxyls particivating in

the esterification.
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The boronates have been shoun to be stable to esterification
conditions (106, 108, 114), to trimethvlsilylation (122, 123), but
not to methylation with methyl iodide {106, 108, 114). They are
rcadily hydrolysed under ncutral conditions with an acueous solvent
(106) or by transesterification with propane-1,3-diol (106, 108),
thus they can be used to protect certain grouns of the correct
configuration, in a complex molecule during a sequence of reactions.
This ability to vrotect selectively, groups in a molecule has been

used in synthetic work (113—121).

The application of boronate esters in general to GLC and GC-lI3 was

begun by Brooks and co—workers in 1967 (122-131). They showed that

the esters could be readily formed at room temperature by mixing
equimolar amounts of the acid and a suitable diol, at room temperature,
in a solvent which can forn azeotroves with, and so remove, the weter
evolved, i.c. acetone (122, 123) or pyridine (123). The GLC properties
of the boronates wecre better than those of the free diols, and in
general the mass spectra showed significant ions, due to the presence

of the beronate group, which were an aid to the characterisation of

the diol. In particuler, the presence was noted of some ions
containing the cyclic boronate structure, for example, the ion

m/e = 127 for the n-butyl boronate (LIV) and = 147 for the phenylboronate
(Lva) (125). The presence of such ions, and those due to the 1,3-diol
system might be used as a diagnostic test for distinguishing betwcen

these two tyvoes of diol.

GLC of sugar boronates as the n-butyl ester was first revorted in 1971
by Wood and Siddiqui (132) who carried out the reaction in pyridine,

at room temperature. By storing the reaction mixture and takingz out
sanmples, at intervals, to be trimethylsilylated (37) and run on GLC,
they showed that the best results were obtained by leaving the reaction
to stand for at least four hours. By similer methods they also
demonstrated that the best rotio of acid to sugar, for the aldoses that

they were using, was 2 ¢ 1, otherwise multinle peak formation was
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LVIa

R1
Ph—&
B—FPh
Ry

Ry o
Ph
| Ph
| Ro ]
= —
Ph
Ph
R
I 2 —1

+
e

LVII R=H,

LVIII

Ph

>

Fig. |

R

CHZOH.

s




noticed. They obtained single peaks for a single anomer if it was
freshly digsolved, but if they allowed it to stand in agueous solution
before doing the reaction, minor peaks were obtained on the chroma-
togram. These may be coused by the anomer, or by by-products of the

reaction due to the traces of water present (132).

Eisenberg (133) reported the retention times of a series of sugars
and polyols as the butylboronates, which he injected straight on to
the column from the pyridine solution. He collected a pure sample
of myo-inositol butylboronate from the effluent gas of the gas
chromatogravh and recorded its mass spectrum. This showed the mole-
cular ion at EZS = 378, a fragment at g[g = 321 indiceting the loss
of a butyl grecup, and the main fragment at g[g = 139 implying the

structure C BC H, derived by ruvture of the ring and loss of two

3130580 48y

boronate residues. These results support the identification of the

derivative as myo —inositol tris(dibutylboronate), G6H60633(C4H9)3.

In a later paper (134) Eisenberg went into more detail about GLC of

the esters. The best derivatives that he found were those of compounds
containing an even number of free hydroxyls, e.g. pentoses and hexitols,
vhile molecules containing odd numbers of free hydroxyls, such as
hexoses and pentitols, behaved badly on GLC, due to the incomplete
derivatisation of the polar hydroxyl groups. Number of available

sites for the reaction is not, however, the only criterion for the
formation of good derivatives; +the orientation of the hydroxyls is

also important. Thus scyllitol (LVI) is said to be inert to reaction
with the boronic acids, because in the preferred conformation (LVIa) all
the hydroxyls are equatorial and therefore trens- to each other,
inhibiting the reaction which recuires that the hydroxyls involved

be cis=; only in the conformation where all the hydroxyls are axial (LVIb)
could there be any reaction, for here there are 1,3~ hydroxyl pairs
cis= to one another, but this conformation is sterically hindered
because of the close proximity of each set of three hydroxyls on either

side of the molecule, making it energetically unfavourable. Any
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reaction of the scyllitol with a boronic acid would, therefore,
probably result in a series of polymeric comvounds which would
be involatile, and thus indetectable by GLC.

iass spectrometry of a set of 5=, 6~ and T-membered cyclic phenyl—
boronates shoved a pattern of fragmentation modes, one of them

exclusive to the 6-membered ring (135). This fragmentation pattern
gives rise to diagnostic boron-containing ions in the spectra of some
polyol bisphenylboronates, e.g. those of erythritol (LVII) and ribitol
(LVIII), which break down by the general process (Fig. 1) to give

the ions shown. The presence of such ions in the spectra of the polyol

derivatives confirms their structures as the 6-membered ring esters.

The phenyl— and n-butylboronates of arabinose and xylose have also
recently been vrepared and examined by nuclear magnetic resonance
spectrometry (NIR) and MS, and have been shown to be the 1,2,3,4- and
1,2,3,5- diboronates resvectively (136).. Comparison of the mass
spectra of the butyl- and phenyl esters of each compound showed that
similar boron-containing ions occurred in each with a difference of

20 mass units. The spectra did not show any prominent fragment
exclusive to either of the sugars, but a major, distinguishing feature
in the boronates is the relatively greater intensity of the peak at
m/e = 127 (147) for the xylose derivative. This intensity difference
is constant and occurs in both types of ester, making it of diagnostic

value.

A rccent paver by Robinson et 2l., (120) describes the formation of

the per(phenylboronates) of e x=D-galactopyranoside (La), e K-D-
glucopyranoside (LXIVa), and Me K-D-mannopyranoside (LXVa) and the

nass spectra of each of these compounds which was obtained by direct
insertion of the esters, on the probe, into an AET 902 mass spectrometer.
Two major fragmentations uvere observed. The first was that shown as A,
leading to the splitting off of the six-membered boronate ring to give
the ion of m/e = 161 (LXVIa), while the second, B, resulted, in the

last of the esters, in the ion at m/e = 146 (LXVIIa) and in the first
two esters, in the seven-membered ring ion of m/e = 250 (LXVIITa) which
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breaks down to give the m/e = 146 ion (LXVIIa). This last ion is
the most abundant ion in each of thé mass spectra. Because of
this rearrangement from the seven-membered ring ion to the five-
membered, the authors state that the presence of the EZE = 146 ion
cannot be taken as proof of the presence of the five-—membered ester

in the parent compound.

A similar rearrangement of a six-membered cyclic boronate ester
resulting in a five-membered ion is postulated by Brooks, Middleditch
and. Harvey (131), in the mass spectrum of some corticosteroid 17¢,
20, 2l-triol boronates, for example, the methyl and n-butyl boronates
of 1TA , 200K , 2l-trihydroxy-pregn—4=—en—3—one (LIII). The mass
spectrum of each of these esters shows peaks that correspond to

the five-membered ions (LVb), at m/e = 85 and XXIX at m/e = 127,

respectively.

Therefore, the basic boronate ions alone do not seem to afford an
unanbiguous way of assigning the structure of a boronate ester from
the mass spectrum, and attention must be paid to the other ions in

the spectrum.

The object of this section of the research, which was begun in 1971,
just before the publication of the first paper on the GLC and GC-ES
of sugar boronates (132), has been the examination of the GC-IIS

properties of the boronate esters and boronate TilSi ethers of a set

of sugars.
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2 - 2 Results and Discussion

2 = 2,1 Formation and GLC Properties of the Boronates

The sugars chosen for examination as the boronate THSi ethers were

all initially in the pyranose or furanose forms, and, where possible,
they were specifically one anomer, as for examnple, the methyl glycosides
Helo(ﬁg—gluCOpyranoside (LXIX) or Me ™o =D-xylopyranoside (LXX). Thus,
in each case, the hydroxyl groups in the sugars are held in a preferred
conformation which will affect the availability of each for reaction
with the boronic acids (113).

Pyridine and dimethylformamide (DMF) were examined as possible solvents
for the esterification, the reaction being followed by thin layer
chromatography (TLC) using selective spray reacents to visualise the
different components; +the boron-containing compounds gave a deep pink
colour when sprayed with a2 saturated solution of diphenylcarbazone in
ethanol, while the sugars were located by further soraying with ceric
sulphate solution and heatinz the TLC plate. In both cases, using
impure reagent oroduced the same result, a partial conversion of the
sugar into the ester (#ig. II). After drying the recagents, however,
it was found that in both cases the reaction wént to comoletion (FPig. III).
The reaction was carried out by mixing the sugnr and the acid, in

the ratio of 1 mole to 2 moles, in dry solvent and heating at 100°¢

for fifteen minutes (132). The excess acid seems to be necessary to
force the equilibrium of the reaction towards the formation of the ester
and. to allow for any side reactiong, fTor examnle, with water, which is
bound. to be rresent no matter how scruvulous the drying conditions, but
too great an excess can lead to the formation of by-products, for
example, the acid anhydride (XXVIII), which has GLC properties similar
to those of the boronates, and so can interfere with them (Fig. IV).

In the TLC plates sketched in FPig. III the excess boronic acid is
probably in the anhydride form and so runs with the same R, value as

£
the ester, giving only one snot,.
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The methyl, n~butyl and phenyl boronates of the standard sugars were
made by this method, and their GLC propnerties were examined by
injecting them onto a 10ft 1% SE=-30 column straight from the reaction
mixture, The boronates were each found to give one of two distinct
tyoes of behaviour; Table 1 gives the retention indices of those which

exhibited the first type.

In this case the peak shapes are broad and show distinct tailing,
presumably due to unreacted hydroxyls which are increasing the polarity
of the compound, e.g. Me (X -=D~glucopyranoside phenyl boronate which
gives the trace showm in Fig: V, and the mixture of (K- and/G - anomers
of the ile D-galactopyranoside vhenyl boronate which give the trace shown
in Pig. VI. The differences in retention indices between the boronates
of a single sugar are fairly consistent, and are of the order of 300
retention index wnits, which corresponds to the difference of three
carbon atoms between the methyl and the n-butyl esters, and the n-butyl
and phenyl boronate esters. The retention indices of similar compounds
are also fairly similar, for example, those of the glucoside and

galactoside derivatives.

In the second case the boronates show sharp, almost non-tailing peaks,
such as that of Me o =D-mannooyranoside (Fig. VII), and, apart from the
esters of Me 2,3-di-0-}le A ~D-glucopyranoside, the difference between

the various boronates of a single sugar is of the order of 600 retention
index units implying the presence of two ester groups in each of the
derivatives. Me O ~D-mannopyranoside has already been revorted as
forming the 2,3 ; 4,6-diester (IXV) (106, 120}, and presumably both
6-deoxy-D-glucose and 6-deoxy-D-galactose can also form diboronates (see
discussion of the GC-IS properties). Me 243 =di=0-lle-= X -D-glucopyranoside
(LXXI) has only two hydroxyls available for boronation, the others having
been methylated, and so, after formation of the monoboronate, the mole-
cule has no frec polar groups, and gives good results on GLC, as seen in
Fige. VIIY which shows the methyl boronate. The retention indices of

these compounds are summarised in Table 2.
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TABLE 1

Retention Index (10ft. 1% SE—30)

Compound Me-boronate Bu—-boronate Ph-boronate
D-digitoxose 1475 b 1760 ¢ 2055 4
le /Q—Lfarabinopyranoside 1180 a 1425 b 1710 ¢
Me ¢~L-rhamnopyranoside 1305 b 1640 c 1950 d
1,2 —~isopropylidene-D- 1450 b 1760 ¢ 2075
glucofuranose
2-deoxy-D-ribose 1180 =a 1465 b 1750 ¢
2-deoxy-D-galactose 1310 b 1650 ¢ 2070 4
1345 1670 2085
Me &-D-xylopyranoside 1120 a 1475 b 1850 d
Me -D-xylopyranoside 1235 b 1570 ¢ 1880 4
- Me X-D-glucopyranoside 1555 b 1900 c 2225 d
Me ,5~27g1ucopyranoside 1555 b 19OQ c 2225 d
Me &-D-galactopyranoside 1550 b 1910 c 2240 d
Me /a—g-galactopyranoside 1550 b 1910 c 2240 d
TABLE 2
Retention Index (10ft. 1% SE-30)
Compound. Me~boronate Bu-boronate Ph-boronate
Me 2,3 =3i-0-Me— N -D- 1475 b 1760 c . 2055 4
glucopyranoside
Me ¢{-D-mannopyranoside 1430 b 1990 ¢ 2410 4
6-deoxy—-D-glucose 1235  a 1855 ¢ 2430 4
6-deoxy-D-galactose 1240 a 1775 ¢ 2310 4
a - 100°c; b - 125°%; c - 150%; a4 - 175%

—_— Me
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2 = 2.2 Formation and GIC Pronerties of the Boronate THSi Zthers

The method used to trimethylsilylate the unreacted hydroxyl groups,

in the sugars of the first groun, was the standard one of treating

the boronate in dry pyridine with HMDS aad TMCS in the ratio of

2:1, and heating at 100°C for fiftcen minutes (37). The sugar
boronate esters have already been shown to be stable to thig treat-
ment (132) and in all cases this was found to hold, the boronate TMSi
ether being formed. Since the boronation reaction was also done in
pyridine, the total recaction sequence consisted of trectment of the
sugar with the boronic acid in dry ovyridine followed by the addition

of the silylating reaczents. The product could be examined on GLC

by injecting straight from the rcaction mixture (37), but to avoid a
large solvent peak due to the pyridine, the solvent was blown off at
50°C under a stream of nitrogen, the product dissolved in ethyl acetate
and the insoluble vprecipitate filtered off, The last was done, not to
preserve the GLC column which it is reported not to harm (37), but to
mininise the background when the sample was applied to the GC-IIS,

The pertrimethylsilyl ethers were also formed by reacting the free

sucars, in the same way, with the silylating reagents.

The boronate TH3i ethers were examined by GLC, using both Q-1 and
SE-30 (both 10ft. 1), and the results are summarised in Tables 3 and 4.
Generally the peak shanes arce inmproved and the retention times shortened:
for example Pig. IX shows the phenylboronate (a) and the phenylboronate
TI31 ether (b) of lie /gfg-glucopyranoside run under the same conditions,
The latter has a muclh sharver veak shape with almost no tailing, whilg
the former is broad and tails markedly. The THSi ether peak is also
shown, run at a lower tempsrature (Fig. Ixc). The retention indices
of the derivatives show some of the same characteristics as those of
the boronates. The difference between the three boronate Ti5i ethers
of each compound is fairly constant, being of the order of 275

retention index units for 57-30 and 350 units for 4F-1l, again corres-

vonding to the three—~carbon difference between the isomers, The

2]



LRI 3

Compound

D~digitoxose

Me p—_Ir-arab inopyrenoside
Me &~L-rhamnopyranoside

1,2 ~isopropylidene-D-
gluoofuranose

2—deoxy-D-ribose

2-deoxy-D-galactose

e o~D~xylopyranoside
Melf—g-xylopyranoside
He ¢ =D—clucopyranoside
le /3 ~D-zlucovyronoside

Me §~D—galactopyranoside

Me ff-D-galactopyranoside

Retention Index (1% Si=30 105%)

Me~boronote

Bu-boronate

Ph-boronate

THMSi Iither

TI3i Hther

THS1  #Wther

rres 2 T
Di'n)l Lener

. 1255
1285
1310

1285
1385

1575
1255

1325
1350
1390

1415
1350
1690
1715

1635
1655
1615
1655

a

o 0 0 »

1560

1595
1600

1610
1640

1870

1525
1545

1645
1665
1700

1635
1595
1960
2005

1875
1890

1880

b

18650
1890
1910

1915
1935

2150

1835
1855

1930
1940
1975

1980
2005
2280
2310

2130
2165

2125
2165

Cc

(¢]

[STR S I = 2 2

1525

1565
1605

1835
1510

1790

1660
1670
1910
1940
1865

1890

b

o’
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TARLE 4

Comvnound

D-digitoxose

Mg/ﬂ—é—arabinOpyranoside
Me K ~L-rhamnopyranoside

1l,2—-igsopropylidene-D-
glucofuranose

2-deoxy-D-ribose
2-deoxy-D-galactose

Me X -D-xylopyranoside
Me/?—gfxylopyranoside
Me X -D~glucopyranoside

Me /)’ ~D—-glucopyranoside

Ne g¢ -D~-galactovyranoside

lie /’—_I_)—-galactopyrano side

Temverzture Code:— e

le~boronate

Retention Index (1% QF-1, 10:%)

THS1 Yther

Bu-toronate Ph~boronate

THISi  sther THS1  Bther TES1 ther
1405 e 1760 a 2175 a
1410 1765 2185
1530 1820 2305
1435 e 1775 a 2105 a
1430 e 1780 & 2100 a
1725 a 2105 a 2510 b
1400 e 1755 - a 2120 a
1510 1880 2240
1555 e 1900 a 2260 b
1620 2005 2405
1670 2075 2490
1700 e 2040 a 2380 b
1470 e 1850 - 2225 b
-1585 e 2035 a 2460 b
1605 e 2060 a 2500 b
1555 e 1950 a 2330 b
1610 2045 ' 2470
1585 e 1980 a 2345 b
1630 2075 2510

= 15°% a = 100°C b = 125°%

= 150°¢ = 175%

1730

1800
1805

2050

1710

1925

1€00
1825
1930
2040
1950

2025

©

P P P P P



CHR

retention indices of the lle /J —_I_;-ara,binopyfan gide and Me o —L-rhamn-
opyranoside derivatives are more similar than those of the boronates
themselves on both columns, but those of the glucosides and the
galactosides are more distinct making identificetion more certain in

a mixture; for example Fig. X shows the phenylboronate and the
phenylboronate Til3i ether of a mixture of - and fl— Ke-gfgalacto—
vyrenosides, In a number of cases, more than one peak is observed;
this is due to the possibility of forming more than one cyclic boronate,
inherent in the free sugars involved, and will be discussed in more
detail later in the thesis, when the mass spectra of the derivotives are
considered. In common with the T™i%i ethers (46, 48-50) the & —sugars
generally have lover retention indices than those of the‘/?— sugars,
except in tho case of the xylopyranosides where the position is

reversed. This also ig discussed later.

The second groun of sugar boronates was treated in the same way to see
if the diboronates were also gstable towards the silylating reagents..
As can be scen from Tables 5 and 6, all the boronates proved to be S0,
except that of lie X-D-mannopyranoside which gave rise to two more
boronate TilSi ethers, presumably the 2,3~boronate and the 4,6-~boronate
TiSi ethers. This too will be discussed later with consideration of

the masg spectra.

o



VEBLE 5

Retention Index (1% 53-30 10£%.)
Conoound He-boronnic  Bu-boronote  Ph—boronate  PI31
e 2,3, di-O-methyl ' tugzlylatwnw reagents »
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2 - 2.3 Dxomination by GC-iIS of the Doronate ™ISi Fthers

The frasmentotion of the boronate ester groups in the mass svectrometer
seems generally to follow the four routes outlined by lcKinley and

Weigel (136). Blimination of an oxo-compound from the molecular ion

(AI) results in ion AII (sequence A), which seems to break down further to
give the ion RB@H, of m/e = 105 vhen R = phenyl, and 43 when R = methyl

or the ion RBS; of m/e = 104 and 42 which was initially described by
Brooks and Watson (122). Cleavage of one of the exocyclic C~C bonds

in the ion, i.c.. (X -cleavage of the suzar ring, produces the oxonium ion
(sequence B), which can undergo further bond-fission outside the boronate
ring to give the ion BII. A third frazgmentation (seguence C) is showm
only by the six-membered cyclic boronates (CI), which break down to give
either the ions CII or CIII, or the ion RBB, as shown. These three
fragmentrtion modes all vroduce boron—containing ions, which are rec—
ognisable by the 1OB isotope ion which occurs, with about a 20% abundance,
at an m[g value of one less than the ion in cuestion, for example, at

m/e = 103 accompanying the ion RED, at m/e = 104, where R is equivalent

to phenyl. Comparison of the svectra of the methyl and phenyl boronates
of a sugar would also show the boron—containing ions, since they would
present in the former with an m/e value of 62 less then in the latter,

and so are readily identifiable,

The last fragmentation (sequence D) would result in ions which did not
contain any of the boronate groun, since it consists of a breakdowm
and rearrangement of the sugar ring, and of the TilSi ether groups that
are attached to it, resulting in the formation of various TII3i ether-
containing ions as described by De Jongh et al. (71). These are more
easily described as they arise, since there seem to be no generzl

rules covering their formation.

In the following discussion, the line diagrams of the mass spectra referred to

can be found in Appendix I,
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6-deory-D-clucose

The methyl and phenyl diboronates of each of the sugars were run

on GC~!IS, the injections being made from a solution in ethyl
acetate. A summary of the results for 6—deoxy~2—g1ucose is showm
in Table T. In each case the molecular ion is vresent, and has
the value expected for the diboronates, namely 212 and 336 for the
methyl and phenyl grouns respectively. The difference between the
two molecular weights corresponds to the mass difference between
the weight of the two methyl and +two phenyl substituents. This
difference occurs in the comparison of each boron-containing ion

in the pair of esters. The molecular ion of the phenyl boronate is
much stronger than that of the methyl, possibly because the phenyl

group has a greater stabilising effect.

6-deoxy-D-glucosc can be seen to possess four free hydroxyls (LXXII);
for the o —anomer the diboronate could only be formed by a distortion
of the sugar ring to give the 1,2 ; 3,4-diester (LXXIII), but for the
/3 —anomer the 1,3 5 2,4~compound (LTXIV) could be formed without any
distortion. In the former case we would expect to see a five=-
membered cyclic boronate ion (LXVII) (120), which would have an m/e
value of 146 for the phenyl ester (123), and 84 for the methyl, while
in the latter case the six—membered ring (LXXV) would be expected (136)
giving a peak at g[g = 159 and 97 for the phenyl and methyl esters.

In fact, as can be seen from the results, the latter ions are the most
abundant in their respective spectrz, implying the formation of the
143 = 2,4-diboronate. To check the composition of the m/e = 159 ion
& hirh regolution mass snectrum was determined, The mags was found
to be 159.06181, while the theoretical value for C9H8BO2 is
159.061731, confirming the structure of the ion, and hence of the

ester,

From the structure shown (LXXIV) for the boronate - . frarsmentation
ought to proceed in a similar way to that detailed By McKinley and
Weigel (136, 45) i.e. by the breakdown of one of the rings, as shown,
giving the ions LXXVL LXXVII and LXXVIII. Of these, only LXXVI is

24



TABLL 7

6-deoxy-D-glucopyranose diboronate

I am M.W. Base M(% of Base Sismificant Ions (% of Base Peak)
A== 30 Peak Peak)
Hethyl 1235 212 97 1 168(14) 126(44) 96(25)

1#* 84(20)  43(29)
Phenyl 2340 336 159 17 336(17) 188(29) 158(26)
2

146(14) 105(22)

* Number of mass spectral line diagram
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stable, giving peaks at m[g = 105 and 43 for the phenyl and methyl
esters respectively (122, 137). The other ions break down to

give the six-membered cyclic boronate ion (LXXV) of g[g = 159 and

97 while in the case of the methyl boronate ester loss of hydrogen

from either LXXVII or LXXVIII results in the ion of m/e = 168, which
might have the structure LXZIX or LXXX. Alternatively, breakdown

could result in the fragment with m/e = 188 and 126 respectively
(LXXXI).

fhe mass spectra of

IqAboth esters there is also present, however, the ion due to the
five—-membered ring (1xviI). This most probably arose from rearrange-—
ment of the boron-containing fragment during the breakdowm of the
molecule., Here it is present in a fairly low ratio to the six-—-membered
ring ion, but the fact that it is present at all shows that care must be
taken when interpreting the mass spectra of the boronates, since the
five and six-membered ring ions are not exclusively formed from the
respective 1,2- and 1,3-boronate esters. Consideration should also

be taken of any other major ions occurring in the spectrum.
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6--deoxy-D-galactose

The boronates of this compound also have molecular weights corres-—
ponding to those of the diboronate esters, namely 336 for the
phenyl, and 212 for the methyl isomer. Both of the molecular ions
are agoin present, though in this case the difference between their
relative intensities is much smaller than it was for the 6~deoxy—D-

glucose esters,

As can be seen from the diagrams (LXXXII), the only possible diboronate
is the 1,2 ; 3,4-diester (LXXXIII) of the X—anomer. This contains
two five-membered cyclic boronate groups and would, therefore, be
expected to show the five-membered ring ion of m/e = 146 and 84 for

the phenyl and methyl boronates respectively (LXVII). In both cases
this ion is the most abundant in the spectrum; a high resolution mass
spectrum of this ion gave an accurate mass of 146.053906, which com-—
pares favourably with the theoretical value for 08H7BO2 of 146.053982

confirming the structure of the ion and hence of the diester,

Cleavage K~ to0 the ester groups (B), followed by the fragmentation
of one of them would account for the RESH ion of n/e = 105 and 43 for
the phenyl and methyl boronates (127, 136, 137) while cleavace of the
sugar ring as shown (D) would result in the ion (LXXXIV) or the most
stable ion (LXVII). The small peaks at m/e = 159 and 97, may be due
either to rearrangement to the six-membered ring ion or to the ion
LXXV, pointing up once again the difficulties in the unambiguous

assignment of the ions in the spectra of these compounds.
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TABLE 8

6-deoxy-D-galactopyranose diboronate

M.¥W. DBase

(< of Base

Sienificant Tons (¥ of Base Peak)

I )
1%:8%-30

Peuk Peak)
IrTetBhyl 1240 212 84 1 128(9)  97(3) 83(24) 43(15)
Phenyl 2310 336 146 3 190(9) 159(2) 145(25) 105(15)

4
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Me 2,3-di-0O-lie X ~D-glucopyranoside

As can be seen from the diagram (LX:I), there are only two free
hydroxyls in this molecule available for boronation, so the only
possible simple derivative would be the 4,6—borénate (LXXXVI), with

a molecular weight of 308 for the phenyl ester, and 246 for the

methyl csier. In both cases this molecular ion is preéent in the
spectrum, though in neither case is it wvery prominent, As expected
there are peaks in each spectrum which correspond 1o the six~membered
cyclic boronate ion of m/e = 159 and 97 (LX.V) but thére are also

ions at m/e = 161 and 99 for the phenyl and methyl boronates presumably
having the structures shown (LXVI) (120, 137). The spectra each show
ions at g[g = M-31l, and M-63, corresponding to loss of first a methoxy
group, then methanol resvectively, while the ions at m/e = 101 and 88, the
latter being the base peak, are both methoxy- containing (LXXXVII,
LXAXVIII) arrived at by breakdown of the sugar ring itself, while a
similar breakdown is responsible for the largest boron-containing
fragment, g[g = 216 and 154 in each ester, which is presumably as showm
(LxxxT).

