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S U M M A R Y .

The work discussed in the thesis con "bo considered 
in three separate sections:

Part I: The Mass Spectra of some Dinryl Ethers.
Part II: The Mass Spectra of some Naturally Occurring

Phenolic Compounds.
Part III: The Mass Spectra of some CarbohydrateDerivatives.

Part I:
The ethers used in this section are compounds containing 

fused aromatic rings and homologues of diphenyl ether with 
methyl substituents on the aromatic nuclei. The spectra of 
these compounds have heen compared with that of diphenyl ether. 
The degradation of diphenyl ether by loss of carbon monoxide 
has been noted previously and the extent to which the 
corresponding reaction takes place in other ethers has been 
correlated with the structures of these compounds. Other 
correlations have been made in an attempt to explain the 
presence of rearranged ions which appear in the ortho-meth.vl 
ether spectra.
Part II:

Some derivatives of tubaic acid were investigated. It was 
found that mass spectrometric methods can Identify or help 
to identify the isoprenoid groups present in such molecules. 
This was confirmed by an examination of the rotenoids. The
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2t5-dlhydroxyrotenbids can be easily Identified by their 
mass spectra. Two examples are given of the partial 
determination of the structure of compounds of this class.
An analysis has been mode of the spectra of some flavonoid 
compounds.

Part 111:
A preliminary examination has been made of the mass 

spectra of some glycosides and sugar alcohols. Correlations 
have been made between spectra and structures in each case. 
Differences in the spectra of two methyl glycosides have 
been related to differences in the stereochemistry of the 
compounds. The spectra of all the isomeric inositols are 
recorded. Proposals have been made for the mechanism of 
degradation of these compounds.



P A R T  I.

The Mass Spectra of some Diaryl Ethers.

Introduction;
The behaviour on electron Impact of a wide variety of 

organic compounds has been reported. Of these the n- paraffins 
have the simplest structure. An examination of the mass 
spectra of these compounds will demonstrate the difficulties 
involved in correlations of spectra and structures.

TViallard and Magat reported the mass spectra of some 
n- paraffins. They showed that aa the molecular weight 
increases, the number of fragments due solely to cleavage 
at carbon-hydro gen bonds decreases. The extent of this 
decrease (from 84$ of all fragment ions in ethane to 0.008$ 
in n-octane) shows that fragmentation is determined to some 
extent by the strength of the bond broken. Bond strength 
alone does not entirely control the process as can be seen 
by an examination of the mass spectrum of n-eicosane (Plg»l).

The intense ions in the spectrum are mostly of the 
type CjjHgn+j* and these could be produced by simple carbon- 
carbon bond fission. The relative Intensities of ions of 
varying carbon number are, however, more difficult to explain.
In the most recent work on this subject, Beynon and his 
collaborators8 have shown that the prominent ions in the
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spectrum cannot be produced by simple carbon—carbon bond 
fissions they postulate a cyclic intermediate, The quasi-

i
equilibrium theory of Eyring, Rosenstoek and Wahrhaftig10 
has been used to calculate the mass spectra of small molecules. 
The method is too complex to be employed with the larger 
molecules which are of interest to the organic chemist.
It has therefore been found that empirical and semi-empirical 
correlations are of value in the study of mass spectra and 
this has been the subject of two comprehensive reviews,

It will be noticed in the spectrum of n-eicosane that 
all the prominent ions have an odd mass number. This is



consistent with the observation that ions having an even 
number of electrons are more stable than those having an 
odd number5* The general nature of the mass spectrum of 
n-eicoeone is typical of the n-paraffln spectra*

Branched hydrocarbons show distinct differences. In
£a study of the octanes Mohler and his collaborators hove 

shown that the branched octanes have less abundant molecular 
ions* Compounds with quaternary centres usually have 
extremely small molecular ions. Fragmentation takes place 
predominantly at branch centres.

Acyclic olefins present difficulties in interpretation 
which probably arise from rearrangements. Four of the five 
isomeric pentenes have very similar spectra3. Cyclic olefins, 
however, fragment in a more predictable manner. Reed' has 
shown that lanost-9(ll)-ene fragments in the following manner, 
i.e. cleavage takes place at the allyiic bonds:-

c1SH38+ + neatoaj SI K 208 product e
neutral

SI - 204 + producte

The presence of an alicyclic ring in a molecule can confer 
great stability on the molecular ion. Beynon® finds that a
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compound having an intense molecular ion will probably 
contain a ring system* although the reverse does not 
necessarily hold true. In the spectra of ethyleyclopentane 
and ethylcyclohexane^ the most abundant ions are the 
unsubstituted cycloalkyl ions. This behaviour is typical 
of raonosuhstituted cyclo allcane s. More complicated cyclic

7 Iisystems do not necessarily follow this rule. In the steroids 9 
one of the most common processes involves the loss of the side 
chain and a Cg fragment. Friedland and his collaborators 
suggest that the fragmentation is of the form:-

C16H26*
$ 21 =2X7e

in cholestane.
The introduction of atoms other than catfbon and hydrogen 

raises the problem of assigning formulae to ions of a given 
nominal mass. The most common hetero atoms in organic chemistry 
are oxygen and nitrogen and the presence of isobaric doublets 
such as O : CH^ and IT s CHP does cause difficulties. The 
first method used to tackle this problem was the use of 
compounds specifically labelled with stable isotopes9 the 
most common being anck.D* The method has been



successful in several eases- "but the work involved in
preparing labelled compounds is considerable. The use
of the high resolution mass spectrometer has superceded
the labelling method to some extent. Beynon1^ has described
the use of a double-focussing mass spectrometer for the
resolution of ions with the same nominal mass but different
packing fractions. High resolution moss 3pectra have been
obtained for some esters13 and cyclic ketones1 .̂ In these
two cases difficulty in interpretation is due to the presence
of the doublet CH^:0 which involves a mass difference of
36.39 x 10~3 mass units. Therefore at IS. « ioo,e

A M  „5—  * 36.39 x 10 DM
Resolution of this order is outside the scope of a conventional 
single-focussing mass spectrometer, but quite possible with 
a double-focussing instrument.

There ore two main difficulties in the study of the mass 
spectra of alcohols. The first Is the ease of thermal 
degradation in the inlet system before the molecule reaches 
the ionization chamber. With alcohols of high molecular 
weight this can be avoided by using a siiitably volatile 
derivative of the alcohol. Trimethylsilyl ethers have been
used very effectively13. Because of their greater volatility 
the Inlet system can be used at a lower temperature than that
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required for the corresponding alcohols. Trimethylailyl 
ethers do not have a significant parent molecular ion (P)+ 
hut there is always an abundant (P-15)* ion. Formates^ 
can also he used as derivatives of alcohols for mass 
spectrometry. In the spectra of the alcohols there is 
often a (P-18)+ ion. Water is probably formed as the 
neutral fragment. The (P-18)+ ion appears to fragment in 
a similar manner to the corresponding olefin. Cyclic 
alcohols usually have significant molecular ions. In 
most of these cases the (P-18)* ion is abundant, as can he 
seen in the mass spectra of some sterols1-1’. Bienann and 
Seibl1^ have examined some naturally occurring epimeric 
alcohols, and find that the more crowded epimer has the 
more abundant (P~18)^ ion.

In the spectra of oxygenated compounds there are often 
found ions which cannot be produced by simple bond fission. 
The presence of these can only be explained by invoicing a 
mechanism involving formation of new bonds. McLafferty1® 
considers such rearrangements to be of two main types: 
random and specific. The former Involves random migration 
of various groups within the ion. This is most commonly 
observed as the migration of hydrogen and deuterium atoms 
within hydrocarbon ions. A family of ions, generally of 
low abundance is usually produced.



Specific rearrangements produce ions of greater 
abundance. The driving force for their formation is 
usually either a low-energy degradation route or the 
production of very stable intermediates and fragments.
This type of ion is found most often in polar compounds, 
especially oxygen and nitrogen containing compounds.

Specific rearrangements are classified into five 
main types, according to whether the ions and neutral 
prdducts concerned contain an odd (O.E.) or even (E. E, ) 
number of electrons.
A. 0. E. ion— >0.E. ion + E. E. molecule

(single rearrangement).
B. O.E. ion— =*E« E. ion + 0. E. radical(double rearrangement).
0. -cyclic O.E. ion— s*E„E. ion + O.E. radical(single rearrangement).
D. E. E. ion — > E. B. ion + E. E. molecule(single rearrangement).
Eo ion— > E. E. ion + E. E. molecule + other products.(multiple rearrangements and fissions),;

Of these the most easily recognised are the first group, 
since they are possible in the degradation of a molecular ion.
A most common example of such a rearrangement is found in the 
spectra of aliphatic carbonyl compounds. It takes the form;
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and is found in the spectra of aldehydes16, ketones17,
amides16, caxboxylic acids^19) and esters^20).

It is considered that such a rearrangement takes place
by means of a stericnlly favourable intermediate, e.g. in
the case of n-butyraldehyde:

M*.

There is considerable evidence for the above mechanism. 
A similar double rearrangement is found in the isocrotonic 
acid spectrum with formation of an ion of £ « 60. It is not 
found, however, in the spectrum of crotonic acid,

<fB ° ?
HC5&. / ° X  H C / \ / \ hOH  h 3c g 1011N

Isocrotonic Acid. Crotonie Acid. '
where a six-membered ring transition state is not possible.
This type of rearrangement does not occur vrhen there is no
hydrogen atom X to the carbonyl group, e.g. it is found in
the n-butyric acid spectrum but not in the propionic acid
spectrum. The structure proposed for the ion produced is
not unlikely, since there is evidence**1 that such ions nre
present in the enolform.

Purely aromatic compounds produce very simple mass
spectra22’5*6. Benzene can lose fragments, resulting in
the production of ions of 2 » 52, 51 and 50. Almost halfe
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the ionization produced consists of the molecular ion and
Boubly charged ions; the proportion of these in the spectrum
increases as more fused rings are added. The loss of a Cg
fragment is still significant and the intensity of the ion
(P-26)* has been used diagnosticolly by Reed23 and treated
theoretically by Lester2 .̂ Reed also noted the ready loss
of two hydrogen atoms from the molecular ion in some coses*

Aromatic hydrocarbons with saturated substituents do
not behave as the corresponding alicyclic compounds. The
spectra of toluene, ethylbenzene and the xylenes all have
the most intense ion at 51 =2 91- The most obvious explanatione
is that of benzyllc bond fission to give a resonance-stabilised
benzyl ion, in the case of the first two compounds. The
phenomenon is not so easily explained in the cose of the
xylenes. MeyerBon and Rylander 23 have demonstrated that
in the ion of 2 s 91, all the hydrogen atoms are equivalent e
and it must therefore be the tropylium ion (I). It has also 
been shown***5 a* that the hydrogen and deuterium atoms in the

I IT
benzyl and «*C -dg-benzyl radicals are completely randomised 

ibon ionization. In the formation of the tropylium ion from 
deuterated toluenes23 the hydrogen atom lost from the 
molecular ion does not necessarily originate from the
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methyl group. This suggests that the molecular Ion Is 
involved in a skeletal rearrangement to the cycloheptatriene 
ion (II).

s :

MeLafferty^ has reported the loss of water from aromatic 
carboxylic acids with OC-hydrogen atoms in the ortho position. 
This would appear to he a specific rearrangement of type A*5 
and the molecular geometry is suitable for a cyclic transition 
state, e.g. for o-toluic acid.

The most abundant ion in the mass spectrum of phenetole has
poH s 94. It is considered to be formed by the following e

process which is similar to the behavious of vinyl ethers.

Some of the most interesting rearrangements of aromatic 
molecular ions have been reported by Beynon, Lester and 
Williams^®. The compounds studied are phenol, anthraquinone 
and diphenyl ether. The process common to all three is the

o

Similar behaviour was found in esters of salicylic acid**5

The ion produced will probably rearrange to a completely
conjugated form, e.g. phenol

g = 122 e a a 94e
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elimination of carbon monoxide from the molecular Ion* In 
the case of anthraquinone this could be considered as the 
simple fission of two bonds, but since a second molecule of 
carbon monoxide can be removed bond foiroation must be tsking 
place. The mechanism proposed for the first loss of carbon 
monoxide is as follows giving a fluorene Ion III. A similar

?+ ofJi »  \V

^  L 1 I J I 1 11̂> f 1 f I
° *  m

process will be involved in the farther elimination of carbon 
monoxide from III. The ion produced will be the biphenylene 
ion„ With the exception of its molecular ion, the mass 
spectrum of anthraquinone is very similar to that of fluorene.

It is considered that phenol may rearrange to the cyclo- 
hexadienone form before losing carbon monoxide. If it does 
not db so, the expected fragment ion would be at g = 65 with 
the loss of a formyl radical. This does occur but the 
(P - C0)+ ion is the most intense fragment ion in the spectrum. 
Analogous to this is the behaviour of the raono-hydroxyanthra- 
quinones550. In the spectra of these compounds there are the
typical intense ions at § » 2S4 (P), 196 (P-CO) and©
168 (P — SCO) as found in anthraquinone. There is a further
intense ion at IB = 139 with a corresponding doubly charged ion e
at S s 69.5, which arises as follows:—

ClsHg°+  S' C11Hy+ + CUD'
m  =. i a q  m  _  7 izQ
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There Is also an ion at 251 & 140 which is produced by losse
of three molecules of carhon monoxide from the molecular ion. 
This tendency is continued in the dihydroxy-onthraquinones

loss of four molecules of carhon monoxide from the parent 
molecular ion* The authors note that the formula of this 
ion, is "kt16 8ame as naphthalene, hut one can
only speculate as to the structure.

One of the main driving forces of this type of rearrange
ment appears to he the stability of the carhon monoxide molecule 
Analogies can he found in the spectra of other aromatic 
compounds, e.g. the elimination of acetylene from hydro
carbons3**34. Nitrogen compounds behave similarly. The
loss of HCN from indole derivatives and of both HCN and NO

29from nitroanilines have been reported.
Beynon, Lester and Williams39 also showed that diphenyl 

ether eliminated a molecule of carbon monoxide. This was 
confirmed by an accurate mass measurement of the ion of 
B  s 142. The following mechanism was proposed?-

where an ion of S  = 128 appears which can only be derived by

e

IV V
IV is merely a mesomeric form of the molecular ion and the 
geometry of the molecule is such thot a bond can easily be



—15—

formed between the two ortho positions. V can lose carhon 
monoxide by a series of electron shifts and a hydrogen 
migration. ^JPhese are not necessarily concerted as shown.

The radical ion of IS = 142 can readily cyclise to the
benzeycloheptatriene ion. The more abundant ion at

atom from S = 142 or by elimination of a formyl radical from
the molecular ion.

A series of diaryl ethers of higher molecular weight 
have been prepared and mass spectra hstye been obtained.
The object of this study is to determine whether or not 
this rearrangement is common to diaryl ethers, and if its 
occurrence is compatible with' the above mechanism. Attempts 
have been made to correlate the structures of these ethers 
with the cracking patterns obtained.

e

~ A 141 nmty-.be formed in two ways? by loss of a hydrogen@

e



-16-

Experimental:
The mass spectra of the diaryl ethers were obtained 

using a Metropolitan Vickers Ltd., M. S. 2 Mass Spectrometer 
employing an accelerating voltage of 2 &V and magnetic 
scanning. All^ spectra are run at an ionising voltage of 
50 eV.

