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SUMMARY,

The work discussed in the thesis con De consldered
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 ITI: The Mass Spectra of some Carhohydrate
Derivatives.

Part I1:

The ethers used in this section nre compounds contoaining
fused aromatic rings and homolopues of diphenyl ether with
methyl substituents on the aromatic nuclei. The spectra of
these compounds have been compared with that of diphenyl ether.
The degradation of diphenyl ether by loss of carbor monoxide
has been:noted previously and the extent to.which the
corresponding reaction takes plnce in other ethers hns been
correlated with the structures of these compounds. Other
correlations have been made in an attempt to exnlain the
presence of renrranged lons vhich appear in the ortho-methyl
ether spectra.

Part II:

Somé derivatives of tubaic acid were investignted. It was
found thét 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



-

zes-dihydromotenbids can be easily ldentifled by their
maas spectra. Two exsmples are given of the partial
determination of the structure of compounds of this class,

An analysis has been made of the spectra of some flavonold

compounds.

Part III:

A preliminary examination has been made of the maas
apedtra of some glycosides and sugar alcohols. Correlations
have_ been made between spectra and structurss in each case.
Differenceg in the spectra of two methyl glycosides have
‘beer; related to differences in the stereochemistry of the
com;éounds. The spectra of all the isomeric inositols are
recofded. Proposals haye been made for the mechanism of

degradation of these éomponnds.
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PART 1,

g

. The Mass Spectra of some Disryl Ethers.

Intrbdnction:

;Thc behavicur on electron impact of a wide variety of
orgépic compounds has been reported. or these the n- paraffins
have the simplest structare. An exemination of the mass
speéﬁra of these compounds will demonstrate the difficulties
invblved in correlations of spectra and structures,

Viallard snd Magat ©

reported the mass spectra of some
n- paraffins. They showed that as the molecular weight
1ncgeasee, the number of fragmenis due solely to cleavage
at éaﬁbon—hydrogen bonds deerecases. The extent of this
decgeése (from 84% of all fragment ions in ethane to 0.008%
in ggoctane) shows that fragmentation 1s determined to some
extént by the strength of the bond broken. Bond strength
alone does not entirely control the process aﬁ can be seen

by an exaemination of the mass spectrum of n-eicosane (PFlg.l).

The intense ions in the spectrum are mostiy of the
typé CpHiopn,1® and these could be produced by simple earbon- .
eaﬁﬁgn bond fiesslon. The relative intensities of lons of
varying carbon number are, however, more daifficult to explsin.
In tﬁe most recent work on this subject, Beynon and his

collaborator32 have shovn that the prominent ions in the

|
|
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spectrum cannot be produced by simple carbon-carbon bond
fission: they postulste a cyclic intermediate. The quesi- ' /
eqnilibrium theory of Eyring, Rosenstock and Wahrhaftiglo

has been used to calculate the mass spectrn of small moleculeso

The method is too complex.to be employed with the larger /
molecules which are of interest to the organic chemist.
It ﬁés therefore been found that emplrical and semi-empirical
corrélations sre of value in the study of mass spectra and /
thisrhas been the'subject of two comprehensive reviews,<s4e

. It will be noticed in the spectrum of p-eicosane that

all the prominent ions have an odd mass nunber. This is
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consiséent with the observation that lons having an even
nuﬂber—of electrons are more steble than those having an
odd numbers. The general nature of the mass spectrum of
gfeicogane is typicel of the p~paraffin spectra.

Bganched hydrocarbons show distinet differences. In
a study of the octsnes Mohler and his collaborators6 have
shown fhat the branched octanes have less abundant molecular
ions, : Compounds with quatefnary centres usually have
extremély small molecular ions. Fragmentation takes place
predominantly at branch centres.