In this case, too, there seems to be rearrangement to the five-membered
cyclic esters (131), for there are pealzs in the methyl-boronate snectrum
at glg = 84, and in the phenylboronate spectrum at gég = 146. This
shows that rearrangement from one form of the cyclic ester to the other
under electron bombardment is feasible, because the original structure
of the ester was of neccessity the six-membered form attached to the
1l,3-diol system unless a methyl migration occurred during the boronation

reaction, which is unlikely.

e & —D-mannooyronoside

Since for this sugar both the diboronate and the monoboronate THSi
ethers can be formed, both of them were examined by GC-lIS, first the

diboronate, thea the mixed derivative.
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TABLE 9

iy

Me 2,3-di~0-Me—~ X ~D-glucopyranoside boronate

Base (% of Base Significent Tons (% of Base Peak)
Peak Peck)

Methyl 1475 246 88 .25 215(2) 183(6) 154(6)
S 101(6) 99(2) 97(4)
89(6)
Phenyl 2055 308 88 .1 277(2)' 245(3) 216(8)
6

161(3) 159(3) 101(6)
89(6)
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2.3~4,6~diboronate

ile X =D-mannopyranoside has previously been shown to form the diester

(rxv) (106, 120), and as can be seen from the results in Table 10,

though the molecular ion is not present in either of the spectra, the

ion of g[g = 331 and 211 equivalent to the loss of a methoxy group

from the ohenyl— and methyl-boronates is present in each. Also

present in the spectra are ions derived from both the five-membered and
six-membered boronates; both types are present in sufficient intensity

to rule out the possibility of one being the rearrancgement product of

the other; however, the ratio of their intensities is different in

each of the esters. In the methyl-boronate, the base peak is due to

the ion of m/e = 98 (XCb), and the five-membered ring ion m/e — 84

(LXVIIb) is present with 32% of its intensity, while for the phenyl-

boronate the base peak is due to the five-membered ring ion g[g = 146 (LXVIIa) ‘
while the six-membered ring ion m[g = 160 (XLa) has 50% of its intensity. |
Probably, fragmentation proceeds by cleavage of the bond - to both of

the boronate rings, as shown (B). Subsequent breakdown of one of the
boronates to give the REH ion of m[g = 105 and 43, would result in the
formation of the stable ions containing the other ring; thus, cleavage

of the five-membered ring would result in the ion (XC), while cleavage

of the six-membered ring would give the ions of m/e = 206 and 146 (XCI)

and m/e = 146 and 84 (LXVII). The more stable boronate ring would be ‘

expcected to give rise to the more intense ring ion in the mass spectrum,
so in the methylboronate the six-membered ring is the more stable, !
while in the phenylboronate the reverse is true. This suggeste that
the phenyl group is either stabilising the five-membered ring, or

destabilising the six-membered ring, relative to the methyl group.

Boronate TISi ether

After treatment of the diboronate with the trimethylsilylating reagents,
the methyl boronate gave one peak, while the phenylboronate gave two

peaks, in the approximate ratio of 7 : 1 (Fig. XI).
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TABLE 10

e p{~D-mapnnopyranoside diboronate

Lo oo MeM. Base M(E of Base Siemificant Tons (% of Bese Peak)
) Peak Peak)
Methyl 1430 242 98 - 144(6) 97(60) 84(32)
7 83(10)  61(41)  43(25)
Phenyl 2410 366 146 - 206(10) 160(50) 159(43)

8 147(12) 145(19) 105(12)
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Examination of the methyl- and phenylboronate 1131 ethers by GC-MS
gave the results that are summarised in Table 11, The peak at

EZE = 73 is neglected, here and in other instances; this is due to
the ion (CH3)3 sit (68), and is almost always the most abundant ion
in the T0eV mass spectrum of a THSi ether. The methylboronate THS3i
ether and the first of the phenylboronate THSi ethers both have a
base peak of g[g = 218 (XcII) (71), while that of the second phenyl-
boronate has an m/e of 204 (XXI) (71). These and most of the other
ions present in the mass spectrum are well-knoun ions derived from
the fragmentation and rearrangement of the TiISi ether grouns (XCIII-
xevi) (71).

Examination of the two possible structures, the 2,3~boronate TilSi

ether (XCVII) and the 4,6-boronate TiSi ether (XCVIII) suggests that
the former would be more likely to give the ijon of m[g = 218 (XCII)
directly, by cleavage from the sugar ring of carbons 4 and 5 as showm
(B, Dl) while the latter would be expected to give the Qég = 204 ion
(XXI) by a similar cleavage of the sugar ring resulting in the
liberation of carbons 2 and 3 (B, D2). This evidence, coupled with
the occurrence, in the spectra of both the methylboronate TiSi ether
and the first of the phenylboronate TVSi ethers, of the five-membered
boronate ion (LV) of m/e = 85 and 147 (122, 131) resvectively, and its
absence in the spectrum of the latter phenylboronate Ti3i ether
suggests that the former pair are the 2,3-boronate TiSi ethers and the
other the 4,6-boronate TiI5i cther respectively, The peaks at gﬁg = 159
in the 2,3~ derivatives would then probably be due to the ion LXXXV
while that in the 4,6~ derivative would be due to the six-membered ring
ion (LXXV) (136).

The molecular ions are not present in any of the spectra, the ion of
highest mass in the methylboronate TilSi ether being that of g[g = 249,
equivalent to loss of 73 mass units((CH3)BSi+) from the molecule, and
in the phenylboronate TiiSi ethers that of m/e = 409 due to loss of a

CI-I3 group, probably from one of the TI3i ether sroups,
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TABLE 11

Me ®f =D—-mannopyranoside boronate TH3i ethers

Base M(% of Base Significant Yons (% of Base Peak)

Peak Peak}

Methyl 1655 362 218 - 249(1)  147(72)  146(15)

9 129(30) 103(35)  97(32)
85(18)

Phenyl 2145 424 218 - 409(2) 191(10) 159(23)

10 147(53) 146(20)  129(24)
103(24)

H 2220 424 204 - 409(1)  159(9) 147(38)

146(11). 133(2) 129(15)
103(31)
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For the 2,3~ phenylboronate (KCVIIa) the TNSi ions are the same as those
which occurred in the methylboronate (XCVIIb) with the addition of a
peak at g[g = 191, equivalent to the ion (XCIX) which probably arises
from rearransement of the molecule during fragmentation with the

result that both TMSi groups become attached to carbon 6. This ion
does not occur to any great extent in the 4,6-boronate TiiSi ether, as
would be exvected, since there is no TISi ether group on carbon 6, nor

any other ~Ci,OTiiSi group in the molecule. For similar reasons the

2
ion of m/ec = 103 (XCVI) occurs to a much larger extent in the 2,3~ isomer
than in the 4,6~isomer. In this latter the ion at m/e = 133 (C) is
present in greater abundance than in the former isomer. Presumably

this ion is formed by a rearrangement taking place duriag the frog-
mentations of both isomers, with a TiSi ether group becoming attached

to carbon 1 wvhich is then eliminated. In the 4,6—phenylboronate 751
ether (XCVIIIa) the P1iSi ether groups are closer to carbon 1 than those
in the 2,3-~phenylboronate T1Si ether, hence, in the former case the
rearrangement proceeds more readily, resulting in the larger abundance

found in the mass spectrum.

In the original lie o —=D-mannopyranoside diboronate, both the five-
membered and six-membered cyclic boronate ester grouns were present.
The reaction wtrith the trimethylsilylating reanzents resulted in the
preferentinl formation of the 2,3-boronate TiSi ether from the di(phenyl-
boronate), and its exclusive formotion from the di(methylboronate).

It would seem that, under the reaction conditions, one of the ester
groups is being hydrolysed; since thetrimethylsilylation reaction is
known to be rapid (37), the TU3i ether groups would probably be forumed
with whichever hydroxyls were liberated by the hydrolysis, before the
monoboronate thus formed had time to rearrensze to any other form, i.e.
the TIISi ether groups would tran the kinetic oroduct of the hydrolysis.
This would imply that the six-membered boronate ring was, in this case,

more susceptible to hydrolysis thon the five-membered ring,
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D-digsitoxose

The sample of this sugar used for these experiments was a mixture of
the A = and,/g- anomers (CI), and, as a result there are three
possible boron~te THSi ethers that can be formed; the - and/4 -
‘Tid31i ethers of the 3,4-boronate (CII, CIII), and the TiSi ether of
the 1,3-boronate (CIV). After the reaction three products were
obtained in both cases, and the GC-IS results are summarised in

Table 12, The ratio of the peak heights on GLC was found to be
aporoximately 1 ¢ 1 ¢ 2 for the phenyl- and 2 : 2 ¢ 1 for the methyl-

boronate TiISi ethers.

In both the phenyl- and methylboronates the first pair of peaks are
very similar to each other and to the corresponding veaks in the

other isomer, each of the four having a base peak of gég = 116 (cv),
and peaks correspondins to the five-membered cyclic boronate ion (XLI)
ie. at m/fc = 146 and 84. This suggests that these vairs of peaks are
due to the 3,4-boronate Til3i ethers (CIT, CIII), the base peaks arising
by elimination from the sugar ring, of carbons 2 and 1, the latter of
vhich is bonded to the Ti.Si ether, while the ion of m/e = 101 (cvr)
arises by the same process. The ion in the methylboronate of ﬂég =2.185
and its counterpart (212 = 247) in the ohenylboronate ester are formed
by a rearrangement vprocess during the fregmentation of the sugar ring
to give the ion CVII.

The other pair of esters would then be the 1,3-boronate TiiSi ethers
(CIV), and the base pealk ot n/e = 129 (XCV) (67) would arise by
cleavege, from the sugar ring, of the fregment containins carbons 4,5
and 6 as showm (Bl, Dl). A breaking of the carbon - oxygen bond & -
to the ester ring (Bz), followed by elimination of a CHBCHO group, by
cleavase of the bond between carbons 4 and 5 (DZ), would result in the
ion or m/e = 262 and 200 for the phenyl and methylboronate esters
resvectively (CVIII). The li-87 veak at n/e = 219 and 157 is caused
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TABLE 12

D-digitoxose boronate THMSi ethers

I

Methyl /4 1255
13 1285
/4 1310

Phenyl 1850
6&518

90

17 1910

145730

M.Y. 3Base M(% of Base Significant Ions (% of Base Pesk)
Peak Peak)
244 116 - 185(15) 101(53)  84(28) 73(23)
244 116 - 185(13) 101(53)  84(22) 73(23)
244 129 1 200(46) 157(34) 116(51) 101(30)
73(120) 97(10)  43(40)

306 116 - 146(41) 105(17) 101(35) 73(27)
306 116 - 146(40) 105(14) 101(32) 73(26)
306 129 - 262(53) 219(32) 159(24) 131(55)

116(53) 105(80) 101(61) 73(190)






by loss of both the Tiii group and the methyl zroup giving the ion
shown (CIX). The other significant ions in the svectrum are all
stendard ions observed in the fregmentotion of a THSi ether, i.e.
those of m/e = 131 (CX), 116 (CV), and 101 (CVI), except for the
boron~ containing fragments of m[g = 159 and 97, which are due to
the six-membered boronate ring (LXXV), and 105 and 43, due to the
REGH ion.

~
Since trimethylsilyletion is a rapid reaction (37), treatment with
the reagents may result in the traovping of whatever boronates were
present at the time of reaction, in the same way as the TH3i ethers
can be used to trap the products of the equilibration of a sugar (87).
Thus, in a sugar like D-digitoxose, where the reaction secquence can
result in a number of products the form and ratio of these will be
the result of a rearrangement during trimethylsilylation or that
existing before the reaction. These last could be the result of one
or both of two processes, the kinetic products of the boronation, in
which the most readily formed boronates predominate, or the equilibrium
products, in which the boronates have had time to rearrenze to the

most stable forms., These topics will be discussed in more detail

later in the thesis.

To investicate vhich of these vrocesses was operating, samples of
D-disitoxose were treated separately with methyl- and phenylboronic

acid and hented to 100°C.  Samples were taken out at intervals,
trimethylsilylated, and examined by GLC. It was found that there was

no apparent change in composition, so if equilibration is taking place

it must do so very quickly, and so the mixture treated with the |
trimethylsilylating reagents will contain the most stoble compounds,

which in D-digitoxose prove to be the 3,4-boronate THSi ethers (CII, CIII)

and to a lesser extent the 1,3-boronate THSi ether (CIV).
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hka/?—Qrarabinopyranoside

This sugar (CXI) has three free hydroxyl groups available for
derivatisation, but of these, only two, on carbons 3 and 4 are

cis—- to each other and so available for boronate formation, giving
the 3,4-boronate THSi ether (CXII) (108) after the normal reaction
sequence. From the GC~M3 properties summarised in Table 13, it

can be seen that while the molecular ions themselves were not
obtained in each case the 1-60 ion, m/e = 262 and 200 was seen

in the snectrum. The cyclic five-membered boronate ion at gég

= 146 and 84, appears in the spectrr, along with an ion at ﬂég =

159 and 97, which must in this case, as with e °‘—2—mannopyranoside
2,3-boronate TH3i ether, be due to the ion (LX:XV). The ions of
n/e = 262 and 200 (CXIII) would be the result of initial cleavage

of the suger ring, (X~ to the boronate (Bl) while the 1-103 ion,

m/e = 219 and 157 (CXIV) would arise from a similar X- cleavage (BZ)
with subsecuent loss of carbon 4 and the T!Si ether group to which it
is bonded. This last fragment would give rise to the ion of m/e =
101 (CVI). The ions of m/e = 129 and 89, each of which ocour in
both spectra, are derived from the fragmentation and rearrangement of

the TiSi ether group and have the structures XCV and CXV respectively.

He ® — L-rhamnopyranoside

After the reaction secuence, this sugar (CXVI) was found to give one
derivative of each boronate ester. Only in the case of the phenyl-
boronate did the molecular ion, EZE = 336 appear in the mass spectrum,
but in both cases the M-15 peaks, m/e = 221 and 259, were seen,
confirming the formation of the boronate Til3i ether. As in the last
mentioned sugar, there are three free hydroxyls, but only two of them
are cis—- to each other and hence available for boronation, those on

carbon 2 and carbon 3, giving the 2,3-boronate TNSi ether (CXVII).

Apart from the base peak, m/e = 130 (CXVIII), which arises by cleavage



“TABLL 1

Me /‘-L-arabinopyranoside boronate TMSi ethers

Lgap 5o MeW. ‘Base M(% of Base Sipnificant Jons (% of Base Peak)
—eRima Peak Peak)
Methyl 1285 260 116 - 200(15) 157(20) 129(63)
'8 101(63)  97(23)  89(37)
84(12)
pnenyl 1915 322 116 - 262(11) 219(11) 159(19)
19 146(38) 129(45) 101(46)

89(34)



TABLE 1

Me /N~L-rhamnopyranoside boronate THSi ether

I AR
58530 Peok

Methyl 1385 274 130
a0

M.W. Base 'Mj% of Base Siegnificant Ions (% of Base Peak)
Peak)
0 157(13) 146(14) 115(25)  84(5)
1 219(7) 146(16) 115(15)

Phenyl 1935 336 130
2
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of the sugar ring, ({ - to the boronate ring, between carbons 3 and

4 (B) and between carbon 5 and the oxygen (D) the spectra show very
few peaks of any av»reciable intensi{y. The ions derived from the
five-membered cyclic ester at m/e = 146 angd 84LXV1;)are present in
very low amounts, and the former is masked by the TiSi ether fragment
of m/e = 146 (XCIV), which is present in both spectra. Iixamination
of this peak, in the phenylboronate, by high resolution mass spectr—
ometry, shows that it is composed of two separate peaks, of m/e =
146.05368 and 146.26314. The first of these is the boron-contezining
Vion (LXVIX) which has a theoretical, accurate mass of 146.053982 while
the second is the TMSi ether frasment (XCIV) which has a theoretical

accurate mass of 146.262833.

The peak at m/e = 115 seems to be a rearrangement ion formed by the
shift of the methyl group to carbon 3, followed by the liberation of
this carbon to give either this ion CXIX, or that of m/e = 219 and

157, which has the structure CXX.

1,2-0-isopropylidene~ X ~D-glucofuranose

All three of the free hydroxyls in this sugar (CXXI) are available for
esterification, giving two possible alternatives, the 3,5-boronate TISi

ether (CXXTI) or the 5,6-isomer (CXXIII).

Both observed derivatives show the ion of m/e = 159 and 97 (LXXV) and
not the corresvonding five-membered ring ion (LXVII) suggesting the
presence of the six-membered boronate ring, i.e. the~3,5-boronate TISi
ether  (LXXTT):this is further borne out by the fact that the
5y6-boronate THMSi ether might be expected to form the five-membered ring
ion of m/e = 147 (LV) in the same way as the boronates of some
monoglycerides (122), and of corticosteroid 20, 2l-diols (131), by
cleavage ® - to the ester ring. Thus the more likely derivative in

this case is the 3,5-boronate TUSi ether (CXZII).

=34~



TABLE 1

1,2-igopropylidene (X~-D-glucofuranose boronate THSi ether

Loqu.o MeM. Base M(% of Base Significant Tons (% of Base Peak)
—_—r e Peak Peak)
Methyl 1575 316 103 - 301(32) 143(15) 131(16) 117(89)
22 100(15)  97(65)  43(20)
Phenyl 2150 378 117 2 363(40) 159(69) 143(17) 131(20)

23 105(17) 103(90) 100(14)
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The mass spectra of the boronsies (Table 15) show the molecular ion
only for the phenyl derivative, but in both the M-15 peak, arising

from loss of a methyl from the molecule, is present to a fair extent,
i.e. mZg = 363 and 301 for the phenyl and methylboronate resvectively.
The two derivatives show different base peaks. The methyl boronate
ester has its most abundant ion at g[g = 103; while in the phenylboronate
ester this peak hes an intensity of 907 of that of the base peak, n/e =
117, which is in turn present in the methylboronate cster with an
intensity of 69% relative to g[g = 103, The former ion mlg = 103,
would be formed by cleavage of the bond between carbons 5 and 6 (D)

to give the ion XCVI, while the latter is presumably obtained by the
fragmentation of the boronate ring (C) giving the fragment CXXIV con-
taining carbons 5 and 6 and of m/e = 131. This latter would also
result in the ion LXXVI of m[g = 105 and 43, or the base peak mZg = 117
(CXXV).  Thus, the ease of formation of this last ion depends upon the
ease of fragmenlation of the boronate ester. Since the peak has a
higher relative intensity in the spectrum of the phenyl boronate, the
implication is that the phenyl grouv is destabilising the gsix—-membered
ring, under electron impact, with respect to the methyl group, as it

was in the diboronates of methyl o -D-mannopyranoside.

2-deoxy-D-ribose

There are two possible isomers of the boronate THSi ethers of this

sugar (CXXVI), the 3,4~boronate (CXXVII) and the 1,3~boronate (CXXVIII).
After the reactions one methyl boronate and two phenylboronates, in

the ratio of 6 s 1, are formed. Both the methylbbronate TI1Si ether

and the first of the phenyl derivatives show large peaks due to the
five-menbered boronate ion (LXVII), at m/e = 84 and 146 respectively,
and in fact, in the phenylboronate, this is the ion of greatest
abundance (Table 16), implying that these are both the 3,4~boronate

TiiSi ethers (CXXVI) while the second phenyliporonate is the 1,3-isomer
(CXXVIII). This last commound does show the ion at m/e = 159 cor-

responding to the six—membered boronate ion LXXVa. In all the



PABLE 16

2~deoxy-D-ribopyranose boronate TMSi cthers

I M.W. Base M(% of Bage Sicnificant Tons (% of Base Peak)

Z1488-30 Peak Peok)

Methyl 1255 230 101 2 215(9) 187(17) 185(29)
24 145(23) 131(54) 116(65)
97(21)  84(88) 43(62)

42(23)
Phenyl 1835 292 146 2 277(29) 249(10) 247(22)
as 207(33) 159(16) 131(70)
116(48) 105(45) 104(41)

101(70)
26 1855 292 132 1 277(45) 207(86) 159(28)

131(27) 129(44) 116(44)
105(40) 104(22) 101(57)
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igomers the molecular ion is present to a very slight extent, while
the 11~15 veak at m{é = 277 and 215 is larger for the methylboronate

ester, and very much larger for the nhenylboronate esters.

In both of the 3,4-boronates, migration of the TiSi ether group to’
carbon 2, followed by the cleavage of the sugar ring, would produce
the ions of m/e = 249 and 187 (CXYIX) and 247 and 185 (CVII), while
a slightly different breakdown of the ring, followed by loss of the
(01-13) 33i- group would give the ions of m/e = 207 and 145 (CXXX).

The fragmentation of the boronate ring would account for the two
pairs of ions ot m/e = 105 and 43 (LXXVI), and 104 and 42 (CXZXI)
(114).  The renaining significant ions are directly attributable to
the breakdown and rearrangement of the T!Si ether, i.e. m/e = 131
(CXXXII), m/c = 116 (CV):and m/e = 101 (CVI), which is the most

abundant ion in the spectrum of the methylboronate.

The 1,3-phenylboronate TIISi ether (CXXVIIIa) also shows a peak at

m[g = 207, but in this case it either contains the six-membered cyclic
ester and so probably has the structure CXX{III, formed by migration of
the TiISi ether, folloued by the fragmentation of the sugar ring, and
loss of the (CH3)3Si— group, or is a result of a rearrangement giving
the ion (CXXX). The bese peak, of m/e = 132, would arise by the
cleavage of both of the bonds, in the sugar ring, &~ to the boronate

ring,
Apart from these ions and the cyclic boronate ion (LXXVa), the rest

of the peaks in the spectrum are similar to those occurring in the

Spectra of the 3,4-boronates.
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2-deoxy-~D-galactose

The configurations of the four free hydroxyl groups in 2—-deoxy-D-galactose
(CXXXIV), result in the possibility of forming up to five boronate

Ti31i ethers, the KA~ and f-anomers of the 3,4-ester (CXXXV), the
corresponding anomers of the 4,6-ester (CXXXVI) and the 1,3-ester
(CXXXVII),

The reaction with methylboronic acid and the trimethylsilylating reagents
produces three peaks in GLC, with the ratios of 2 ¢ 1 : 1. Mass
spectral examinalion shows that the last two peaks have almost identical
fragmentation patterns, suggesting that they are one of the anomeric
pairs, while the first compound is distinctly different from them, but
similar enouzh to be one of the other isomers. The phenylboronate
esters also number three, formed in the ratio 2 ¢ 2 : 1, but each of
these compounds shows a mass spectrum which is different from each of
the others. Comparison of the two sets of spectra obtained from the
methylboronate and phenylboronate esters shows similarities between the
first compound in each case, and between the last phenylboronate and

the pair of methyl boronates.

The cyclic boronate ion common to the first peaks of each set is the
five-membered ring ion LAVII of g[g = 146 and 84, for while there are
Peaks in the methylboronate at g[g = 97 which might be due to a six-
membered ring ion there is no corresponding peak in the phenylboronate,
and so the ion probably has the structure shown (LXXXV), and hence these
are probably the 3,4-boronate esters (cxxxv). If both anomers are
Present they are inseparable, but there may be only one anomer of each
ester of this type formed by the rcaction. Neither of the esters shows
2 molecular ion, the highest ion for the phenylboronate being g[g = 379,
equivalent to a loss of a methyl groun, and for the methylboronate,

m/e = 259, due o loss of 73 mass units, i.e. loss of a (CH3)3Si- group.
Doth esters show peaks at m/e = 207 and 145, due to the ion (CXXX),



TABLE 1

2-deoxvealactopyranose boronate TMSi ethers

I M.W. Base M(% of Base Significant Jons (% of Base Peak)

1138730 Peak Peak)
Nethyl 1325 332 116 - 259(1)  147(24)  145(20)
27 129(32)  117(76) 101(56)
' 97(21)  85(13)  84(10)
PY; 1350 332 129 - 242(13)  201(25) 171(53)

147(20) 119(71) 117(87)
116(65) 101(78) 98(53)
97(42) 85(51)

a9 1390 332 129 - 242(25)  201(26) 171(52)
147(20)  119(69) 117(85)
116(65) 101(81) 98(53)

97(42)  85(51)

Phenyl 1930 394 116 - 379(2) 207(5) 191(6? ‘\»
‘ 147(24)  146(36)  129(29)
117(95)  101(55)

32 1940 394 101 2 304(32)  263(11)  233(25)
160(75)  159(54)  147(80)
146(30) 129(11)  119(59)
117(95)  116(87)

31 1975 394 129 1 304(21)  263(11)  233(19)
160(70) 159(56)  147(€5)
146(23)  119(49) 117(70)
116(64)  101(73)
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and at m/e = 191 and 129, due to CXXXVIII %both of which arise by
fragmentation of the sugar ring and subsequent loss of the (CH3)3SL

group.

The base peak, m/e = 116 (CV), the ion of m/e = 117, CXLV, and thatd
m/e = 101 (CVI), can arise directly by the elimination of the fragme
containing carbons 4 and 5, while the peaks at m/e = 147 (XCIII) and
m[g = 129 (XCV) recuire the rearrangement of the TMSi ether group
during the fragmentation, hence the lower abundance of these last tw

peaks.

If the other pair of methylboronate derivatives are anomers as they
seem to be, they, and the last eluted of the phenylboronate esters,
would have to be the 4,6-isomers (CXXXIX), though in the latter cast:
both the anomers are present they are indistinguishable by GLC on li¥
They all have base peaks at m/e = 129, due to the ion (XCV) which
could in this case be obtained directly, by cleavage of the sugar ri
after the loss of one of the THSi ether groups (CXL) and the freein
of the fragment containing carbons 1,2 and 3 (B D). Of +the other
ions derived from the THSi ether group, those at m/e = 119 (CXLI)
m/e = 117 (CXXV) m/e = 116 (CV) and m/e = 101 (CVI) can be derived
directly from the molecule, hence their relatively large abundance
the spectra, while the ion at m/e = 147 (X€III) would be formed by?
rearrangenant process, giving a relatively low abundance. Only the
phenylboronate ester shows the base peak, but all three show the E-¥
ion due to loss of a TiSiOH group. Cleavage of the sugar ring &~
to the boronate rlng, between carbon 5 and the oxygen, (B ) follovel
by further fragmentatlon would result in the two ions at gég-263”
201 (CXLII) and at gl(_:_ = 233 and 171 (CXLIII). The basic boronate
ring fragments, however, illustrate the possible ambiguities that &
ocour in these derivatives, since there are ions present in both
spectra which might suggest the preseance of both the six-membered
cyclic ion, at m/e = 160 and 98, and m/e = 159 and 97, and the fi?®
membered cyclic ion, at m/e = 147 and 85, and m/e = 146 and 84.

Taking the suzgestion, however, sunported by the rest of the eviden®



H,OH




that it is the six-membered boronate ring which is present, the
first -ions will Dbe due to fragments.KC and LXVIII respectively,
derived directly from the molecule, while the other ions will be
due to a rearrangencent process resulting in the fragments LV and

LXVII.

The second of the three vhenyl esters, which can only now be the
1,3-boronate T:i3i ether (CXXXVII), also shows the same ambiguity
vhere the basic boronate ions are concerned, end in fact has many
similarities to the last set of esters, the main differences being
the base peak at m/e = 101, presumably due to the ion CVI which can
be easily formed by cleavage of the carbon 5 - carbon 6 bond, (D),
and rearrangement of ‘the —CHZOTKSi groun, and the lower intensity
of the peak a% m[g = 233, which here would be the fragment CXLIV.
The increase in intensity of the ions at g[g =117 (CXXV) and 116
(CV) reflects the increase in ease of formation of these ions which
are probably the result of cleavege of the supor ring, freeing

carbons 5 and 6.