Diphenyl, o<-naphthyl phenyl,/£-naphthyl phenyl, 
o( -dinaphthyl 9/3 -dlnaphthyl, o( -dinaphthyl,
9-phenanthryl phenyl and 9:9’-diphenanthryl ethers, 
o~phenoxybiphenyl and £-phenoxybiphenyl were introduced 
directly into the vaecuum system and allowed to evaporate 
continuously. The sample was introduced packed in the 
hollow at the end of a glass or copper rod which was Inserted 
behind the ion source and sealed off with a screw cap and lead

90gasket. Reed and de Mayo used a similar technique, but in 
this case no external heating was used. Reproducible spectra 
were obtained but since the compounds were polar there were 
pronounced 1*memory effects” tfhich could not be quickly eradicated

Sbr the other ether samples, some of which were liquid 
and not easily amenable to the above method, a heated inlet 
system was constructed (Pig. II). The samples are contained 
in small glass tubes and introduced at G while tap D is closed 
and tap C Is In the position shown. Air is removed by 
opening tap D while the sample tube sits inside tap C«
Tap C Is then turned until the tube falls into the heated 
reservoir A, where the sample volatilises and Is Introduced



K

k

FIG. II,
A. X Litre spherical flask.
B. Outlet for removing used sample tube9.
C. 5-Way /vtap.
D. Open/close tap.
E. Outlet to second pumping system.F. Heated and lagged copper tube.G. Inlet for samples.
H. Leak.
I. Lead gasket.Jo Glass ball/socket ;Joint.
K0 Heating coils for hot air bath.
Lo Insulated double jacket for hot air bath.
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in to the ion source through the sinter H. To remove the
sample, the reservoir is opened to the second pumping system
through taps C and D*

The reservoir is Kept in an air "bath heated by coils K,
The copper tube P is directly heated by a winding. The
temperature of the system is shown by a thermometer inside
the air bath and a thermocouple on the tube P. The only
possible "cold spot" is the tap C. This was so designed
to make it possible to use lubricated taps. Edwards Silicone
Grease was used. This was found to give no appreciable
spectrum below 250°C. "Memory effects" were negligible.

The diphenyl ether used was commercial grade purified
by crystallisation. <*-naphthyl phenyl, A  -naphthyl phenyl,
<X :oC*-dinaphthyl, o< xfi* -dinaphthyl33, /$ r/S'-dinaphthyl3 ,̂

*55 f9-phenanthryl phenyl1 and 9:9-diphenanthryl^® ethers were 
prepared by known methods. The phenoxybiphenyls were prepared

*ZV7by an adaptation of a known method^.

£-phenoxybiphenyl: To a solution of 4.5 gm„ sodium methoxlde
in 90 ml. methanol was oolded 14.2 gm. £-hydroxybiphenyl and

386.0 gm. diphenyliodonium bromide . After the mixture had 
been refluxed for 24 hrs. the ether-soluble product was 
collected and distilled under reduced pressure. The solid 
distillate, reerystallised from benzene gave 1.37 gm. (48/£) 
£-phenoxybiphenyl, m.pt. 136°C.
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o-phenoxybiphenyl: The same method was used os above
hut light petroleum, h.pt. G0°-80°, was usea to recrystallise 
the ether* This gave 0*91 gm. o-phenoxyb1phenyl (36#) 
ra.pt. 37°C.

The samples of the phenyl tolyl ethers, phenyl S-ja-xyiyl, 
di-o-tolyl, o-tolyl 2-m-xylyl and di-2-m-xylyl ethers were 
prepared hy Mr. G.Shearer of this department®**.
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TABLES OP SPECTRA.

TABLE I: Diphenyl Ether.

m/e Relative
Intensity m/e Relative

Intensity m/e Relative
Intensity

171 20.9 111 0.3 74 2.0
170 100.0 110 0.1 73 0.3
169 16.7 109 0.2 72 0.5
168 5.0 108 0.1 71.5 0.8
167 0.8 107 0.2 71 3.8
166 0.5 106 0.7 70.5 1.1
167 0.5 105 1.8 70 2;7
166 0.3 104 0.9 69 1;1
155 0.7 103 0.3 68 1.1
154 0.2 102 1.2 67 0.5
153 0.3 101 0.1 66 2.8
144 0.8 100 0.1 65 7.8
143 4.2 95 0.7 64 2.6
142 31.3 94 4.0 63 6.0
141 49.2 93 0.6 62 1.5
140 7.1 92 0.6 61 0.3
139 4.2 91 1.3 60 0.1
138 0.6 90 0.3 59 0^3
137 0.4 89 1.6 58.5 0.1
131 0.2 88 0.4 58 0.7
150 0.1 87 0.4 57.5 0.7129 0.5 86 0.3 57 1.3
128 0.6 85.5 0.7 56 0.6
127 0.6 85 2.6 55 2.0
126 0.3 84.5 0.2 54 0.3
125 0.2 84 0.8 53 0.7
120 0.4 83 0.5 52 2.3
119 0.2 82 0.2 51 37.3
118 0.1 81 0.4 50 8.7
117 0.3 80 0.1 49 0.6
116 3.1 79 0.4115 17.2 78 3.7
114 1.0 77 38.1
113 0.8 76 2.9
112 0.4 75 2.6
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TABLE II:

100.0(P) 
~T5 ,113.7
18.8 16.5

8.318,3

16*3

II

loo. q(p:

12.9
20.6

63.835.1

III

lOQ.OWlOQ.Ofrl80.524.6

25.2
22.3

39.6

J LIV

77.0
16.9

28.8
17.8

38.419.2

100.Ofe]69.4
25.3

18.6
15.7

28.4
14.8

VI

100.0(P)64.5
16.6

10.15.3

43.8
44.4

12.6
9.4

VII

IQO.Ote 50.3 
30.7

7.88.0

38.4
10.9

9.5
10.2

VIII

10Q0(P)~6l7l
22.3
23.0
30.7

15.3

IX

iood(p62.5
20.5
10.3
19.5

11.7

I. Q ^ ’-diphenanthryl ether.II. 9-phenanthryl phenyl ether. 
III. /s vS/S’-dinaphthyl ether.
IV. <x ip% -dinaphthyl ether.
V. oc: oc* -dinaphthyl ether.: VI. g-phenoxybiphenyl.VII. o-phenoxjrbiphenyl.

VIII./a -naphthyl phenyl ether.
IX. o< -naphthyl phenyl ether.



TABLE III:

m/e Relative Intensity
Phenyl Phenyl Phenyl
o-tolyl ether m-tolyl ether 2-tolyl ether

184 100.0(P) 100.0(P) 100.0(P)
T§3 28.1 50.5 46.6
182 4.4 6.5 7.6
170 3.9 3.9 3.1
169 8.1 9.3 8.7
168 4.9 6.5 5.8
157 1.6 3.4 -8*0
156 4.3 12,9 9.7
155 9.4 18.1 14.1
154 2.6 10.9 * 6.9
142 3.4 5.1 5.7
141 10.9 22.2 22.9
140 1.4 3.2 6.5
139 2.5 4.0 3.8
130 1.0 2.2 2.2
129 4.2 6.3 6.4
128 6.2 9.6 8.4
127 2.6 5.3 5.3
126 0.5 1.6 1.8
117 0.5 0.8
116 1.9 0.6 2.5
115 8.1 13.3 10.9
114 0.4 2.1 2.0
109 1.4 0.6 0.5
108 2.3 4.0 4.2
107 11.5 6.5 10.0
106 25.9 2.5 2.4
105 2.3 0.8 1.2104 1.0 - 0.594 1.9 3.7 2.593 0.8 1.9 1.992 4.7 9.5 11.591 39.5 69.4 84.590 6.1 7.3 8.489 7.4 12.2 9.988 0.3 1.8 1.5
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TABLE III: (Cont'a)

Relative intensity
m/e Phenyl Phenyl Phenyl

o-tolyl ether m-tolyl ether £-tolyl ether

80 0.4 0.8 1.2
79 5.1 6.5 8.478 87.0 18.5 17.477 80.4 40.4 53.8
76 3.5 8.5 7.9
75 1.8 4.3 4.3
74 1.3 2.0 2. 3
66 8.7 4.3 4.3
65 82.8 40.6 35.4
64 3.6 7.3 6.663 7.0 12.9 14.5
62 1.3 2.4 3.5
53 3.4 4.8 7.458 4.4 6.6 9.051 17.9 39.0 50.950 4. 4 9.8 11.5
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TAHLE IV;

Relative Intensity 
m/e Phenyl Di-o-tolyl o-tolyl Di-2-si-xylyl2-m-xylyl ether ether ^-m-xylyl ether

etUer
226 100.0(P)
226 ii.7
212 100.0(P) 6.8
211 14.5 25.2
210 1.1 9.7
209 2.6 12.2208 2.3199

100.0(P) 3.0198 100.OfP) 12.2 4.3197 40.6 18.9 32.1 7.8196 7.7 6.4 10.6196 4.3 11.9 13.7194 1.4 11.6184 10.1 9.3 2.7 4.4183 35.2 25.3 7.6 3.3182 14.4 6.9 9.3 6.3181 10.3 9.5 7.9 6.3180 4.5 3.9 2.6 4.9179 6.6 7.5170 2.6 8.2 1.3169 5.0 14.3 5.5 3.1168 4.5 10.6 4.1 2.7167 3.5 2.9 3.8 3.9166 1.2 4.5 3.1 4.5165 2.3 11.5 6.1 8.4155 8.5 9.4 2.8 2.2154 5.8 6.3 4.0 1.7153 6.8 7.2 4.9 3.2162 6.3 6.9 4.7 4.0151 4.0 3.0 2.5 1.8143 1.4 1.1142 1.6 1.3 1.8 1.6141 3.8 3.6 3.5 3.0139 1.0 1.4 2.9129 4.3 4.5 2.6 2.0128 4.5 6.1 3.3 3.5127 1.9 3.2 1.4 1.7122121
120119

5.022.881.92.5 0.7
0.7

3.8
19.7
64.5
0.5

«•> 0 (
4.0 
SO. 6 65.3 
8.3
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•CABLE IV: (Contfd)

Relative Intensity
m/e Phenyl Di-o-tolyl o-tolyl Di-2-m-xylyl

2-m-xylyl ether ether 5-m-xylyl ether
~ etTTer

118 1.5 0.5 4.0 14.7116 5.8 5.4 3.1 3.4107 7.1 39.1 13.9 9.7106 7.5 22.0 25.5 71.5105 53.7 11.2 21.8 75.7104 11.6 24.9 30.7 19.0105 22.0 2.7 11.1 30.194 3.7 0.5 2.1 2.295 5.7 6.5 4.4 4.792 55.0 54.4 30.9 20.891 43.5 61.7 44.6 48.490 3.9 13.9 4.9 6.389 2.9 15.1 6.9 8.579 16.8 8.1 13.8 35.878 18 o 4 28.8 11.6 28.077 46.8 20.9 28.0 71.876 3.1 4.2 2.1 5.3
75 2.6 3.0 1.7 4.965 14.8 53.1 21.7 18.664 2.3 6.6 2.8 4.065 5.1 15.5 5.2 12.655 6.6 15.452 5.6 7.8 2.8 8.951 21.9 19.5 6.0 26.050 4.7 4.5 1.5 6.7
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Discgssioy;
The simplest member of the diaryl ethers is diphenyl 

ether* In its mass spectrum (Tahle I) the most intense 
ion is the parent molecular ion* The most intense fragment
ions are at 1 c 142, 141, 115, 77 and 51. The Ion of g = 77e c
will he arising from the simple fission:

The phenoxy ion appears only in low abundance. There is, 
however, an ion at ~ s= 94 which must arise by rearrangement. 
It is commonly abundant in the spectra of other phenyl ethers 
where there is the possibility of formation by a six-membered

In the latter case a stable neutral product, ethylene, is 
formed* In the case of diphenyl ether the neutral product 
must be Assuming the same type of mechanism, the
process will be as follows. The neutral produet will not

be stable In the cyclic form, and the ring may open. This is, 
however, not a predominant reaction in the degradation of the 
diphenyl ether molecular ion. Indeed the ion of | = 94 has 
an abundance of 4% of that of the molecular ion.

28ring transition state, e.g. from phenetole as shown previously*!

+•

The presence of the Ions of | = 142 and 141 has already
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heen discussed, and the structures proposed for these ions 
are VI and VII respectively. It is to he expected that VI

VI VII
would lose a hydrogen atom readily to produce the completely

35aromatic ion VII, hy analogy with cyeloheptatriene . This 
is confirmed hy the presence of a metastable ion at ~ « 140.0 
which corresponds to the transition 

143* --> 141* + 1.
25This analogy can he extended. It has “been shown that

toluene and cyeloheptatriene hoth form the tropylium ion of
— ss 91 and they almost certainly form the same molecular ion.©
If 1-methylnaphthalene hehaves analogously to toluene there
should he s o m e  s i m i l a r i t y  i n  the 3 p e c t r a  o f  1-methylnaphthalene40
and diphenyl ether at mass numbers less than 143. These t w o

spectra (Figs. Ill and IV) have the following ions in common
with some similarity in relative intensity:-
£ ,= 141, 115, 102, 91, 89, 75, 74, 71, 70.5, 70, 69.5, 69, 65 e
and 61. There is a significant difference in intensity In 
the ions at the following masses:
2 « 105, 94, 85-J-, 85, 84j, 78, 77, 76, 75, 65, 51. It e
should he possible to explain the formation of the latter 
group of ions in terms of mechanisms which do not involve 
the prior formation of °xiH10°



FiS.in
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The ions of S » 94 and 77 have already "been discussed,6 o.The ion of — = 85 is the doubly charged molecular ion, (P) e
It will be noted that S 8 105 and 65 are complementary. They©
may be produced by the following type of fissions

Cl A o 0+  * W + + C5H6
a = 105e

W + W*
| = 65

The abundance of the ion of 51 = 51 is typical ofe
compounds which show an intense phenyl ion, e.g. bromo- 
benzene^*. It is probably produced by elimination of 
acetylene from the phenyl ion.

C6H5* ^  C4H3* * ^2^2*
In the partial mass spectra of ethers with condensed

aromatic rings, (Table XI The same processes are found.
The predominant reactions are elimination of CO and CHO* and
aryl oxygen fission. As xrith other purely aromatic compounds,
the molecular ion is the most intense in the spectrum. As
found In fused aromatic hydrocarbons, the stability of the
molecular ion appears to increase as the number of fused
rings increases.

In the unsymmetrical diaryl ethers both aryl groups
appear as ions, e.g. In the spectrum of 9-phenanthryl phenyl
ether,



It is therefore possible to detect the individual groups 
present In an unsyrnmetrical ether. The problem is more 
difficult when one tries to make a distinction between 
isomeric groups, e.g. oC- and -naphthyl„ In the spectra 
of the ethers the main difference between such isomeric 
compounds is in the loss of one or two hydrogen atoms from 
the molecular ion. There is, however, no empirical rule 
which can be used to determine the orientation of substitution 
in aromatic nuclei from the abundance of these ions.