A;yclic olefins present difficulties in interpretation
which §r0bably arise from rearrangements. Four of the five
isomeric pentenes have very s8imilar spectras. Cyclic olefing,
howevei, frapment in a more prediétable manner, Reed? has
shown ébat lanost~9(1l)-ene fragments in the‘fbllowing manner,

i.e. cleavage takes place at the allyiic bonds:-

B neutral
;12 %g *  product

- e
Gl 5H24+ néutral

m . 204. + product
e .

e

The presence of an alicyeclic ring in & molecule can confer

great stsbility on the molecular lon. Beynon® finds that a

l
l
/
l
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eompouﬁd having'an 1ntense molecular ion will probably
contain a ring system, although the reverse does not
nécess§rily hold true. In the spectra of efhylcyclopentane
and éthylcyclohexaneg the most sbundant lons are the
unsubstituted cycloalkyl ions. This behaviour is typicel
of mon§sﬁbstituted cjcloalkanes. More compiiceted cyclic |
system? do not necessarily follow this rule. In the steroidéﬂlr
one of the most common processes involves thg loss of the side

chain and a Cx fragment. PFriedland and his collaborators
suggest that the fragmentation 1s of the form:i-

Cq gHog*
1626
e

in choiesta:ne° | !
The Introduction of atoms other than carbon and hydrogen |
raisesjthé problem of assigning formulae to ions of a2 glven
nomina} mass. The most common hetero atomsiin organic chemistry
are oxygen and nitrogen and the presence of iédbaric doublets
such s 0 : CH

4
£irst method used to tackle this problem was the use of

and ¥ : CH, does ceuse difficulties. The
< ~

compounds specifically labelled with stable isotopes, the i

most common being 135G, 18w, 180 and.D. The method has been

k]
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successful in several cases, but the work involved in
preparing labelled compounds 18 considerable. The use

of tne high resolution mass spectrometer has superceded

the lobelling method to some extent. Beynoﬁl2 nas described
the uée of a double-focussing mass spectrometer for the %
resolqtioh of lons wlth the same nomlnal mass dbut different
packiﬂé fractions, High resolution mass spectra have been

13 ana cyclie ketonesl4. In these

dbtaiped for some esters
two céées diffieulty in interpretation is due to the presence
- of thé doublet CH4y:0 which involves & mass difference of
36.39 x 10~0 mass units. Therefore at %.: 100,

AN
M

= 36.39 x 107D

Resolution of this order is outside the scope of a conventional
singlé—fbcussing mass epq¢trometer, but quite possible with
a douﬁle-fbcuseing 1nstfumenﬁo

There ave two mein dlifficulties in the study of the mass
spectéa of alcohols. The first 1s tﬁé ease‘off%hermal
degraé;tion in the inlet system before the molecule reaches
the ionization chamber, With alcohols of high molecular
weighi: this can be avoided by using n suiltably volatile
deriv;tive of the alcohol. Trimethylsilyl ethers have been
used iery effectivelyls. Because of thelr grester volatility

the inlet system can be used at a lower temperature than that
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requifed for the corresponding aleohols. Trimethylsilyl
etheré do not have a significant parent molecular ion (P)*
but there is always an sbundent (P-15)* lon. Formates®
caﬁ aiso be usea as derivatives of alcohols for mass
spectrometry. In the spectra of the alcohols there 1is
often a (P-18)* don. Water is probably formed as the
neutrél fragment. The (P-18)*+ lon appears to fragment in
a similar manner to the corresponding olefin, Cyclic
alcohqls usually have significant molecular lons. In
most 6f these cases the (P-18)* ion is sbundant, as cen be
seen in the mass spectra of some sterolsll. Biemenn and
Se1b1i4 have examined some naturally occurriﬁg epimeric
alcohols, and £ind that the more crowded epimer has the
moré abundant (P=18)% ion.

In the spectra of oxygenated compounds there are often
fbundiions which cannot be produced by simple bond fission.
The pfesence of these can only be explalned by invoking a
meqhaﬁism involving formation of new bonds, McLaffertyl5
consi&érs such rearrangements to be of two maiﬁ types:
rando@ and specifie. The former involves random migration
of va?ious groups within the ion. This 1s most cormonly
dbserfea o8 the migration of hydrogen and deuterium atoms
withiﬁ hydrocarbon ions. A family of ions, generally of

low abundance 1s usually produced.
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épecific rearrangements produce lons of greater
abundénce. The driving force for their forﬁation is
usually elther a low-energy degradatioﬁ route or the
production of very stable intermediates aond fragmente.
This type of ion is found most often in polaf compounds,
especially oxygen and nitrogen containing compounds.

Specific rearrangements are classified into five
main pypes, according to whether the ions and neutral
prédupts concerned coantain an odd (0.E.) or even (E.E.)
numbef of electrons.

A, 0O.,E. ion—» 0.E., ion + E,E. molecule
' (single rearrangement).