The ease of formntion of the various isomers of this sugor, ond their
masg spectral similarities, highlights the difficulty in dealing with
any sugar where the conformation of the hydroxyls allows the formation

of several isomeric cyclic boronate esters.
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Me D-xvlopyranoside

Both the g —~ and ﬂ-— cnomers of this compound (CXLV), on treatment
with the reazents, form the 2,4-boronate TLSi ethers (CXLVI) (94),
and, after the reaction, the derivatives were examined by GC-lS

(Table 18). The - anomers of the methylboronate ester had longer
retention time on both 1% $B~30 aund 1% QF-1, than the (? - anomer,
unlike those of the phenylboronate vpertrimethylsilyl ether. derivatives
of the ile D~gluconyranosides and the ile D-galactopyranosides (Tables 1
and 2). Inspcction of a model shows that in the ® - anomer the
methoxy group is very closc to the R- group of the boronate which may
lead to some sort of defornmation which is absent in the /3- anomer,
leading in turn to a chanze in retention index, especially in the case
where R = lie and the internction between the groups might be expected

to produce a relotively larger effect.

A1l four compounds show similar mass spectra; the molecular ion
appears in none of them, but each contains the }~15 veak due to loss
of a methyl grouo, at m/e = 307 and 245, and the ion at m/e = 159 and
97, consisting of the six-membered boronate ion {LXXV). The base
beak at g_nj_e_ = 133 would be formed by migration of the T.5i0~ grouv to
carbon 1, which would then be liberated by cleavage of the suzar ring
to zive the ion C (71), while breakdown of the ester ring would result
in the R¥0H ion of m/e = 105 and 43 (CXXXII), and if followed by a
breakdowm in the sugar ring, in the formation of the ion ICV of

n/e = 129, by the liberation of carbons 1, 2 and 3, or carbons 3, 4 and
5¢ A similar process, liberating carbon 3 by itself would account
for the ions ot n/e = 103 (XCIV) and 101 (CVI).

The only anvrecirble difference in the spectra occurs in the intensity
of the ion of n/e = 89, i.e. CXLVII. This ion is formed by the
cleavage of the bond between carbon 3 and the ether oxygen. In both
the /3.— anomers it is present with an intensity much higher than that

vith which it is found in the - anomers (Table 18). If the close .

~40-



TABLE 18

Me A -D-xylopyranoside boronate TMSi ethers

Tiogp 2o MeWle Base M(% of Bose  Sigmificant Tons (% of Base Peak)
Le0k=30 Peak Peak)
Methyl 1415 260 133 - 245(3)  129(33) 103(39)
33 101(18)  97(26) 89(6)
43(23)
Phemyl 1980 322 133 - 307(2) 159(25)  129(26)
14 A 105(24) 103(22) 101(9)
89(4)

Me @ -D-xylopyranoside boronate TMSi ether

Liosa M.W. Base M(% of Base Sigmificant Ions (¢ of Base Peak)
L8330 Penk Peak}
Meggyl 1350 260 133 - 245(1)  129(31) 103(33)
101(15)  97(29) 89(19)
43(21)
Ph;gyl 2005 322 133 - 307(1)  159(25)  129(23)

105(12) 103(20) 101(8)
89(12)
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proximity of the methoxy groun to the TiISi ether group in the/@-—
anomer causes some steric strain which affects the ease of
elimination of the TH3i ether group, this influence would not be
present in the (- anomer and there would, therefore, be less of

a driving force towards this elimination, and so a less intense peak
in the spectrum.  Jhatever the mechanism, however, this difference
in intensitics does provide a means of distinguishing between the K-

anomers and. /?- anomers of the methyl xylooyranosides,

lie D-glucopyranoside

Once again the derivatives of the X~ and./g-anomers of this sugar
(CXLVIII) were made and examined by GC=!S (Table 19). The GLC

properties of the anomers of these derivatives were similar to those
of the pertrimethylsilyl ethers, in that the X~ anomer has a lower

retention index than the /3-anomer (Tables 3 and 4.

The configurations of the hydroxyls in these sugars, make possible the
formation of two derivotives of each anomer, the 2,4-boronate (CL) or
the 4,6-boronate (CXLIX). Each of these isomers has a six-membered
cyclic ester arouv, and this is supported by the occurrence in each of
the spectra of the ion LXXV of m/e = 159 and 97 respectively. The
base peak of all the compounds, at m/e = 204, is due to the ion XXT (71),
which would be readily formed from the 4,6-boronate (CXLIX) by the
breakdown of the sugar ring, liberating the frogment containing carbons
2and 3 (B, D), 1In the 2,4-boronate (CL) the THSi ether groups are
situated on carbons 3 and 5, i.e. they are not cis- to each other,
making the formntion of the ion XXI a rearrangement process, which is
More difficult, and less likely to give an ion which has the greatest
intensity in the mass spectrum. The 4,6-ester of e X —D-glucopyran—
0side has also been reported as being formed by the reaction of the
Sugar with phenylboronic acid (107, 116), and so it seems likely

that the derivatives forned here are the 4,6-boronate ester TiSi ethers
(cxL1x),
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TARLE 1

e A-D-glucopyranoside boronate TM3i ethers

I

M.W. Base

(% of Base

Significant Ions (% of Base Peak)

{ 3
155%-30 Peak

Peak)

Methyl 1690 362 204
7

Phenyl 2280 424 204
38

He [g—2~glucopyranoside boronate TMSi ether

M.« Base

(% of Base

347(6)
133(32)
97(7)

409(45)
147(14)
117(12)

Significant Tons (%

183(22)
129(24)
89(13)

245(13)
133(24)
89(11)

147(39)
117(17)

159(12)
129(18)

of Base Peak)

I c; [+
1%SE-30 o

Peak)

Methyl 1715 362 204
%

Phenyl 2310 424 204
40

243(1)
133(15)
97(7)
305(1)

147(19)
117(8)

183(4)
129(16)
89(13)

245(2)
133(14)
89(11)

147(15)
117(12)

159(6)
129(10)
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lione of the csters showus a molecular ion, and while the o -~ anomers
show peaks due to the M-15 ion, m/e = 409 and 347, the highest ion

in the spectra of the ﬂ-— anomers is at _r.lz_c:_ = 305 and 243, arising
from the elimination of one TIiSiO~ group and the leO- group.

Another difference between the anomers is shown in the intensity of
the peaks at m/e = 245 and 183, which is much greater in the L -
anomer; the ion (CLI) would arise by the loss of the two THSi ether
groups. Presumably the difference in conformation of the methoxy
group leads to a difference in the stability of the ions,. The
intensities of the other ions in the spectra show, in general, a

trend towards lower values relative to the base peak in the /1— anomers
then in the p{ - anomers, which may sugrest, in common with the results
above, that the sugar ring in ‘the/} - anomers is more unstable, and
can more easily break down to give the base veak which is due to the
ion XXI.

Apart from these differences the spectra of all the isomers are
similar, each showing peaks due to the fragmel}t'a.tion and rearrangement
of the THSi ether groups, i.e. the ions at m/e = 147 (XCII), 133 (C),
129 (XCV), 117 (CZXV) and 89 (CALVII). The differences are, however,
a guide to distinguishing between the anomers.

Me D~galactopyranoside

The reaction of the of— and B - anomers of this sugar (CLII) results
in the fornmation, for each, of two products. Examination of the
structures of the sugar shows that these must be the 2,3— and 4,6-
boronate T'Si ethers (CLIII, CLIV). Absolute identification of each
is not pogssible from consideration of the basic boronate ring ions of
n/e = 159 znd 97 (LIXV) and m/e = 146 and 84 (LXVII), since both of
these iong occur in each of the spectrz, with enough similarity in
Intensity to prevent them from being diagnostic (Table 20), In this

ase more attention has to be paid to the other ionmns.
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TABLE 20

He pA-D-galactopyranoside boronate TiiSi ethers

I oam 30 M.W. Base M(% of Base Sisnificant Tons (% of Basc Peak)
—m o Peak Peak!
Methyl 1635 362 115 - 259(2) 245(51)  218(69)
4 204(43) 191(80)  147(64)

133(15) 129(41) 97(55)
89(53)  84(26)

” 1655 362 133 - 347(1)  245(1)  218(2)
204(44) 191(3)  147(35)
129(15) 115(7) 97(11)
89(12)  84(5)

Phenyl 2130 424 177 - 377(4)  307(51)  218(92)
# 204(45) 191(93) 159(30)
147(57) 146(36)  133(23)

129(36) 117(61)  89(71)

44 2165 424 133 ;- 218(30) 204(69) 191(33)
177(39) 159(23)  147(60)
146(21) 129(29) 117(39)

89(45)

Me /j-g—galaotopyranoside boronate THMSi ether

Hethyl 1615 362 115 - 259(1)  245(50)  218(64)
¥ 204(42) 191(74)  147(53)
133(26) 129(45)  97(42)

89(31)  84(22)

¢ 1655 362 133 - 245(1)  218(2)  204(45)
191(3) 147(21) 129(11)
115(5)  97(8) 89(12)

84(22)

Phenyl 2125 424 177 - 377(2)  307(49)  218(95)
e 204(46) 191(97)  159(24)
147(52) 146(20)  133(20)

129(32) 117(48)  89(37)

Contd.



TABLE 20 Contd.

M.W. Base M($ of Base Significant Tons (% of Base Peak)

Il%SE—@O Peak Peak)
Phenyl 2165 424 133 1 218(28) 204(49) 191(5)
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177(4) 159(7) 147(22)
146(6) 129(8) 117(17)
89(11)
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The derivatives fall into two sets, the first with a base peak at
m/e = 177 and 115, the second with a base peak of 133. The latter
is due to the ion C which could casily arise from the 4,6-boronate
(CLIII) by a rearrangement orocess during the fragmentation of the
sugar ring, while in the 2,3-boronate the larger separation between
the THS1 ether and methoxy grouvs would make the process more dif-
ficult. The peak at m/e = 177 and 115, being boron-containing,
would probably be due to the ion CLV which could only be derived from
the 2,3-boronate (CLIV), The six-membered ion of that g[g_ value
would have to have the structure CLVI, which in this case could only
be formed if the carbon-oxygen bond (X = to the boronate in the

4,6 ester (CXX) were retained in preference to the carbon-carbon

bond (X~ to the ester, which is unlikely.

The first set of ions would therefore, seem to be due to the 2,3~
boronate ester (CLIV) and the second set to the 4,6-ester (CLIII) and
the other differences betueen the two sets can be explained on the
basis of these structures. The 2,3-esters show a large peak at

H-115, i.e. m/e = 307 and 245, which is probably due to cleavage of the
sugar ring, with the subsequent elimination of carbons 5 and 6, a

Peak at m/e = 218 due to the liberation of carbons 4, 5 and 6 to give
the ion XCII, and a peak at m/e = 191 (XCIX), which is probably caused
by migration of the TiSi ether group on carbon 4 to carbon 6 which is
then eliminated. lone of these ions is present in the 4,6-ester
which does not have the C-6 TISi ether group, and so cannot break

down in these wayse. The only ion it shows which would involve both
TMSi ethor groups is that at m/e = 204 (XXX) which is formed by the
liberation of carbons 2 and 3, while in the 2,3-ester it is probably
the product of a rearrangement. The rest of the ions seen in the
Spectra of both boronates are the usual ones due to the fragmentation

‘and Tearrangement of the TiSi ethers.

The only apparent difference of any consequence betwcen the anomers

is shown in the intensity of the peak at m/e = 89 in the spectra of



the phenyl esters. In the L~ anomers, particularly in the

2,3~ester it is much stronger than it is in theﬂ— anomers, and

in both cases it is stronger in the 2,3-esters than in the 4,6-esters.
This difference is the only aid to distinguishing between these
anomers, because all the other peaks in their spectra are very

similar.

Table 21 gives a summary of the results obtained from the GC-MS data,
and shows the common boron-containing ions present in the spectrum of

each derivative.

In most of the cases examined, the formation of the boronate and hence
of the boronate TISi ether is unambiguous, and is determined solely by
the availability of suitably orientated hydroxyl grouvs in the parent

Sugar.

The only sugar with two free hydroxyls was methyl 2,3-di-O-methyl- & -
D-glucopyranoside in which the hydroxyls are in a suitable conformation,

¢ig- to each other, allowing the formation of the 4,6-boronate.

0f the sugars with three free hydroxyls there are four in which the
structure of the parent compound allows no choice in the formation of
the boronate. Methyl /3 -L—arabinopyranoside, has only the 3- and 4-
hydroxyls gis- to cach other, while in methyl e ~L-rhamnopyranoside
only the 2- and 3- hydroxyls are cis- to each other, hence these com-
pounds form the 3,4—~ and 2,3-boronate T!iSi ethers resvectively.
Similarly the structures of both methyl & - and methyl B -D-xvlopyranoside
alloy only the formation of the 2,4-boronate. In 1,2-isopropylidenc—
J-glucofuranose the positions of the hydroxyl grouns seem to afford
the possibility of the formation of either the 3,5- or the 5,6- 95
hol‘Onate, but examination of a model of each compound shows that in
the 3,5 isomer the five-membered sugar ring is distorted into a non-
Planar, puckered conformation, which is the preferred mode, as it
reduces the interactions between substituents on the ring, and so the
355~ boronate is formed ovreferentially to the 5,6- boroznate which

ould not affect the structure of the sugar ring to such a large extent.



TARLE 21

Compound. Derivative

2-deoxy-D~ribepyranose

He B-L-arabinopyran-

o5 1de : ;
Me X-L-rhemnovyranoside :

e D-go topyreno.,lde

RB

D-digitoxose

He “‘D-r\annopvr noside

@%

e Present

He Ph
100% 87%
80% 50%
100% 100%
1005 100%
505 507
100%

Significant
Tons

A, C, F.

=
-
«Q
-
)-_\:J
.



TABLE 21 Contd.

Comnound. Derivative ié Pre sent Significant
N He Ph Tons
Me O(—Q—mannopyrwno“me ]_00?3 873% B, C.

RB

6—d.eoxy—ga1actose %j; 100% 100% A, C, B.
2-deoxy-D-ga 40% A, C, P,

actose
He 2,3-di-0-mothyl ;
0(-}f*7ucooyr"’no~1de 100% 100% B, D, L.
}y2-isopropy1id éno—T— ; )
glucofuranoge 100% 100 B,
D-digitoxoge 20% 50% B, D.

Xif ﬁ
BR



TAS

ALE 21 Contd.
Compound. Derivative

2—deoxy—-D-—r“b°DVI"’ﬁo“G 7i :

He~D-xylopyranoside
Me D-glucopyranoside

He D-galactopyrenoside

e

k)
7

X =D-mannopyranoside

oy
7

& Present
He Ph
- 13%
100% 100%
100% 1004
50% 50%
1005 1005
13%

Significant
Ions

B, D.



PABLS 21  Contd,

Compound Derivotive % Present
B<R e Ph

6=deoxy-D-glucopyranose 100% 100%

2-dcoxy-D-galactose FQ 50% 40%

- 20%

F G

X=0TMSi M = OMe

Sisnificant
207011 1Ca%%
Ions

B, D, E.

B, D, G.
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0f the sugars with four free hydroxyls there are three in which the
hydroxyl coanfigurntions allowus the formation of diboronates, vis:
f-deoxy-D-galactose, 6-deoxy-D-glucose and methyl K ~D-mannopyranoside.
This last compound contains both a five-~ and six-membered. cyclic
boronate ester. Of the remaining susrars in this group the only

other which forms only one derivative is methyl-D-glucopyranogide,

vhich forms the 4,6~ boronate.

In the remaininz cases the vossibility of multipvle derivative form—
ation exists., In both D-digitoxose (CI) and 2-deoxy~D-ribopyranose
(CXXVI) the three hydroxyls offer a choice between the formation of

the 1,3-boronate or the 3,4~boronate. D-digitoxose forms the boronates
in the ratio of 1 : 4 and 1 : 1 with the methyl and phenylboronic acids
respectively, while 2-deoxy-D-ribopyranoside forms the 3,4-boronate
exclusively with methylboronic acid, and both isomers in the ratio of
1:6 respectively, with pheaylboronic acid. Methyl D-galactonyranoside
(CLII) gives a 1 : 1 mixture of the 4,6-boronate, and the five-membered
2y3-boronate, and lastly 2-deoxy-D-galactose (CXXXIV) which can form
three isomers, the 4,6—-, the 3,4- or the 1l,3-boronates gives a mixture
of the three in the ratio of 1 5 2 : 2 resvectively with the phenyl-
boroanic acid, and the 3,4~ and 4,6- methylboronates in the ratio of

321 respectively.

These ratios of derivatives could be due to several processes., They
may be the kinetic products of the borosation (though this is very
unlikely as boronate esters are formed and equilibrated very easily)
or the result of this equilibration vprocess which allows the most
stable compounds to oredominate., The ratio of the original boronates
themselvesg might also be altered by rearrangement of the ester groups

Quring trimethylsilylation.

In an attempt to investigate this last possibility, lérger samples of
the methyl- and phenylboronates of both D-digitoxose and 2-deoxy-

D-riboge were made and purified, where possible, by recrystallisation.
These samples were then examined by N:R spectroscopy to determlne the

Structure of the compounds vresent before trimethylsilylation.



TABLE 22

Proton Sipnal Tyvpe R = lie it = rh
Cl~H ffultiplet 5.14 5.22
Cz—He Hultiplet 1.24 1.83

~Ha | Multiplet 2.20 2,22
03—H 4.60 4.84
C4—H Doub}et of 4.39 4.61

Hultiplets
3.95 4.04

05-H Dgublet of
AB System 3.58 3.62
0 -H 5.22 -




The proton NN spectra (Appendix II) of both boronates of 2—deoxy—
_]}-ribose show the same pattern of peaks due to the sugar ring

itself (Table 22), the major difference between them being the

peaks due to the group attached to the boron. In the methylboronate
there is a single peak at 0.48§which integration shows to be due to
three protons i.e. to the methyl of the boronate group, suggesting
that in this case there is only one of the two possible isomers
present. In the phenylboronate the peaks due to the vphenyl group at
T.36 and T.78are both multiplets, making it difficult to determine
if there are both isomers present, however, the rest of the spectrum
matches that of the methylboronate so closely that at least the
predominant isomer present has the same form as the single isomer of
the methylboronate, and if there are two isomers, the minor one must
be present in less than 20% of the total to make it indistinguishable

in the spectrum.

Double irradiation of the spectra, at the frequency of the Cl-proton,
removed the coupling between it and the Cz—protons, allowing the iden-—
tification of that set of peaks. Double irradiation at the frequency
of the CB—proton also caused sharpening of the C,-proton sigmal,
ellowing the identification of the CB-proton; this irradiation also
removed the coupling with the 04—proton, allowing the identification,
both of it, and, by elimination, of the peak due to the C_-protons.

5

The coupling between the 03— and 04- protons was shown to be 8 Hz.
Examination of models of each of the boronates shows that in the
1,3~ isomer the anzle between these protons is approximately 60°,
while in the 344-boronates it is almost zero. The former situation
would result in a coupling constant of 2-4 Hz while the latter would

give about 8 H2, implying that it is the 3,4~ isomer which predominates.

The spectra of the THSi ethers (Append.ix II) show very similar patterns
of peaks,  The THSi groups give large peaks at 0.35§ for both the
Methyl- and phenylboronates; in the former the TiSi and boronate

methyl peaks are sharp singlets suggesting the presence of only one
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isomer, but the TM31i cther signal in the phenylboronate consists
of tuo sharp veaks in the ratio of 6 ¢ 1. These results match
the raotios obtained from the GC~MS examination of the boronate

T™iSi ethers.

The methylboronate of D-digitoxose proved to be a colourless oil,

and attermpts to crystallise it were ussuccessful. The NHMR spectrunm
obtained from it showed a similar pattern to that of 2—-deoxy-D-ritose
methylboronate, except that one of the CS— protons was replaced by a
methyl group. The spectrum was, however, too comvlex to allow the
certain assignment of any peaks apart from those due to the secondary
methyl group at 1.3 and due to the boronate methyl group at 0.3

Both of these sipgnals seemed to consist of a number of overlapping
peaks, the boronate methyl signal containing three single peaks, and
the secondary m~rthyl conteining two and possibly three vairs of peaks.
The two doublets due to the secondary methyl which were certainly
bresent were in a 1 ¢ 1 ratio, and the peaks due to the boronate
methyl seemed to be in a 2 ¢ 2 ¢ 1 ratio. Conversion of the boroncte
to the boronate TiSi ether only served to confuse matters, since the
TES1i ether signals overlap with the boronate methyl signals. Thus it
s impossible to correlate the peaks observed with any of the isomers,
but it is possible to say that in the methyl boronate there were

three isomers present in the ratio of 2 ¢ 2 : 1, which is the ratio

of methylboronate TiISi ethers found by GC-MS. This, and the result
obtained from 2-dcoxyribose, sugrests that there is no rearrangement
taking nlace during the trimethylsilylation, and the ratios of
boronate PuSi ethers found by GC-MS are determined by the ratios of

the boronstes themselves before the reaction.

In order to examine whether the boronates present in a mixture before
trimethylsilylation were the kinetic or the equilibrium products of
the esterification, a sample of D-digitoxose was treated with
Methylboronic acid in pyridine and heated at 100°C, and samples were

Temoveq gt fifteen minute intervals, trimethylsilylated and examined
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by GLC.  The ratio of peaks vresent in the sample was found not
to vary, so, if there is an ecuilibration reaction taking place,
it is doing so very quickly, and consequently the products after
fifteen minutes, which was the standerd reaction time allowed for

the esterification, must be the most stable isomers.
b

Examination of the boronates in this light suggests that the five-~
membered boronaie ester group is more stable, in these compounds,
than the six-membered ester, since in every case where the conform—
ation of the suger hydroxyls affords an apvareutly equal possibility .
of forning either of the isomers, in a situation where only one of
them can be forwned, eg. the 1,3,4~hydroxyl system of D-digitoxose
(CII) the five—membered isomer is the ma jor product. It would also
seen that the phenyl group attached to the boron stabilises the
siy-membered ring with respect to the methyl group, for in several
phenylboronates the ratio of five-membered to six—membered boronates

is lower than in the corresponding methylboroncotes.

The stnbility difference is also borne out by the effect of trimethyl-
silylation on methyl & -D-mannopyranoside diboronate, in which both a
five- and six-membered ester group are present. The ma.jor product of
the reaction is the boronate THSi ether with the five-membered ester
group, implying that it is more stable than the corresponding six—

nembered group.

Another differeunce between the five— and six~membered boronates is
shown by their retention indices on both SE-30 and QF-1l. In all
tases where both isomers of a sugar are present the five—membered

Poronate has a shorter retention time than the six-membered boronate.

For GLC in general the boronates are easy to form and give as much
infornation as, if not more than, the T!USi ethers. The multiple
Peak formztion shown by any of them which have suitable hydroxyl

®onformations makes the examination of a mixture of a large number of
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them difficult, but, in turn, it mekes identification of one or two
isomers simpler by increacing the number of parameters ‘bh;at can be
used for the identification. This holds too for GC-i{3, though in
this field the difficulty is not so great. The sugar boronate

Ti31i ethers give spectre which are similar, containing the same sets
of peeks in meny cases, but they are different enough to be
distinguishable from a congideration of the ions due not only to the
boronate, but also to the Tilsi ether, when it is vresent. For examnle
in e D-galactopyranoside 4,6-boronate TiiSi ether a boron containing
peak anpears at Mg = 177 and 115 which does not apoear in the
corresponding derivative of lle D-glucopyranoside, a very similar
compound , Similarly the peak at _r:l/_q = 218 in the galactopyranoside
is totally absent in the glucopyranoside. The derivatives can also
be used to distinguish between anomers of a susgar at least as success—
fully as the TiiCi ethers and by a similar set of properties, in that
while there is not, in any of these results, a single peak in one
anomer of one suger which is totally absent in the other anomer,
several peaks do show intensity diffecrences between the anomers. For
examnle, the m/e = 89 peak is stronger in the i — anomer of lle D-
galactopyranoside methylboronate T¥Si ether than in the ﬂ— anomer,
vhile in lle D-glucovyranoside phenyl- and methylboronate TI3i ethers
the ion at m_[g = 245 or 133 in the K- anomer is larger than in the

Corresponding /I- anomer.

The boronate rings, by themselves, stabilise the sugor ring sufficiently
for derivatives to show the molecular ion, for examnle, the diboronates
of 6~deoxy-D-glucose, and 6-deoxy-D-galactose, but the presence of any
other groun at 2ll results in the disappearance of the molecular ion,
€&+ the diboronate of lle=D-mannooyranoside in which the highest ion

Is that of =31, i.e. the result of the loss of the methoxy group.

The relative intensity of the molecuiar jon is increased in a chemical
lonisation (CI) spectrum of the molecule. In this technique a light

mlecule such as methane or isobutane is ionised and then interacts
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TABLE 23

Proton Sigmal Tyvne Counling (Hz) R = He R = Ph
06—H dogblet J5,6 = 6 l.22 1.31
CS—H doublet of J4’5 = 2 3.67 3.92
quartets J5,6 = 6

C4—H doublet of J4’5 = 2 4.36 4.62
doublets J3,4 = 8.5

C3~H doublet o? J3’4 = 8.5 4.74 5.11
doublets J2,3 = 2

02-H doublet of J2’3 = 2 4.43 4.67
doublets J1,2 =6

C,-H doublet Jy,0=6 5.77 5.83




‘with the moleccule causing a fragmentation that is less violent

than that shown under the electron bombardment of BI mass
spectrometry. The CI spectra of 6-deoxy-D-glucopyrancse
diboronate with methane and with isobutane are shown (Fig. XII)
along with the corresponding EI spectrum. As can be seen, the

(I spectra are much simpler, thouzh they still show characteristic

ions arising from this particular compound.

The boronates can also be used as derivatives, in some cases, for

MR spectroscopy. They have the property of making the sugar

soluble in a suitable medium for NHR. They can also simplify the
spectra both by decreasing the number of available hydroxyl groups

but also by makingz the sugar molecule rigid, and locking it into

one conformnation, The methyl and phenyl diboronates of 6-deoxy-~D-galac—
topyranoside were prepared and the IR spectra of these compounds were
then obtained (Apnendix II). The boronates gave very similar spectras
the pecks due to the sugar ring were almost identical, the major
differences being due to the chemical shifts of the groups attached to
the boron atom. The methyl boronate shows a pair of peaks at 0.4 )
vhich integrate as being due to six protons, and are the signals of the
boron methyls present in the diboronate. The peaks in the ohenylbor-
onate arising from the phenyl grou» are much more comvlex, making it
impossible to analyse them. The rest of the swectra were assigned as
shown in Table 23, by studying the results of various decoupling
txveriments,  The quartet at around 3.8§ would be due to the C5—proton
which yould be counled to both the methyl grouv and the C4-proton.

Double irradiation at the frequency of the C_-proton, therefore, revealed

5
the Position of the C4—proton and the counling constant between these
Protons (J4, 5). Subsequent irradiation at the 04- proton freguency
Tevealed the position of the C_- proton, and the orocess was continued

3

Wtil all the veaks were assigned.