When a methyl group is introduced into the aromatic 
nucleus there is a considerable change in the appearance 
of the spectrum. In the spectrum of phenyl m-tolyl ether 
(Table III) the ions corresponding to the loss of CO and CHD 
are reduced in intensity, and the most intense fragment ion 
appears at — = 91. This ion, could be obtained by
simple fissions
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C7 C6H5 C?H^ + CgHgO'

It is unlikely that it will he the Q-tolyl ion. As is 
found with the xylenes35 the ion will rearrange to
the toore stable tropylium form.

As mentioned before there is only a moderate abundance
of the ions of IS « 156 and 155 which are derived by e
elimination from the molecular ion of carbon monoxide and
the formyl radical respectively. There is, however, a more
intense ion at | s 141 and an ion of low but significant
intensity at IS » 169. The latter must result from the e
loss of the methyl group from the molecular ion. These
two ions will be related as in the following scheme, with
the production of the benztropylium Ion. The ion of 21 » 115e

is also found, as it was in other spectra containing the 
benztropylium ion (Pigs. Ill and IV).

21 = 141e

or other isomer
e
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In its other features the spectrum is similar to that
of diphenyl ether. The other aryl group is present as an
abundant ion at B  * 77, with its expected degradation producte
at 1 s 51. The ion of H = 65 is intense as is usual in the e e
spectra of compounds which degrade to the tropylium ion.
It is derived from the latter by elimination of acetylene8®.

<W —> W + °SHS-
The ions of g » 128 and 129 can be produced by elimination 

of Cg fragments from the (P-CO)* and (P-CIIO)+ ions, e.g.

CxoV
H - 156 - = i28e e

It has been suggested that the ion of § = 128 in the spectrum
50of 1 s 2-dihydroxyanthraquinone may have the naphthalene 

structures* and the same structure may be possible in this 
case.

The ion of ~ = 107 could arise from the fissions e

§ = 107

It is present in greater abundance than the phenoxy ion. 
Similarly an ion of the same mass appears more abundantly 
in the spectra of the eresols and dimethyl phenols than the

O Rphenoxy ion in phenol. By analogy with toluene it is 
to be expected that a hydroxytropylium ion will be formed.



3:4-dimethylphenol B = CHg 
Phenyl j>-tolyl ether has a spectrum (Table III) very 

similar to that of phenyl m~tolyl ether. The fragmentation
processes would appear to be the same and the only differences
are in the relative intensity of the ions formed.

Phenyl o-tolyl ether shows some striding differences
in fragmentation from its isomers. The most intense ion
is still at S = 91 but its intensity is reduced as is that e
of the phenyl ion (£ = 77). Two other ions appear withe
enhanced abundance at ~ = 78 and 106. Both ions csn bee
obtained by a rearrangement process involving a six-membered 
ring transition state, which is only possible where there is

+ C6H6

+ c6h6+
S = 78 e

an ©(-hydrogen atom in a position ortho to the ether oxygen 
atom. The ion of ~ s 78 may also be derived by the 
following fissiont



This is analogous to the behavious of o-toluie acid27.

In the spectra of the two isomeric ethers (Table IV)
with two ortho methyl groups the (P - CHg)+ ion is more
intense, especially in phenyl S-m-xylyl ether. This
molecule contains a 1:2:3-trisubstituted benzene system.
In the spectrum of this compound the most intense ions
appear at S = 120, 105, 92, 91 and 77. These ions can be e
obtained by simple aryl oxygen fission (Fig. V) and by 
(X-hydrogen migration (Fig. VI).
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The ion of S s 105 (Pig. V) will probably be the e
methyltropylium ion rather than the 2-m-xylyl ion. The

process may be responsible for the production of the ion of
~ = 78 from phenyl o-tolyl ether, e —•

In the phenyl 2-m-xylyl ether spectrum the (P - 00)+ 
and (P - CHO)* ions are noticeably less intense than the 
corresponding ions in the spectra previously discussed.
The products in this case will be dimethylcycloheptatrlene 
and dimethylbenztropylium ions, which will degrade more 
easily than more simply substituted ions. If the mechanism

QQproposed for the elimination of carbon monoxide is correct 
and applicable in this ease, the process will be hindered. 
Since the first stage of this mechanism involves ortho-ortho 
coupling, the presence of substituents in the ortho positions 
will decrease the probability of this process.

As with phenyl o-tolyl ether the (P - CHg, CO)* ion is 
more intense than the (P - CJHO)* ion: the former appears at

ss 155. The benztropylium ion st̂ ill appears at § = 141.
It is possible that it is derived from the (P - CBO)* ion 
in the following manner. The ions of |  = 155 and 141

degrade by loss of Cg fragments to ions of ̂  = 128 and 115 
3@spec tlvely.

appearance of the ion of S = 92 indicates that a similar

CBO

| = 198 § = 169
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Di-o-tolyl ether is isomeric with phenyl 2-ro-xylyl 
ether, hut the methyl groups are in less stericnlly hindered 
positions. This difference is reflected in the lower
abundance of the (P - IB)* ion. Again there is a step
wise degradation of the (P)+ and (P - llj+ ions by loss of 
CO and Cg fragments.

198* ~CH0 > 169+ " ^ A  > 141+ 116+.

183* ■~00 > 155+  1S8+.

The rearrangement involving fission at the ether link
and transfer of an cWhydrogen atom again occurs. In this
case the hydrocarbon fragment of ~ = 92 appears to be
Ionized more readily than the oxygenated fragment (— * 106),6
whereas the reverse is true of phenyl 2-m-xylyl ether. This 
may be due to the difference between the ionization potentials 
of the expected hydrocarbon fragments, toluene and benzene.

The difference is, however, rather small and comparative 
values are not known for the other fragments. In this 
case the hydroxytropylium ion at 2 a 107 is more intense
than the ion at S = 106. The ions of S = 79, 78 and 77e e
will be produced by loss of CO and CHO from the ions of
§ = 107 ana 106. e

Toluene CyHg 
Benzene

I. P. = %«22.eV.43 
I. P. = 9.21eV.43

e



$i©*e are also in the spectra of both di-o-tolyl ether 
and phenyl 2-m-xylyl ether several ions which cannot he 
explained hy invoking the conventional mechanisms so far 
used. These are at | = 181, 165, 152 and 104. The last- 
mentioned is more intense in di-o-tolyl ether and the first 
three occur also in o-tolyl 2-m-xylyl and di-2-m-xylyl ethers. 
Such ions have not heen so far reported in similar compounds 
and there is Insufficient evidence to justify the postulation 
of structures for these ions.

In the spectrum of o-tolyl 2-m-xylyl ether (Tahle IV) 
one finds that the loss of 50 and 31 mass units is 
predominant over the loss of 28 and 29. This may he
the successive removal of methyl groups. Similar behaviour

rtnis found in the polymethyl indoles . It is, however, 
possible to observe the stepwise degradation of the (P)+ 
and (P - CHg)* ions which takes place in a manner similar 
to that of the two previously discussed compounds.
Ci5h1̂ + eX4H12p+ — > c13h18+ — ) cn V  — » Cg&f

I = 197e a = 169 § = i4i a = u s

C14H1 5 * --^ °12H11* * C1 CpQ*
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g = 106 e

With this compound there are two possible ck -hydrogen
rearrangements, VIII and IX. All the ions shown are 

■* _

VIII K  ll k,nl -- > I I I  or C8H10+
a = 106e

IX ' l^JscHx 0r CVH8+
S sr ISO | s 98

abundant as are the simple fission products at § a 105 and
91. The unexplained rearrangement ion of | « 104 is,
however, more intense than either of the ions at § = 1056
and 106o

The mass spectrum of di-2~m-xylyl ether (Table IV) is 
even more complicated in the upper mass range. The (P - CHg) 
ion is intense as should be expected. The ions which 
constitute the typical stepwise degradation are all of 
low intensity. They appear at the following mass numbers? 

226+ — > 197+ — > 169* --> 141+  » 115+
I
2X1+  J> 183+ — > 155+ — » 129+
There are, however, equally or more intense ions

appearing at S = 195, 179, 165 and 15S. Similar behaviour
is found with o-tolyl 2-m-xylyl ether. The persistent
presence of ions at E = 165 and 158 suggests that there ise
a common process for their formation. The predominant
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fission processes do, however, appear to he similar to 
those in the other ethers with ortho methyl groups, i.e. 
fission of the ether linkage with and without (X-hydrogen 
migration. The most abundant ions rill probably be 
formed by the following processes:

It will be noted that in all the diaryl ethers studied 
there occurs to some extent the rearrangements leading to 
the (P - CO)* and (P - CBO)* ions. In the series of 
polynuclear ethers the intensity of these ions decreased 
with Increasing molecular weight. This is consistent with 
the opinion that fusion of extra aromatic rings stabilises 
the molecular ion by charge delocalisation.

The presence of methyl groups in the aromatic nucleus 
also decreases the intensity of these ions, the most marked 
effect being caused by the presence of methyl groups in the 
ortho position. Two reasons can be advanced for this.

o

t-WHi.

1  = 105
C7Hq* + 00 
12 = 92e

< W  ♦ C2 %  
I - rr
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31rstly, very stable Ions can be formed by competing 
reactions involving much simpler mechanisms, e.g* formation 
of a potential tropylium ion by simple fission*

0 O* * °o

o
 >

Secondly, the presence of ortho methyl groups will
hinder the formation of a tricyclid intermediate. If the

2*1proposed mechanism can be applied to phenyl 2-m-xylyl ether, 
the first step in the process rill be as follows:

-L £“1 +■ f

/
The approach of the ortho positions will be hindered by the 
presence of the o-methyl group,, This effect should be 
greater in the above case than in di-o-tolyl ether where
there is one unsubstituted ortho position in either ring*
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It is indeed found that the (P - 00)+ ion is more Intense 
in the latter case than in the former. These facts do 
not constitute a proof of the mechanism proposed by 
Beynon, Lester and Williams but they are consistent with it.
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PART IT.

The Mass Spectra of some Naturally 
Occurring Phenolic Compounds.

Introduction?
The mass spectra of naturally occurring phenolic 

compounds have not been obtained by any previous workers.
This neglect is probably due to the low volatility of these
compounds. Indeed this latter problem has been a stumbling
block in the use of this method for the analysis of most
classes of naturally occurring compounds.

Of the groups which have been studied the most obviously 
amenable to the method of mass spectrometry are the aliphatic 
compounds occurring in natural fats and plant waxes44. 
Saturated hydrocarbons were among the first compounds to be 
studied by thi3 method. The mass spectrum alone can identify 
sych compounds45. Using heated inlet systems hydrocarbons 
containing more than 40 carbon atoms can be studied. The 
mass spectra of esters of long chain acids obtained from 
natural fats have been the subject of extensive studies by 
Stenhagen and Ryhage45.

Among the naturally occurring alicyclic compounds most
attention haa been focussed on the steroids but some studies

47have been made on the monoterpenes and the diterpenoid resin 
acids4^®8 Some mass spectrometrie studies In the protein
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field have been carried out by Bienann and his collaborators 
but they were restricted to amino acid esters4® and the 
reduction products of small peptides4 .̂ Both groups of 
compounds are fairly volatile. The other main group of 
high molecular weight compounds, the carbohydrates, are 
discussed in Part III of this work*

There is one group of natural products which bears 
some similarity to the compounds discussed in this section, 
in molecular sise and in the presence of et partially aromatic 
cyclic structure. This is the indole group of alkaloids, 
and the mass spectra of several of these hove been discussed 
by Biemann and his collaborators®^* Typical examples of 
the type of compound studied are la and lb, which are 
reduction products of sarpagine and ajmaline*

la R = OCH

R

Ila R  as OCH.
Ib H = H lib R = H

In the spectrum of la the most intense ion is Ila,
Similarly lib is the most intense ion in the spectrum of Tb*
In both spectra all ions of IS values higher than II wille
contain the intact aromatic ring system, since the alicyclic 
portion will fragment readily* The mass spectra of la and 
Ib in this region are almost superimposible, each ion from
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la having a mass to charge ratio SO units greater than the 
corresponding ion from Ib.

None of the compounds studied in this section has an 
extensive alicyclic system as port of its structure.

The majority of these possess one of the following ring 
systems, in which there are two benzene rings linked or fused

to a heterocyclic system. If these systems cleave in such 
a manner that the benzene rings remain intact it may be possible 
to obtain some information about the nature of the ring system 
and the positions of substituents on the benzene rings.

A difference in orientation of a substituent In an
aromatic ring does not usually give rise to a substantial
difference in the cracking pattern of the compound. In the

51spectra of the three isomeric xylenes the greatest difference 
shown is one of 9$ of the intensity of the ion (S » 106) 
between o- and m~xylene. It is probable, however, that
differences in the mass spectrum will be greater where there 
is the possibility of a facile rearrangement, as has been 
observed with the three phenyl tolyl ethers. Orientations 
which involve a high degree of steric crowding may also affect

flavone isoflavone rotenoid
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the spectrum. The effect of differences in electronic 
properties of different isomers (o, m and £ effects) are 
more readily observed using the low-energy sensitivity 
method of Crable, Kearns and Norris^3. Unfortunately 
the compounds being studied at present are not sufficiently 
volatile to allow sensitivity measurements to be made.

It is therefore probable that the information about 
substituents that can be most easily obtained by this 
study is their distribution between the two benzene rings.
It may also be possible to detect the presence of identically 
orientated groups in different molecules by superposition of 
their mass spectra, as was shown for the alkaloids.

Another problem which has been attempted is the 
determination of the nature of the isoprenoid groups 
which are sometimes present as substituents in flavones 
and related compounds. The most common types of isoprenoid 
group are -dimethyl-allyl (Ilia), 2-isopropenyl-2:3-
dihydrobenzfuran (Illb), 2-isopropylbenzfuran (Illc),
2:2-dimethylchroman (Hid) and 2:2-dimethylchromene (Hie).

Ilia Illb IIIc Hid Hie

As a preliminary study of the behaviour under electron
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impact of these systems, mass spectra have been obtained 
for some salicylic acid derivatives which contain such 
isoprenoid groups.
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Experimental:

Samples were obtained from Dr, W.D.Ollis, University 
of Bristol.

The spectra were run as in Part I. The samples used 
were less volatile and the method of continuous volatilisation 
was modified in the following manner. The sample, at the 
end of the glass rod, was held at a distance of 1.5 to 1 cm. 
from the rspeller plate. The source filament was switched 
on 15 minutes before beginning measurements to allow 
equilibration of temperature in the region of the sample.
When the run was completed, a section of the run was 
repeated as a cneefc on the constancy of the sample pressure 
and to detect any decomposition of the sample.
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Tables of Spectra. 