B. ‘0.E. ion —>E.E., ion + O.E. radical
(double rearrangement).

C. -cyclic O.E, lon —» E.E, lon 5 0.E. radiesl
(single reavrangement).

D. EE ion—> E.B, ion + E.E, molecule
(single rearrangement).

E. ITon— E. B, ion + E.E, molecule 4+ other products.
(multiple rearrangements snd fisslons).
Of these the most easily recognised sre the first group,
Bince they are possible in the degradation of a molecular ion.
A most common exsmple of such a8 rearrvangement is found in the

spectra of aliphatiec carbonyl compounds. It takes the form:

: 3 :
R - CO - CHg.CHg.CHgR =3 R CoHg0* + CoHgR'
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and 1s found in the spectra of aldehydeslS, ketonesl?,
emidest8, carboxylic acidas(1®) ana esters(go).

It 1s considered that such a rearranpement takes place
by means of n sterically favourable intermediate, e.g. in

the case of n-butyraldehyde:
M

kS
€ < W.C “LCQ'
e o < i} C_"‘H
TR By o
ng\f;‘) + “LC. 'R

Thére is considerable evidence for the above mechanism.
A similsr double rearrangement is found In the isocrotonic
acld spectrum with formation of an lon of % = 60. It is not

found, hovever, in the spectrum of crotonic eecid,

- _H
cnz/ 0 H 0
| i é g
(o] Cc N ’
HH .

Isocrotonic Acid. C?ptonic Acild.
Wheré 8 six-membered ring transi%ion stnte is not possible.
This type of rearrangement does not occur when there is mno
hydrégen atom & to the‘carbonyl group, €.g. 1t 1is found in
the g?butyric aclid spectrum but not in the propionic acid
gpectrum. The structure proposed for the ion produced is
not ﬁﬁlikely, since there 1s evidence®l that such ions nre
present in the encl form.
Purely aromatiec compounds produce very simple mass

22,25

spectra Benzene can lose C? fragments, resulting in

the production of ions of‘% = 52, 51 and 50. Almost hself
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the ionization produced consisis of the molecular ion and
ﬁoubly charged ilons; the proportion of these 1ln the spectrum |
1ncreases as more fused rings are added. The loss of a Cg
fragment is still significant and the intensity of the ion
(P-26)" nas been used disgnosticolly by Reed2 and treated
theoretically by Lester?4, Reed also noted the ready loss
of tﬁg hydrogen atoms from the molecular ion in some cases.
jAromatic hydrocarbons with saturated substituents do
not ﬁéhave as the corresponding alicyclic compounds. The
spectra of toluene, ethylbenzene and the xXylenes all have
the most intense iomn at g.: 91. The most obvious explanation
is tQat of benzylic bond fisslion to glve a resonance-stabillised ‘
benzﬁl ion, in the case of the first two comﬁounds. The
phenéﬁenon is not so easily explained in the‘case of the
xylenes., Meyerson and Rylander 25 héve demonstrated that
in the ion of % = 01, 8ll the hydrogen atoms are equivalent
and 1t must therefore be the tropylium lon (I). It has also
been shown<®® that the hydrogen and deuterium atoms in the

+

H
H

I 1T
benzyl andd -do-benzyl radicals are completely randomised

on ionizatlonfb

In the formation of the itropylium lon from
aenterated toluene325 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 & skeletal rearrangement to the cycloheptatriene
ion (IIZ. ;

McLafferty>! has reported the loss of water from aromatic
carboxylic acids with X-hydrogen atoms in the grtho position.
This‘éould appear %o be a specific rearrangehent of type AlS
and ﬁhe molecular geometry 1s sultable for a cyclic transition

state, e.g. for o-toluic acid.

o
“ + +
C O
= o-H <d s HO
v —> (::L 2
m_ m _
s = 136 gl 118

Similar behaviour was found in esters of salleylic acid55.
The most sbundant ion in the mass spectrum of phenetole has