The value of J3, (8.5 Hz) is larger than would be expected for an
Interaction between an axinl and an equatorial proton (139), and

Suggests that these hydrosens are almost aligned in the molecule.
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The small value of J2, 3 (2 HZJ) is inconsistent with an angle between
them of 1800, sursesting that this ansle has becen decreased. Both
of these observationg are consistent with a flattened structure in
which the sugar ring is almost planar, similar to that suggzested for

the structures of the diboronates of xylose and arabinose (137).

A similar set of spectra for methyl p{ ~D-mannopyrenosides, however,
gave less clear results. Both gave spectra containing broad,
unresolved peaks (Apoendix TI). This may be the result of hydrogen
bonding to the oxygen of the methoxy group. Thus the boronates can

be said to be good derivatives for a number'of purposes. They are
readily formed and stable to the trimethylsilylation of any remaining
hydroxyls on the parent molecule. They, or their THSi ethers have
good GLC properties and they give characteristic fragmentation vatterns
under electron impact, especially because of the stereoselectivity of
the ester formotion which is governed by the conformation and configur—
ation of the parent sugar, allowing the possibility of distinguishing
between both isomers and anomers. The boronates are also useful in

some cases for locking the structure of a sugar for NilR spectroscopy.

Farther work in this field should include an investigation of the
differences in stability of the five- and six-membered cyclic boronates
in compounds of this type, and also an examination of the recarrangement
from a six— to a five—membered ring under electron impact, aloing with

the possible reverse process which may also be takinz place.
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2-3 Bxperimental

5-3.1 GLC and GC-iS Procedures

All the GLC results were obtained on a Varian Aerogranh Model 204
dual column gas chromatograph, fitted with flame ionisation-—
detectors, and modified by the removal of the metal injector blocks,
allowing direct injection of the samvles on to the column packing,
rather than on to the metal walls of the flash heater as in the
conventional assembly. The column packing was pre-coated with the
stationary phase, 1% by weight, on to Gas-Chrom Q, 100-120 mesh, and
was obtained from Applied Science Laboratories Inc., P.0. Box 440,
State College, Pennsylvania. The phases used were S8-30, and

QF-1, Columns were made up from Pyrex glass tubing, 3mm internal
diameter, and 10 feet in length., The carrier gas used was nitrogen,
at a flow rate of 35 ml/minute.

Hass svectra were recorded on the LKB 9000 combined gas chromatograph

1

mass spectrometer, the CLC conditions being set to match those of the
original runs on the Aerograph instrument. The accclerating voltage
was T0eV,

2~ 3,2 Boronate Formation and Trimethylsilvlation

Dimethyl formamide was dried by mixing it with benzene, in the ratio of

10 : 1, and distilling off the benzene-water azeotrope, Maznesium
sulphate was then added to remove the remaining traces of moisture,
and the solvent was distilled off. The dry solvent was stored in a
Wickfit flask fitted with a drying tube filled with silica gel.
gﬂid&l& was dried by refluxing it overnizht with calcium hydride,
and then distilling it. The dry pyridine was stored over potassium

hydroxige pellets.
ES’cerifica.tion was effected by mixing at room tempcrature a known

¥eizht of the sugar with a volume of a standard solution of the

Yoronic acid in nyridine equivalent to double the number of moles of

30—



the sugar, or four times the number for the formation of the diboronates,
and then heating at IOOOC for fifteen minutes. The standard solution
was made up by dissolving 50mg. of each boronic acid in pyridine,

ourified as described, and stored in a flask fitted with a rubber

septum.

Transfer of the requisite amount of the acid was effected by using a
100 ml syringe. After 20 such transfers, or sooner if it was thought

to be necessary, the sentum was changed,

The trimethylsilylation was corried out in a way adapted from that
described byr DeJongh et_al. (67). An excess of eé,ch of the recagents,

- HIDS and THCS, was added separately, in the ratio of 2 ¢ 1, to the
solution of the sugar or sugar boronate in oyridine at room temperature.
The mixture was then heated to 100°C for fifteen minutes. For QGLC,

a sample could be injected straight into the chromatosraph from the
pyridine solution, but for GC-I13 the mixture was purified by blowing

off the pyridine under nitrogen, re—dissolving the soluble material in
ethyl acetate to a concentration of 1 mg/ml, and filtering off the
insoluble material., Samnles of this solution (~ ]/J) vere then

injected into cas chromatograph.

IR Svectroscooy of Boronates

In order to examine the boronates of some of the sugars by NR
Spectroscovy, larger amounts of the derivatives were vrepared by mixing
one millimole of suszar with half a millimole of boronic acid in dry
Pyridine and hesting at 100°C for fifteen minutes. The pyridine vas
Témoved under a stream of nitrogen and the reaction mixture extracted
With AnalaR ether in which the excess sugar was insoluble. The
Yoronates ywere recrystallised, where possible, from a mixture of

acetone ang n-pentane, a sample was removed for microanalysis, and the
rest was submitted for NMR spectroscopy.

The .11z spectra were obtained on a Varian HA 100, 1OOHZ NIIR Spectro-

ne 1
ter, in chloroform as solvent,




2-deoxy=D-ribopyrancse

Both the methyl- and vphenylboronates of this sucar were found to be

crystalline.

Nethylboronate - found C-45.59%%, H-T7.03%; required for C6H11B04’
C-45.62%: H-T.025 H.pt. 75-80°C.

Phenylboronate = found €-60,05:, H-5.96%; required for C11H13B04,
o

C-60.03%, H=5.94%. M.pt. 129-133°C.

~-deoxy-D-glucopyranose

Phenylboronate = found C-64.35%, H~5.3T%; required for C18H18B205’
C-64.355, H-5.3T%. M.pt. 66-68°C,

Hethyl &-D-mannopyranoside

Ph@n}’lboronate - found C-65.72%, H-5.33%; required for 019HZOBO6’

C-65.705, H-5.365. M.pt. 112-114°C.
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3. TED  APULICATION OF GLE AND GC-US 7O THE STUDY O
PLANT LATHRIAL ’

3-1 Introduction

In recent years the amount of work done on the examination of plant
material for naturally occurring terpenoid -compounds has been
increasing steadily. Aside from the classical, purely structural
type of investigation, terpenes have been shown to be useful both ‘
for chemotaxonomy, where the familial relationship of plants is
‘studied with reference to their chemical constituents, and for chem-
osystemoetic studies of, for example, the effects on their chemistry

of cross-breeding two plants (140).

The classical technigues of obtaining pure samples of the comvounds
from plant moterial involve the extraction of large quantities of

the plant in a suiteble solvent, either at room temperature (141 - 143)
wder reflux (144, 145), or by steom distillation (140, 143). The
extract obtained is concentrated by the removal of the solvent and then
the individual components are sevarated by distillation under vacuum
(141, 146), by chromatogravhy on silicic acid (147), silica gel (142)
or alumina (143-145, 148) or, where sufficient of the major component

Is present, Ly freactional crystallisation (150).

There are disadvantages attached to these technicues. The large
amount of plant material originally required may be difficult to

Obtain unless the plant under study is readily available, and it also
®1t2ils the use of larze amounts of solvent. Ixtraction of the plant
underp reflux, or distillation of the ex‘trac{, may both cause the
decomposition or rearrangement of any unstable compounds present,
Tesulting in artefacts which were not present in the orisinal material,
vhile i has been shown that certain compounds undergo changes in the
Presence of chromatosraphic material. Petasin (CLVII) rearranges to .

forn isopetasin (CLV11l) in the presence of alumina or silica gel (151)
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germacrene-C (CLIX) forms §~elewmene (CLX) at IOOOC, or at room
tenperature in the presence of silica gel (152) and caparrapitriol
(CLXI) suflfers dehydration on an alumina column to give

caparrapidiol (CLXII) and nerolidol (CLXITI) (153).

The separation of individual compounds from the extract is also
difficult, since, although distillation and chromatogravhy are
efficient in dealing with the major products, the minor compounds
may be obscured (140).

Some of these difficulties have been overcome by the introduction of
the techniques of GLC and GC-lS. The size of sample recuired is much
smaller, and after a careful extraction the material can be injected
straight into the gas chromatogravh without any intermediate oper—
ations (154), reducing the risk of artefact formation and allowing a
much foster analysis of a much smaller amount of plant material than
can be achieved by the classical methods. The sensitivity of +the

gas liquid chromatograph is sufficient to show peaks due even to

ninor components which might have been overlooked by the classical
method, but this in itself is the cause of one of the main disadvantages
of the method, the overlapoing of peaks in a GLC trace (140). This is
caused both by the occurrence of, for example, a number of compounds

°f a similar tyve, such as sesquiterpene hydrocarbons, or by the
similarities in retention choracteristics of compounds of two distinct
Wpes, such as oxygenated monoterpenes and sesquiterpene hydrocarbons
(140). These difficulties can be partially overcome by adjusting

‘the operating condition of the gas chromatograph to increase the res-
olution, for example, by programming a linear increase in tenperature
during the analysis (140), or by the use of suitable stationary phases.
The na jor difficulty in this technicue is the identification of

ndividu:l compounds .
Althou{fh & correlation of structure with retention index has been

shown ¢o hold, not only for such simnle molecules as n—alkanes, but

also for those as complex as steroids (155), such a correlation has
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not becen found for scsquiterpenocids., In the case of a few ses—
quiterpenes, the structures of which can be regarded as being
derived from those of corresvonding monoternenes by the addition
of an isopropyl group, the retention indices have been shown to

be divigible into a variable vart from the monoterpene, olus a
constant part from the isoprooyl grouv. Thus from the retention
indices of the monoternenes, it is possible to predict roughly the

indices of the corresponding sesquiterpenes (156).

Generally, however, this is not possible. There are a number of
parent sesquiterpene skeleta, which can be modified by various

stercochemical alterations, with the result that the total number
of possible structures is fairly large. Although it is pogsible
to groun these structures according to their parent skeleta, the

retention indices of members of each groups can be cuite different

(157).

Identification is more readily achieved by comparison of the retention
data of the unknown compound with those of standards, but the dif-
ficulty here lies in amassing a suitable set of data. This would
either have to be obtained by experiment on a large collection of
suitable compounds, or from results quoted in the literature on the
subject,  The lattcr may, however, be of little use, since the GLC
retention data reported have been obtained from a variet: of
8tationary phases (157—-161), and since the analysis of a comvnlex
mixture on a number of columns is very difficult, any data obiained
from stotionary phases other than the ones which are being routinely
used cannot be easily utilised. In spite of these difficulties,
h°WOVGI‘, the analysis of natural products by GLC alone is a useful

technique (159, 160).

The 2ddition of the mass spectrometer makes identification easier,
thoush stil1 not certain. The same problems of standard data still

8rise, but here they are less intractable. The data reported in



the literature can be used to a much greater extent and there are
a2 number of sources from which information can be gleaned, viz:
papers on individual sets of compounds (161~171) or on a general
field (172, 173), or collections of mass spectra which can arise
from compounds of the same type, but while abzolute identification
may not always be vossible, the compounds observed can usually, at
least, be classified according to their chemical tyves (154, 179),
and while identification is vossible even without the use of the
retention characteristics (154), the combination of mass spectral

and retention data increases the probability of any identification made.

Thus the avnplication of GC-IiS to the analysis of plant extracts ha

the advanteses of requiring a low sample size, being auick, less likely
to cause artefact formation than clessical methods and able to give
data on minor comvonents of the mixture. Although it has the dis-~
advantage that it mey not be posgible to identify each individual
compound, they can at least be classified by chemical tyne. It would
seemy, therefore, that this technique is best suited for the initial
enalysis of a plant, to show if it is worthwhile isolating any of the
compounds from a large scale extract, and as an aid to the identif-

lcation of any such comnounds isolated.

The methoq adonted for the extraction and exanination of nlant material
is derived from that used b+ R.4.3. Keates in his studies on Petasites
”’ME (180). The extract wes made by macerating the planit in a
suitable solvent, filterinz, and re-extracting the residue in fresh
solvent tuice more in the same WaY e further re—extraction of the
Pleat showed thet +this method resulted in the extraction of most of

the desipeq comvonents.

This total extract of the plant contains a number of compounds apart
fron the sesquiternenoids which were to be studied, for example,
Yannins, pigents, glycosides and phospholipids, which are all invol-
4s

&ile ang thermally unstable. Injection of these compounds onto a

gas chromatographic column at high temperatures would result in their
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pyrolysis givirg products which might interfere with the examination
of other, morc stable commounds, and which would cause rapid deter—

ioration of thec column. It therefore, scemed essential to separate
theze involatile compounds from the more volatile compounds which

are suitable for analysis by GLC.

Both distillation and the use of TLC or column chromatography on

silica or alumina were undesirable because of the possibilities of
decomposition or rearranc~ement mentioned above, and any methods based
on the polarity oI the sample would only be nartly effective, becouse
of the variation in polerity of both the sescuitervenoids and the
interfering compounds,. The najor difference between the two grouns

of compounds lies in their molecular weishts. lHost of the interfering
conpounds have hich moleculor weizits, i.e. greater thon 607, compared
to those of the ses~uitervenoids which ron~e between 200 and 400, so a
sevaration method based orimarily on mo'eculer weizht or molecular

size was needed. Such a geparation can be obizined by using a liguid-
gel column in which the volarity of the =zel is avoroximately the same
2s the polarity of the solvent. Under these conditions, (gel filtration)
the volarity of the individunl convounds has no effect on their order

of clution, this beins governed totelly by their molecular size (180).

Thus, by passinz the extract throuch a gel-filtration column, the
high molecular weizht compounds were removed. Ixamination of the
extract, by GLC, both before and after chromatography, gove identical
results, shouing that the convounds suiteoble for GLC analysis had all
been eluted from the column, and that, as far as could be judged from
their yretention indices, they had been unaltered. The samvle thus

Obtained was examined by GLC and then by GC-iS.

o . ~
ouch o, oreliminary investigation was first carried out on three planis,

Dereseris vitiensis, Bailey and Smith; Petasites hybridus (L), Fl. Witt;

%1 Petasites fra~rans (Vill.) C. Presl.
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Degencria vitiensis is a shrub found in the Fiji Islands and is

related to the zeonus Drimys (181), plants of which have been found
to be rich in tervenoids (182-184). It was examined previously by
Pojef and co-workers (185), who extracted a sampnle of leaves and
twigs with licht petroleum (b.pe. 40——6000) at room tempersture.

The solution obtained in this way was extracted with, in turn, 5%
solutions of hydrochloric acid, sodium bicarbonate, sodium carbonate,
and sodium hydroxide, These extracts proved to be intractable
nixtures except for that from the bicarbonate which yielded, on
chromatography on silica gel, an acid, identified as 2-hydroxy—6-
methoxybvenzoic acid, From the neutral fractions remaining after the
extractions, chromatography on alumina separa’ced/j—sitosterol and a

paraffin wax.

Plants of the genus Petasites have been intensively studied since the
discovery of the sesquiterpenoid ester petasin (CLVII) (186), and the

subsequent determination of its structure (151) and absolute con-
figuretion (187,188), Isopetasin (CLVIII) and S-isopetasin (CLXIV)
were also found to co-occur in Petasites hybridus with petasin, all
three of these comwounds being based upon the eremobhilane skeleton -

(CLXV), A number of conpounds derived from furanoeremophilane
(CLXVI) and ercmophilenolide (CLXVII) Inve also been isolated from
plants of this genus (189, 190). A variely of Petosites hybridus
vas found to coatain furanopetasin (CLXVIII) (191), and other

furanoeremophilanes oxygenated at C-9 (CLXIX) though it did not

contain petasin or any of the non-furanoid compounds; P.albus and

F. jononicus were found to contain furanoids oxygenated at C~2 such as
betasalbin (CLXX) and its anselate ester (CLXXI) (192, 193), at C-2
and -5 (CLXXII) (193) and at C-6 and C=9 (CLXXIII) (193), though as
In P.hybridus there were found to be two varieties of P.albus one
Containing furanoids and the other containing non-furanoids (194).

The petasitolides (CL}C{IV, CLZ ‘{V) have been isolated from P.officinalis

(189) which has been showun to be a form of P.hybridus (195). These

Compounds ocecur with the furanoeremophilanes but neither type has
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peen isolated from a plant which produces netasin, The two sub-
gpecies of P.hybridug which are distinguishable by the occurrence
of furanoid and non-furanoid sesguiterpenoids have been found in

various locations all over western urope (194), so the difference

in the chemistry of thece plants is not a purely geographical effect.

The pattern of occurrence of these compounds throughout the genus
has been used in gystematic studies of the relationships of individual
plants within the genus, attempts being made to construct a family

tree for these plants (193).

Petasites hybridus was also studied in Glasgow by R.A.B. Keates, as

a preliminary to his examination of the biosynthesis of petasin,
using a similar method to that outlined (180), so an examination of
this plant was expected to serve as a check of the analytical tech-

niques used in this study.

-6



0

ol

uiw

AX Big
[
’ 13
o
Zr
. AX B3

VW ROE-EN TURM/,OT '2.0L2-08  0E-3S%b U9




3.2 Results and Digcussion

3~ 2 =1 Degeneria vitiensis

Samples of twig and leaf material of Deseneria vitiensis were

provided by Professor li. Martin-Smith, in Kovember of 1971. Three
10g portions of each type of vlant materinl were extracted with three
different solvents, ethanol, ethyl acetate and n~heptane and the
solutions obiained were concentrated and examined by GLC on l‘,‘? SE~-30
after gel filtration to remove any high molecular weight compounds

present.

The ethanol and ethyl acetate extracts of the twig material gave
similar GLC traces (FPig. XIV) containing a large amount of unresolved
material in the region where peaks due to sesquiterpenoid compounds
might be expected, and a few well resolved peaks. The heptane extract,
hovever, (Fig. XV), shoued much less of the interferingz material, the
same well-defined peaks and some which were not present in the other
traces, The extracts of the leaves were all very similar and showed
the same pattern as the ethanol and ethyl acetate extracts of the twigs
(Fig. XVI). A1l the major peaks observed in the GLC traces of cach
of the extracts were found to occur in the trace of the hevtane extract
of the twig material and so it was decided to examine this extract by
GC-S, The retention indices and mass svectrsl properties of the
major peaks are shown in Table 24, in which the compounds are labelled.
according to their order of appenrance on the GLC trace. Extraction
of a second sample of twig material in n-heptene was found, by the

same technicve, to contain commounds D1-D4, D7, D10 and D11,
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TABLE 24

Strongest Tons

(

°: of Base Peck)

+

Compound T, rop Apparent M Base

—Q"-SE—SO)- (¢ of Base Pezk) Peak
D1 1375 204 (20) 105
D2 1380 204 ( 4) 81
D3 1460 204 (62) 105
D4 1540 220 ( 4) 43
D5 1845 270 ( 7) 88
D6 1940 284 ( 8) 88
w 1975 284 ( 7) 88
%8 2060 208 ( 6) 55

119(98)
41(63)
93(96)
67(53)
91(50)
93(97)
79(86)
91(70)
41(81)
69(54)
43(60)
55(38)

157(11)
43(177)
41(49)

157(10)

101(50)
55(24)

157( 9)
43(86)
88(71)
85(20)

161(42)
81(45)
68(76)

107(51)

107(96)

67(72)

93(57)
108(50)
101(55)

57(33)

101(54)

57(37)

43(37)

57(20)

41(78)

57(60)

95(65)
91(42)
41(87)

55(46)

81(86)

121(71)

79(57)
55(45)
41(40)

69(25)

55(51)

69(35)

41(24)

69(14)

69(72)
83(50)



TABLE 24 Contd.

Compound Il‘f’?é SE- 50 Appsrent I;i+ Base Stronrest Tons
= (9% of Base Peak) Peak (% of Base Peak)

D9 2145 208 ( 8) 67  81(85) 55(76)  41(e4)
95(61)  54(4%) 82(41)
D10 2180 310 ( 6) 55 43(96)  41(94) 69(94)
57(70) 85(69) 88(47)

85(22)
D11 2205 350 ( 3) 255 257(65) 165(36) 236(17)
212(11) 239(1i) 199(10)

81(10)
D12 2450 890 ( ) 149 57(40) 167(36) 71(26)

70(24) 41(23) 279(10)
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Compounds D1l — D3

Bach of these compounds has a molecular ion of m/e = 204, classifying

them as sesquiterpene hydrocarbons, with the formula C From

15H24’
the tables of retention indices and mass spectra compiled from
literature and experimental data (Append.ix III) a tentative iden-

tification of each of them can be made.

There are two compounds which have similor GC-1S properties to compound
Dl. The first is X —~copaene (CLXXVI) which has a retention index on
19 SB-30 of 1379 (158) and a mass spectrun which contains the same
major peaks as that of compound DI (173). There are differences in
the relative intensities of corresvonding peaks in both spectra, but
these may be due to a2 variation in the conditions under which the
spectra were obtained, for though the accelerating voltage was TOeV
in each case, the instruments were different and this could lead to
such a difference in intensities, though not to a difference in the
n/e values, The second compound is & —cubebene (CLXXVII) which also
has o similar moss spectrum (173). tthile its retention index on

li: S8-30 is not knowm, comparison of its retention characteristics on
other stationary phases with those of sesquiterpenes which have been
rn on SI-30 sugcests that its retention index would be similar to
thet of D1 (158).

Compound D2 is almost perfectly matched by /3-e1emene (CLXXVIII).
Again a comparison of the retention characteristics of /J-—elemene on
different stationary phases sugrests that on this phase the retention
index would be very similar (153), while the mass spectra closely
resemble each cther, esnecially in the occurrence and high relative
intensi'l;y, in each, of the ion of m/e = 68 (172, 173).

The 1agt of the hydrocarbons, D3, has a mass spectrum which closely
Tesenbles those of (K- and [~ selinene (CLXXIX, CLX(X) (173), though
the retention indices of these compounds while not known on 1% SE-30

3y be higher than that of D3 (158). Once agein both of these
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compounds give the same ions under electron imvact as D3 though the
relative intensities are different. Of the two, the & —isomer
(CLXXIX) is perhaps the more likely as it shows a much weaker peak

due to the molecular ion than d.oesﬁ -selinene (CLXXX).

Comnound D4

This compound has a molecular ion of 220 which sugrests that it has

the formula C15H240. Treatment of a samvle of the extract with
silylatinz reagent, bis(trimethylsilyl)acetamide (BSA) and
trimethylsilylimidazole (TST) in the ratio 1 1, and rechromatography
on 1¢ SE-30 showed no change in this peak, sugresting that this is not
an alcohol. A similar test for a carbonyl group verformed by

treatins a sample of the extract with methoxylamine hydrochloride

in pyridine to form a methyl oxime also droved unsuccessful, implying

that the comvound is either an ether, or that it is very unreactive.

Comoounds D5-D10O

The mass spectra of these compounds are very similar to one another
and the pattern of peaks and the molecular in weights suggest that
they may be fatty acid esters (196), since the larger peaks are those
of low % implying that they have been formed by the breakdown of an
acyclic comnound. The base peak in each of the first three compounds
has an n/e value of 83 which could arise from either an ethyl ester
(CLXXXI) or a methyl ester of an ((-methyl fatty acid (CLXXXII) by a
Helafferty rearrangenment as showm (Pig. XVII) (77, 78, 196). 1In each
Spectrum, however, the highest ion apart from the molecular ion, at
n/e = 270, 284 and 284 respectively, is that due to a loss of 45 mass
Wits from the molecule, i.e. at m/e = 225, 239 and 239 resvectively.
this ion would be due to the loss of the —OC_H. ion in each case. 4

. 275
Smilar loss of an  ~OCH, group would result in an ion of m/e value

3
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equal to that of the molecular ion minus 31 mass units (196). Since
this ion is not observed in any of the spectra it sucwests that the

compounds present are all ethyl esters of fatty acids.

The spectra do not match those of straight chain acid esters in which
the molecular ion would be expected to be much larger (196), so they
are probably branched chain compounds, with compounds D6 and D7 being

isomers of the same molecular formula.

Compounds D8 and D10 also show a peak at m/e = 88, though in these
spectra it is no longer the base peak, which now has the g[_e_ value of
55+ This péa.k arises from the loss of a four carbon unit in the form
of the ion of g_/_g = 57 (CLXXXTII) which loses two hydrogens to give
the ion CLXXXIV of m/e = 55 (196). If the fatty acid were branched
as shown in Fig., XVITI, the result would be an enhancement of the
relative intensity of the ions at gé(_a_ = 55 and 57, which would exnlain
the change in the base peak, and in the intensities of the ions of

n/e = 85 and 83 (196), which is also observed in these spectra,
suggesting that compounds D8 and D10 are branched in this way. The
molecular weight of D8, 298, implies the formula C19H3802 which, in
common with D5, D6 and D7, would make it the ethyl ester of a saturated

fatty acid, but the formula of D10, C suggests that the fatty

. 20t38%
acid in this ester is unsaturated.

In compound D9 there are still peaks at m/o = 88 and M-45, i.e. 263
though theip intensitic:s are small compared to those of the other peaks
in the spectrum. The molecular wveight, 308, implies the formula
020H3802’ which would possess two double bond equivalents. The
Spectrum of this compound is similar to thet of methyl linoleate
019H3602 (CLXXXV) (196), the major differences being the peaks due %o
the presence of the ethyl group in place of the methyl group in the
ester, and a much smaller molecular ion. These differcnces suczest

*hat D9 nisht be an isomer of ethyl linoleate.
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Compound,_ D11

The molecular ion of this compound, m/e = 356, suggests a number

25H400, 024H3602 or 623H4802’

which arc only a few of the possibilities, depending on the degree

of possible formulae, such as C

of oxidation of the compound. Attempts at derivative formation
produced a reaction with the trimethylsilylating reacents, the peak
due to compound D11 disavnearing from the GLC trace, and a new one
appearing at IlSE—-3O = 2370, sugcesting the presence of a hydroxyl
groun, Avart from this, very little information can be obtained

from the data.

Comnound. D12

The mass spectrum and retention index of this compound match that

of di-octyl phthalate (CLXXXVI) (197). The large base peak at

_q[_e_ = 149 is due to0 the ion CLXXXVII. This compound is a pnlasticiser
and mizht have entered the samples from the vlastic bags in which

they were packed, or from the solvents used for the extraction or the
gel filtration (197).

It was decided that none of the compounds found in the plant samples
warranted. further large scale studies, so the examination was con-
cluded at thisg point.

Of the tirce compounds previously reported in the volant, only the

/B =sitosterol angd possibly the paraffin vwax, if it possessed a suitable
hunber of carbon atoms, mizht be exvected to apvear in the GLC trace
Wder the conditions used. The former has a retention index on »

1% ov=1 of 3220 (130) and would be expected to have a similar value
o 1% 5130,  No such peak was, however, observed, nor was there any

511 of the paraffin wax.

Some o the fatty acid ethyl esters occur in extracts made of other

—65-



wOR

CLXXXVIII R=H CLXXXIX

CLVII R=Ang  CLVIII
H g CXC
N
\‘f OH (ZHOARg)
CHy; _

ot
-t

\\\\O R \\\\O R




plants (Chapter 4) and so they may well be impurities, introduced.
into the olant material vefore, or into the extract during the

ertraction procedures.