TABLE I: Tubaic Acid.

m/e Relative
Intensity m/e RelativeIntensity m/e RelativeIntensity m/e RelativeIntensity

222 4.6 165 2.9 122 3.1 80 3.1221 19.3 164 1.3 121 4.0 79 4.6220 88.4(P) 163 4.0 120 2.0 78 3.8219 2.7 162 6.6 119 4.3 77 6.8218 2.2 161 38.3 118 9.5 76 2.8217 1.9 160 19.0 117 12.4 75 0.5207 1,3 159 27.6 116 4.8 74 0.4206 2.5 158 4.1 115 11.6 73 0.5205 11.2 157 6.0 114 0.9 72 0.5204 3.8 156 2.0 113 2.2 71 2.5203 11.1 155 1.9 112 2.2 70 1.7202 40.9 154 0.9 111 7.3 69 3.4201 7.4 153 1.3 110 3.9 68 1.4200 lo8 152 1.3 109 7.7 67 2.5194 0.9 151 3.2 108 4.8 66 1.7193 2.1 150 2.3 107 8.3 65 4.4192 2.6 149 9.5 106 3.4 64 2.5191 3.6 148 3.8 105 8.9 63 2.5190 2.1 147 11.5 104 4.7 62 0.6189 4.7 146 35.6 103 8.2 61 0.3188 17.8 145 17.6 102 2.7 60 0.6187 100.0 144 4.2 101 2.0 59 0.6T55 il.4 143 4.4 100 0.3 58 1.0(m)185«5 10.6 142 0,5 99 1.2 57 4.8185 23.7 141 1.9 98 1.2 56 3.4184 1.7 140 1.7 97 3.4 55 8.6181 0.8 139 3.4 96 1.7 54 1.7180 1.6 138 2.4 95 7.2 53 13.7179 2.5 137 4.8 94 1.2 52 5.1178 4.2 136 2.4 93.5 0.7 51 11.3177 3.4 135 4.4 93 1.8 50 3.9176 10.3 134 7.1 92 2.1
175 15.1 135 8.6 91 5.2
174 69.9 132 10.8 90 0.9

(n0l73.l"\► 24.8 131 32.5 89 1.6
173 J 130 2.6 88 0.8172 3.9 129 11.3 87 1.4171 1.4 128 11.3 86 1.5170 0.6 127 6.1 85 3.0169 0.6 126 2.1 84 2.6168 0,8 125 5.7 83 4.3167 1.7 124 3.9 82 3.0166 1.0 123 11.5 81 4.0
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TABLE II; Isotube1c Aeid.

m/aL Relative Relative _• Relativem'e Intensity ^  Intensity m'e Intensity

221 12.0
220 35.9(P)219 2.4
218 1.1
217 0.9
205 0.9
204 4.2
203 21.4
202 78.5
201 6.9
200 1.9
189 3.6
188 22.4187 100.0

6.0
0.55

T55 )
W-85.55 185 )
177 1.1
176 2.8175 2.1
174 4.0

(mj.73.1
173 ) 6*9
172 2.3
163 0.2162 0.6
161 4.1
160 4.6159 4.1158 1.3
157 0.3
151 0.3
150 0.2149 0.6
148 0.2
147 0.6145 1.1144 0.3143 0.3
135 0.5134 0.4133 0,7
132 1.7131 6.8

130 0.9 76 2.1
129 0.7 75 1.8
128 0.7 74 0.8
119 0.8 73 0.4
118 0.4 72.5 0.2
117 2.1 72 0.2
116 1.4 71 1.1
115 3.1 70 0.7
114 0.3 69 2.2
107 0.8 68 0.5
106 0.5 67 1.6
105 1.7 66 1.5
104 0.3 65.5 1.3
103 11.1 65 2.1
102 3.7 64.5 0.2
101 1.8 64 0.8
100.5 0.2 63 2.8
100 0,4 62 0.6
97 1.1 59 0.3
96 0.6- 58.5 0.1
95 1.9 58 0.4
94 . 2.1 57.5 0.2
93.5 2.9 57 1.9
93 2.0 56 1.0
92 0.8 55 4.1
91 3.0 54 0.5
90 0.5 53 3.2
89 1.5 52.5 0.1
88 0.5 52 1.1
87 1.2 51.5 0.7
86.5 0.3 51 3.1
86 0.2 50.5 0.1
85 0.6 50 1.3
84 0.4
83 1.3
83 0.7
81 1.5
80.5 0.4
80 1.0
79.5 0.7
79 2.078.5 0.6
78 2.177 10.0
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TABLB Ills ^-dihydrotubaie acid methyl ether.

m/e Relative
Intensity m/e Relative

Intensity m/e Relati'Intens:
237 23.9 164 2.6 109 5.8236 92.5(P) 163 15.1 108 1.1235 1.6 162 5.8 107 5.2234 1.6 161 10.8 106 1.8222 3.5 160 6.3 105 5.6221 15.7 159 3.1 104 1.6220 4.4 154 1.7 103 3.6
219 30.8 153 7.0 97 1.7
218 33.0 152 15.4 96 4.8
217 2.2 151 91.3 95 7.4

(m)206.9 2.0 150 6.4 94 6.2
205 5.7 149 19.4 93 3.3
204 25.6 148 6.1 92 4.6203 100.0 147 18.3 91 7.6202 5.8 146 2.4 90 1.3

(m)201.4 5.6 145 3.9 89 2.8
193 1.5 144 2.0 81 5.7192 1.1 137 3.8 80 1.6191 3.1 136 2.4 79 4.9190 2.7 135 10.8 78 4.5
189 8.5 134 13.0 77 10„1188 4.2 133 4.7 76 2.2
187 11.2 132 3.2 75 2.1

(ra)186.6 6.4 131 3.6 69 4.1
185 1.9 123 3.6 68 1.5
182 8.5 122 5.1 67 5.6
181 55.0 121 5.5 66 3.5
180 7.7 120 2.6 65 6.2
179 1.9 119 3.0 63 3.6177 1.6 118 1.6 55 7.6
176 7.4 117 2.5 54 0.9
175 30.5 116 1.6 55 6.7
174 2.2 115 3.8 52 1.9
173 2.9 110 1.4 51 5.3
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TABLE IV: /£ -Tubaic acid methyl ether.

Relative m /Q Relative m/& Relative
Intensity Intensity Intensity

235 3.6 149 0.7 89 1.8
234 13.9 (P) 148 0.3 88 0.6
233 0.8 147 0.9 87 1.2
221 8.8 146 9.9 86 2.0
220 37.0 145 2.4 83 0.6
219 100.0 144 3.3 82 0.3
218 8.8 143 1.0 81 0.7217 12.7 135 0.4 80 0.5
216 0.9 134 0.6 79 1.8(m)205.0 1.5 133 1.2 78 1.6203 0.7 132 5.0 77 5.1202 0.4 131 3.2 76 1.3
201 1.6 130 0.9 75 1.4190 0.7 129 1.5 74 0.7189 3.4 128 1.7 69 0.8188 1.8 127 1.1 67 0.8187 8.8 117 2.0 66 0.8186 0.7 116 1.8 65 2.0185 1.1 115 4.4 64 0.8184 0.3 114 0.6 63 2.5175 1.7 107 0.9 62 0.8174 1.7 106 1.3 57 0.9173 2.2 105 1.6 56 0.6162 0.9 104 1.3 55 1.9161 6.2 105 3.2 54 0.4160 28.5 102 1.8 53 2.4159 3.2 101 1.3 52 0.9158 1.1 95 1.1 51 2.3157 0.7 92 1.0 50 0.9151 0.4 91 3.8150 0.2 90 0.7
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TASLS V.

m/e Munduserone
Relative Intensity 
Sermundone Elliptone 180- ell iptone

359 18.4358 58.9(P)
§ m 3.7356 5.6355 0.7353 22.2 11 r 9352 77.6(P) 24.8(P)351 1.2 0.7350 1.2 0.9
344 0.6
343 9.3 1.3
342 34.3(P) 0.8
341 0.5 0.9
340 0.8
338 0.5
337 1.0 1.0
329 0.6
328 0.6 0.6
327 0.8 0.9
323 0.5
313 0.7 0.8
312 0.5
311 0.5
307 0.5
215 0.6
214 0.4
195 0.5 0.7 00.6 1.5
194 1.9 4.0 2.2 4.4
193 15.8 30.6 18.1 26.2
192 100.0 100.0 100.0 100.0
191 36.2 37.2 38.8 42.7
190 3.2 5.3 4.5 6.7
189 1.4 0.5 1.6
183 0.6
180 0.6 1.6
179 0.8 2.5 1.5 4.8
178 4.8 5.1 5.2 6.2
177 26.4 22.9 29.6 27.7
176 1.9 2.2 2.7 2.9175 1.8 1.5 1.8 2.8

Contf& -
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TABLB V. (Oont’a)

Relative Intensity 
m/e Ieo-Munduserone Sermundone Elliptone elliptone

168 0.7167 2.5 0.6
166 1.6 1.0
165 1.3 0.8 2.2
164 0.6 2.4 2.2 3.2
163.2 (m) 2.4 3.1 2.9 4.4
162 1.6 1.8 2.1 3.1
161 1.8 1.8 4.3 7.5
160 0.4 11.4 16.3
159 0.5 1.1
153 0.5 1.3
152 0.5 0.6 0.5 1.7
151 3.1 1.3 0.8 3.4
150 6.2 1.0 0.8 2.3
149 6.0 3.7 5.2 8.3
148 1.2 1.1 1.0 2.5
147 3.8 2.8 3.4 5.6
146 1.4 1.0 1.3 2.3
145 0.6 0.5 1.8
139 0.8 1.3
138 1.4 1.0
137 1.0 1.9136 0.7 1.2
135 0.8 1.1 0.8 2.2134 3.2 1.7 2.9 4.5133 0.6 0.8 1.1 3.4
132 0.4 2.6 12.2131 1.8 1.5 1.7 3.4
130 0.9 0.5 0.7 1.6125 1.2 2.8124 0.7 1.7123 0.5 1.4 3.5122 3.8 1.0 0.6 2.2121 5.9 3.7 4.4 8.3120 0.5 1.2119 1.1 1.2 0.9 2.8118 0.8 0.8 1.1 1.1115 0.5 1.0

-TonFd -
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TABLE V. (Cont’a)

Relative Intensity 
ra/e Iso-

Munduserone Sermundone Elliptone elliptone

109 0.6108 1.2107 4.4 1.0106 6.2 3.8
105 2.0 2.9
104 0.5 1.2
103 3.0 1.9102 0.8 0.5
97 0.6
95 1.1 0.994 1.2 0.693 5.9 4.792 1.2 0.691 3.1 2.790 1.4 1.189 1.4 1.2
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TABLE VI

Relative Intensitym/e  *
Rotenone Isorotenone -Dihydro- Rotenonic

rotenone. Acid
397 5.9 4.6396 23.7(P) 18.7(P)395 10.9 9.5 1.0 0.7394 38.0(P) 29.7(P) 1.6 0.8393 2.0 1.1392 2.9 1.8381 0.6 0.6380 0.6379 1.6 0.8 0.5378 0.5366 0.5365 1.0 0.5 0.5364 0.7 0.6363 0.9 1.0551 0.5549 0.6 0.8 0.5341 0.6
219 0.7217 0.7208 0.5 1.3
207 1.3
206 0.8
205 0.7 1.4 0.8204 0.6 0.5 0.5 1.0203 2.7 2.0 0.5 1.2202 0.4 0.8201 0.4 0.5196 0.5195 0.5 2.5
194 1.7 1.0 1.6 7.7195 14.2 16.3 15.7 38.6192 100.0 100.0 100.0 100.0191 2-3. £ 24.6 23.3 &0.3
190 4.8 2.6 1.6 7.8189 0.7 1.0 0.8 3.3188 0.5 0.8187 1.2 2.0 0.6

- Coat’d -
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TAM.3 VI. (Cont'a)

m/e
Rotenone

Relstive 
Isorotenone

Intensity
/& -Dihydro - 
rotenone.

- Rotenonic Ada.

181 0.9
180 0.6 0.8
179 0c7 2.2 0.8 3.1178 2.0 1.8 2.4 7.3
177 12.5 16.1 14.6 15.7
176 1.0 1.5 1.3 3.1
175 1.2 . 1.0 0,8 1.9
174 0.9 0.6
17? 0.6 0.8
167 0.5
166 0.5 0.5
165 0.8 1.4 0.5 1.5
164 1.9 2.4 0.7 3.3
165. 2(m) 2.7 3.9 1.2 4.4
168 1.3 1.9 0.7 2.8
161 1.6 2.5 1.9 3.7
160 0.7 1.1 0.7
159 0.6 0.9 0.4
15? 0.5152 0.5 0.5
151 1.7 0.7 1.3
150 0.6 0.7 3.4
149 2.4 4.2 5.8 9.6
148 0.6 1.1 1.0 1.9
147 2.0 2,7 2.1 3.3
146 1.1 1.0 0.8 1.3145 0.6 0.3 0.5 0.6
143 0.7
141 0.6
139 0.5
137 1.2 0.5
136 0.7 0.5
135 0.6 1.6 0.8 1.2
134 1.4 2.1 1.5 3.6
135 0.7 1.1 0.8 1.0
132 0.7 0.4 0.8131 1.4 2.5 1.3 2.0130 0.5 0.5 0.7

-Cont’d-
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TABLE VI, (Cont’d)

Relative Intensityra/e
Rotenone Isorotenone ^-Di hydro Rotenonicrotenone. Acid.

129 0.6 0.6128 0.5 0.5127 0.5126 0.5125 1.4 0.5124 0.8123 0.5 2.5 0.8 0.7122 1.2 0.6 1.7121 1.8 3.6 3.3 4.7120 1.0 0.7119 1.0 2.2 0.9 1.3118 0.7 1.5 0.7 1.4117 0.6 1.1 0.6116 0.6 0.5115 0.7 1.8 0.5 0.8113 0.5111 2.4109 2.9 0.7108 0.8107 2.3 1.5106 3.9 3.6105 3.2 1.9
104 0.9 0.7103 3.6 2.1
102 0.5 0.6
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TABLE VII
Toxiearol.

m/e Relative
Intensity m/e Relative

Intensity m/e Relative
Intensity

411 6.4 191 55.6 138 1.0
410 28.1( P ) 190 8.8 131 2.5
409 1.0 189 2.5 130 1.1408 1.2 188 1.3 123 0.7396 9.7 187 2.0 122 1.3395 19.7 181 1.1 121 7.7394 1.0 180 4.5 120 1.1393 1.1 179 22.5 119 3.2
381 1.5 178 4.3 118 2.6380 1.3 177 24.6 117 0.8379 1.3 176 4.3 116 0.5289 0.9 175 3.6 115 1.2880 1.0 174 0.7 111 0.6219 3.4 165 1.5 110 0.4
218 3.5 164 2.9 109 1.1
217 7.9 163. »n) 4.1 108 0.9
208 1.5 168 5.1 107 3.5207 0.7 161 3.7 106 6.5
206 0.5 160 1.2 105 3.2205 1.4 159 1.6 104 0.9
204 5.8 158 1.0 103 3.7203 20.7 151 4.3 108 1.2202 1.4 150 1.7 101 0.3
201 1.2 149 7.1199 1.0 148 3.6
198 6.2 147 6.4197 0.5 146 2.3
196 0.4 145 1.0195 1.0 136 1.1194 2.9 135 3.9193 25.2 134 3.9192 100.0 133 4.3
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TABL3 VIII

Pachvrrhi zone.