D=94, Ttis considered-o

to be formed by the following
process vhich 1s similar to the behavious of vinyl ethers,
The 1on produced wlll probably rearrange to a comﬁletely

conjugated form, e.g. phenol,
+

O\ 0'}'
Wy a
OW.‘“L Oﬂt + Calg.
M m .
‘s = 122 s 24

Some of the most interesting rearrangements of aromatie
molecular ions have been reported by Beynon, Lester and
Will1iams®9, The compounds studied are phenol, anthraguinone

and diphenyl ether. The process common to all three is the
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eltmination of carbon monoxide from the molecular ion. In
the case of anthraguinone this could be considered as the
stmpie fission of two bonds, but since a second molecule of
carbon monoxide ecan be removed bond fbrmatioﬁ mast be tsking
place. The meéhaniam proposed fbr the firsﬁ loss of carbon

monoxide is as fbllows giving a fluorene ion III A similnor

Q0040000 - O

o+
- I
process will be involved in the further elimination of carbon

monoxide from III. The lon produced will be the biphenylene /
ion. With the exception of its moleculgp ion, the mass ,
spectrun of onthraguinone is very similer to‘that of fluorene.

It 1s considered that phenol may rearraﬁge to the cyclo-~ ,
hexadienone form before losing carbon monoxide., Ir 1t does \
not éb 80, the expected fragment ion would bhe at g = 656 wlth
the loss of a formyl radlecsl.. This does occur but the

(P - CO)* ion 1s the most intense fragment ion in the spectrum.

Analbgous to this is the bheheviour of the mono-hydroxyanthra-
qninonesso. In the spectra of these compounds there are the ,
typical intense ions at .re'l = 224 (P), 196 (1_3- CO) and

168 (?-,200) as found in snthraquinone. There 1s a further ,
intense ion at % = 139 with a corresponding doubly charged 1on/
at ‘.‘eﬁ. = 69,5, which arises as folows:--( - /
CygHgOt —F Cp H,Y + CHO® | /

m - m .
§~168 -é-~159
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Ther§ is also an ion at % = 140 which is produced by loss
of three molecules of carbon monoxide from the moleculsr ion.
This tendency is continued in the dihydroxy-anthragquinones
wheré an lon of’%.= 128 appears which can on}y'be derived by
loss of four molecules of carbon mohoxiae frqm the parent
molecuiar ion. The authors note that thé formula of this

1°n’A01058+’ is the same as that of naphthalene, but one can

only speculate as to the structure.
One of the maln driving forces of this type of rearrange-
ment appears to be the stability of the carbon monoxlide molecule%

Analogiee can be found in the spectra of other aromatic

compounds, e.g. the elimination o acetylene from hydro-
22,24

eafbbns Nitrogen compounds behave aimilﬂrly. The

loss of HCN from indole derivatives and of both HCN and NO

from nitroanilineszg

have been reported.

Beymon, Lester. and Williems”? also showed that diphenyl
ether eliminated a molecule of carbon monoxide. This was
confirmed‘by an accurate mass measurement of thelion of

%,z 142. The following mechanism was proposeds—
@P}O OO o
--..) ._____%
AN :
H oM
Iv v ]

IV 1s merely a mesomeric form of the molecular ion and the

geometry of the molecule is such thot a bond ean easily be




fprmed'between the two ortho positions. V can lose casrbon

monoxide by a series. of électron shifts and a hydrogen

migration. mmhese are not necesssrily concerted as shown.

+
H o\\\c H
] . * H
—
” Ve
MW H
3= 142

?he radical ion of’% = 142 can readily cyclise to the
ﬁénzcycloheptatriene lon. The more abundant ion at
B 1 141 méy be formed in two ways: by loss éf a hydrogen
étom from.@;: 142 or by elimination of a formyl radical from
the molecular ion.

A seriles of diaryl ethers of higher molecular weight
have been prepared and mass spectra have been obtained,
The object of this study is to determine whether or not
fhis rearrangement is common to diaryl ethers, and i 1ts
oceurrence is compatible with the sbove mechaniem. Attempts
have ‘been made to correlate the structures of these ethers

with the crackling patiterns obteined.
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Experimental:
The mase spectra of the dlaryl ethers were obtained

using a Metropolitan Vickers Ltd., M.S.2 Mass Spectrometer
employing an accelerating voltage of 2 XV and magnetic
scenning. All" spectra are run at an ionisiﬁg voltage of