3-2~ 2 Petasites hybridus and Petasites fragrans

~, . - ., ¢
In order to fulfil a request from Dr. L. Hovotny of the Czechoslovak
Acadenmy of Science in Prague, for a samvle of petasin (CLVII), extracts

were made of the rhizomes of Petasites hybridus and Petasites fresrans,

both of which were oblained from gources in “ngland, the former from
Braughing in Iertfordshire, and the latter from Arrington Bridge,
oyston, lHerts. Since voth samples were available it was decided to
compare the netasin esters occurring in each plant. These compounds
are esters of petasol (CLXXIVIIYI) and isopetasol (CLIXZIIX) with a
variety of acids, for example, angelic acid (CiC) with which they give

vetasin and igsovetasin (CLVIII).

The rhizomes were extracted with light petroleun (b.p. 50—800) and.
the solutions obtained were purified for GLC by gel filtretion.
The extracts were then examined by GLC, and by GC=IIS with the results

swmarised in Pigure XIX and Table 25.

Bach of the compounds shows an ion at m/e = 216 derived from the mole-

cular ion by .. ester elimination (Piz. ¥X), and so the molecular

veight of the acyl moiety can be determined from the molecular weiahi
of the estew, The esters of vetasol and isopetasol con be dis—
tinguisheq by their different base peaks, both of which are forned
from the n/e = 216 ion (180); %
lon of m/e = 148, formed by the loss of isoprene from the nfe = 216
ion, yhile cleavacze, in thiz ion, of ring A results in the base peak

°f the isopetasin esters, of m/e = 161 (Pig. XX).

e base vpeak in petasin esters is the

5

from these feacts it can be seen thet compounds 1, 2, 3 and 6 are
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Fig XIX
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TABLE 26
119, sp-20
P.hybridus Acids
1015 Angelic
1080 Tiglic
Ve Esters 950 Me angelate
1010 ‘e tiglate
P.fragrans Acids 1015 Angelic
1060 Dimethylacrylic
1080 Tiglic
He Nsters 950 lYe angelate
1010 Ke tiglate
1015 le dimethylacrylst
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esters of pctesol, 4, 5 and T of isovetasol. The molecular weirhts
sugrest thav commornds 1-5 are esters of unsaturated 05 acids such

as angelic acid (CLX) while & and T are esters ofﬂ—methylthioacrylic

acid (CXCI) (151, 180), i.e. S —petasin and S —isopetasin.

Comparison of the retention indices of these compounds with those
previously rcnorted (180) shows that comvounds 3 and 5 are petasin

and isopetasin respectively. Commounds 1 and 2 must be petasol esters
of acids isomeric with angelic acid, i.e. dimethylacrylic acid (CXCII)
or tiglic acid (C}ICIII), 1hile compound 4 i an isopetasol ester of

one of these acids. Since the possibility exists of isomerisation
from angelic to tiglic acid, comvounds 2 and 4 might be the esters of
tiglic acid formed durings the extraction. Compound 1 would then be
the ester of dimethylacrylic acid. dsters of angzelic and dimethylacrylic
(senecioic) acids have been shoun to co-exist in nlants of the genus
Liularia (198).

Each extract was hydrolysed by trecatment with mild base, and after the
reaction the basic solutions were extracted with ether to remove the
aleohols,  The remaining aqueous solution was acidified with dilute
hydrochloric acid, and extracted with ether. The ethereal solutions
Were examined by GLC, a comparison beinc made with authentic samples
of angelic acid, tislic acid and dimethylecrylic acid. The acids
vere methyloted, by treatment with diazomethrune, and the methyl esters

¥ere also exemined by GLC. The results are summarised in Table 26.

The hydrolysis of the netesin esters from P.hybridus gave a much
smaller ratio of ancelic to tieslic acid then micht have been exnected
from the original retio of the esters, which sugrests that there has
been some isomerisation of angelic acid to tiglic acid during the
Aydrolysis.  The effect was also noted durins the hydrolysis of an
uthentic samole of isopetasin., Taking this into account, the ratios
- f the three acids derived from the esters in P.frarrans are consistent
With the ratios of the origsinal esters if compound 1 was the petasol

ester of dimethylacrylic acid.
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The composition of the petasin egsters of P.hybridus, shows very little
chenge from the results obtained by R..L.B. Kestes during his study of
the plant in this department (180) which sug-ests that the extraction
and analytical vnrocedures are satisfactory, while the close fanily
relationship of the two plants examined is demonstrated by the presence

of petasin type esters in both of them.
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3-3 Bxnerimental

3= 3 -1 EBxtraction of Plant Tigsue

The plant materinl was cut into small pieces, immersed in ten times
the volume (w/v) of solvent at room temverature, and shredded in a
Townson and kercer 'Tov Drive' macerator for zbout a minute, reducing
the sample to emall fragments and destroying the fibrous structure.
This was folloued by filtration of the susvension, and re-extraction
of the residue twice more in the same way. This procedure was shown
to be sufficient by the re-extraction of the residue; +this last

extract showed no trace of the comvounds which were to be examined.

The combined extracts were then evaporated to small bulk ( ~~ 5ml/100g
of tissue) at room temperature in a Blichi Rotory Lvavorator. In the
preliminary exveriments a sample of this solution was examined by GLC
before the separation of the high molecular weight comvounds was
attenpted, and was found to give a GLC trace identical to that obtained
after the separation. An equal volume of benzene was added to the
extract which vas then evavorated to dryness, at room tempercture,

in the Blichi Rotary ZLvaporator, any water in the extract forming an
azeotrope with the benzene which was evavorated. The residue was then
veighed. To this residue was added a mixture of benzene and iso-
Propanol in the rotio of 3 : 1 (5m1/100g fresh tissue), and the
resulting éuspension was filtercd to remove any non-lipids extracted

by the large bulk of the initial solvent.

Aligquots of the filtrete of up to 4ml, equivalent to 80g of fresh
tissue, yere then reduced to a volume of about 0.5ml in preparation
for gel filtrrtion. This was done on a column containing the sub-
stituted gel 1‘11114-50‘;‘:—LH20 with benzene/isopropanol, 3 : 1 v/v, as
solvent,  fhe bed volume was measured as 260ml, Usinz the term

Stendard Mlution Volume (SBV) where:
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amy .  elution volume x 100
SEV. = bed. volume of column (180)

two frections were taken from the column, A (SEV 30-46), collection
being started when 80ml of solvent had eluted and stomﬁed when 120ml
had passed, and B (SDV 46-T77), taken from the end of A, till a total
of 200ml had eluted. Fraction A was found to be free of any volatile
sesquiterpenoids, all the compounds giving peaks on the GLC trece,
under the required conditions, being found in Fraction B, GLC data
vere obtained using the Aerogrevyh 204, fitted with hydrogen flame-
ionisation detectors and modified to allow the use of glass columns
with direct injection of the samples onto the packing and without any
contact with the metal walls of the flash heater. lHost of the somples
vere examined by means of a programmed temperature rise of from 2 to
6°C/min. Under these conditions the detector heater oven was set at
a temperature approximately 25°C higher than the maximum temperature
of the programme, If this was not done, high molecular weight com-
pounds, eluted at hich temperatures, tended to condense slightly on
the way throush the detector head to the flame, resulting in broad,
tailing peaks on the CGLC trace, and a build-up of meterial in the
detector vhich shoved as a gradual rise in the baseline of the trace.
All the mass spectra were obtained by using an LKB 9000 combined gas
chrOmatogra,ph and mass spectrometer, with the GLC conditions matching
those of 4he Aerogranh, and the ionising voltage of the mass spectrometer
set at T0eV.

3= 3 = 2 Depeneria vitiensis

Three 107 lots of leaf material and threc 10g lots of twig material

Were separately extracted with ethyl acetate, ethanol, and n-heptane
(Table 27),
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t. of Totel ‘umtract (=) Ut. of Fraction B (o)
Sthyl Lcetate Leaf 0.5819 0.279
Tuig 0.309 0.115
Tthanol Leaf 0.425 0.156
T".’ig 00413 00107
n-Tentone Loaf 0.209 0.093

Tuig 0.076 0.054



Primethylsilylation

Trimethylsilylation was carried out by evavorating to dryness a

sample of the extract (/\ﬂjmg), redissolving it in dry pyridine
(O.25ml) and adding a large cxcess of a freshly prepared mixture

of IIDS and TCS in the ratio of 2 ¢ 1 (0.1ml). This was then heated.
for ten minutes at lOOOC, the pyridine and excess reagents were evap—
orated under a stream of nitrogen, and the residue was dissolved in

ethyl acetate to a corncentration of about lmg/ml for GLC.

. Methyloxime Formation

The formation of the methyl oximes of any carbonyl groups present
vas performed in a similar way, except that in this case the pyridine
solution was treated with methoxylamine hydrochloride and the

subsequent procedure followed.

3= 3 - 3 Petasites

Both P.hybridus and P.frasrans were extracted with light petroleum
(bip. 40-60°C).  61g of the former yielded 1.053g of total extract
and 0.34g of fraction B, while 45g of the latter yielded 0.917g of
totel extract and 0.25g of fraction B.

Ester liydrolyais

The hYdrolysis of the petasins was carried out by dissolving about
0nz of the purified extract in a minimuwn of benzene (~ 0.1ml).
This solution was treated with 0.2ml of a mixture of five parts by
volune of ethanol to two parts, by volume, of 33% agueous potassium
hydroxige (w/v). The reaction mixture was heated at 6500 for 30 min.
In g Reacti-Vial,  After cooling, the mixture was extracted with

®ther to remove any non-acidic material, such a2s the alcohols, and



the residue was acidified by the addition of 103 (v/v) hydrochloric
acid until a test with pl paper showed that it had a pH of 6.
This solution was then re-extracted with ether to remove the organic
acids, The ether solution was dried over magnesium sulphate,

filtered and examined by GLC (6' 15 sB-30, 50°C, H,~30m1/min).

Methylation of the Acids

The methyl esters of the acids were prevared by treating the ether
solution with a freshly prevared ether solution with diazomethane,
for preparation see (4-3-4), the addition beinz made slowly wntil

the yellow colour of the rcasent persisted, showing that the reaction
was complete, The excess reacent was then evanorated at room
Yemperature under a stream of nitrogen, the residue redissolved in

ethyl acetate and examined by GLC under the same conditions as
before.



4, CHIMICAL STUDIES OF LICULARTA

4-1 Introduction

The genus Lisularia is a member of the tribe Senecioncac of the
fanily Compositae, so it is related to the genus Petagites, which

is also a member of the Senecioneaze. The genera Ligularia and
senecio are very similar, and there is still some disacreement as

to vhether they are actually separate, but this distinction is
gradually becoming accepted (199). In meny sources, therefore,
varticulrly in older ones, the two genera may be treated under
either nane. The confusion has also led to the further segregation

of additional genera from Lirularia for example, Cremanthodium and

Farfusium, This latter is becoming re-intesrated with the original

genus, for exanple, Farfusium Jevonica is now equated with Ligularia

tussilasinea (199), but again it is still referred to in some places

by the older name.

Apert from L.sibirica which has an extensive geogranhical range,
reaching as far west as France, the Ligularias are Asiatic in origin,
with many species in China, Japan and Siberia, and some in India.
They have, however, been imported into many western countries by
gardeners, and some hybrids owe their origins to the experiments of

vestern nurserymen. For example, Lisularia 'Gresynos (old' which is

& hybrid of L.clivorum and L.veitchisna, was first groun at Gregynog

all in Wales.  The number of specics now included in the genus

ranges from ectimates of 35 - 150 (199).

The chemical constituents of a number of svecies have been examined,
®svecially by Japanese and Zastern European workers vho have ready
access o large supplies of the plants which grow in their rcspective
feglons,  Some of these papers were published before, and some after,

this study which was commenced in January, 1973.
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Both L.gibirica and L.fischeri, which is a cultivated variety of
L.sibirica, have becen shown to contain ligularol, vhich has been
identified with petasalbin (CLKK), and ligularone, the oxidised
foml(CXCIV) (200, 201). The latter plant has also yielded a
nmmber of other sesquiternenoids, viz; eremoligenol (CKCV),
furanoeremophilane (CLXVI) and 2/3 =hydroxyeremovhilenolide

(cxcvi) (201), az well as three based on the guaisne skeleton,
liguloxide (CACVII), liguloxidol (CACVIII) and liguloxidol acetate
(cxc1i) (202, 203). '

L.,hodgsonii was showm to contzin furanoeremophilane (CLXVI)
bekkenolide—A (CC) and eremovhilenolide (CLXVII) (204), as well as

a new furanosescuitervenoid, furanoeremonhilan—4/c-, 2K -olide

(cc1) (205), which has also been isolated from L,fauriei and
Liengusta (206), while three other furanosescuiternenoids (CCIT-CCIV)
have been found in L, jamonice (207). A further comvound based on
the eremophilenolide structure is lisularenolide (CCV), isolated

fron the Chinese druz San-Shion, which is derived from a root of a
Lirularia species (208), Examination of the rhizomes of Tarfurinn

Japonicum (=L.tussilacinea) produced the compounds farfuzimm 4 (CCVI)

and B(CCVII) (209), as well as another set of Puranosescuitervenoids
(ecvirT-coxaT) (198).

The dbresence, in so many of the Ligularias examined, of comnounds
derived from the Turenoerenophilane and eremophilenolide slzeletons,
argues a close similarity between these plants and those of the genus
EQEEQiEE, in vhich the srme types of compounds are found (189-192).
In the latter renus and narticularly in 2,hrybridus the species occur
In tuo fonas, one which conitains furanoid compvounds and the other
containing non-furanoids (194). Such a distinction also seems to
otcur in the Licularias, for 21l the plants mentioned gso for, with
theexception of L.fischeri, would fall into the Tormer clags,
©ataining only furanosesruiternenoids,  Lekniolonina, however, vhich
Hike Lifischeri is a subsnccies of L.sibirica (210) contrins no

furenoig comdounds, its moin sescuiterpenoid constituent being fukinone
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'(CC}‘IIS’,I) (211). This arfues a situction similer to that found in
Petositesn,, the only excevtion beins I.,.fisoho‘r__i‘ vhich has been
reported as couteining both tynes of commounds (201—203). This
moy be an excention to the rule, or may result from the mixing of

both tynes of nlants when the samples uvere collected.

A nunber of alkaloids have alzo been isolated from Lisularias.
Investigation of L.clivorwn resulted in the alkaloid clivorine {212,
213) the structure of which has becin determined br Z~Ray Crystallo-

grahy (214). L.brachyphylla end L.macrovhylls heve also been

exanined alongs with L.clivorum ond found to yield a number of these

compoundes (215).

The plents examined in this thesis were found growing in Logan Botanic
oto

Gardens near Arduwell in Wietownshire. These were L.clivorum (I‘Eaxim),

Liclivorum "Desdemona (referred to as L.'Desdemona'), which is a

cultivated vericty of L.clivorua (199), L.'Gresymoz %old!, a cross

between L.clivorim and L.veitchirna (Ifemsley) (199), L.veitchiana

itself, L.ten-utice and L.tussilecinea 'aureo-maculata' a cultivated

veriely of the oriminal L.tussilazinea distinsuished by the yellow

snots on itz leaves (199).
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4-2 Results and Discussion

b=2 =1 Plant Jioterial

The plants used in this study were orisinally collected from Logan
Botanic Gardens, and sanples of these were transplanted into the
gardens of the Boteny Denartment of Glasgow University, at the
Garscube Zstote. A preliminary exaomination was mede of root and,
vhere vossible, leaf tissue from these plants and in the cases which
suggested the nrofitability of a more extensive study, larger samples

vere obtained, once more, from Logan Gardens.

The ei’craction nrocedure used was similar to that vreviously des—
cribed, the solvent in this.case being a mixture of benzene and
isopropanol in the ratio of 3 : 1, which is the mixture used for gel
filiration, Apart from this the extraction and purification of the
compounds from the tissue was performed in the same way, and they

vere azein exanined by GLC and GC-13,.

4-2-2 L.clivorvm on? L.'Gresynos Gold!

The root extracts of these tuo plants gave very similar GLC troces
(Fig MXT), con 5aining the same three major compounds.  GC=I3

confirmed the GLC result, showing that the compounds examined were

the same in each plant (Pable 28). Compound GR1 has a molecular
veight of 204, sugzesting that it is a sescuiterpene hydrocarbon.
Comparison of its mass spectrum with those on record (Apoe.ndix III),
Shoved that it closcly resembled that of eremovhilenme (CCXIV) (180),
while jtg retention index on 1 §%-30, 1465, compares favourably with
the recorded value of 1460 on 1¢% 0V-1 (180), a similar stationary
Phage, Rechromatography of the somple on 1% OV-1 resultied in a value

of 1465 + 3 units for the compound increasing the probability that



TABLE 28

Compound  Tj.r on xy M (% of Base Peak) Base Peak Strongest Ion
, — (% of Base Peak)

GRL 1460 204 (30) 93 41(95) 91(79)
79(71) 105(68)

161(55) 107(52)

CR2 1980 284 ( 5) 88 101(54) 43(38)
41(27) 55(25)

57(22) 157(10)

GR3 2150 305 ( 4) 67 81(77)  55(63)
41(60)  95(59)

82(41) 54(41)






CCXV

CCXVII
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the identification is correct.

Compounds GR2 and 3 seen to be fatty acid ethyl esters and strongly
resemble two of the compounds found during the extraction of

Degeneria vitiensis, D7 and D9. This, and the fact that they are

found in many of the extracts from different plants, suzgests that
they are impurities, introduced into the sample during the extraction

procedure.,

An extract of leaf tissue from L.'Gresvnos Gold! gave the GLC trece

shown in Figure XXITY, and mass spectra of the major veaks are summ—
arised in Table 29. Both compounds GL1 and 2 are sescuitervene
hydrocarbons, fornulae 015H24, and comparison of their spectra with
those of known comvounds surgests that the former is /J-humulene
(ccxv) (180), while the latter is ®-bergamotene (CCXVI) (175).  The
only other compound with a mass spectrum similar to that of compound
6L2 was K~farresene (CCXVII) (175), but the retention index of this
compound, while not known, wouléd be similar to that ofﬂ—farnesene

which is 1367 (158).

Compound GL3 has a molecular weight of 220, and so the formula,

015H240. As well as the peaks shown, the mass spectrum contains a

beak at m/e = 202, i.e. M'— 18, which suggests that it is an alcohol,
and that the peak is due to loss of H20. Trimethylsilylation of

the extract resulted in the disapoearance of this peak and the appeor—
ance of a newy peak at 1690 index units confirmingz the sugsestion.

The bage peak at n/e = 109 miszht arise in a number of ways, for example,
b7 cleavage of a ring system as it does in fukinone (CLXII) (177) or

In drimeno] (CCXVIII) and there are no distinctive ions in the spectrum
to facilitate identification. Hone of the standard spectra (Appendix

II1) match this compound.

Compoungg GL5, 6, T, 8 and 9 all show very similar mass spectra, and

theiy relention indices suzgest that they are related. The mass
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TABLE 29

Compound

GL1

GL2

GLS

GLA4

GL5

GL6

GL?

GL8

GL9

GL10

I

10,5E- 30

1480

1490

1640

2400

2400

2500

2600

3000

5100

3235

M (% of Base Peak) Base  Strongest Ions
Peak (% of Base Peak)

204 (10) 161 43(82) 41(72)
91(51) 81(50)
119(40) 79(39)
204 ( 5) 93 41(93) 119(83)
55(59)  79(39)

107(52)
220 ( 4) 109  41(98)  43(89)
91(63)  81(60)

67(51)
288 104 91(79) 288(57)
80(48) 155(46)
- 93 57(95) 55(86)
69(73) 97(61)
- 43 57(47) 55(87)
69(70)  97(65)
- 69 43(70) 57(67)
55(59) | 83(40)
- 43 73(97) 55(81)
57(79) 69(68)
- 73 45(87) 55(85)
57(72)  69(59)
408 218 43(53)  55(52)
69(43)  81(33)

105(50)

57(48)

69(64)

43(37)

79(69)

55(60)

184(49)
79(40)
83(76)
41.(57)
85(78)
41(56)
81(65)
97(55)
41(79)
81(45)
41(79)
81(50)

141(44)

45(32)






spectra suggest the frasmentation of lonsz chain compounds and so
they seem to be either straight chain hydrocarbons or straight

chain alcohols of the general formula 01{3(0}12)ncr1203 (216). then

e TLC plate, developed in chloroform, was run of +the extract, these
P 0.3 - 0.4, along with GL3.

This sugzests that the compounds are alcohols. Althoush the molecular

compounds were found in a bend of 1

ions were not observed the formulae can be arrived at from the know-
ledge that C,,H 490H has a retention index on 1% OV-1 of 2600 (180).

Thus the formulae can be assigned as GL4 - 022H450H, GL5 - 023H49OH,
GLE - C?_ 4H 4901{, GL8 - C28H57OH and GLO - 029H590H. These compounds

are common components of leaf waxes (216).

Compound GL4 has a molecular weicht of 288, It is unaffected by
attempts to trimethylsilylate it or to form a methyl oxime. It has
an Rf of 0.9, suggesting that it is either a hydrocarbon, or an
extremely non-polar oxygenated comvound such as an ether, giving the
alternati:e formulae C21H36 or 620}1320. The base veak at m/e = 104
and the } - 104 peak at n/e = 184, might arise from the fragmentation
as shown in Figure XXIII (217). The presence of an aromatic ring is
further supvorted by the ion at m/e = 91 (CCXIX) which arises by

rearrangement of the ring (217b).

The last comoound, GL10, has a molecular weight of 408 and a base

beak of m/e = 218. This latter ion is characteristic of unsaturated
triterpenes, such as W ~-(CCXX) and /8 —amyrene (CCXXI) or o —amyrin (CCEXII)
(218), arising from a retro Diels—Alder reaction to give the ion as shown.
This frogmentotion is specific for triterpenes having a double bend in

this position (218, 219).
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4-2=-3 Limularia '"Desdemona!

Bxtraction of the roots of this plant gave a solution which was
examined by GLC and GC-}S with the results summarised in Pigure XXIV
and Table 30. |

Compounds Dil, 2 and 3 are all sesquiterpene hydrocarbons of the
formula 015H24, and have mass spectra which are similar, particularly
in the occurrence of the ion at m/e = 189, which is due to the loss

of a —0113 group from the molecular ion.

Compound DR4 is another sesguiterpene hydrocarbon with the formula
015H24. The retention index and mass spéctrum of this compound
match those of eremophilene (173, 177, 180) (CCXIV), which was also

present in both L. 'Greemog Gold! aad L.clivorum.

The last of the sescquiterpene hydrocarbons DR5 has a mass spectrum
which matches that of /3 -bisabolene (CCXXIII) (172, 175) which has
a retention index of 1497 (155). While not exactly the same, the
retention indices lie within the limits of exverimental error, hence

the identification is almost certain.

Compound D26 has a molecular weight of 220, The mass snectrum shous
ions due to the loss of 15 and 18 mass units from the molecular ion
ies to loss of -CH3 and H20 respectively, implying that the comvpound
is an aleohol. Trimethylsilylation results in the disanpearance of
the peak and the appearance of a peak at 1690 index units. The
tompound does not form a methyl oxime, and so it is an alcohol,
fornula ¢
15H240.
Comvoung D27 gives no response to trimethylsilylation, but it does
form o methyl oxime with a retention index of 1760, thercfore it
Containg g carbonyl groun. Its molecular weight is 222, so its
formu]_a i V
S presumably Cl5H260'
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TABLE 30

Compound

DR1

DR2

DR3

DR4

DRS

DR6

DR7

DR8

DR9

I

105E= 30

1310

1340

1570

1460

1480

11640

1670

1980

2150

1 (%0 of Base Peak) ©Base Strongest Ions
‘ Peak (6 of Base Peak)

204 (44) 41 43(97) 91(86)
147(73) 55(63)
204 (18) 189  41(33) 119(32)
147(27) 105(23)
204 (23) 41 69(84) 93(67)
91(52) 189(48)
204 (26) 95  41(94) 91(60)
79(60) 77(50)

107(45)
204 (15) 69  41(78)  95(69)
43(28) 79(27)
220 (16) 43 133(64) 41(62)
69(47) 01(44)
222 ( 5) 179 43(10) 161( 7)
222( 5) 69( 4)
284 ( 6) 88 101(52)  43(42)
55(27) 57(23)
508 ( 6) 67  81(84)  55(69)
79(47)  41(45)

105(79)
189(60)
162(27)
91(23)
101(58)
55(49)
55(63)

105(50)

67(20)
94(25)
93(59)
95(42)
180( 6)
41( 3)
41(28)
73(17)
95(52)

54(40)
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The base peak m/e = 179 is very larse with respect to the rest of
the snectrum, sugresting a very stable ion. It is formed by loss
of 43 units [rom the molecular ion, which could be caused either by
the loss of an isovpronyl unit, HC(CHBLB or an acetyl radical CH3CO'.
The two compounds DRS and 9 have the same GLC and GC-=US vroverties
as the two fatty acid ethyl esters, found in the extracts of

L.clivorun and L.'Gregynox Gold', The presence of these esters in

these three, and in subsequent exiracts suggests that they may be
impurities introduced into the somole at some stage of the extraction

procedure. A fresh extract of L.'Desdemonat?!, made under the same

conditions as before, showed no trace of these compounds, though all
the others were present, so it would seem that they can be disregarded

as impurities,

Examination of the leaf extract zave the data summarised in Figure
XV and Table 31, The first comvound examined, DLl, has a molecular
weight of 222, which implies the formula C._H, 0. The mass spectrum

15726
shows no (1\1—18)'*' veax due to loss of H, O, and attempted trimethylsilyl-

2
ation and methoximation were unsuccessful. Thus it is unlikely that

the compound is either an alcohol or a ketone.

The same is truc of compound DL2, from which no derivatives were
obtained, This compound has a mass spectrum in which the low mass
ions predominate, sugecesting that it may be a long chain hydrocarbon.
The molecular veight, 273, would then suzgest the formula 0201138.

The bage Dealk w = 68 and the QZ_@_ = 32 peaks may be duc to the ions
shom (CexxIv).

Compoungg DL3, 4 and 5 have the retention indices and mass svpectra

°f the i 5 24 C, 0, OH which
¢ long chain alcohols C22H45OH, 023H470H ang 024 19

“ere found in the leaf extract of L.'Gresynoz Gold'.  Compound DL6

h°'~"eV'3r, has a mass spectrum which does not match that of the alcohol

with retention index 3100, C, . H_.OH. Examination of the extract by

- 29759

» With chloroform as mobile phase showed that while compounds DL3,

4 ang 5 had an Rf of 0.25, compound DLé showed an Rf of 0.85., Thus
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TABLE 31

o

Compound Il"fSF- s M (% of Base Peak) Base Strongest Tons
————— Peak (¢ of Base Peak)

DLl 1480 222 ( 6) 207  41(96) 55(82) 43(79)
81(63) 69(48) 95(48)
DL2 1810 278 ( 2) 68  43(86) 57(49) 41(72)
55(71) 82(68) 95(63)
DL3 2400 - 45  57(95) 55(89) 85(75)
69(71)  97(63)  41(55)
DL4 2500 - 45 57(93) 55(87) 83(75)
69(70) 97(65) 41(52)
DL5 2600 - 69  43(69) 57(69) 81(64)
55(56) 83(42) 97(37)
DL6 3100 - 43 57(72) 221(67) 178(60)
55(52)  41(47)  71(46)
DL7 8220 414 (20) 43  55(75) 41(56) 57(55)
81(54) 95(51) 69(46)
DL8 3230 424( 6) 218 55(33) 43(52) 41(28)

69(20)  95(26)  81(22)






compound DL6 is probably the n-alkane, C3lH64'

While the more intense peaks in the mass spectrum of compound DLT
occur at fairly low m/e values, there are a number of peaks in the
region above _—1[9_ = 200 vhich are diasznostic, namely the molecular

ion m/e = 414, and peaks at m/e = 399, 396, 329, 303, 273, 255 and
213, All of these peaks match those of /)‘—sitos’cerol (220) as does
the retention index, which, for the sterol, is 3220 on 1% OV-1 (180).