Relative / Relative / Relative 
Intensity Intensity ' Intensity

367 10.5 176 100.0 1 £A 0.7366 36.5(P) 175 69.8 143 0.4
365 1.9 174 3.7 142 0.2364 3.8 173 1.1 141 0.4363 0.6 172 0.7 140 0.5351 0.2 171 0.6 139 1.6350 0.4 170 0.2 138 3.1
549 0.6 169 0.4 137 1.2338 0.6 168 0.4 136 1.2337 0.7 167 1.0 135 1.3536 0.9 166 0.6 134 1.0335 0.9 165 1.7 133 3.7323 0.5 164 1.6 132 1.3522 0.4 163 9.0 131 0.8321 0.8 162 6.8 130 0.3
380 0.5 161 4.4 129 0.6
309 0.7 160 1.7 128 0.5
308 0.8 159 0.5 127 0.5307 1.8 158 0.3 126 0.6306 1.0 157 0.5 125 1.2
505 0.7 156 0.2 124 0.9192 8.9 155 0.5 123 1.5191 6.5 154 0.4 182 1.1
190 9.0 . 153 0.7 121 1.4
189 1.8 152 0.8 120 1.0183 0.9 151 1.5 119 2,8182 . 0.5 150 1.7 118 1.6181 0.5 149 1.7 117 1.4180 0.5 148 2.7 116 0.5
179 1.2 147 7.9 115 0.6178 2.7 146 2.1 114 0.2
177 19.3 145 1.3
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TAHL3 IX.

Relative Intensity 
iâe Apigenin Aeacetin
285 26.2284 100.0283 8.8282 4.5271
270 100.0(P) 0.7269 13.3 2.1268 2.6 0.6257 1.2256 4.5255 3.1254 1.0253 1.2
252 0.1243 3.8 0.5242 18.7 2.5
241 6.1 7.4
240 0.8 0.5239 0.8230*8(?n) 0.7
230 0.8
229 1.7226.9fa) 1.0215 0.2
214 1.4 0.6213 4.2 2.6212 0.3155 2.0 0.3
154 2.3 0.2153 22.0 1.1152 16.1 6.2151 2.1 0.4150 0.2149 3.8 0.3148 3.0 0o 8140 0.2139 0.5138 0.8

Relative Intensity , ---------------- a-—
x/ Apigenin Aeacetin

137 0.4
136 0.4135 1.6134 0.6133 3.9 4.2138 1.1 15.0131 2.3 0.3
129 1.9 0.6128.5 0.7
128 2.9 4.2
127 2.8 0.5126 1.4 0.2
125 3.2 0.5
184 18.0 5.0
123 9.8 0.4122 1.4 0.1121 16.3 0.4
120 2.0 0.2
119 9.0 0.6
118 13.7 1.0
117 8,3 3.8
116 1.8 0.4115 5.0 0.9114 0.4 0.1112 0.2
111 1.3110 0.4107 0.5
106 0.2105 0.6104 0.4103 0.5102 0.797 0.996 2.095 1.3
91 0.5
90 0.489 3.2
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TAHL3 X. 
Cavlunln.

/ Relative * Relative , Relative 
Intensity l' Intensity ' Intensity

375 50.5 899 3.8 187.5 1.4
374 100c0(P) 898 8.6 187 3.1
373 6.4 288 2.1 183 2.2
372 2.8 887 2.5 180 2.4
360 17.9 286 2.9 179.5 3.5
359 34.5 885 3.3 179 3.0
358 5.1 284 1.6 178 5.8
357 6.7 283 1.5 177 3.7
356 12.0 276 2.5 172 2.4
346 6.6 275 5.0 171.5 1.6
345 11.9 274 4.3 167 2.3
344 11.8 273 1.7 165.5 1.8
343 17.0 272 2.5 165 2.1
348 5.6 871 1.9 164 2.1
341 9.6 260 1.8 163 3.2
338.8(n} 2.1 259 2.4 158 3.2
332 13.6 258 1.6 153 2.8
331 28.3 257 1.8 158 1.5
330 5.5 246 2.0 151 2.9
389 7.6 245 2.7 150 3.9
328 7.8 244 1.7 149 7.8
327 4.5 243 2.0 148 1.5
326 3.0 242 1.7 147 1.9
325 2.2 231 2.3 145 2.1
318 1.8 227 1.0 14* 4.1
317 3.8 219 1.7 139 2.8
316 6.8 218 1.6 136 2.0
315 6.2 217 1.9 135 5.4
314 5.8 215 o A

t .j a ■£ 134 2.8
313 7.0 803 2.5 121 2.3
312 2.6 193 3.3 120 1.6
305.2(m) 4.4 192 6.8 119 3.2
503 4.8 191 6.3 107 2.9
302 5.1 190 1.7 106 2.3
301 8.1 189 2.1 105 1.9
300 3.4 188 1.4
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TABL33 XI.

Leaserone.

Relative . Relative . Relative
Intensity m^e Intensity Intensity

355 39.2 249 2.0 167 12.7
354 100.0(P) 248 4.1 166 2.6
355 3.4 247 4.0 165 4.5
352 3.6 241 4.6 164 3.0340 7.1 836 6.5 163 5.7
339 18.4 235 25.1 162 2.5
338 5.2 234 6.9 153 8.1
337 5.5 233 11.6 152 3.9
356 4.2 288 1.1 151 4.0
327 2.5 281 3.6 150 2.1
326 7.8 220 13.5 149 9.6
325 17.9 219 51.4 148 3.9
324 4.1 218 3.8 147 4.6
323 4.7 217 6.4 146 2.0
322 6.1 209 2.1 145 5.3
321 14.8 208 4.7 141 2.3
309 3.1 207 5.1 140 4.7
308 2.3 206 93.5 139 2.3
307 2.8 205 3.6 136 2.9
299 4.9 204 2.1 135 4.6
298 3.5 803 3.2 123 4.8
297 2.7 193 8.4 121 8.7295 4.1 192 9.9 120 11.6
894 2.3 191 45.2 119 6.6
293 4.3 190 3.7 118 5.7
286 3.6 181 2.5 117 4.5
285 10.8 180 9.7 115 7.8
280 2.3 179 53.0 108 4.1
269 2.9 178 3.1 107 5.8
268 2.3 177 7.3 106 8.9
267 2.5 176 12.9 105 13.0
258 3.4 175 8.9 104 2.3257 13.0 168 2.5 103 7.9
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PISCPSSIQff:
The following tubale acid derivatives were chosen for 

a preliminary study of the “behaviour of isoprenoid groups:

COOH
Tub6ic acid.

*
N ^ C o o H

Isotubaic acid.

c\s^ s N,o‘-«jt j COOH
-Dihydrotubaic acid 

methyl e th e r .

C o o K ,

y<f-Tubaic Acid -methyl ether.
In the spectrum of tubaic acid (Table I) the most

intense ion appears at ~ = 187v 33 mass units less th^n
the molecular Ion (2 » 229)O This is a secondary Ion 
resulting from the consecutive loss of 18 and 15 units, 
as is shown by the presence of two metastable ions which 
confirm the transitions:

220
202

202* + 18
187 15

S = 135.5 e
| = 173.1

The neutral fragments will be water and a methyl radical
(which can also be lost from the molecular ion giving the
ion of £ = 205). The transitions can be represented as e
follows:
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*
I § = 308 II -r = 18V

The loss of water is to he expected from a salicylic acid.
Eraery^® has shown that salicylate esters, on electron impact,
form salicylic acid ions which then lose water. This is an
o(-hydrogen rearrangement similar to that of o-tolulc acid27.

The further degradations of the ions I and II appear
to proceed hy loss of carbon monoxide. The presence of the
ions at S = 151 and 146 suggests both carbonyl groups shown 6

S02+ ---> 174* 28
I87+ ----> 159* *4* 28
174+ ----> 146+ + 28
159+ ----£ 151* •J* 28

in I and II are lost in this manner. i
In the mass range covered there are two other fairly 

intense lone, at § - 161 and 185. The latter Involves the 
loss of neutral fragments of mass 55 from the molecular ion.
Prom an ion containing carbon, hydrogen and oxygen, these 
can only be Hjp and “OH. It is probable that the oxygen 
atoms are from the two hydroxyl groups (phenolic and carboxyllc)c



Benzoic acid loses a hydroxyl radical very readily^7. Phenol 
loses its oxyg8n atom as CO or CEO, hut alkyl phenols do 
eliminate HgO to some extent453. A fission of the following
type can he proposed for the formation of the ion of ? = 185*e

The ion of | = 161 can he more readily explained hy a 
process involving removal of the isopropenyl group.

Isotuheic acid shows distinct differences in its spectrum
(Tahle II) from that of tuhaie acid. The loss of a methyl
group from the molecular ion occurs to an extremely small
extent, hut the (P - HgO)* ion is very abundant. The ion
of 187 is again the most intense in the spectrum;
therefore there must he a very ready loss of a methyl group
from the (P - HgO)* ion. The most striking features of this
spectrum are the low Intensity of all ions of mass less than
— ss 187 and the increased abundance of doubly charged ions, e
The ion (P - 55)^* has an intensity of 2.9$ of the corresponding

c

+ o \

e e
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singly charged ion compared to 0.7% for the same ion in the 
spectrum of tubaic acid. These two features of the spectrum 
reflect the increase in stability of the benzfuran ring system 
over the dihydrobenzfuran system of tubaic acid.

It is noticeable that these ions of lower intensity 
in the spectrum of isotubaic acid appear at the same ~ ratios 
as the significant ions in the spectrum of tubaic acid. The 
same me testable ions appear at ~ ~ 185.5 and 173.1. The ion 
of |  « 161 is also present. For tubaic acid it was suggested 
that this ion is produced by the removal of an isopropenyl 
radical. It is therefore possible that a rearrangement may 
take place involving a double bond shift.

In tubaic acid the successive loss of two molecules 
of carbon monoxide from the ion (P - 33)+ produced a series 
of ions of high intensity:

In isotubaic acid these ions have lower intensity but the 
series is extended as follows:

The removal of a third molecule of carbon monoxide will 
produce the ion which may have the styryl structure.
This further loses acetylene.

In dihydro-^-tubaic acid methyl ether (Table III) the 
(P - HgO)* ion cannot be formed by the process involving a

187+ *159*---* 131+

C11H7°3+-  
| = 187
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six-membered ring intermediate. This ion is, however,
still present though of reduced intensity. It may be
possible that the extra hydrogen atom migrates either from
the methoxyl group or the saturated ring of the chroman
system. The latter appears most probable because the
(P - H,rp)* ion is not formed so readily Tvom/4 -tubaic acid
which contains the unsaturated chromene system. The other
intense ions in the upper mass range of the spectrum are
(P - CHg)4* and (P ~ 33)*. The three fragment ions so far
mentioned are related in the same way as the corresponding
ions in the tubaic and isotubaic acid spectra. Metastnble
ions confirm the following transitions:

236+(P) ---» 821* +16 S - 206.9
236+  > 218+ + 1 8  ? = 201.4e
221+  > 203+ + 18 £ = 186.5e

There are a few ions which appear to be derived from
the most intense ion (P - 35)* ? by successive elimination
of 28 mass units. This appears similar to the behaviour

203+ -* 175+ + 28
175+ -* 147* + 28

of tubaic and isotubaic acids, but the removal of two 
molecules of carbon monoxide is only possible if the 
methoxyl methyl group is first eliminated.



The other ma^or fragment ions appear to "be derived by 
fission of the chroman ring*

COOH

+-<ic h . CH +

vv-nj A c o O H

0<M* f V  oc**
coon '^yA Co0,i° CH3  > \ J L  or ' 1

£ = 180 | = 151
The ion of — as 181 is very intense and can he obtained by e
the above process with a concomitant hydrogen migration.

16This would be a specific rearrangement of type C . The
ion of E s 134 can be obtained by removal of a hydroxyl e
radical from the carboxyl group in the ion of S B 151.

In this spectrum a large number of intense fragment 
ions is found as in tubaic acid. The presence of the non- 
aromatic ring renders the molecular ion less stable. The 
ease of removal of a C4 fragment from the 2:2-dimethylchroraan 
ring system distinguishes this compound from the other two 
acids studiedc Examination of other compounds containing 
this system should confirm whether or not this Is a general rule 

-tubaic acid methyl ether has a mass spectrum (Table IV) 
most strikingly different to any of the three already 
discussed. The most intense ion in the spectrum is the
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(P - CHg)* ion at !| = 819. This ion is so much more Intense 
than the molecular ion that there must he a driving force 
for its formation which does not exist for the other three 
acids. Besides being at a quaternary centre and at a 
position /& to an ether oxygen atom the two labile methyl 
groups in ^-tubaic acid are allyllc. A farther driving 
force is the possibility of formation of the completely 
aromatize benzpyryliura ion.

This transition is confirmed by a metastable ion at ~ « 806.0.

This involves the removal of fragments of mass 59 from the 
(P - 15)* ion* probably CgHgOg from the methoxy and carboxyl 
groups. An ion such as the one shown can be formed by loss

of (0H3 * COg) and can .farther eliminate carbon monoxide

CooH
§  = 334

The only other very intense ion in the spectrum is at § « 160

co O H

to form the ion of IS * 168. All other ions in the spectrume
are of low intensity.
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As with isotubaic acid, the presence of a bicyclic 
aromatic system results in a spectrum with few intense 
fragment ions. The difference in this case is that this 
system is not present in the molecular ion but only in the 
(P - 15)* ion. The intensity of this ion, expressed as 
a percentage of total ion intensity is shown below with 
the values for the intensities of the (P - 15)* ions of 
the other acids,

Tubaic acid 0,98
Isotubaic acid 0.18
Dihydro-tubaic acid methyl ether 1.58 
-Tubaic acid methyl ether 27.1
In the various cyclic forms of the isoprenold group 

as it occurs in natural phenolic compounds the 2s2-dimethyl 
chroraene group appears to lose its methyl group much more 
readily and can be distinguished from the others by this 
ready loss of a methyl group.

The spectra of ten rotenoids have been obtained 
(II - XI, Fig.I). It will be noticed that all these 
compounds contain the chroma no chromanone ring system 
(I, Fig.I) and that all except Pachyrrhisone (II, Pig.I) 
have methoxyl groups at Cg and Cg. This Is reflected in 
the similarity in the spectra of these compounds (Tables V, 
VI and VTI) at mass numbers less than - 193. The 
similarity can be seen more readily in the reproduction 
of the mass spectra of munduserone and elliptone (Pig.II).
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The ions common to "both spectra are at — s 192, 191e
177, 163.2 (raetastable), 161, 149, 134, 121 and 106. These 
must arise from the part of the molecule common to hoth 
compounds, i.e. the dimethoxychroman grouping. The most 
intense ion In the spectra of compounds III - XI (Pig.I)
Is at S - 192. This must arise from the following fission:

The "bonds broken are hoth labile. One is bensylie 
and oC to a carbonyl group. The other Is (X to an ether 
oxygen atom. In the fragment Ion a double bond Is formed 
which is in conjugation with a bensene ring.