50 eV,

” Diphenyl, -naphthyl phenyl,A-naphthyl phenyl,

o :'~dinaphthyl,s 38 ~-dinaphthyl, £ :a' ~dinaphthyl,
9—phenanthry1 phenyl and 9:2°'-diphenanthryl ethers,
éfphenoxybiphenyl and p-phenoxybiphenyl were introduced
&irectly into the vacecuum system and allowed to evaporate
continuously. The ssmple was introduced packed in the
;ollow at ﬁhe end of a glass or copper rod which was inserted
ﬁehind the ion source and sesaled off with a écrew cap and lead

gasket. Reed and de Mayo32

used a simllar technique, but 1in
jhis case no external heating was used. Reproducible spectra
;ere obtained but s8ince the compounds were polar there were
;ronounced "memory effects' which could not ﬁe quickly eradicated
- For the other ethér ssmples, some of which were liguid

and not easily ameneble to the above method, a heated inlet
;gatem was constructed (¥ig. II). The samples are contained
in small glass tubes and introauced at @ while tap D is closed
‘énd tap C is in the position shown, Air 1s removed by
~;pen1ng tap D while the sample tube sits inside tap C.

—Tap.c is then turned until the tube £2alls into the hesnted

reservoir A, vhere the sample volatilises and 1s introduced

.




K
MG, IT.
A. 1 Litre spherical flask.

Outlet for removing used sample tubes.
3-Way ~tap. ‘
Open/close tap.

Outlet to second pumping system.
Heated and lagged copper tube.

Inlet for samples.

Lesk.

Lead gasket.

Glass hall/socket joint.

Heating coils for hot air bath.

« Insulated double Jacket for hot alr bath.

[
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-{hto 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 F is directly heated by a2 winding. The
:temperature of the system is shown by a therﬁometer inside
.the air bath and a thermocouple on the tube F. The only
vpossible "eold spot" is the tap C. This waé so designed

to make 1t possible to use lubricated taps. | FEdwards Silicone
Grease was used. This was found to gilve no.appreciable
spectrum below 250°C. "Memory effects" were negligible.
: The diphenyl ether used was commercial gpgrade purified
by crystellisation. X .-navhthyl phenyl, A ~-naphthyl phenyl,
-« Xt ~dinaphthyl, o :ﬁ”-dinaphthylsg, /2 :/f'-dinaphthy134,

5

9-phenanthryl pheny'l6 and 9:9-diphenanthryl3® ethers were

prepared bngﬁown methods, The phenoxybiphenyls were prepared

by an adaptation of & known method57°

D-phenoxyblphenyls To a solution of 4.5 gm. sodium methoxilde

in 90 ml. methanol was added 14.2 gm. p-hydroxybiphenyl and
6.0 pm. diphenyliodonium bromidess, %fter the mixture had
been refluxed for 24 hrs. the eﬁhernsobele produect was
ﬁcellected énd distilled under feduced pressure, The solid
distillate, recrystallised from benzene gave 1.37 gm. (48%)

P-phenoxybiphenyl, m.pt. 136°C.



g—phenoxybiphenyl: The same method was used as above
but light petroleum, b.pt. 60°-80°, was usedAto recrystallise
the ether. This gave 0.91 gm. o-phenoxybiphenyl (38¢)
m.pt. 379C.

~ The ssmples of the phenyl tolyl ethers, phenyl 2-m-xylyl,
- d1-0-tolyl, o-tolyl Z-QQxylyl and di-2-m-xylyl ethers were
prepared by Mr. G.Shearer of this departmentsg.
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TABLES OF SPECTRA.

TABLE I: Diphenyl Ether.

m/e Relative n/e Relative m/e Relative

Intensity Intensity 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 c.2 71 3.8
166 0.5 106 0.7 70.6 1.1
167 0.3 105 1.8 70 2.7
156 0.3 104 0.9 69 1.1
155 0.7 103 0.3 68 . 1.1
164 0.2 102 1.2 67 0.5
163 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 49.92 93 0.6 62 1.5
140 7.1 92 0.6 61 0.3
139 4.2 91 1.3 60 0.1l
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
130 0.1 87 0.4 B7.5 . 0.7
129 0.5 86 0.3 57 1.3
128 0.6 85.5 0.7 56 0.6
127 0.6 85 2.6 515) 2.0
126 0.3 84.5 0.2 54 0.3
1256 0.2 84 0.8 B3 0.7
120 0.4 83 0.5 52 2.3
119 0.2 82 0.2 51 37.3
118 C.1 8l 0.4 60 8.7
117 0.3 80 c.1 49 0.6
116 3.1 79 0.4