Compound DL8 has the m/e = 218 base peak which is a characteristic of
the - and B-amyrins (213, 219). The molecular weight, 424

implies thrt this is an oxyzenated compound, having one oxygen more
than the anyrenes, in the form of a hydroxyl since the peak disapneared
on trimethylsilylation, thouzh no new veak appeared. Tae substitution
has not affected the base peak so it cannot be on rings C, D or &.

Thus the comvound is substituted on Rinz A or B, and is probably

K=amyrin (CCXXII) or /-amyrin (cexxv).

73 - = =
CCXXIT Rl CH3 R2 H
CCXXV —Rl = H R2 = CH3

The retention index matches that of &—amyrin.

Tae relationshin between L. 'Desdemona', L.clivorum and L.'Gresynos Gold!'

shows in the similarity of their chemical components, and esnecially by
the fact thot the major compound vrecsent in the root extract ol each

of the plants is eremophilene. This compound is also known to occur
In various members of the family Senecioneze (221), though not in any
of the othor Compositne, so the familial relatioaship of the genus

Limlaria o the genera Petasites and ZTuryons can be established both

by taxonomy and chemotaxonony.

There ape 5 nunber of comvounds present in these extracts which could
"ot be identified by GLC and GC-HS. Determination of the structures
°f thege, mizht however be nossible by larger scale extraction of the
Dlang tissue, and purification of a suflficient samole of each compound

to . .
allow onect roscopic analysis.

—-82a
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4-2=4 L.tancutica

At the time when samples were collected there was very little leaf
growth on this vlant, so only root material was collected and
extracted. This gave the results summarised in Cable 32, and

Figure XXVI.

Compound Tarl is a scesquiterpene hydrocarbon, formula 015H24. The
ions 2t nfe = 69, 67, 81 and 109 form a distinctive pattern that is
not matched exactly by any of the recorded spectra (Avpendix III),
but it does closely resemble the spectrum of bisabolene (CCXXIII)
(173), while its retention index is close to thot ofﬁ ~bisabolene

vhich is 1497 (158).

Comoound Tal2 is di-butyl ohthalate (CCIUIVI), the base veak in the

mass spectrum being due to the ion CLX XVII, and the (M + 1)+ ion giving
a veak at m/e = 279 (197). The reteantion index of the compound

also matches that of di-n-butyl phthalate, which is 1910 on 1% ST-30
(197). ‘

Compounds TeRr3 and 4 are the fatty acid ethyl esters wvhich have been

found, as imnurities, in other extracts.

Compound TaR5 has a molccular weight of 316 and o base peak m/e = 143
(CCXXVI), characteristic of petasin (CLVII) (130). The ion at

n/e = 216 (COIXVII) is due to loss of the elements of the acid from
the ester.  Phe retention index of this coapound also sugeests thot
1t is petnsin, the rotention index of which has a value on 1. Si=30
of 2305 (1.0).  Similarly, compound Tal6 has the rctention index

®d mass sncctral provertics of isopetasin {(CLVIII) (130).  The

base peal n/c = 161 is cue to the ion CCXIVIII and the m/e = 216

1 asoin arises from the loss of the elements of the acid (CCLIIX).

03—



TABLE 52

Comour_x_@_

TaR1l

TaR2

TaRS

TaRr4

TaR5

TaR6

TaR?7

TaR8

TaR9

TaR10

I

1SE-%0

1500

1900

1985

2160

2300

2345

2400

2500

2600

2700

M (¢ of Base Pesk) Base Strongest Ions
Peak (o of Base Peak)
204 (12) 41 45(86) 69(73)
55(56) 109(54)
79(46) 93(41)
279(x+1) (7) 149  67(59) 41(52)
45(47) 95(39)
28¢ (9) 88 101(55) 43(39)
55(29)  57(23)
%08 ( 6) 55  67(98)  41(87)
95(64) 43(68)
516 (13) 148  55(59)  57(48)
71(32) 161(28)
516 (10) 161 55(73) 148(67)
41(45) 216(43)
558 (1) “ 57  45(77)  71(64)
55(41) 41(37)
{ 83(23)

67(67)

81(49)

81(51)

46(28)

81(83)

45(43)
216(23)
83(65)
105(59)
85(43)

69(23)



Compound 2T shous a2 mass svectrun in vhich the ions of hich inten-
gity are of low n/e value, succesting a streicht chain hydrocarbon.

Phe molccular weight, 333, and the retention index of 2400 suszest that

the formula 024H

the compound has Murther peaks of retention

50°

index 2500, 2600 and 2700 which are probably the C 026 and C

_ 25°
n-clkanes suzzest that the homologous series may be imvurities

27

introduced either durins the exvraction, or onto the plant material,
in, for exanwnle, westicides or fertiliser. The last three of these
compounds were nov scaunced in the mass spectrometer, because of the

small amount of each nresent in the extract.
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4~2-5 Limuderio veitchieng

Both root and leaf moterinl of this plant vere available, so both

o

wvere extrocted and examined. The results obtained for the
sreliminary extroct of the root materinl are sumarised in FPisure

TVIT and Table 33.

Comoound VR1 is ~ gescruitervene hydrocarbon, formule. 0151{2 a9 end
has & retention index and mass spectrum which metch those of comnound

DR2, foun? in the root cxtract of L.'Jesdemona’.

Compound VR2 is ~lso o sesculternene, and azain the rotention index
and mass sopectrum match those of a hydrocorbon which occurs in
L."Jesdenonn! root matericl, nrmely compound DRS, which was tentatively

identified as ﬂ-—’oisabolene.

Comnound V233 gives o mass snectrum in which the hirchest ion is at

m = 204, but its retention index scems too hish Tor 2 sescuiterpene
hydrocarbon. Trimethylsilylation of the extract results in the
disadnearence of the neak due to this comnound on the CLC trece, ond
the anperrrnce of a new peak at 1650 index units. Hethoximation
roved unsuccessful. The compound is, therefore, & sescuiternene
alcohol, ~nd the vweck ot m/e = 204 is due to the (M - 18)* ion,

making the moleculer weight 222 and the formula C The bos

H. 0
157267°
beaky, m/e = 59 occurs in the spectre of both eudesnol and fuaiol
(175), but the rest of the snectra of these compounds do not match

thot of comnound V23,

Connoung V34 has a noleculer veight of 218 which susxests the formula
Clnggo' . The mass svectrum of the compound matches that of _
¢remonhile~9, 1l-dien-lO-one (CCXX) (177), the differences in relative
in'bensity of ~ number of peaks resultins from the fact that the

oTiginal magg snectrum was obiained with an acceleratias voltaze of
20eV, vhile thnt of compound Va4 wes obiained at T0eV. The froo-

"entotion mottern of the moleculer ionm (Pim. XXVIIT) varellels that of



MIL3 33

s oS’

Comnound 5&1}_30 i (L of Dase Feal)  Dase Strozw_es-b Tons
s Peal: (. of nase Pool)
VRL 1345 204 (23) 189  119(46)  41(45)  91(39)
43(38)  147(34) 162(30)
161(27)
TR2 1435 204 (22) 69  41(83)  93(62)  43(51)
55(44)  204(22)  94(21)
TR3 1590 - 59  67(67)  43(50)  41(45)
81(34)  55(33)  95(29)
VR4 1695 218 (24) 135 150(47)  41(32)  55(22)
69(19)  91(23)  7T9(1T)
203(13)
TR5 1760 223 (=1) (1) 149 57(30)  41(15)  69(11)
736 1899 - 118 146(91)  214(37)  90(23)
41(20)  89(17)
VR 1935 284 (8) 88 101(53)  43(33)  41(29)
55(27)  57(26)  157(15)
V23 2090 290  (11) 148 57(53)  41(43)  43(41)
55(39) 105(30) 161(12)
TR 2150 308 (5) 67  81(77)  41(72)  55(72)
95(56)  63(42)  79(41)
59(41)
V310 2255 316 (1) 148 55(84) 105(34)  41(24)
161(23)  216(20) 83(13)
311 2290
12 2300 316 (9) 148  383(55)  55(43)  161(37)
216(30) 105(29) A1(24)
Va3 2400 238 (43) 104 91(79) 184(46)  155(45)
' 79(35)  41(34)  80(34)
V14 3220 414 (20) 43 55(75)  57(67)  41(50)

81(51)  69(47)  95(44)



TARLE 33

Cmmgnﬂ

VRL2

VRL3

VRi4

Contd.

1¢SE- 20

2300

2400

3220

M (% of Rase Peak) Base Strongest Ions

Peak (% of Base Pesk)

36 (9) 148 83(55) 55(49)
216(30) 105(29)

288 (48) 104 91(79) 184(46)
79(35) 41(34)

414 (20) 43  55(75) 57(67)
81(51) 69(47)

161(37)

41(24)

155(45)

80(34)
41(60)

95(44)
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petasin, £iving o similer ion, ot n/e = 150, to the most intense ion
in petesin 2% /e = 143 (CCXAVI).  The breakdown of this m/e = 150
ion to give the intense ion at m/e = 135 (Fig. ZAVIII), is suvpvorted
by the odrescnce of a metastable ion at n_‘/_c_ = 121.8 in the spectrum.

This com»ound was revorted as being 2 constituent of P.hybridus (130).

The base peak of compound V25, m/c = 149, is characteristic of vhtha—
lates (197). The highest ion in the svectrum, at m/e = 223 is due
to the (u + 1) lon, indicating that the compound is di-ethyl phthnlate

(CCXXXI), or an isomer.

In the mass spectrum of comvound VR6 the hichest ion obzserved is that
of n/e = 214, while there is also a major ion at n/e = 146,  These
two ions suzrest the frammentation of petesin (CLVII), where there
are ions at /e = 216 (CCXXVII) and 148 (CCX .VI) (120). To maintain
the differcnce of 2 mass units between the correspondings peaks of the
compounds, compound VRG would have to have a double bond betueen
carbons 6 and 7 as shown in structures (CXXXII) and (CCXXXIII), and
50 the orisinal structure would be that showm (CCXS ‘-{IV). The base
vecky, m/e = 118 (CCXXXV) would arise by loss of CO from the m/e = 146
ion, and would vrobably be much more stable than the corresponding
1“&= 120 ion of netasin throurh rearrassenent to an aromatic fornm.
The extra double bond in rinz A would slso interfere with the break—
dovn of this ring to give the ion corresponding to that of m/e = 161
(CCKI{VIII). Since the molecular ion was not obscrved, the acyl

froup cannot be identified, but judzing from the retention index it
hed a 1oy molecular weight, and may have been due to either formic

or acetic acid.

Compounds Y27 and 9 are the fatty acid esters encountered in almost

all the extracts, and discounted as artefacts because of this.

Comboung V% has the base peak m/c = 148 (CCXXVI), and a peak at
/e = 216 (CCXXVII) distinctive for petasin esters. The molecular
ton, m = 290, sugcests that the compound is the ester of provoionic

81d (CCXIXVI). The difference between the retention index of this
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compound and that of VR6 is 200 index units, which supports the
suzcestion that the acyl grouo on the latter compound has one or

tuwo fewer carbonse.

Compounds V210 and 12 also have the mass spectra of petasin esters,
but the molecular weights of these two compounds, both 316, imply
that they are esters of unsaturated C5 acids, such as angelic (C}{C),
tiglic (CXCIITI) or dimethylacrylic acids (CXCII) (180).  The
retention indices of the compounds match those of the compounds in
P.hybridus tentatively identified as the petasol ester of dimothyl-
acrylic acid (CCXXXVII) and petasin (CLVII) respectively.

Between these two compounds on the GLC trece is a third with a
retention index of 2280, This wac not present in sufficient quantity
in this extract, to allow a scan of it to be made in the mass spec-

trometer.

Compound V213 matches comvound GL4 which was found in the leaf extred
from L,'Gresyno~ Gold!, This compound was assigned the general
structure CCAXXVIII because of the base peak and the tronylium ion af

m/e = 91 (CCXVII) (217a, b).

The molecular weight, the retention index and the pattern of peaks
above m/e = 210 in the mass spectrum of compound V14 match those of

/6 —sitosterol (220).

Bxamination of the FPetnsin lsters

In order to obtain more information on the petasin esters found in
the root material of this plant, a much larger sample was obtained
from Logzan Gardens, and extracted in the same way as before and exnit?
by GLC. A comparison of this trace with that oreviously obtaineds

Fig. XXIX, shows differences in the intensitiecs of a number of the

. 6
peaks present and the absence in the second extract of compounds VR’A
. . ‘44 50
7 and 8. The last two comvounds were believed to be impurities) ;
Al
SeaSOﬂ

their absence igs not surprising. The other differences may be

~87-
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The first batch of root material was obtained in Janu~ry, 1973, while

the second batch was collected in Hovember of thet year.

The extract obtained from the root material was then chromatographed
on a reverse-phase licuid gel column (IH1114-60;~LH20, methanol/
heptane 9:1) in order to isolate a fraction containing the petasin

esters., These were eluted between SILV 110 and 190,

The esters were examined by GLC, and found to contain compounds V28,
10, 11 and 12 (¥ig. ZXXa). This was verified by mass spectrometry,
VB8, 10 and 12 giving the same mass spectra as before, and compound
VBl showing the base peak at 1/e = 161 and the peak at m/e = 216
both characteristic of an ester of isopetasol (180). The moleculer
ion ﬁ[gé 316, suggests that the acid involved is one of the
unsaturated 05 acids, angelic, tiglic or dimethylacrylic. The
retention index of the compound is too low for that of isopetasin
itself, which would have a value of 2345, and from the tentative

assignment of peaks in the extracts of P.hybridus and P.frarrans it

is too low to be the ester of tiglic acid which has a retention index
of 2330, This leaves only the possibility that it is the ester of
dimethylacrylic acid, which was not found in either of the Petasites

examined.,

The esters were hydrolysed by treatment with base (ethanolic potassium
hydroxide), and an ether extract was examined by GLC (Fig. XXXb).

The two peaks present were identified as isopetasol and isopetasin
from their retention indices which were 2010 and 2345 respectively,
&freeing with those of standard samples obtained under the came
tonditions, Petasin is known to produce isovctasol on hydrolysis,
due $o a rearrangement under the reaction conditions (180) and so

. the isopetasin present presumably represents unreacted petasin which

hes also isomerised.
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The basic residuc of the reaction mixture was acidified, extracted
pith ether and the dried ether solution was examined by GLG (Fig.
XXXc)- A portion of it was then treated with diazomethane and the
methyl esters thus formed were also examined by GLC. The acids
and their esters were identified by their retén‘cion indices and
there was found to be a ratio of dimethylacrylic : tiglic : angelic
acid of 6 ¢ 2 ¢ 1. Since the tiglic acid would arise from isomer-—
isation of the en<elic acid during the hydrolysis, this suggests an
origiﬁal ratio of dimethylacrylic : angelic acid of 2 : 1, which is
consistent with the identification of compound VR12 as petasin and
compound VR10 as the vetasol ester of dimethylacrylic acid. The
acid, with which vpetasol vas combined to form compound VR3, and
vhich was probably propionic acid, did not apvear ‘on the GLC trace

under these conditions.

Ixamination of the Leaf Ixtract

The GLC and mass spectral data obtained for the leuf extract of

L.veitchiana are summarised in Figure XXXI and Table 34.

Compounds VL1, 2, 3 and 4 have molecular weight of 204 and are,
therefore, sescuiterpene hydrocarbons with the formula 015H24.

VL1 shows a mess spectrun which matchcs that of one of the farnesenes
(172), esveciclly in the presence of the ion of m/e = 120, and its
retention index is in the right. region for one of these compounds,.

; R . . . Q
slnce/!-ra,rnesene is mown to have a retention index of 1367 (158).

The retention index and mass spectrum of compound VL2 match those of
the compound found in L.clivorum, L.'Greeynos Gold® and L.'Desdemona‘,
Which has been identirfied as eremophilene (CCXIV) (177, 180), while

®moound VL3 shows a close similarity to compound GL2, which was

found in L. 'Gresvnos Gold' leaf material, and which has the mass
SPectral characteristics of O -bergomotene (CCXVI) (175). Lastly,
®mpound VL4 can be identified as /-bisabOIene (CCX:III) from both

~89—



TABLE 34

Strongest Tons

Oompownd  Iyocr » M (% Of Base Peak) Base

¢, of Base Peak)

Peak
Vil 1590 204 ( 7) 41
VL2 1460 204 (22) 41
VL3 1485 206 ( 7) 93 ‘
VL4 1490 204 (13) 41
VLS 1605 236 ( 1) 43
V16 1700 238 ( 7) 4§
VL7 1800 280 ( 8) 43
Vig 2255 516 (11) 148

69(85)
01(52)
100(29)
93(80)
105(68)
91(52)
41(98)
69(59)
81(48)
69(97)
55(42)
94(24)
41(69)
59(44)
161(27)

41(59)

69(22)
107(14)
55(59)

83(26)

93(81)

133(52)

79(70)

107(67)

55(65)

43(55)

93(79)

44(56)

57(45)

44(40)

55(54)
29(39)
205(21)
205(40)
81(21)
105(14)
45(36)

105(25)

79(53)

55(49)

81(68)

55(59)

119(64)

79(48)

43(57)

79(326)

55(44)

91(51)

123(52)

81(36)

41(37)

95(14)

41(32)

161(21)



TARBLE 34 Contd.
Compound Il“ﬁE— 30
V1.9 2400
VIO 5220
VL1 3230

M (9 of Base Peak) Base . Stroncest Ions
Peak (% of Base Peak)
288 (51) 104 288(51) 184(49)
155(46) 80(42)
414 43 55(20) 41(60)
81(52) 69(50)
424 218 55(36) 43(34)
69(80) 81(25)

79(46)
171(42)
57(58)
167(45)
41(30)

95(25)
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its retention index (158) and its mass svectrum (172, 175). This

compound was also found in the extracts of L. 'Desdemona' and L.tansutica.

Compound VL5 forms a trimethylsilyl ether with a fe‘tention index of

1645, Its molecular weight suggests the formula C O, which, in

15HZ4 2
turn sugzests an isomer of vetasol or isopetasol which possesses two
extra hydrosens. This is suvnporied by the occurrence of the ion at
/e = 161, which could arise from an m/e = 218 ion also present in

the spec’crum by the process shown in Pigure XXXI. In order to arrive
at this Q_Le_ = 2138 ion by elimination of a hydroxyl and hydrozen, the
hydroxyl srou» would have to be situated on carbon - 8 (COXXXIX) or
carbon - 9 (CCXL). The ease of formation of the trimethylsilyl ether
suggests the alcohol is not tertiary, sunvorting the 9-hydroxy

isomer.,

Compound VL6 also forms a trimethylsilyl ether, with a retention index
of 1745. The comnound has a molecular weight of 238, which suggests
a fornula of CygHy 0,0  The strong N-15 peak, m/e = 223, is also

seen in compound VL7, which is neither an alcohol nor a ketone, and in
vhich it avnears at ie_ = 265, the molecular weight of this compound
being 280, The strong ion in the spectrum of VLT at m/e = 205

seems to arise by loss of 60 mass units from the =15 ion, opresumably
due to the loss of the elements of acetic acid from this ion. If,
then, this compound were an acetate it would be derived from an

aleohol of molecular weight 238, such as VL6. The svectra of these
tompounds do show similarities, especially in the occurrence in each
of the ion at m/ec = 205, duc in one to loss of CH3 and acetic acid,
@0d in the other to loss of CHy and H,0. These compounds match the
molecular weights of the compounds encountered in L.Mischeri, il.e.
liguloxidol (CXCVIII) and liguloxidol acetate- (CXCIX) (202, 203),

W no further evidence for or against this possible correlation

could be found.

Comdound VLS has the molecular weight and base peak of a petasol
tster, ang the rctention index is that of the dimethylacrylic acid
®ster of petasol. Compound 7L9 is that compound encountered in both

the leaf extract of L.'Gremmor Gold! and the root extract of

~90-
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L.Veichiana and characterised as having the form CCXiXVIII.

Finelly, compounds VL1O and 11 are respectively,ﬂ-—sitosterol, and

[k-anyrin (CCZXII) which was encountered in L, 'Desdemona’.

The apparent absence of straight chain hydrocarbons or alecohols in

the leaf extract of this plant, may be due to only a relatively small
amount of these compounds being present. In the other plants exanmined,
the ncaks on the GLC trace due to these compounds were not very large
when compared to those of the sesquiterpenoids present. In this plant,
which is rich in sesquiterpenoid compounds of various types, any leaf
vaxes oresent mizht have given too minor a set of 3LC peaks to allow

their detection and examination.

The familial rel~tionshiv between L.veitchiana and L. 'Gregynoz Goldl,

vhich ig a dauchter of it, is not as obvious from the chemistry of

these vlants as was the seme relationshio between L.'Cresmos Gold!

and L.clivorum, It seems, therefore, thot in the cross betueen

Lveitchirna and L.clivorun, to oroduce L.'Gre~vnos Gold', L.clivorum

is the dominant partner, at least from the point of view of the plant

chemistry,
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4-2~6 Lirularia tussilacinea

hn extract of the root material of this plant was examined by GLC
and GC~i3, and the results are sumamarised in Figure ZXXII and

Table 35.

Compound TR1 has the same retention index and mass swectrum as the

compound vwreviously identified as eremophilene (CCIIV),

Cmmound TR2 has a2 molecular weight of 212, which suggests a formula
ofC 5 The compound is inert to atiempts to form either a
methyl oxime or a trimethylsilyl ether. The base pesxk and the other
major ions occur in the higher end of the nass snectrum, implying a
fairly stable compound. Since furanoeremonhilanes have been found

in Letussilo~inea (193), it is nossible that the compound has th

®©

structure CCILI or a similar isoner. Loss of one of the --CI-I3 Z2rouvs
wuld result in the ion of m/e = 197, vhich is the base ncak. The
tability of this ion wvould be accounted for by the isomerisation of

its double bonds which would give an aromatic structure (CCXLII).

Comnounds P33 to 7 211 contein the =102 or !=x~100 ions characteristic

of esters of uns~turated v5 carboxylic acids such as anselic acid or

dnwtﬁylacryiic acid. Their moleculer weishis raange from 314 to 332,

Suszesting that they are in verious stazes of oxycenation. Since

furnnoid esters of an~elic aad dinethylacrylic ccids have beea shoun

t0 exigt in $him olant (193), it wes cssuned thet these compounds

fere esters of such furanoids derived by different dezrces of oxvrenation

fmmxfuranooromonhiléne (cLirr). In order to e:xomine these compounds

More closely it was decided thot a larger saundle of the root meterial
'0uld have to be extracted and the compounds sevorated by licuid gel

dwomatoxraDhY-

Comnoung g TR, 7 and 19 arc all nhytosterols, and have been identified

fron their petention indices and mass spectrn as camvestorol, stis-

Therol pua /3—3100051 0l recncctively These sterols have been
885uwed ot to be the 24-enimers which would be indistinsuishatle by

tnn:nethod.
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TABLE 35

Compound I M (% of Rase Pesk) Base

Stronsest Ions

(Lo of Pase Peek)
TRL 1460 209 (15) 41 95(80) 55(62)
43(54) 79(45)
105(40) 133(36)
TR2 1770 212 (26) 197 169(58) 182(29)
154(30)  153(15)
TRS 2215 316 ( 2) 83 159(14) 216(14)
41( 8)  46( 8)
TRA 2220 14 (23) 159 83(68) 55(51)
199(34) 145(28)
TR5 2370 852 (7) 109  105(72) 55(30)
85(18)  110(12)

214( 8)
TR6 2380 232 ( 6) 212  197(91) 124(81)
109(6%) 83(51)

512(17)
TR 2410 312 (24) 197 212(71)  55(63)
312(24)  213(20)
TR8 3140 400 (11) 45  83(88)  55(87)
41(58) 75(57)
TR9 5165 412 (12) 69  55(87)  83(79)
41(52) 81(52)
o 220 414 (25) 43  55(81)  57(68)
| 69(46) 85(43)

91(55)

107(40)

212(26)
43(13)
55(15)

109( 6)

214(40)
43(15)

124(27)

43(10)

55(72)

213(24)
85(56)
187(18)
57(70)

43(57)

41(58)



TABLE, 30

Compound T.. ... .
‘l—— 12;)35:" L"O
TRl 2590
TR12 2620
TR13 2805

¥ (9 of Rase Peak) Base Strongest Ions
Peak (¢ of Base Peak)
230 (1) 83 55(21) 41( 8)
230( 3)
348 (1) 83 55(48) 228(30)
248( 3)
862 (1) 83 55(47) 170(26)

262( 2)

84( 7)

212(21)

110(26)
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A re-oyxanination of the extrrct, which had been kent under re{rizer-
ation for three wveoks since the orizinnl troce veg obtained, showed
that the oee’-s due to the nrecumed fursnoids were much snrller and

that three new nealis were annearing at retention indices higher than
those of the furcnoids (Tie. KKXIII). The masgs svwectre and rctention
indices of these comvounds are shown in Table 36, The molecular
veights sugcest tant they are derived from the furanoids by oxidation,
possibly of the furrn rin~, since each of them still shows the 11-109
imwdﬁe to the loss of an unsaturated C5 (acid) ZroUd. This teudency
of the furanoids to oxidation, mcant that great care had to be taken
in the handlings of both the extract and of any compounds isolated

v,

from it. After another t10 weeks in the r:ﬁfri;.jferator the extrect
’
. |

vas found to contain none of the original furanoids, only the oxidation

woducts derived from then.

A fresh seanle of the root meterial was extracted and examined by CGLC.
It was found to yield the some veaks as before, with the exception

of Th2, The mase svectrua of thot comvound closely resenbled thot

of comnound TR7, so the former may have been an artefoct, derived

from the latter. The extr:ict uas chromatosrashed on a reverse nhase
liruid gel colwmn (UH1518-60,-L720, methanol/heptone 9:1), the

eluate passing over the moving wire of a Pye Licuid Chromatoaranh
Detector, The trace from the detector is shown in Figure H{IIV.
fractions from the column were collected at intervals corresnonding
to 1 S5V,  These were conbined to sive the four larger fractions

Corresponding to the peaks on the detector trace.

Irogtion IT (377 42-52)

Comvound P24 wes Ffound in this fraction alon~ with three otlher
tonvounds which 3id not aniear in the original extract.