The other ions mentioned above can be shown to be 
derived from this 6:7-dimethoxyehromene ion. The scheme 
shown for their formation is shown in Pig.III. The loss 
of a hydrogen atom to form the ion of ~ - 191 is confirmed 
by the presence of a metastable ion at S s 190,0. This makes 
a small contribution to a fragment ion of = 190, which is 
not noted in the tables as being a met&sfcable ion. The ion of 
| = 191 will be stabilised by the formation of the benzpyrylium 
ring system. The ion of 2 *  177 results from the loss of one

OCH^

e
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m
6

OCHj
192

S -  191 6

f i g . i n

| =177
OCM

Cgii60(0CH3> 
§ = 149
-COr

CijrĤ OCilg)
- = 121 e

8 6 2
» = 134

C7l:00
§ = 106 0

» * 131 e

FIS. IV.

Of
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of the methoxyl methyl groups. Loss of methyl in a 
similar fashion from the chromene fragment ion of pachyrrhisone, 
which has no methoxyl groups, is almost negligible. The origin 
of this ion is confirmed by the presence of .a metastable ion 
at ^ ~ 165.2 which corresponds to the transition:

192*----> 177* 4- 15.
Most of the other ions are typical of the degradation

R0of an aromatic dimethoxy compound, e.g. veratroleWf which 
decomposes as in Fig. IV. The one ion which does not fit 
into this scheme is at — = 121. It will result from the
loss of carbon monoxide from the xon of IS « 149. This
process involves the fission of three bonds but the stable 
methoxytropylium ion will be formed.

The' other important ions in these spectra are those 
containing the intact tetracyclic system and those containing 
ring A. They will be discussed separately for each compound. 
Mundaserone (III, Fig.I).

This is the simplest known rotenoid. In its mass
spectrum (Table V) the molecular ion, at S = 342 is the onlye
intense ion above IS 8 192. It will be seen from Fig.II that

6
e

i .
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there are a few ions of mass less than 192 which do not
appear in the elliptone spectrum, or appear with greater
intensity than in the elliptone spectrum. These are at
S  * 151, 150 and 122. e 9

The ion of |  s 150 will he the other fragment ion
which can he produced hy the same fission which gives the
dihydroxychroraene ion. It will have structure I which is
similar to that of the ions produced from esters of
salicylic acid*53. The ion of -  = 151 will have structure IIe

and he produced hy the same process as for I, hut with a 
concomitant hydrogen migration. In some of the rotenoids 
it is found that ions of the type II are more abundant than 
those of type X. In a few cases a hydrogen atom migrates 
in the opposite direction and the ion obtained appears at a 
mass number one unit lower than would he expected for the 
ion of type I„

The ion of S  = 122 is obtained hy loss of carbon
monoxide from I* This is analogous to the formation of 
the ion of —  - 174 In tubaic acid.

Elliptone.(V. Fig.I)
As with mun&userone, the spectrum of th?<.s compound

e

e
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(Table V) has only a few Ions which distinguish It from 
the other rotenoids. There Is an Intense molecular Ion

that in munduserone. As in all the 2:3-diTnethoxyrotenoids 
the most intense ion in the spectrum is at 21 3 192. TheG
only other ions tthlch can he used to Identify the molecule
are at S  s 160 and 132, The former ion has the structure e
shown he low and is analogous to I from munduserone. The
ion of 21 = 132 is derived from it hy loss of carhon monoxide. 0

Rotenone (VTI* Fig.I) and Isorotenone (IX, Fig.I).
These compounds differ only in the position of the 

double bond in the isoprenoid group. The spectra of these 
two compounds (Table VI) are so similar that they can be 
considered together. The molecular ion appears ot 2 = 394s 
its intensity is greater in the case of rotonone than in 
isorotenone.

With the introduction of an isoprenoid group there is 
an increase In the intensity of the (P - 15)* ion. This 
ion is present to an extent of 4.4$ of the molecular ion 
in rotenone and 2.6$ in isorotenone; i.e. the methyl

at 21 s 352 and the dimethoxychromene spectrum similar to 0



group is lost more readily from the isopropenyl group of 
rotenone than from the isopropyl group of isorotenone. 
This is the same order as is found with the loss of a 
methyl group from tubaic and isotubaic acids.

The first significant ion to appear st a lower mass
m e

from munduserone and has the structure
number is at | = 203* This is the ion analogous to II

III a sX= V*’- H I  c : X =(cnj\cx£,h'^cMl IV

III * sX=T=oi III a =
Ilia for rotenone andHXb for isorotenone. In both cases
the ion of IS ~ 202, which would be the unrearranged ion e
analogous to I* is of very low intensity. In hoth cases 
there is, however an ion at §  = 187 which is derived from 
§ = 202 by loss of a methyl group. These should be the 
same ions which are present in high abundance in the spectrum 
of tubaic and isotubaic acids. The expected transition 

, 202* -— » 174* * 00
may occur but ions derived from this source are of very low 
intensity and sometimes cannot be detected, among the 
abundant ions of the dimethoxychromene spectrum.
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/g-Dihyarorotenone(viIX. Fig.I) ana Rotenonlc AcidflX- pig X).

These compounds have the some molecular weight and their 
spectra (Table VI) are very similar. Both spectra have an 
intense molecular ion at S = 396 and have the most intense 
ion at S s 192. The ions at mass numbers between these two 
are of low intensity but a few of these are significant.
The (P - 15 )* ions are present to an extent of 2,7% and 2,6%, 
of the intensity of the molecular ion for -dihydrorotenone 
and rotenonlc acid respectively.

There are also ions present which correspond to the loss 
of fragments from the molecular ion. Similar behaviour 
was found with dihydro~y£-tubaic acid which contains the 
2:2-dimethylchroman group as does ^-dihydrorotenone. The 
formation of an ion of 2- = 340 involves the loss of C^Hg.
This can be formulated as follows:

The fragment eliminated in the case of dihydro-/^-tubaic acid 
was C^H7o The above ion is present only to an extent of 2.1$ 
of the intensity of the molecular ion. This is, however, 
sufficient to make it distinguishable among other fragment 
ions of low intensity.



‘79-

Rotenonic acid contains the ^ -dimethyl-allyl group
which degrades hy benzylic fission. The products are an
ion of 2  * 541 and the radical C H .

W  4 7
In the ^-dihydrorotenone spectrum there is an ion of

S ss 205 which will have structure IIIc. The corresponding ©
ion, IV, from rotenonic acid has very low intensity. There
is a more Intense ion at — = 203. This may have thee
structure V, in which,a hydrogen atom has migrated from

y

the hydroxyl group to the neutral fragment. The ions
of § = 205 , 204 and 203 are of low intensity and fragment ©
ions derived from these cannot he detected among the 
abundant ions derived from the hydroxyehromene ion.

Toxicarolo(X, Fig.I).
This is an 11-hydroxyrotenone with the isoprene unit 

present as the 2:2-dimethylchromene grouping. As would 
be expected by analogy with /^-tubaic acid there is a facile 
loss of a methyl group (Table VII). The (P - 15)* ion has 
in this case arr^intensity of 70$> of the molecular ion. 
Comparative figures for some other rotenoids are as follows;
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Rotenone 4.3^
-dihydrorotenone 2.7%

Isorotenone 2.7%

2.6%Rotenonic acid
The ion of | = 203 is more intense than that at § = 218. 

This is further evidence of the ready loss of a methyl group 
from 2; 2-dimethyl chrome ne ions.

The ion of ~ » 218 is accompanied hy a more intense
ion of ~ = 217. This is analogous to the behaviour of
rotenonic acid in which the ion at IS = 203 is more intensee
than that at S = 204. This con again he explained hy a
migration of the hydrogen atom from the hydroxyl group.

Pachyrrhizone0(II, Pig.I)
In this molecule there is a 2% 3-methylenedioxy group 

instead of the usual 2;3-dihydroxy group. The spectrum 
(TableVIII) is therefore different from those of all the 
other rotenoidSo The predominant fission occurs, however, 
hy the same process and the most intense ion in the spectrum 
is the 6:7-methylenedioxychromene ion (VE) of | = 176.

O H
- = 218 e 5  * 203e

e
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By a similar fission the ion VI of S s  190 is formede
This is analogous to the ion I from munduserone.

VI

VII
The ions at lower mass numbers ore of lower intensity.

They appear a t S s  175, 174, 163, 162, 161, 147, 138 and 133. e
Since this is the only compound available with the 2:3-methylene 
dioxy group, it is not possible to determine whether these 
ions are derived from VI or VII. As an example, there are 
four possible methods of formation of the ion of 1 =  163.
(1) from VI by loss of CgHg. This seems improbable.
(2) from VTI by loss of CH; This is also improbable 

because of the high energy of the CH* radical
( A H f = 142 k.cal.58).

(3) t>y loss of carbon monoxide from the rearrangement
product at S = 191. e

(4) from the molecular ion by the following type of fission;

If the latter proposal is correct, the ions of S = 179 in 
the spectra of isorotenone and toxicarol may be formed by 
the same process.

o



Serraundone. (IF, Fig. I).
The following Is an example of the determination of 

a partial structure hy mass spectrometry. The sample was 
isolated from the bark of Mundulea Serlcea. Its ultra
violet absorption spectrum suggested that it was a rotenoid 
or flavonoid type of compound,

A preliminary examination of the mass spectrum is 
sufficient to demonstrate that this compound is a rotenoid.
There Is a substantial molecular ion at ~ - 358 and thee
most intense ion is at 1 a 192. At lower mass numberse
there are ions at | = 191, 177, 163.2 (metastable), 161, 
149, 147, 134 and 121. The intensities of these ions are 
characteristic of the spectrum of a 2:5-dihydroxy-rotenoid. 
This confirms the presence of the following feature in the 
molecule, with one reservation. The same group with a

OCdifference in the orientation of the methoxyl groups may
give a spectrum similar to the above.

The other fragment of the molecule must have mass 166
and there are ions present at S = 167? 166 and 165 whiche
must be obtained by ionization of this fragment with and
without concomitant hydrogen migrations. The presence of
the ion at S s 165 suggests that there may be a hydroxyl e
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group on ring A (c.f. ~ s 203 from rotenonic acid and
§ = 217 from toxicarol). The ion of S = 166 will "be “ e

This unsubstituted ion would have S = 120, Which is 46 
mass units less than the ion obtained. The only combination 
of carbon, hydrogen and oxygen which can satisfy normal 
valence reouirements and have a total mass of 46 units 
is CH^Og.

Eing A must therefore be C6Hg(0CH3)0H, C6Hs(CHgOH)OH
or C6H(0R)gCH3„ There are several ions in the spectrum
which appear to be derived from the ion of — = 166. These “ 6
are at ~ s 151, 138 and 123. They can be related in the 
following manner. There must therefore be a labile methyl

Xg8* 123+
group on ring A. A nuclear methyl group would not be 
labile so there must be a methoxyl group present. The 
formula CgH^OCH^OH can now be written for ring A and the 
partial structure of sermundone will be VIII.

of the following type:

166* -.rffig.j, 151*

VIII
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The structure IV (Fig.I) has been proposed independently59 
and has since "been proved to he correct hy an unambiguous 
synthesis from toxicarol59.

Isoelliptone. (VI, “Fig. I)
This is another example of a partial structure determination

hy mass spectrometry. The presence of the dimethoaKychromene
and derived fragment ions indicates the presence of the
dimethoxychromsn group. The other important ions in the
spectrum are at ~ ss 352 (molecular ion), 160 and 132. There
is a great similarity to the spectrum of elliptone. The
significant ions appear at the same mass numbers in hoth
spectra. The only differences are in intensity, and are
small enough to suggest that the two compounds are isomeric.

Since hoth compounds contain the 2:3-dihydroxychroman
system the difference must *be in the other fragment. The
only possible difference is in the position of fusion of the
furan ringo The partial structure is as follows:

H
C \

&
OCtiz 

OCH*The complete structure (VI, Fig.I) has been proposed from 
comparisons of the ultra-violet and infra-red spectra of 
elliptone and isoelliptone.
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Flavones and Xsoflavones.

.0,

IX X
The flavones (IX) and isoflavones (X) both have the 

chromenone ring system. This may tahe the completely 
aromatic form XI when ionize^ Fission across the hetero
cyclic ring* as was found In the rotenoidaij, will he more 
difficult in these coses. The same type of fission is 
found in the mass spectrum of xanthone ^ to a small extent.

H- U H

The neutral product formed will not he a stable molecule as 
is possible with the same type of fission in the flavones.

'6 5

OH

HO OH
s 152

XIVXIIIXII
This is a simple flavone. The most intense ion in the 

spectrum (Table IX) is the molecular ion. The only intense
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fragment ion in the higher macs range is at El = 242. It
is probably produced by elimination of carbon monoxide from 
the molecular ion. The same process occurs in the spectrum 
of xanthone. In the case of apigenin the product should be

a benzfuran. There is c further loss of CHO to give an ion
of ̂  = 213„ The oxygen atom involved may be either from
the ether or from one of the phenolic groups.

The ions of § = 152 and 118 (XIII and XIV) are produced
by fission of the heterocyclic ring. A similar type of
fission produced the most intense ion in the rotenoid spectra.
In the flavones the fragment ions are of much lower intensity.
The ion of I s 124 is derived from XIII by loss of carbon 6
monoxide.

Acacetin.(XV)
The spectrum of this compound (TableIX) confirms the 

process of fission of the chromenone ring proposed for apigenin. 
The relevant ions appear at = 152 (XIII) and 152 (XVI).

och3

ou o
XV. XVI



The most intense ion is the molecular ion (2 = 384)* Thee
upper mass range of the spectrum gives evidence of degradation 
of the methoxyl group besides the loss of carhon monoxide as
in apigenin. The ions involved are at ^ = 269 (P - CH^), 
ra - 256 (P - CO) and | = 841 (P - CHs,CO). The latter Ion 
is the most intense of the group as is generally found with 
aromatic methoxyl compounds . The usual process of formation 
is as follows;

(P)+ (P - CHg)* (P - CHgPO)+
In this case, however,, there is evidence of another process
leading to the formation of the ion of ~ = 241. There are
metastable ions present which correspond to the following
transitions;  ̂ m284 --- > 256 + 28 | = 230.8

256+ ---* 241+ + 15 E = 826.9e
The presence of an ion of *2 := 213 suggests that the ion of 
~ = 241 may be further degraded. The complete process may 
be as follows;



The ion XIII can lose too molecules of carbon monoxide 
consecutively to form the ions of S = 124 and 96. X\TC decompose 
in a manner t y p i c a l  of aromatic methoxyl compounds.