These three compounds wers labelled T24a, b and c.  This mixture
%S chromatospanhed on o straisht ohase liguid pel column (I1513-
60.-Li20 benzene), ~nd the fractions collected were analysed by GLC.
Comvound R4 wes found in the fractions of SV = 66 - 67, and the

Other three comnounds in the frections of SV = 70 - T4.
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base veak at n/e = 159, as well as an ion of m/e = 214, all of which

. . . [ .
suzrest a varallel with isovwetasin (CLVIII), which hes o base peak

The mass snectiruwn of TR4 showed 2 moleculor ion ot m/e = 314, and &

of m/e = 161 (CCXXVIII) and a vneak at n/e = 216 (CCXXIX). Since
Lussilacinea hes been shown to contnin furenosescuiterpenoids (198)

it is nrobable that the compound is a furomnoid analosue of isopetasin,
and s¢ the most onrobable structures are CCXLIITI and CCILIV. Neither
of these comnounds hes previously been isolated from a plant, though
the alcohol from which the latter would be derived, ecuryonsin (CCXLVI)
was nroposed os the precursor of a number of furanosescuiterpenes found
in plants of the genus Luryoos (222), while the alcohol CCXLV was
orevared during investisation into the chemical constituents of

Ltussilasines (198).

This 1~st comnound (CCXLV) gave a mass svectrum in which>the base

neak was a/e = 159, and the strongest ions were at m/e = 199 and 145
all three of which occur in the spectrum of comvound T4, Thus the
most likely structure for commound TR4 is CCXLIII, where the acyl
group is derived from an unsaturated 05 acid. The peok 2t nfe = 214

would arise from loss of the acid group (CCRLVIII) of m/c = 159.

The identification of TR4 is strensthened by the UV svectrum, which

shous an absorbance of ‘kmax. = 290nm (£ = 9,000).  Furanoerenophil-
8 -en- 8- o1 (CCALV) has ) = 292m (€ = 10,000) (198)

and since the change from an alcohol to an ester would not affect

the major chromovnhore, which is due to the conjugation of the double

bond with the furan system, this close similarity in UV spectra would

beexpected from the two compounds.
The MR snectrum of TR4 (Fig. XXXV) was obtained and Table 37 shows
& comparison of the chemical shifts observed with the corresvonding

Values obtained for furanoeremophil-8 —en- 5/’ -ol (CCXLV) (198).

The similarities between the snectrs again tend to confirm the

7
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UBLE 37

Froton & (observed) $ (R=1)
by - cHg 1.05 d 1.10 4
( J = 4H2) ( J= 6H)

O - c, 1,10 1,05
" - CH, 2.0 a 19 a

(7 = 1Hz) (7 = 1.5 Hz)
%~ 1 5.2 5. 84
Y- 5.4 5.95 d
U~ H 7.1 @ 6. 86

(J = 1Hz)
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1015 950 1375 0.4 Angelit
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identification of comvound R4. The only major differeiuce between
the chemical shifts of corresvwonding orotons is that observed for
the 03 hydrogzen, caused by the deshielding effect of the ester
group, which would be larger than the effect due to a hydroxyl.

The methyl protons from the acid groun would be exvected to have
chemical shifts of between 1.35 and 2.162§ (198). There arc, in
fact, peaks in this region, but they form too comvlex a system to
allow analysis. There are, however, veaks which corresvond to the
single proton vresent in ecach acid. That due to the angeloyloxy
groun (OCXLIX) would be a cuortet centred around 5.9 § , while that
of dimethylacryloxy (CCL) groun would be a multinlet centred around
555 § (198). The snectrum of TR4 shows both of these sismals,
which sugzests that the esters of both acids (CCXLIIIa, CCZLIITDL)

are present as a mixture, of similar o»roperties.

The mixture was hydrolysed by treatment with mild base, and the
constituent alcohol and acid were extracted from the reaction mixture
anl examined by GLC and GC-1IS. The alcohol was found to have a
retention index of 1370 on 1. Si~30. The mass svectrum showed a
mlecular ion of m/e = 232, a base veak at n/e = 159 and major ions
at nfe = 214, 199 and 145, matching the spectrum of furanoeremoohil-
S-en-s/ﬁ -ol (ccxLv) (198).

Portions of the acid solution were treated with diazomethane and with
dhenyldiazomethane to form the methyl and benzyl esters respectively.
The retention indices of these esters and of the 6rigina1 acids are
shown in Pable 33, The mass snectra of the various methyl and

henyl esters were also obtained, but they proved no help in dis-
Vinguishine the compounds, civing nlmost identical spectra for each
tyve of comoound., The molecular ions did confirm the molecular
Weichts exnected for the unsatufated 05 acids and their derivatives.
Comparison of the data with those of authentic samples shous that

the acids are angelic, tislic and dimethylacrylic in the ratio of
04 2 4 3, which, allowing for the isomerisation of angelic acid

b timie 2cid, implies an original ratio of angelic to dimethylacrylic

2.4 : 3 0r1 :1.25.
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Tus the peak on the CLC trace attributed to TR4 is, in fact due
{0 two isomeric esters, 5/ —angZeloyloxy-furanoeremophil—8-cne
(CCXLIVa) and 5/(—d.imethylacrylyloxy—furanoeremophil ~8-ene
(CCXLIVD).

Compounds TR4a, b and c have the GLC and GC-}S properties summarised
in Table 39. Their retention indices are different enouch from those
of compound TR4 and the amounts of each present with respect to TR4
are sufficient that they would not be obscured by it in the original
GLC trace of the extract. They do not, however, appear in this

trace, therefore they are artefacts, formed during the chromatogranhic
procedures. This was confirmed by keeping a sample of TR4 in

methanol overnight at room temperature. The nroducts were compounds
TR4ay, b and c. The molecular weight, 346, and the easy elimination
of 32 mass units to give the ion of m/e = 314, as well as the ions

of m/e = 199 and 159, suggest that these compounds have been derived
from TR4 by the addition of methanol across the double bond. This

is confirmed by the N spectrum (Pig. X{XVI) of the mixture of
compounds e This is identical to that of compound TR4, excevnt for

the absence of the sirmal due to the 09 vproton at 5.45§ , and the
presence of a large doublet (J = 2Hz) integrating for three vrotons

3t 3.3 % where one would exvect to see a methoxy signal (139). The

U spectrum also supvorts this contention, showing an absorption at
Xmax. = 218 (€ = 14,000) which is the expected value (192).

0f the two possible structures CCLI and CCLII, the latter is the
Bore likely from the mass spectral evidence. A Retro Diels-Alder
frogmentotion of the tyne shown (198) would result in the ions of
B/e = 108 (CCLITI) and m/c = 138 (CCLIV) from compounds CCLI and
WCLII resvectively. The ion of m/e = 138 (CCLIV) is the base veak
In the spectrum of TR4a, and occurs, to 2 lesser extent, in the
Srectra of TR4b and c, while the ion of m/e = 108 (CCLIII) does not
occur in any of the spectro. Thus the compounds have the general for-
mla GOLTI,
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TALE_ 39

Comnound

TR4a
TR4b

TR4c

2235

2280

j3

546

46

546

Base Strongest Ions
Peak
138 55 85 189 41
83 55 159 2653 43
85 55 159 45 213

43

o514

514

199

199

199

514

138

138



TABLE 40

Compound I

TR3 2215

TR3a 2220 -

TR3b 2230

1¢.SE-30

a

lo

Ratio

2

1

n

F=

316
316

516

Base

Stronzest Tons

Peak
159
108

108

835"

83

85 .

145

55

55

41

43

43

41



The similarity of the mass spectra of compounds TR4b and ¢y coupled
{0 the ratio of one to another of 5:6, which matches the ratio of
the dimethylacrylic ester to the angelic ester, which were their
varent compounds, sugrests that these two comvounds are respectively
the angelic and dimgthylacrylic esters of the same alcohol.

Compound TiR4a and possibly a second compound masked by b and Cy
would, therefore, be an ester of the complementary alcohol in which

the methoxyl groun had the opposite configuration.

The addition of methanol to a double bond is o stereoselective process,
the methoxyl and hydrogen adding trans— to each other, so from TR4
MCKLIII) the exvected products would be either the X —mecthoxy isomer
in which the rings are cis-fused (CCLV) or the /9~methoxy isomer in
vhich the rings are trans-fused (ceLva). Retro Diels—Alder frag-
mentations in systems like these have been shoun to be more favoured
when the rings are cis~fused than when they arz trons-fused (223, 224),
thus compound TRAa, which under electron impact gives a Retro Diels-
Alder ion as the most stable ion, probadbly has the structure CCLV,

while TR4b and ¢, have the structure CCLVI.

Hydrolysis of the compounds gave two alcohols, retention indices 1810
and 1820 in the ratio 5:1, and with the exvected molecular weights

of 264, The acid fraction gave the same results as that of compound
™4, with a ratio of anrelic to tizlic to dimethylacrylic acid of
04z 2 3, imvlying an origihal ratio of angelic to dimethylacrylic
of 5:6, This ratio is the zome as that of comvpounds TR4Ab to TRAc,
thus TRAb is probably the ester of anzelic acid (CCLVIa) and TR4c of
dincthylacrylic acid (CCLVIb).

fraction ITT (S2V 65 w 80)

Compoung TR3 wag found in this fraction along with two other compouncs
f the same molecular weizht and of retention indices 2220 and 2230
(2abe 40). These compounds labelled TR3a and b, could ensily have
bemlmasked in the CLC trace of th- origzinal extract by the larze

Peal at 2920 index units. The mass spectrum of comnound TR3 matches



TARIZ 41

71 . 3 n TES "
Compound I( 10T 50} Ratio M Base Stronrest Tons

Peak
CCLVIII 1700 1 234 124 159 216
CCLVIL 1760 5 254 108 216
R . I~ ] +
9

— — m/e =108

o
n
n
1)
3

CCLVIII H

R =Sen CCXI
CCLVII
A |

YA —

. B OH | *
| — m/e=216
\1/ + — —
m/e=124

m/e-159




that ofél/9-dime%hylacryloyloxy—furanoeremophilane (cex1) while
the very similar spectra of T23a and b match thot of 5/5 ~anceloyloxy
~furrnocremonhilane (CCIK&), both of which have been previously found

in L.tussila~ines (198). The presence of two compounds with

similar mass spectra asain sugoests thet TR3a and b are the isomeric
esters of angelic and dimethylacrylic acids. A samnle of the mixture
of all three comvounds was hydrolysed and the fraction containing the
acids was examined by GLC. Both angelic acid ond dimethylacrylic

acid uere vresent, in the ratio of 3:1. From the ratios of the

esters (Table 40), this could only arise if both TR3 and TR3a were

the dimethylacrylic acid esters (CCXI, CCIXb), and TR3b was the

angelic acid ester (CCIXa).

The alcohol-containing extract of the hydrolysis was found by GLC to

be a complex mixture of peaks, implying that the alcohols had de-
composed under the reaction conditions. Treatment of a mixture of

the esters with lithium aluminium hydride, however, gave the alcohols
derived from the esters (Table 41). The alcohol from comvounds TR3a
and b (CCLVIII) shows a mass spectrum similar to those of the esters,
with the base veak due to the g[g = 108 ion derived from a Retro Diels-
Alder fragmentation. In the other alcohol (CCXLVII) there are two
major frasmentation processes, loss of the elements of water to give

the ion of mZg = 159 as the base peak (Path A) or the Retro Diels—Alder
vhich ¢ives the ion of ng = 124 as the base peak (Path B). “Then R is
an ester grouvp (CCXI), path A is preferred and the base peak is n/e = 159,
Yhen, hovever, R is a hydros~en {CoXLVII), loss of H20 is not so easy, so

bath B is preferred, althouzh path A still contributes to the spectrum.

Fraction T (SuV 36-40)

This fraction was found to contain compounds TR5, 6 and T, as well as
' minor compounds of retention indices 2217 and 2220, which would
Y% contained in the GLC trace of the total extract, in the larze peak
of retention index 2220, These compounds were labelled TR4d and e.

. . .
The fractions werc then chromatographed on a straight vhase liquid gel
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NI'R Data
IRAd and e Compound CCX
C4 - CH5 0,96 0. 95m
C, - CH, 1.04 0.98s
3 o)
C2 - H 6.10 6,07s
Cg = H 2. 60 2.55 )
-~ AB cuartet - AB quartet
5.12 ) J=17lz 2. 08 J= 19z
012 - H 6. 98 6. 96
W _co-
C=2¢C 5.58m 5.58m
\
CH5 A

8 = singlet

m - multiplet

I
o+




colunn (1).518-60;=LH20, benzene) to sevarate the comvounds.

Compounds TR4d and e were eluted at SHV = 49-52, They show

almost identical mass spectra, with molecular ions at _'_nﬁ = 332,
base peaks at m/e = 83 and strong ions at n/e = 55, 159, 199, 232
and 214. Thecse spectrn match that of Zﬁ —dimethylacrylyloxy,
8/3-hydrox,y—furanocremophilzme (CCJ{), as does the NIR spectrum

of the mixture of TR4d and e (Table 42) (198). The IR spectrum
shows a sicmol due to the oroton of the dimethylacrylyloxy group,
but none from the oroton of an angelyloxy grouv, sugegesting that
both compounds are esters of dimethylacrylic acid. This was con-
firmed by hydrolysis of the compounds, vhich nroduced one acid.
The retention indices of this acid and its methyl ester were those
of dimethylacrylic acid. The alcohol-coninining extract from the
hydrolysis was shown by GLC to contain a complex mixture of peaks,
but reduction of compounds TR4d and e, with lithium aluminium

hydride resulted in two alcohols.

These alcohols had retention indices of 1865 and 1880, and were
bresent in the ratio of 2:1, hence the former is derived from

compound TR4e and the latter from compound TR44. The mass spectra
are extrenely similar, both having a molecular ion of m/e = 250

and a base peak of 3[_6; = 124, which would be exvected to arise fron
compounds of the structure CCLIX by a Retro Diels-Alder orocess.

Since this is the base peak of both spectra the rinxs A and B are
obably cis—fused in both compounds (223, 224,), so the alcohols and
the original esters are most likely isomeric in the configuration of

the hydroxyl groun on carbon-2.

Compoung TR5 was found in fractions, from the straight ophase column,
o STV = 61-67. The mass spectrum of this compound has a molecular
lon of m/e = 332 and siows peaks at m/e = 314, 214, 199 and 159.
These sugrest that TR5 has a structure which can lose a hydroxyl and
bydrosen under electron imnact to give the vpattern of ions observed

I the spectrun of TR4 (CCXLIII) consistent with the structures CCLX



_OR
CCXLIII

Fig. XXXVIII




CCLXII

CCLXIII

R
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+

m/e =212

CCLXIV




or CCLXI. Fragmentation of both compounds could result in the

etro Diels—Alder peaks at m/c = 108 and 124 found in the spectrum

(Fiz. XZXVITI, X{IIX), but only in the fragmentrtion of CCLII could

the base veak, of n/e = 109 be so casgily derived (P1G. XXKI1K). The
spectrum of compound CCLX would also be expected to show the _n_Le_ = 124

ion as the base peak (198).  Thus the structure of compound P35 is
orobably CCLATI, Since the Retro Diels-Alder veaks have such a high

| intfensity in the svectrum, rings A and 3B are vprodably cis=fused (25‘3, 224)
making the structure CCLXII or an isomer vhere the acyl groun is

vositioned on either carbon 6 or T. A compound of this type has been

revorted as occurring in olants of the genus Juryops (222).

Compound TR6 was eluted from the straicht phase column with an SBEV =
67-13. The mass swectrum of this compound also has a molecular ion
st m/e = 332, but here the base peak is at m/c = 124, suzpesting

a furanogsesguiternenoid with a2 hydroxyl at C-9. This and the rest
of the svectrum matches the data odbtained for 5'/-&ngeloyloxy—9ﬂ
-hydroxy-furanoeremophilane (CCXII) which has been found in L.tussil-
aginea (198). 'The previous workers state that this comvound is
present as an artefact arising from the hydrolysis, during column
chronetozranhy on silica gel, of the compound CCVIII, and that it

is not oresent in the oricsinal extreoct. In this case, howev-~r, it
vas found in the original extract of the root materirl wvhich sugzests
thet it is an actunl comvoncnt of the nlant, or that the di-cster
(CC“JIII) is bein~ tota2lly hydrolysed during the extraction and zel-
filiration of the wlant noterial, since the di-ester was not encountered

in this extrect of the nlant.

The lost commound to be eluted from the straizht ohase column uas
Comnounag IRT, at OLV = T4-T6. The hishest ion in the mass swecirun
°f thiz compound vrs at 2/e = 312, which, alonz with the ion at

.LLG = 212, sum~~sts a more unsaturated form of comnound Y4 with a

"

r ar

Siructure of the 4yve chova (CULIINI, CCLIIV), or some isomer of

M) . - " L — ¥
Wese, e commaratively hish intensitv of both the m/e = 312 and

22 song {Tavle 34) susmests that the stracture CCOLYYIT is the more
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likely becainse the m/c = 212 ion derived froa it contring three double
bonds, all ol which are conjugated with the furan ring, incrensing the

e

stability of the ion. The SV aud retention index values of this

compound, however, suszest that it is a -olar compound gince its
nearest analozues in both CGLT and licuid gel caronatosranhy, arc

the hydroxy-furenoids P25 and 1TR6, Thus the commomnd is move likely
to have tie stractvre CCLAV, from which the hylroxyl is eesily

eliminated, uwnder electron imnnct, to zive the ion of m/e = 312, which

.

is stabilised Dy tue conjusation of the double bonds. Compound
CCLXVI is less likely, since it would be exvnected to underso a Retro
Diels-Alder frasmentetion, giving an ion of m/e = 103 for the

8 ~hydroxy imomer, and 124 for the 9-hydroxy isomer (198).

Traction IV (3..V 110-120)

-~

This remainineg fraction was found to contain the sescuitervene
hydrocarbons and the sterols PR3, 9 and 10. The twy cloases of
comnound were genoreied by licuid gel chromaztosranhy on the straicht
phase column, the hydrocarbons beinz eluted at SV = 30-34, the
sterols at 30V = 35-40, The column was not suflTiciently efficient

to sevarate individuel members of cach tyoe.

The mixtures were examined by GLC at constant temvmerature, and the

retention indices confirmed as those stated in Table 34,

s 3 (Y ~ ) B .
2eInntion of the Lesf faterin

. . . . o LA
e extract of leaf materiel from L.tussilocinea veas found to contain

three nnjor compounds ( Fig. XL )(2able 43). Commounds PL2 and 3
vere identified asf -citostcorol (220) and ®K-—amyrin which was also

ficountered in the leaf extract of L.'Desdenons' and L.veitchiono.

f . . l

The masns snoctrum of compound TL1 contnains ions due to compound TL2,

Yecause of their similar retention times, and the arecter cuantity of
®mvound L2 wresent. If these ions are nerlected the base nenk of

te spectrum of comnmound "Ll becomes m/e = 218, characteristic of the
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Compound,

L3

1.8E-20

- 3215

3220

3250

(¢, of Base Peak) Base Strongest Ions
Peak (. of Base Peek)
424 ( 5) 55 218(89) 69(83)
43(74)  188(79)
414 (21) 43  55(76) 41(63)
57(58) 95(54)
424 ( 4) 218  43(36) 55(36)
95(26) 81(25)

135(82)

69(61)
81(53)

41(%2)






anyrins (213, 219).  The molecular ion m/e = 424 also surrests that
comsound L1 1g an anyrin. Thus TL1 and TL3 are/ﬁ —(CCXKV) and.

¥ -emyrin (CCAI1) resvectively.

There is 2lso o geries of minor peaks at retention indices of 2500,
2600, 2700, 2500, 2900 and 3100 vhich were too small to allow their
exaninetion by GC-i5. They arc »nresumably straight chain hydrocarbons

or alcohols from the leaf wax.

A comvarigon of the compounds found in these six vlants of the renus
Lizularia (Table 44) shows a chenotaxonoaical relationshin between
various memnbers of the set examined. The vnarent—-dauchter relationship

of Luclivorun and L.'‘re~ymor Gold'! for erample, is demonstrated by

the occurrence, in cach of them, of eremoohilenc as the major comvonent.

L.'desdenona', which is a cultivated variety of L.clivorum, uas also

found to have erenovnhilene as the major constituent of its root materizal.

The relationship betveen all six as a groun however, is best shown by
the occurre ice, in each of the plents exanined, of oxygenated eremo-

thilenes, rensinz from the eremonhilene in L.clivorum, L.'Jesdenonal’,

L. 'Cremmo~ Gold! and L.veitchionn to esters of netasol and isconetasol

in L.ton~utica and L.veitchirna ond csters of . furanoerecmno—

bhilanes in L.tussilacinea (Table 45). The occurrence ol these comvounds

in the plants confirng chemotaxonomically the membershiop of the »lants in
the $ribe Senecionene of the family Compositce which hes been ascribed
10 then toxonomically. Of 2ll the thirteen tribes numbered among the
theCOmuositne, the tribe Senecioncae, is unique in containinz oxymenated

tremophilanes of these types (221).

In view 07 the provosal that ercmophileiie is a precursor of the petasins
and furanoids in vlants of this tribe (225), the results may also

Sugzest L,clivorum, its daughter L.'Crogymos Gold' and its cultivar
HeCliVorum :
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A S SR ik o X

L. clivorum
Root

L.Sregymog Gold'
Root Leat

L. "Desdenonal
Root Leaf

L.t angutics,
Root

L.Veitchiana
Root Leaf

L. tussiluginea
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L.'Desdenona! (19D) wvhich contain only eremovohilene, are lower on

the evolutionary scale than the other Lisularias examined.

The occurrence in L.tancutica and L.veitchiana of petasins but no

furanoids, and the reverse situvation in L.tussiloginea where only

furanoids were found, suggests that like some members of the

genus Petasites (191, 194) species of the genus Licularia (3=
L.sibirica (20 , 201, 210) are split into two sub-svecies, one
containing petasins only, the other furanoids and sometimes eremo-

philenolide derivatives.

From these results it can also be seen that the techniques of gas
liquid chromatography and combined gas liquid chromatsgraphy and.

nass spectrometry can be usefully aoplied to the systematic study of
the chemotaxonomy of a series of plants. Even when a2s in this study,
only the major peaks of the GLC trace arc examined in the mass
specirometer, the results obtained can reveal a good deal about the
constituents and relationshins of the vlants. The technicues are
especially valuable when used in varallel with larger scale sevparation
mm,analyticdl technicues to denonstrate whether or not the compounds
under examination have survived the analytical procedures. This

last advantare was especially useful vhen dealing with, for example,
compound T4, which was susceotible, not only to air oxidation, even
vhen dissolved in a degassed solvent and kept under refrigeration,

bt 2lso to addition reactions with solvents such as methanol, with
which it formed a methoxy adduct. This compound would have been very

difficult 4o separate and characterise by classical means.,
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4 -3 Ixoerimental

4 -3 -1 Sxtraction and Gencral Chromatosranhic Techniaues

The procedures followed for the extraction of the plant material are
those detailed in the experimental section of chapter 3 (3 - 3 - 1),
using a mixture of benzene and isopropanol in the ratio of 3:1 as
the solvent. Both of these compounds form azeotropes with water,
so the evaporation of the solvents resulted in the removal of most

of the water present in the extracts.

Gel filtration of the extract, and its subsequent examination by GLC
and GC-IiS, was also verformed as described in chapter 3, as was the
treatment of portions of the extract to form the trimethylsilyl ethers
of any alcohols present, and the methyl oximes of any ketones or

aldehydes.

The IR spectra were recorded at 100 lHz on a Varian FA100 IGIR
spectrometer, The UV spectra were recorded on a Unicam SP300

spectrophotometer,

Chromatography of the extracts was performed on threce licuid gel

columngs -

Column 1  —  #NH1114-607-LI20; methanol/n-heptane, 9/1; bed volume

65ml; cross sectional area lcm2 (Reverse Phase)

Column 2 - HH1518-60%~Li120; methanol/n=heptane, 9/1; bed volume

2
6Tml; cross sectional areca lcm (Reverse Phase).

Column 3 - NH1513-606=Lii20; Ybenzene; bed volume T4ml: cross

sectional area, lcm2 (Straight Phase).

¥1{H1114-60°~LH20, means Nedox LH20 gel which is a
cross-linked polysaccharide nolwvmer, in which the
remaining free hydroxyls are substituted to 605 of
dry weisht with C11 to C14 straight chain hydroxyalkyl
groups.
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The effluent from the liquid pel colunns was passed over the moving
vire of a Pye Liquid Chromatomraphy 'Dotector, then into the fraction
collector. The detector owerates by passing the wire, coated with
column effluent into a low temperature oven where the solvent is

removed by evaporation, and then into a high temperature oven where
any remaining orzenic material is pyrolysed, the pyrolysis products
being vassed to a hydrogen flame detector connected, through an

amplifier, to a chart recorder.

Two fraction collectors were used, the BIL Chromatronix Fraction
Collector end the Central Traction Collector. The former uses an
electrically operated time switch to chang:é from one collection
vessel to the next, while in the latter the fraction is first collected
in 2 syphon located at the end of a counterbalanced arm. The weight
of solvent in the syphon when it is half full causes the arm to tilt
trizgering the change of collectins vessels. When the effluent
reaches the top of the syphon it flous out into the vessel and tﬁe
arm tilts back, resetting the changeover irigger. The syohons
available for this fraction collector allow the collection of from

1 to 25m1. When in use both machines were arranged to collect 1lml

fractions.
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4~3 =2 Plant Uxtrects

Table 46 shows, for the »reliminary extracts, the weights of the
tissue extracted, the tolal extract and the insoluble residue.

From these last two terms the weirht of soluble material nresent can
be calculated, and this is shoun in the next column. After the

gel filtration of the soluble vortion the weishts of material in
fractions A and B were algo obtained, and these are shoun in the last
two columns. Trom these figures it can be seen that the yields from
the gel filtration column are quantitative, within the limits of

errors of weighing,

Large Scale Uxtract of L.veitchiana

990z of root material from this olant was extracted as described
above and yielded 13.672g of total extract. A samnle of this extract
(2.367{3:) was ourified for GLC by the technicues described, and the

weights taken at each stage of the procedure were:-

ingoluble vortion = 1.636g goluble portion - 0.367g
Fraction A - 0.2492 Fraction B - 0.115g

Ixtraction of "Petasing®

Fraction B was chromatogranhed on column 1 (1H1114-60;,.-LH20, methanol/
n-heptone, 9/1) using the Pye Licuid Chromatograph Detector.

Fractions which were shown to coatain orgonic material were examined
by GLC,

The petasin-containing fractions were of S5V = 110-190.  These were

Combined and the solvent removed at room temperature, under vacuum

o a Bfichi Rotary Hvaporator. The petasins were weighed (}0-9838‘)-
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TABLE _ 46
EIGT I g

Root llaterial

PLATT

[ e

L.clivorun

L.'Greoynog
Gold*

L.'Desdenona!

Ltansutica

L.veitchiana

L.tussila-

inea,

Leaf Katerial

L.'Gremoq
Gold!

L. "Desdenmonn?

L.veitchiana
‘-‘-_——‘“

Litussilaminesn

TISSUN HAPRACT TI'SOLTUBLY  SOLUBLY TR, A iR. B
PO T0H . FOXLION

20.12 .382 L2832 .105 .084  .019
20.03 <207 .159 .048 .039  ,009
20.20 .590 421 .169 141 .021
18.83 .034 002 .032 .011 .021
20.04 .282 .217 .065 .045 .021
20.09 .355 .320 .035 .028  ,006
12.55  0.312 .210 .102 .089  ,011
9.45  0.566 377 .189 170,015
10.25  0.412 .310 .102 .043  ,055
16.40  0.565 433 132 .070 040



Hydrolysis of "Petaging!

50mg of the vetasins were dissolved in a minimum of benzene (0.2ml)
and treated with 2ml of a mixture of 5 parts ethiasol, by volume, to
two parts, by volume, of 331 aqueous potassium hydroxide (w/v).

The rcaction mixture was heated at 4000 for one hour. The resultant
solution was extracted with ether (3 x lml) then the residue was
acidified to pH 6 with 10% hydrochloric acid (v/v). This was then
extracted with ether (3 X lml). The ethereal solutions were dried
over anhydrous magnesium sulvhate, filtered, their volume made un to

dml and exanined by GLC and GC-IS.

llethylation of Acids

A sample of the extract containing the acids (IOO/AI ¥ 100/_;@) was
treated with an ethereal solution of d.io.zomethanle until the yellow
colouration of the reagent just persisted. Bxcess reagent was
removed with the solvent by evaporntion at room temperature under a
sirean of nitrogen. The residue was then dissolved in IOO/a.l

of ethyl acetate and examined by GLC.
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4 -3~ 3 Larze Scale Txtract of L.tussilasinea

102g of root material were extracted and gave 2.316g. This was
subsequently sevarated into 2.,0"3z of insoluble material and
0.313 g of so’'uble material, which on gel filtration gave 0.193g
of fraction A and 0.110g of fraction B.

Fraction B was then chromatogranhed on Column 2 and the fractions
from this were re~chromatogravhed on column 3 (4 - 2 - 6), to
separate as many of the compounds as possible, The compounds were

left in solution becavse of the vossibility of oxidation.

Oydrolysis of the Purenosescuiternencids

Bach set of compounds to be hydrolysed was treated in the same way.
An aliguot (100/,,1) of colution was treated with lml of a mixture of
5 varts, by volume, of ethanol to 1 part, by volume, of 337% (w/v)
aqueous notassium hydroxide. The reaction mixture was hected at

3500 for 2 hours, then extracted as described above (4 - 3 - 2).

-t

|5

Esterificatinn of the Acids

An aliquot of the ethereal solution, amountingz to a cuarter of the
total volune, was treated with an ethereal solution of diazomethane
a8 described above (4 - 3 - 2). A further quarter was treated with
a ethereal solution of phenyldiazomethane (226—228) till the pink
olour of {he reasent versisted. The excess reagent was destroyed
% adding 1. ethercal phosphoric acid $ill the pink colour just

disappeared (223). The solution was then ready for GLC and GC-IIS.

Reduction of the Ses~uitcrnenoids

dn aliquot of the solution containing the comvounds (1004 1) was

®anorated to dryness at room temperature under a stream of nitrogen.
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The residue was immediately dissolved in 200//,1 of ether. To this
was 2dded excess lithium aluminium hydride (a 4mg) and the mixture
wvas heated for 30 minutes at 4000. The excess reagent was destroyed
by the addition of  0.2ml of distilled water, and the reaction
nixture was then extracted with cther (3 x 1ml). The ether extracts
vere dried over anhydrous magnesium sulnhate, filtered and examined
by GLC and GC-M3.
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-3 -4 laterinls

Prevaration of Diazomethane

The reaction was performed in smooth-walled, round-bottom flasks,
with no glass joints, The reaction vessel and receiving vessel
vere fitted uvith coris through which vassed the ends of a U-~tube.
The receiving vessel contained ~10al of ether, sufficient to cover
the end of the U-tube arm. The ara in the rcaction vessel rcached
to just below the level of the cork, leaving a head space above the

reagction mixture,

A mizxture of 6ml of 33 (w/v) aqueous potassium hydroxide, 30ml

of ethyl digol and 30ml of ether were mixed in the reaction vessel,
and heated to 3000. To this was added 1lg of bis-(li-methyl-l-
nitroso) tercohthalemide (¥itrosan). An effervescence was observed
and an azeotrope of ether and diazomethane distilled over the
receiving flask vhich was cooled in an ice bath. After the effer—
vescence ceased, more liitrosan was added, and the process was con-—
tinued until the solution in the receiving vessel was a brilliant
yellow.

. . 0 .
The solution was stored under refrigeration (a~4 C) in a smooth-walled

flask fitted with a cork.

A . o~ - . . n
Presoration of Phenyldiazometane (226-2273

212 of l-benzvl-n=toluecnesulvhonanide were dissolved in 10ml of
glecinl acetic ncid and 40ml of acetic enhydride in a flask cooled to
0 . N oo e 1

5°¢C, 12c of sodium nitrite were added with stirring, lteenin: the
temerature below 10°C.,  The mixture vas stirred overnight, then
%ured into excess ice vabter with vizorous siirrinz and cooled for

e hour in an ice bath. The orecinitate was Tilicered, vashed

“mroughlv with water and dried overaishit under vacuun. Recrrstallizntion

h ' ™ T aad ~ (e =DM 7 7] D= 01 11 1] -
fton ethraol yiclded 1.9%¢ (30,.) of i-nitroso-i=benzyl-v-tolucnsul

"honznige,  This vas added to 0.45g of sodium methylate, 2.1m' of
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methanol and 13ml of ether vhich were beins stirred vipgorously at
0%, Thais was then rofluxed for 20 ninutes, uvith a dryins btube
fixed to the to» of the coadenser to exclude water. The solvent
was evaporated at 2500 in a2 Blichi Rotary Svavorator. The residue was

dissolved in 15ml of n—-wentane and filtered.

The filtrete wvas cooled to —2000 vhereuvon a licuid vhase sevarated
out anc¢ then solicdified. The suvpernatent licuid was dccanfed off

and reduced to about O0,3ml. This was distilled under vacuun (O.1lmm
He) at room temdermture uith constant stirrineg, into a lou tenperature
condenser. The resultant nroduct, nhenyldiazomethane, was dissolved
in etmer (20ml) and ent under relriseration (400) in a smooth

surfaced flasiz with a vpolythene stoonper,
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RELATIVE ABUNDANCE
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RELATIVE ABUNNDAMNCE
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RELATIVE ABUNDANCE
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RELATIVE ABUNDANCE
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24, 2-decoxy=D-ribopyranose 3,“4—methylboronate THSi cther.
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25, 2-~dcoxy-D-ribonyrenose 3y4=-phenylboronate TM3i ether.
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RELATIVE ABUNDANCE
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29. 2—deoxy—_D_-galactopyranose 4,6-methylboronzte TMSi ether.
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FRE LA TIVE ABUNDANC &S

39.

!».Zcﬁ-ﬁ-glucopyrunosid.c 4y6-mcthylboronate T!i3i ether.
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3. e o{—_Q—gale,ctop‘yranoside 2,3-phenylboronate TYSi ether.
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RELATIVE ABUNDANCE
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APPIIDIN  TIX

GLC and GC=I3 Reference Datva



HYDROCARBOIS GROUP A

Reference

Comvound

158

cubebene

K =longipinene
A-ylangene
/3—elemene

K ~bourbonene

K -copaene

cyclosativene
longicyclene
cyclocopacamphene
/a—bourbonene

p -farnesene
sativene

cedrene

cyperene

III 3

Formula

M.H,

015H24

204

Retention Index

1¢-S—-30 19~0F=1

1396

1379 1447

1371 1465
1467

1386 1477

1367 1509

1390

1398 1493



Reference

GROUP B

Comvoound

158

158

1

"0 "

A—~Zurujene
caryorhyllene
caryophyllene
longifolene
isosativene
calarene
/G—ylangene
/3—copaene
pk—cedrene
thujopsene
aromadendrene
Y-curcumene
p —cedrenc

£ —muurolene
humulene

/a—santalene

X~himalchalene

III 2

Formula  H.W. Retention Index
19~51-30 19—-0w-1
€58y 204 1413 1471
1418 1587
1425
1404 1520
1435 1513
1418
1422
1415 1518
1431 1540
1532
1421 1539
1445 1552
1447 1583
1435
1444 1533

means that the Data were obtained by experiment.



GROUP _C

Reference Comvound Formule  I,U. Retention Tndex
19-51-30 16—0F—
158 §~selinene C15H24 204
y=muurolene 1545
Y-amorphene 1545
&~amorohene 1535
zizaene 1562
/A —bisabolene 1497 1548
B —curcumene 1547
& —zingaberene
valencene 1457 1581
X —curcumene 1475 1557
p -himalchalene 1491 1578
/3 —selinene 1598
y-bisabolene
& ~-muurolene 1495 1559

III 3



GROUP D

Reference Compound

158

K-pyrovativene
X-selinene
€-bulgarene

§ -cadinene
y—cadinene

/B -vetivene

Formul g

M., Retention Index

015H24

III 4.

16:=55-30 16-2F=1

204

1504
1506 1587



ALCOHOLS

Reference Comoqund Formula M.W, Retention Index
1%-57-30 165—-0P-1
0 nerolidol 015H26° 222 1545 1685
o . guaiol " . . 1565 1740
0 cedrol ' " " 1565 1830
0 ledol " oo 1570 1830
0 hinesol 1600 1850
0 daucol 015H2602 238 1600 1885
0 eudesmol C15H260 222 1620 -
0 caparrapidiol C15H2802 240 16560 -
0 §-cadinol 015H26O 222 1660 1910
0 drimenol " " 1715 2015

III 5



KUTOLE

Reference Compound

0 zerunbone
0 carissone
0 isopetasol

FPormula M.V
015H220> 218
015H2402 236
C158000, 234

III 6

Retention Index

1%~SE~30 19-0F-1
1690 2320
1860 2610
1935 -



SHSAUITSRPLNS  HYDROCARBONS

Reference Compound Pormula M.W, B.P, Stronscest Ions
164 calamenene C15H22 202 159 157, 41, 142,
105, 143.
175 alloaromadendrene 015H24 204 161 41, 91, 93,
107, 69.
172 alloaromadendrene 161 41, 91,
172 aromadendrene 161 204, 41.
171 bazzanene . 204 109 108, 67, 93,
; 55, 8l.
173 bergamotene 93 41, 119, 69,
107.
175 & ~bergamotene 93 119, 41, 69,
79.
176(3340) X~trens- S-bergamotene 119 93, 41, 69,
55.
172 p-berganotene 41 69, 93, 148.
173 bisabolene 41 69, 93, 204,
73.
172 X-bisabolene 93 41, 121, 380.
177 X—=bisabolene 93 41, 81, 109,
204.

* B,P, = Base Peak

IIT 7

160,

105,

41,

55,

55,

91,

94,

119,

79,

107,

107,

55,

121,



SESQAUIDTRPTNT  HYDROCARBONS
Reference Comopound

176 X-bisabolene
172 /}-bisabolene
175 /S-bisabolene
172 & =bulnesene
172 ¥Y-cadinene

173 Y —~cadinene

175 y~-cadinene

172 § —cadincne

173 § ~cadinene

178 § —cadinenc

175 §-ceadinene

173 calarene

172 sesqui-2-carene

Contd...

Formula Mele B.P. Stronmest Tons
015H24 204 93 119, 41, 105,
107.
69 41, 93.
69 93, 41, 94,
79.
015H24 204 107 93, 108.
161 105, 41, 136.
161 41, 204, 57,
105.
161 105, 93, 95,
T9.
161 134, 204, 134.
161 134, 204, 41,
119.
161 134, 105, 119,
91, 81.
161 134, 204, 119,
81.
161 204, 41, 105,
189.
93 41, 121,

III 8

109,

67,

9,

41,

105,

204,

105,

91,

121,

204,

19,

119,

91, ,
41,
91, ,

55,



HYDROCANBONS

Reference Comvound

173 caryophyllene
172 caryophyllene
176 caryophyllene
175 caryophylleune

176(3476) caryophyllene
174 &~ caryophyllene
172 cedrene

173 X -cedrene
175 X —cedrene

174

173

X -cedrene

p -cedrene

Contd ecee

Formula Melle B.P, Stronrcest Toas
133, 51.

41 93, 69, 148,

41 79, 91, 93,
T7, 67

79 91, 39, 53,
67, 93.

133 93, T9, 91,
81, 1T7.

93 80, 121, 41,
147, 107,
119 93, 204.

119 41, 93, 204,
103, 55.

119 93, 105, 41,
91, 161.

93 41, 105, 204,
161, 91.

204 181, 69, 41,
55, 120.

IIT 9

5T,

120,

.53,

1T,

105,

92,

69,

69,

69,

93,



SESQUITTRPIE  HYDROCARBONS

Reference Conmwnound

172 X -~chamigrene
172 /G—chamigrene
176(138) clovene

172 clovene

173 X ~copaene
175 & ~covpaene
178 copaene

172 D\ —cubedbene
173 & —cubebene
175 & —-cubebene
175 ’/5 —cubebene

Contdeses
Formula .. B.P, Strongest Tons
ClSH24 204 136 121, 93, 136.

189 41, 93.

161 41, 189, 91,
79, 55.

161 189, 41, 189.

161 119, 105, 41,
89.

119 105, 161, 93,
92.

119/

105 161, 93, 41,

161 105, 119.

161 119, 105, 204,
9].'

105 161, 119, 91,
81.

161 105, 91, 120,
81.

IITI 10

105,

204,

a1,

9n,

41,

41,

41,

93,

41

92

121,

93,

119,



SHSQUITARPTIT  HYDI0CARDOUS Contdees.

Reference Compound Formula 11.Y7. B.P. Strongest Tons
173 B-cubebene c15H24 204 161 119, 105.
172 X —~cuprenene 119 121, 204, 136.
172 K —cuprenene 119 93, 105.
175 4,10-dimethyl-T—- 119 105, 161, 204, 121,
isovropyl-bicycle 91, 41.
(4,4,0)-1,4,d3ecadiene
172 X—elemene 161 41, 119,
173 K —elemenc 121 41, 93, 55, 57,
110, 67.

172 /6-e1emene 93 41, 81, 68.

173 /3 —elemene 41 68, 81, 93, 6T,
55, 5T.

172 Y —elemene 121 93, 105, 136.

175 Y —elemene 121 93, 107, 41, 105,
91.

172 § —elemene 121 93, 136.

173 § ~elemene 136 121, 93, 41, 91,
161.

175 § ~clemene 121 93, 136, 41, 161,

4 43.

ITT 11

67,

204,

9,



SISHUTIIRP TN HYDROCABONS Contdeess

Reference Compound Formula M.W. B.P. Strongest JTons
173 eremophilene C15H24 204 4] 204, 123, 121, 93,
79, 119.
177 eremophilene | 93 107, 41, 161, 1T9,
91, 105.
172 farnesene 69 41, 93, 120,
175 ot -farnesene 93 41, 69, 55, T9,
107, 119.
173 tmns-/)-farnesene 1 69, 93, 55, 81,
53, 6T7.
172 o —ferulene 105 161, O91.
173 guaiene 161 105, 204, 41, 119,
91, 109.
172 X ~guaiene 105 147, 107, 148.
175 0 —-guaiene 105 107, 147, 93, 41,
79, 91.
175 § —zuaicene - 107 93, 108, 179, 41,
81, 105.
175 ol —gurujene ' 204 161, 105, 139, 41,
119, 91.

ITT 12



TACEATTTTITIIND
SJ x,“)' ’I_JIT _)-LPJ

X

7 HYDROCANDBONS

Reference Commound

172 ) -Furujene
175 /3—gurujene
176(137) /?-gurujene
174 /3-—gurujene

172

175

175

172
176(3474)
172

175

176(136)

173

K =himalchalene

o¢ —-himalchalene

/g-himalchalene

/G-himnlchalene
hunulene
hunmulene

humulene

humulene

X ~humulene

Con‘td....

Formula M.7.e Bl.P.

Stronmest Tons

015H24 204 204

161

41

161

93

93

119

119

80
93

93

41

93

ITT 13

161,

a1,
93,

161,
93,

91,
103,

41,

94,
9,

204,
93,

204,
a1,
11,

80,
107,

93,
19,

41,

204,

105.
105, 91,
107.

105, 1719,
55/107.
105, 179,

107.

94, 134.
119, 41,
105.

121, 134,
133.
134,
121, 93,

80.

121, 41,
147.

53, 67,

7.

80, 121,

55.

119,

1Ty

1T,

79,

105,

107,

92,

9,

53,



STSOUTENRPTIS  HY YWCANT0NS  Contdeese

Reference Compound Formule 1.« B.P, Stron~est Tons
177 /B-hunvlene C)cH,, 204 161 41, 105, 81, 91,
119, 79.
174 isolongifolene 161 41, 175, 105, 1438,
133, 119,
172 khusimene : 134 91, 93, 135, 133.
172 longicyclene 94 105, 91, 163.
175 longifolene 161 94, 91, 93, 107,
95, 105.
172 lonzifolene 41 161, 91, 94.
174 longifolene 161 94, 91, 93, 107,
105, 95.
172 longininene | 91 119, 105, 204.
175 ¢ —muurolene 105 161, 204, 93, 94,
81, 119.
172 o¢—~muurolene 105 161, 41, 94.
178 X—muurolene 105 94, 93, 161, 41,
204, 89.
174 0¢ —muurolene . 161 94, 93, 204, 41,
81, 91.
175 Y —-muurolene 161 105, 119, 93, 204,
91, T9.

ITT 14



SUSOUTIORTIATE Y DAOCARBOTS  Contdees.

Reference Comnound Formula  M,7. 3B.P, Stronsest Ions

174 ¥ —-muurolene 105 93, 119, 41,
19, 204.

174 & -muurolene 81 41, 91, 93,
79, 67.

172 X-patchoulene 135 93, 107, 108.
172 /gépatchoulene 189 161, 204.

175 /3 =vatchoulene 161 189, 119, 105,
204, 41.
172 ¥ -patchoulene 204 161, 41.

173 santalene 94 122, 41, 55,
79, 69.

175 X—santalene 94 939 41’ 95,
121, 107.
172 € —santalene 41 94, 93.

40{3439) X -santalene 93 94, 41, 107,
91, 69.

172 /3 —santalene 94 93, 41, 122,

175 3 =santalene 94 122, 41, 93,
55, 91.

175 evi-/~santdlene 94 122, 41, 93,
69, 6T.

IIT 15

9,

105,

93,

93,

69,

121,

79,

79,



SUSOUITERPTIN  HYDROC,R

Reference Comnound

172 K —-selinene
173 ¥ ~-selinene
173 /ﬂ—selinene

40(135)  M-selinene

174 /ﬂ-selinene
172 /@-—selinene
173 § —selinene
175 thujovsene
172 thujopsene

176(1746) +thujovsene

174 thujopsene
172 valencene
172 vetivenene

Con-bd e o0

Formula ¥elle B.P. Strongest JTons

Cl5H24 204 189 204, 161, 189.

41 55, 204, 189,
81’ 93-

41 204, 81, 55,
93, 67.

93 41, 80, 121,
55, 109.

&o 41, 121, 107,
109, 79.
204 41, 105,

204 189, 161, 41,
105, 55,

119 123, 105, 121,
41, 107.
119 123, 121.

121 119, 133, 93,
105, 107.

119 123, 41, 105,
93, 55.
204 161, 41.

204 161,

III 16

91.

52,

107,

107,

55

91,

93,

189,

121,



ST MITTIRPHN

HYDROCARBONS Contdesee

Reference Comoound
172 zingiberene
173 K ~zingiberene

178

172

172

173

173

173

173

173

173

173

ylangene

&—ylongene

/?—ylangene

farnes are

bisabolane

elemane

humulane

cadinane

caryovhyllane

eremophilane

Tornula 11.71e B.P. 8Strongest Ions
Cysly, 204 93 119, 41,

93 119, 41, 69,
56, 204,

105 119, 93, 120,
41, 91.

105 119, 93, 120.

161 41, 204, 120.

Cl5H32 212 57 43, T, 55,
89, 69.

ClBHBO 210 41 69, 93, 204,
55, 730

69 41, 55, 43,
83, 111.

41 55, 5T, 69,
‘ 45, 67.

CysHyg 208 165 109, 41, 95,
208, 83.

41 68, 152, 55,
82, 83.

208 41, 55, 95,
109, 69.

IIT 17

84,

161,

52,

94,

56,

59,

55,

69,

81,



SESQAUITLRPENTS  HYDROCARBONS Contdes.e.

Reference Comvound Formula M.!l. B.P. Stronsest Tons

173 santalane 015H28 208 123 41, 95, 55,
208, 81.

173 selinane 41 55, 208, 109,
83, 69.

173 bergamotane 41 55, 69, 95,
43’ 83-

173 cedrane C15H26 206 82 41, 206, 56,
96, 122.

173 copane 163 41, 81, 107,
93, 67.

173 dihydrovalancene 206 41, 95, 163,
81, 121.

IIT 18

43,

96,

81,

69,

55,

9,



LACTOTIIS

Reference

Comnound

165

160

0(73/768)

167

170

176(350)

11(935)

165

176(934)

165

176(936)

hyvosantonin

costunolide

furanoliguranone

bakikenolide-A

linderalactone

achillin

6=epi-X-santonin

{-santonin

{~santonin

/?-santonin

ﬂ —-santonin

III 19

Formula ¥.d. B.P. Strongest Ions

v 015H1802 230 158 215, 230, 119,
: 115, 171.
121, 105,

108 232, 109, 41,
17, 091.

015H2202 234 124 109, 111, 123,
79, 85.

015H1603 244 244 161, 199, 133,
91, 105.

015H1803 246 246 91, 173, 172,
1T, 135.

246 173, 83, 85,
108, O91.

90 91, 173, 246,
175, 121.

246 173, 41, 91,
' 172, T7.

90 91, 173, 135,
142, 122,

246 173, 41, 135,

172, 231. ‘

159,

81,

79,

91,

148,

217,

1,

135,

134,

246,

91,



LACTCIUES

B.P.

Stronszest Ions

Reference Compound Formula .U,
165 C —santonin c15H18O3 246
165 D ~santonin

176(939) 6-deoxy-geigerin 015H2003 243
176(941) 1,2,-dihydro~

176(378)

176(937)

165

176(938)

176(940)

176(377)

163

& —santonin

arglanine 015H1804 262
artemisin
artemisin
geigerin : 015H2004 264

isophoto- ({~santonic

lactone

vulgarin

gaillardin 306

015H2205

IIT 20

90

90

133

248

247

91

90

151

43

249

188

246,
108,

246,
159,

248,
91,
192,

233,

229,
262,

' n,

135,

135,

149,

95,
67,

a1,

9,

203,

53,
189,

173, 91, 145,
135.

173, 145, 135,
134.

41, 55, 1719,
206,
41, 55, 124,

136.

201, 183/248,
211.

T, 262, 69,
7.

123, 262, 244,
124.

69, 55, 41,
173.
264, 55, 193,
124.

175/231, 250/135.

91, 55, 105,
228,



KHTONS3

M.,

B.P.

Stronsest ITons

Reference Compound Formula
176(358) aristolone 015H22O
177 eremophila~9,11~
dien~&-one
177 eremophila~T7(11),9,-
dien~8-one
175 germacrone
177 isopetasol | C15H2202
177 petasol
177 fukinone 015H240
0(73/1096) carissone 015H2402
176(1180) cyperolone
176(347) allopeucenin 015H16°4

IIT 21

218

234

220

236

260

218

218

218

107

234

166

109

59

43

205

203,

1T,

91,

161, 105/119.

135,
147,

161,
175,

135,
93,

161,
137,

234,
123,

220,
108,

218,
203,

41,
236,

260,
176.

150,
97.

147,
1490

121,
91.

162,
147.

122,
201.

110,
111.

43,
147.

a,
161.

217,

203,

162,

67,

139,

161,

96,

41,

133,

245,

147,

161,

203,

41,

149,

94,

68,

163,

179,

123,



KOTOHES Contdeeces

Reference Comnound
176(762) allopeucenin
176(346)  isopeucenin
176(763) isopeucenin
176(342) peucenin
176(761)  peucenin
176(348) karenin

Formula .. B.P., Strongmest Ions
015H1604 260 205 260, 217, 43,
41, 245.
205 260, 217, 245,
192, 123.
205 260, 217, 204,
4‘1’ 43-
205 217, 260, 245,
123, 231.
205 217, 260,_245,
49.
015H1405 274 259 274, 233, 231,
203,
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206,

176,

206,

192,

206,

245,



ALCOHOLS

Reference Comnound Formula Mole B.P. Stronzest Ions

175 cis,irons,farnesol C15H24O 220 69 41, 84, 81, 55,
_ 105, 67.

175 trans, trans farnesol 69 84, 41, 81, 55,
39, 67.

175 X ~=santalol 94 93, 121, 43, 41,
122, 107.

176(140) santalol 93 94, 121, 41, 179,
167, O91.

176(1749) santalol 93 121, 94, 55, 91,
43, 107.

178 ylangenol 91 135’ 93, 105, 177,
41, 81.

176(1220) /3 —bisabolol °15H26° 222 81 93, 41, 69, 119,
121, 82.

175 bulnesol 135 59, 107, 93, 161,
105, 81.

176(147)  §~cadinol 161 43, 119, 41, 105,
204, 95.

0(73/462) §—cadinol 161 43, 119, 105, 95,

41/91.

176(145) (X -caryophyllene 41 109, 135, 189, 43,

alcohol 95, 55.
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ALCOHOLS Contd/....

Reference Compound
175 cedrenol
0(73/935) cedrol
175 cedrol
176(141)  cedrol
0(73/760) drimenol
176(148) drimenol
175 /Z—eudesmol
176(145) eudesmol
176(150) farnesol
176(1747) farnesol
175 guaiol

Formula Melle BePe Stronsest Tons
C15H26O 222 95 41, 43, 150,
69, 55.
95 150, 151, 43,
69/81.
95 150, 151, 43,
69, 81.
95 150, 151, 41,
43, 81,
109 124, 41, 69,
81’ 95.
109 124, 41, 69,
81, 95.
59 149, 164, 108,
41, 81.
59 149, 109, 164,
81.
69 41, 43’ 93’
81, 68.
69 93, 41, 55,
79, 107.
161 59, 107, 105,
81, 163.
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151,

1,

a1,

64,

559

55

109,

41/43

55,

119,

93,



ALCOEOLS

Reference

Contd/eees

Comnound.

0(73/955)

176(143)

0(73/957)

0(73/764)

176(149)

176(142)

175

175

177

177

176

0(73/961)

guaiol

ledol

ledol

nerolidol

nerolidol

patchouli alcohol

torreyol

hexahydronerolidol

isopetasol

petasol

daucol

daucol

Tormula M.7. B.P. Stroncest Tons
C15H26O 222 161 59, 107, 105,
93, 81.
43 41, 69, 122,
81, 107.
43 41, 69, 109,
55.
69 41, 93, 43,
55, 81.
69 41, 93, 45,
43, 55.
41 222, 98, 81,
138, 55.
161 43, 119, 41,
95, 81.
Cl5H32O 228 T3 43, 55, 697
41, 8.
Oy 5Hy0, 234 234 161, 162, 139,
187, 147.
166 234, 122, 161,
123, 201.
015H2602 238 151 43, 194, 41,
93, 133.
151 93, 43, 194,

136,

55.

43,

109,

81/122,

71,

71,

83,

105,

57,

149,

94,

136’

a1,