Cavlunin.(XVXI)
This is an isoflavone with a rather complicated 

substitution pattern. The presence of four methoxyl groups

increases the probability of the loss of a methyl group from 
the molecular ion. The (P ~ CHg)* ion has an intensity 
534.5$ of the molecular ion, which is the most intense in 
the spectrum (Tables). The other ions expected from the 
degradation of an ai’omatie methoxyl group are also intense. 
These appear at | = 53453 (P -OCH^) and 331 (P - CHgCO).
The mechanism of formation of the latter is confirmed by 
the presence of a metastable ion at § = 305.2. This corres
ponds to the transitions

The ion of S = 556 must be formed by the elimination of ©
water from the molecular ion. This is confirmed by another 
metastable transitions

359* 351* + 28
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374+ ---» •356'1' + 1 8  | = 338.8
One would expect this to involve one of the phenolic
hydroxyl groups and possibly a hydrogen atom from the
adjacent methoxyl group. Similar types of fragmentation
do not occur in the cracking pattern of guaiacol (o - methoxy 

57phenol) hut the loss of a phenolic hydroxyl group and
of water does take place from the molecular ions of

RO 42polyhydroxyanthraguinones’''̂ and o-cresol
Various ions ere observed in the mass range immediately

below j| ss 33! s which are derived by degradation of the ring
substituents* These ions and the number of possible methods
of formation of each are so numerous that no purpose can be
served by trying to derive mechanisms for their formation.
•At the lower mass range it is5 however* possible to detect
the ions formed by fission of the heterocyclic ring. These

-l-octhions are XVIII and XIX.  ̂ +
H Ov^N^° OfM

HC ̂

O H O  LiL... 5 = 1 8 3  1 = 1 9 8
ot-w-j x r a i  xix

Other prominent fragment ions at lower mass numbers
appear to be derived from XIX ana from the ion of S s  182,e
which is the simple fission product of structure similar 
to XVTIi; These fragment ions appear to be related in
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the following manners

193+ 177+ -=®-* 149+ 134+ - =P° > 106+
-00 CHg
4r

135+
182* — > 167+ — ' >  139+
J-CH3

153*

The spectrun in this region is complicated by the 
presence of intense doubly charged ions. The fragment ions 
XVIII and XIX are, however, sufficiently abundant to be 
recognised.

Lease rone, (XX)

XX
This compound is a hydroxyflavanone and it is noticeable 

/that the heterocyclic ring is similar to that in the rotenoids. 
The spectrum (TableX I) shows more extensive fragmentation than 
is found with the flavones and isoflsvones, but the most 
intense ion Is still the molecular ion. In this respect 
fragmentation appears to be less extensive than in the 
rotenoids.

The spectrum In the mass range immediately below the
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molecular Ion shows the sort of fragmentation typical of 
the substituents present in the ring system. The ion 
derived by loss of a methyl group is of considerable 
intensity, but not sufficiently intense to be confused 
with a 2s2-dimethyl chromanoid spectrum. The elimination 
of water to give the ion of | = 336 is as ejected from a 
cyclic alcohol. The ion of S = 325 is formed by loss of
CHD from the molecular ion. The -dimethylallyl group
loses as did rotenonic acid, but appears to fragment
more readily at the phenylallyiic bond as follows:

354+ --- > 285* * 0kHo5 9
Other ma^or fragment ions con be formed by the following 

processes:

As with the rotenoids, flavones and isoflavones, the 
fragment ions become less intense at lower mass numbers, 
until the fragment ions appear which are derived from the 
molecular ion by fission of the heterocyclic ring*. Three

e

H «S 285
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intense ions appear at — = 235, 234 ana 2^3, which aree
derive a by this type of fission.

t%0

OH XIV
XXI S s 235e XXII 51 - 234 e

o +
XXIII 5 = S33

XXI ana XXII are Bimilnr to fragment ions obtained from
the rotenoids and flavones, XXIII is analogous to certain
ions in the spectra of the hydroxyrotenoids, e.g. V from
rotenonic ocid.

The other fragment from the fission rhich produces XXII
may he ionized, and aopears at Si = 120 (XIV). The othere
ions In this region of the spectrum are decomposition 
products of XXII. They are produced hy the following 
proceasess

General Observations.
Prom the study of the mass spectra of these compounds 

it can he seen that such evidence can he useful in the

234+ ----» 819+ + CHS
334+  » 306* + CO
854+ --- * 179* + C4H7
206*  * 191+ + CHS
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aetermination of structures of flavones and related 
compoundsc All compounds which contain the chromenone 
ring system produce fragment ions of lor to moderate 
intensity in the lower mass ranges. Those rith the 
chromanone system fragment much more readily. It is, 
however* impossible to distinguish between flavones and 
iso flavones from the evidence so far accumulated.

In all the compounds studied the ions produced by 
the following fissions could be detected:

o
From the mass/charge ratios of these ions, it is 

possible to obtain some information about the distribution 
of substituents between the two benzene rings. Some 
knowledge of the nature of the substituents can be gained 
by an examination of the ions produced by the removal of 
small fragments from the molecular ion.

A limited amount of information may be obtained 
concerning the nature of any isoprenoid group present.
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The 2:2-dime thylchroman group is easily recognised.
It may be possible to detect the presence of a -diaethyl- 
allyl or 2:2-dimethyl-chroraan group but it Is not easy to 
distinguish between the two.
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PAHT III,
The Mass Spectra of some Carbohydrate Derivatives.

IimaODUCTION:

The carbohydrates form another group of naturally 
occurring compounds which have not been examined by the 
mass spectrometric method until recently. The reason for 
this neglect Is the difficulty in obtaining a sufficient 
pressure of the compound in the vapour phase without 
extensive decomposition, which would be unavoidable in the 
normal heated inlet system. There is, however, some 
useful Information to be obtained from the behaviour under 
electron impact of simpler saturated oxygen compounds.

Some authors have commented on the facile elimination 
of water from alcohol molecular ions?0>61. higher
normal chain alcohols the majority of ions appear to be 
derived from the (P - ion?0 Secondary and tertiary
alcohols have a tendency to cleave at a carbon-carbon bond 
adjacent to a hydroxyl group. This tendency has been 
explained by assuming that the fragment ion is stabilised 
by oxonium ion formation.

CH0
r  - CH - 3h  ---» GHg ~ CH = 6li + R‘

The largest chain branch is usually lost from the ion.
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Aliphatic ethersua are similar in behaviour to the 
alcohols* Cleavage o(and ^3 to the oxygen atom can take 
place* (X- Cleavage sometimes takes place with rearrangement 
of one hydrogen atoms i„e,

R - CHg - CHg - 5r  ---» R - CH = CHg + BOH,
/$ -Cleavage will allow the formation of a stable oxonium 
ion as with the alcohols* The most intense

CHg - 0 - CHgR --> CHg - 0 ~ CHg + S *
S  » 45 e

ion in many methyl ether spectra is at S  = 45, There aree
also present in some ether spectra prominent ions produced 
by o( and /& cleavage with concomitant hydrogen migrationse,g,

GH« ^ 5I U \ V
CHg-CHg - 5 - C - CHg — * CgHA + HO = 0 + CH'6

CHg CHg
me - 59

COIn studies on the structure of phthiocerol J9 Ryhage 
discussed the spectra of some ls5-diols« In phthiocerol 
and similar diols the most Intense ions in the spectra ore 
produced by fission processes similar to those of monohydric 
secondary alcohols.



The acetals differ from these compounds in that there 
is present a saturated carbon atom bonded to two oxygen 
atomSo It has already been noted by Beynon® that this 
is an unstable system. Friedel and Shnrlcey find for a 
series of acetals that there is a very small molecular ion 
in some eases and it is absent in others. In methyl acetals 
there is loss of a hydrogen atom and of a niethoxyl group;
i.e. fission takes place at bonds o( and^  to the oxygen 
atom.

Determination of the molecular weight of such compounds 
is difficult because of the absence of the molecular ion in 
many cases. There is, however, a suitable method which can 
be employed if there is sufficient sample pressure in the 
ionization chamber. Under this condition ion-molecule 
reactions can take place and the most common of such reactions 
which occurs in conventional mass spectrometers is the

CL A
formation of the (P * H)* ione This reaction in methanolDqr 
is as follows:
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CHg OH + e ---3> CHg OH + 2e
CHgOH + CHg OH ---» CHg ^Hg + CHgO

The same type of ion has been found in the spectra of ethers56 
and of other basic compounds* The relative intensity of 
such an ion is proportional to the square of the sample 
pressure* It is also sensitive to changes of the repeller
voltage* These effects can be used to identify the ion*

There have been a few examples of electron impact 
studies on carbohydrates by Reed and his collaborators.
They measured appearance potentials of the ion CgH^Og from 
the methyl glueosides and other glycosides65. These values 
were correlated with the glycoside bond energies. In a
preliminary report on the mass spectrum of a sample of

66methylated iaminarin 9 attention was confined to a series 
of low intensity ions which were derived by fission at the 
glycosidic links of this polysaccharide. These were ions 
containing up to three glycoside units.

Further work by this group6^ included a study of the 
principal ions in the mass spectra of the inositols. It 
was suggested that some of these ions xvere derived from a 
furanoid intermediate. In this section of the thesis the 
complete spectra will be discussed. These hove been 
obtained for the eight possible isomers. The spectra of 
some other carbohydrate derivatives ore discussed and an 
attempt will be made to distinguish between types of 
polyhydroxy compounds by their mass spectra.
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The inositols were provided by Professor S.J.Angyal 
of the University of New South Wales, Sydney. The other 
samples were provided by Dr. P. A. Finan of the University 
of Sheffield,,

Spectra were obtained by the same procedure and under 
the same conditions ($ kV, 50 ev) as in Part II. The 
nature of the (P + 1)* and (P - 17)+ ions of the inositols 
were confirmed by noting the change in relative intensity 
of these ions on reduction of the voltage on the Nler 
Repeller Plate.



-100-
TABLE I.
Mannitol.

. . Relative
Intensity

183 0.8
165 0.4151 0.5147 0.7
146 3.9137 0.7136 0.4135 0.9
134 2.8133 23.9
129 0.8
128 0.5123 1.0122 0.5121 1.6
116 1.6115 3.3
111 1.4
109 1.3
105 1.6104 8.1103 66.4
102 0.9
99 0.898 1.1
97 3.396 1.2
95 2.394 0.893 0.792 0.791 8.289 1.787 2.1
86 2.9
85 12.184 1.3
83 2.782 1.5

, Relative 
ra/e Intensity

81 2.8
80 0.679 1.0
78 0.3
77 0.876 0.5
75 4.1
74 45.3
73 100.072 2.9
71 10.5
70 2.3
69 8.2
68 1.8
67 2.3
66 0.6
65 0.664 1.2
63 0.7
62 3.4
61 68.9
60 19.9
59 5.0
58 3.2
57 24.6
56 24.4
55 15.0
54 1.9
53 1.8
52 0.4
51 0.747 3.646 3.245 46.0
44 51.9
43 68.4
42 1.4
41 1.7
40 0.4
39 0.7
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TAELS II.

1 ;4-anfavaro~Hannitol.

m/e Relative
Intensity m/e Relative

Intensity m/e Relative
Intensity

165 0.9 109 0.7 84 2.0147 1,0 106 0.2 75 3.9146 2.4 105 o o• VJ 74 9.9134 0.8 104 3.4 73 75.0135 5.1 103 44.5 72 2.2131 0.4 102 1.0 71 14.5129 0.6 101 0.4 70 6.2128 1.2 100 0.8 69 30.0119 1.5 99 4.5 68 2.2118 0.3 98 1.2 62 1.2117 4.0 97 2.0 61 39.8116 0.9 96 0.5 60 29.6115 6.6 91 2.3 59 7.8113 0.3 89 0.8 58 3.7112 0.4 88 . 2.1 57 55.8111 1.6 87 11.1 56 21.5110 0.5 86 100.0 55 20.1
m 18.1 54 2.5

2-&eoxv-l:5-anhvdrosorbitol.

m/e Relative
Intensity m/e

Relative
Intensity m/e Relative

Intensity

149 0.5 98 1.0 68 1.3
148 0.2 97 0.5 62 2.5
131 0.1 91 2.1 61 56.8
130 2.5 89 1.2 60 79. 2
129 0.5 88 14.7 59 13.4
120 0.9 87 33.0 58 69.7
119 1,1 86 5.6 57 96.1
118 4.6 85 1.5 56 34.1
117 60.7 84 1.4 55f~ ji 85.3O116 1.6 76 0.7 M  At/ » • ' * fl -V

113 3.9 75 9.9 47 6.1
118 0.9 74 38.7 46 2.4
102 1.6 73 51.7 45 53.3
101 2.6 78 6.4 44 39.0
100 7.4 71 61.8 45 100.0
99 37.6 70 38.6 42 25.5
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TABLS III.

Io= Me thyl - fi -D-Glueopyrano side.
II.= Hethyl-<X-D-Galaetopyronoside.

Relative Relative
m/e Intensity m/e IntensityI. II. I. II,

195 0.34 0.15 85 6.2 8.4
193 0.29 0.03 75 12.3 10.1
164 1.0 0.6 74 44.3 54.1
163 8.1 4.7 75 46.8 43.6
147 0.4 0.5 72 2.9 3.6
146 0.6 1.0 71 22.0 29.7
145 4.7 5.7 70 6.6 6.4
144 6.9 4.2 69 7.3 7.4
133 1.9 2.6 62 1.6 2.5
132 1.1 0.3 61 32.5 35.4
131 12.0 3.7 60 100.0 100.0
129(ra) 0.5 0.5 58> 6.1 ' 577
127 0.8 1.3 58 2.5 4.6
121 3.0 2.2 57 34.3 41.5
120 0.7 1.1 56 10.9 10.7
117 1.2 1.4 55 6.2 7.2
116 7.3 5.6 54 1.1 0.8
115 0.6 0.9 47 1.1 1*3
104 3.8 3.2 45 10.8 16.9
103 4.5 6.8 44 5.9 6.6
102 0.4 43 11.1 18.1
101 1.1 1.8 42 5.9 8.4
100 0.5 41 4.4 6.4
99 2.6 2.2 35 4.8 7.1
98 8.9 6.8 32 2.4 2.0
97 6.6 6.3 31 10.8 22.6
91 1.1 8.2 30 1.2 1.8
90 0.3 29 10.8 19.6
89 1.5 2.1 28 13.8 17.8
88 1.0 1.3 27 3.0 7.3
87 7.0 9.1
86 3.1 3.4
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TABLfl IV.
Snositols.

m/e Cis L Neo Alio

181 0.94 0.08 0.18 0.26163 0.08 0.04 0.35 0.25145 0.4 0.3 0.6 0.4
144 4.2 2.5 2.2 1.4127 0.1 0.2 0.4 0.3
126 0.4 0.5 0.9 0.4115 0.7 1.6 1.0 0.7
109 0.3 0.3 1.4 0.8
103 0.2 1.0 0.7 0.7
102 3.4 14.6 10.2 10.9
101 0.3 0.4 0.4 0.3
98 0.6 0.8 1.1 0.7
97 0.9 1.2 2.0 1.5
91 2.9 2.4 3.3 2.5
90 0.5 0.7 0.7 0.5
89 1.6 3.4 2.7 2.6
85 0.7 1.3 2.1 1.8
84 0.5 0.6 0.9 0.8
83 0.7 0.6 1.6 1.4
81 0.6 0.5 1.9 1.4
75 0.6 0.6 0.7 0.6
74 4.2 4.7 4.8 4.4
73 100.0 100.0 100.0 100.0
72 .O UĴ .S 5.V 4.8
71 7.7 8.9 8.8 9.5
70 0.6 0.7 1.2 0.9
69 1.6 1.6 2.9 2.7
61 2.5 3.9 3.2 3.7
60 11.2 17.6 17.1 20.0
57 2.9 3.7 4.8 5.8
56 2.6 1.5 2.2 2.4
55 2.6 3.2 4.3 4.9
54 0.9 1.2 1.1 1.2
53 0.4 0.5 0.7 0.8
47 0.6 1.2 0.7 1.0
45 3.9 4.9 4.1 4.8
44 2.0 2.9 3.8 2. 3
43 6.6 9.8 8.3 10.4
42 4.4 6.7 8.6 5.4
41 1.9 2.4 3.2 4.0
39 1.2 1.4 1.5 1.7

__rr
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TABLE IV. (ContM) 
Inositols.

m/e Scyllo Muco Epi Myo

181 0.08 0.18 0.96 0.26163 0.15 0.12 0.08 0.10145 0.1 0.3 0.4 0.3144 0.8 2.8 3.5 2.1127 0.1 0.3 0.1 0.2
126 0.2 0.2 0.3 0.3
115 0.4 0.5 0.6 0.6109 0.3 0.5 0.3 0.7103 0.4 0.5 0.4 0.9
102 8.3 8.6 5.6 11.8
101 0.6 0.5 0.5 0.5
98 0.7 0.4 0.5 0.6
97 1.1 0.8 0.8 0.9
91 2.9 2.5 2.8 3.0
90 0.6 0.5 0.5 0.6
89 3.7 2.3 1.9 3.2
85 1.7 1.3 1.1 1.5
84 0.4 0.5 0.5
83 0.9 0.5 0.6 0.6
81 0.7 0.5 0.4 0.5
75 0.7 0.7 0.6 0.9
74 6.1 5.0 5.4 5.8
73 100.0 100.0 100.0 100.0
TO 5.g 4. 6 6.8
71 10.3 8.8 7.5 13.8
70 0.8 0.6 0.5 0.9
69 2.2 1.4 1.4 2.6
61 4.6 3.4 2.6 5.8
60 21.1 15.3 19.6 29.3
57 4.1 3.1 2.6 3.7
56 2.1 1.5 2.1 1.9
55 3.6 2.6 2.2 3.3
54 1.3 1.2 0.9 1.3
53 0.5 0.5 0.4 0.5
47 1.3 0.7 0.6 1.2
45 4.9 3.5 3.0
44 2c 6 1.8 1.7
43 9.4 6.5 4.9
42 5.6 4.7 2.7
41 2.6 1.6 1.4
39 1.4 1.1 0.8
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DISQUSSION:

The simplest carbohydrate derivatives are the sugar 
alcohols. One typical sample has been used in this case,
mannitol (I). This compound has molecular weight 182 hut
no molecular ion is observed (Table I). The molecular

S = 183c The (P - H^0)+ ion is also absent. It should
appear at IS - 164, but there is an ion at — = 165 which e s
can be derived by loss of *0H from the molecular ion or 
of H^O from the (P + l)+ ion. The (P - 2Hgp)+ ion at 
? = 146 is more intense. The ion of B  = 151 is probablyC 5
formed as follows:-

All the other intense ions in the spectrum can be 
obtained by simple carbon—carbon bond fission, elimination 
of water or by combinations of these processes, as in 
Pig. X.

weight can, however, be found from the (P + l)+ ion at

C HgDH

HO - C - H
HO - C - H

(CBOH)
IH - C - OH CH^OH

H - C - OH
c h2oh
I
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’ ® a 0H 1I + -HpO - . - H ^  -HgO
(CHOH)4 |  %  [ c 6H13°^  ^  c6H10°4  * C6H8° +
CHnOH I m  in n „ - ooL .2 J § = 164 e s 146 e ~
m = 182e

|= 151

CHDH
i
CHgOH

/ /  /
- CHi.OH °W y-CiKoH

(?H0H)4 + w 4+ W +5 W V
a = 133 a = us a = 97e e ©

(f ° H ) 3  c 4 h 70 s+  c 4 h 50 /  W
CH^DH

a = 131 a = 103 I = 85 ® = 67

(CBDH)p A  +  p  rrr\+I 3 5S 3 sPCHgpH
| = 91 1 = 73 I = 55

CgHgO

f = 61 i - 43

BTO.I.
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The most Intense ion in the spectrum, at — = 73 is
probably the resonance stabilised ion II. The sharing 
of the positive charge between the two oxygen atoms occurs 
by the conjjugative mechanism shown. For this reason the

n un 
IV,

ions II, III (IS » 105) and IV (IS a 133) are, respectively, c e
more Intense than the ions of IS a 91, 121 and 151 which are
obtained by the corresponding carbon-carbon bond fissions. 
The appropriate pair of ions containing two carbon atoms, 
however, have almost emial intensities (2| = 61 and 43 )„ 
This is owing to the fact that the ion of ~ = 43 has only 
one oxygen atom and cannot therefore be stabilised by 
delocalisation of charge.

The exact nature of the fission and rearrangement 
processes which take place still remains unknown. There 
are five possible ways in which a 1;2 elimination of water 
can take place in the molecular ion. As can be seen in

H H 
lie

H 6h 
III.

e
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Fig I most of the intense ions at lower mass numbers can 
he obtained by combinations of several possible fissions.

The anhydro sugar alcohols present an easier problem.
The spectrum of l;4-anhydromannitol (V) is shown in Table II.. 
Again the molecular ion is absent, and the molecular weight 
can be obtained from the (P * 1)* ion. Stable ions are 
obtained by loss of HgO and CH^O. The loss of HgO can 
take place in several ways; the most probable structure 
for the resultant ion will be one with the double bond o(yS 
to the oxygen atom which bears the positive charge, 
e.g. VI or X. The CHgO fragment which is lost on the

NO'*"*— *\

y \ y >
CHOH CBDH ^OH
I I + °\CH^OH GHgOH H
V. VI. VII.

formation of the ion of IS - 133 is probably the terminale
hydroxymethyl group. Tills ion is stabilised by oxonium
ion formation (VIl). Elimination of water from VII gives
the ion of 2 » 1X5 which is only of moderate intensity.6
It is noticeable that the 1 s2s3-trlhydroay grouping which 
makes possible the formation, without rearrangement of ions 
of the type III, IV or V is not present in this molecule.

VIII
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The most intense ion in the upper mass rnnp® is at
E  = 103; it is produced by the loss of CgHgOg from the
molecular ion, i.e. by the loss of the side chain from the
ring* Such a degradation is common in cyclic compounds
and in this case involves fission of a hond which is ̂  to
two oxygen functions* The ion is probably an oxonium
structure (VTII). It further degrades with loss of OH
to form the most abundant ion, at S = 86; probably a6
hydroxydihy&ro furan ion which loses OH rather than HgO.
The ion formed (~ ~ 69) may be a protonated furan (IX).

The mass/charge ratios of the other intense ions in 
this spectrum, at « 73, 61 and 60 cannot be reconciled 
with structures containing the intact furan ring.
Ionization of the side chain will give an ion of S « 61.6

m 
e

This may also be the source of the ion of | = 60, though 
It may also be obtained by a fission as follows:

NOT ^ o +  H0-i ?   > CH
No'T'/ hck®0 + °4H8°3

CEDH +
\ __
CHgOH S a 60

The ion of ~ ~ 73 can be derived by fission of the e
dehydrated molecular ion X, isith concomitant hydrogen 
migration.



no-
+OH

♦ W 2
CH
IfCH.OH

CH
\H>

X. e “

This seems most probable 130001126 it is the only method, 
by which the stable 1: S-dihydroxyallyl ion can be formed 
without extensive rearrangements.

In the spectrum (Table II) of 2-deoxy-l:5-anhydno- 
sorbitol (XI) it will be noted that the molecular ion 
(S s 148) is present though of lor intensity. Since 
there are only three hydroxyl groups in this ion it should 
be more stable than the molecular ions of the compounds 
previously discussed. The (P - HgD)+ ion is of moderate 
intensity and as in l:4-anhydroma:nnitol the most intense 
ion in the upper mass range Is produced by loss of the 
largest side chain, the hydrozyraethyl group. farther, 
this Ion loses water and the proposed mechanism Is shown
below. The Intense Ions ?.t S = 71 and 70 are probably

XI 2 = 148 e 5 = 117 e XII I = 99 e
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obtained by loss of CO and CKO from XII. The ions of
§  ® 60 and 61 could be obtained by fissions of the type o(or
/& from XI with and without concomitant hydrogen migration.
THe nieutrai fragments from these degradations can also be
ionized and appear at ~  = 88 and 87. As with l:4-anhydro-
mannitol, ions in the lower mass range of the spectrum are
products of ring fission and are less useful for diagnostic
purposes than the ions of higher mass.

The ion of ~  = 74 can be obtained by the following typee
of fission: the ion of 21 = 73 can he obtained by the samee J

CH„0H CHoOH
I^  OH

OH 0\
\— o +

\f>« /  | HO. ^CHHON f OH SC— CHg 2
+ §  = 74 H E  = 746 v

fission* with concomitant hydrogen migration.
The methyl glycosides all contain the unstable acetal 

groupingo The effect on the spectra of these compounds 
appears to be that neither the molecular ion nor the (P - HgO)* 
ion is present. From the spectrum (Table III) of methyl 
ft -D-glucopyranoside (XIII) and methyl-o<-~D~glactopyrunoside (XIV) 
it will be seen that the (P * 1)* and (P ~ l)+ ions are present. 
The (P - 1)* ion is present in many methyl acetal spectra^.
The first fragment ion to appear below these is the (P - CH^O.) * 
ionp which is also common In methyl acetal spectra. The 
stability of such ions has been ascribed to the formation
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of oxonium ions end these are host represented ns XV and 
XVI (as derived from methyl-y£-J>-glucopyronoside).

The ion of IS 3 145 is produced by elimination of e
water from the (P - CH^O)* ion. This transition is 
confirmed by the presence of a metastable ion at ~ ~ 129.0. 
The ion produced will he XVII which gains stability hy the 
same method as III and XII. There is also evidence of
degradation of the hydroxymethyl group of XVI. This is
lost as CHgP to give XVIII and as CHA0 to give XIX. The
ion of | = 116 is probably XX5 derived from XVIII,

<MxON CN*OH

art
XIII.
CMiOH

XIV.
CH*0N

XV. XVI.

OH OH 1
XVIII (55 s 133) XIX (a 3 131) XX e eXVII
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Another ion at H = 98 may “be derived from XX by loss of water.
The other ions at lower mass numbers cnn be more readily 

explained by fission of the pyranose ring of the molecular 
ion or of the (P - OCRg)* ion, as in the following scheme:

♦ °2h4°8

+ CgHgOg

The most intense ion in the spectrum is at S = 60, for 
which the probable formula is CgH^Og*. This can be readily 
obtained from the molecular ion by four different mechanisms 
involving fission of Og or carbon-oxygen fragments from the 
pyranose ring.

The mechanisms proposed for the degradation of XV2 
provide an explanation of the differences in intensity 
between the two spectra. A six-membered ring with one 
double bond usually tafces up a half-chair conformation88.

CMaPH

CM,HO

CHUQH

C»»ioH 
1 f

C

ICH 
f = 1C

,OYHC'
//nOH
ra * 73
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In the (P - OCHg)+ ion from methyl ^-D-glucopyranoside 
it is possible for both hydroxyl groups on C 5 and C4 to 
take up equatorial conformations (XXI). In the corresponding 
ion from methylg^-D-galactoside one must he axial (XXII).

Is more readily eliminated as water than an equatorial
hydroxyl group. The behaviour of the above ions is
consistent with this: the intensity ratio ~~ = 163: & s= 145e e
is 0.83 for methyl o(-D-galactoside and 1.72 for methyl 
-D-glucosIde.

The Ion of S s 145 (XVTI) loses a further molecule of
water to give an ion of low intensity at ~ = 127.
XVII is planar and the stereochemistry Is as follows:

H OM

XXI XXII.

Biemann and Seibl have shown^ that an axial hydroxyl group

e

Clh.OH CHiPH

ViO
XVTI a.

from methyl fi -D-glucopyranoside
XVTI b

from methyl OC -D-galacto 
pyranoside.

XVXI bo is more crowded than its epimer and should 
therefore lose a molecule of water more readily. The
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intensity ratio ~ = 127 • S - 145 is 0.23 for methyl0 0
p(-D-gala<topyranoside and 0.17 for methyl^-D-glucopyranoside.
These are the only ions for which the intensity can he
readily related to a known stereochemical feature of
the molecule*

Spectra have heen obtained for all eight inositols
(Pig*IT) and are sho^n in Table IV. As with mannitol
the (P + 1)* and (P - 17)+ ions are present hut the
molecular ion and (P - 18)+ ion are absent. The intensity
of the (P « 17)* ion at 21 = 163 is pressure sensitive ande
may result from the fission process:- 

181+ -- >  163+ + HgO.

There are also ions present at — = 144 and IS = 1S6 whiche e
are produced hy the loss of two and three molecules of
water from the molecular ion.

The intensity of the ion of IS ~ 163, relative toe
the intensity of the (P + 1)+ ion, is greatest where 
there is the largest number of l:4-trans hydroxyl groups.
Such groupings are present in the inositols in the 
following decreasing order:

Neo9 scyllo y myo, aUo epi, L ^  muco, cis.
The relative intensities of the ions of S = 163 (expressed/ t?
as a percentage of the intensity of the (P + 1)+ ion) 
are in the order:

Neo, scyllo.\ alio muco y L myo epi, cis.





-117-

This similarity suggests that the following type of 
reaction may occur, and the formation of the ion of

H
■O OH,Mf

m _ ___- = 163

e = 108 will take place 'by a fission similar to that
54of bicyclo-2.:S: I-heptane

Vt o y  j -+ OH
OH

S = 103e

The most intense ion in these spectra is at ~ « 73*w
It can he obtained from the ion of ~ = 102 by loss of a

V/

formyl radical* The stability of the ion of ~ - 73 in 
most of these spectra has been attributed to the structure 
of type III for the ion obtained from mannitol. This 
cannot be readily obtained by a simple degradation of 
the furanoid ion shown above* This is one argument in 
favour of an alternative nroeoss as follows:
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OH

H
Hi r

O H
CH = O H  +

CH OH
C-OH
It CED CH

CH— O W +

H C - C? H II

I 8 10S
It is not yet possible to determine whether either or both
of these mechanisms are valid.

The other fragment ions at lower mass numbers can he
obtained by a variety of routes. As an instance, the ion
of | s 60 can be obtained in six ways by removal of €
CgH^p2 fragments from the molecular ion.

It can thus be seen, from the evidence afforded by 
the few examples quoted here that some information about 
the structure of small polyhydroxy compounds can be derived 
from their mass spectra at higher mass numbers. At lower 
mass numbers there is a greater possibility that several 
processes will give rise to ions of the same mass. The 
use of the continuous volatilisation method appears to be 
quite adequate to deal with such involatile compounds. 
Ion-moleeule reactions provide a method for accurate 
molecular weight determination.
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