115 i7.2 78 3.7

114 1.0 77 38,1

113 0.8 76 2.9

112 0.4 5 2.6
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m/e

I

IT

II1-

Iv

VIII

IX

370
369
368
342

100.0(P)
55,1
13.7
18.8
16.5

o -]

[V R ]

163

100. OfP)

100. O(P)
" 80.5
24.6

39.6

100.0(P)100. OfP)
77.0 | 69.4

16.9 25.3

18.6
15.7

28.8
17.8

38.4
19.2

100.0(P)

64.5
16.6

)
Lo

R &
i 0 ca -

H
©
> O

10000

Q

N OO
o0

<O ue

-

0
O

15.3

1000(F
62.8
20.3%

10.8
19.5

11.7

. I.
IT.
I1T.
Iv.
Y.
VI,
V1T,

9:9'-diphenanthryl ether,
9-phenanthryl phenyl ether.

A A -dinaphthyl ether.

o :4°'-dinaphthyl ether.

« :xX'~dinaphthyl ether.
p-phenoxybiphenyl.
o~phenoxybiphenyl.

VIII. & -paphthyl phenyl ether.
IX., « -naphthyl phenyl ether.

W



Phenyl
p-tolyl ether

yl ether

Phenyl
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Relative intensity

1yl ether
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DISCUSSION:

The simplest member of the diaryl ethers is diphenyl
ether. In its mess spectrum (Teble I) the most intense
ion 1sAthe parent molecular ion. The most intense fragment
ions a?e at !'.g. = 142, 141, 115, 77 and 51. The ion of :—;‘» = 77

will be csﬂs* arising from the simple fission:

4
+ 4 c
06H50 06H5'——'Q 06115 i 0 Ceﬁsc

The phénoxy ion appears only in low abundance. There 1is,
hoﬁevef, an ion &t § = 94 which must arise by rearrangement.
It is éommonly abundant in the spectra of other phenyl ethers
where fhere is the possibility of formation by & six-membered
ring tyansition state, e.g. from phenetole28 as shown previously.
In thejlatter case a stable neutral product,(ethylene, is

fbrmed; In the case of diphenyl ether the @eutral product

must b% CGH4° Assuming the same typg of meghanism, the

process will be as follows. The neutral product will not

o J
o =

oY — O e
HONF N M

be stégle in the cyclie form, and the ring may open. This is,
howevér, not a predominant reaction in the dégradation of the
dipheﬂ&l ether molecular ion. Indeed the ion of’% = 94 has
an Sbﬁfdance of 4% of thatvof the molecular ion.

The presence of the ions of % = 142 and 141 has already
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been discussed, and the structures proposed for these ilons

are VI and VII respectively. It is to be expected that VI

H,
+ NS
(+)
vI VII

would lose a hydrogen atom readily to producé the completely
aromatic ion VII, by analogy with cycloheptaﬁrienezs. This
is confirmed by the presence of a metastoble ilon at % = 140.0
which corresponds to the transition:-
142 — 141% ., 1,
This analogy can be extended. It has heen Eshown25 that
toluene and cycloheptatriene both form the tfopylium ion of

% = 91 and they almost certainly form the same molecular lon.

If 1l-methylnaphthalene behaves analogously to toluene there
should be some similarity in the spectra of 1~methy1naphtha1ene40‘
and dlphenyl ether at mass numbers less than 142, These two
spectra (Figs. III and IV) have the following ions in common
with some similarity in relatlive intensity:-

% = 141, 115, 102, 91, 89, 75, 74, 7l, 70.5, 70, 69.5, 69, 63
and 61. There is a significant difference in intensity in
the ions st the followlng masses:

% = 106, 94, 85%, 85, 843, 78, 77, 76, TH, 65, 51, It
should be possible to explain the formation of the latter
group of icns in terms of mechanisms which do not involve

the prior formation of Cllﬂig°
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The ions of 2 = 94 and 77 have already been discussed.

The ion of'% = 856 1s the doubly charged molecular ion, (P)z*.

It will be noted that % = 105 and 65 are complementary. They
may be produced by the following type of fission:

+
Cy g 0" —> Gl 0"  +  CgHy

= 105

ol

&
or 05H5 + CVHSO'
m

The abundance of the ion of !‘16 = 51 is typical of
compounds which show an intense phenyl lon; e.g. biomo-
benzene41. It is probably produced by elimination of
acetylene from the phenyl ion. |

Ces® —> Cgfig" + Cof.

In the partial mass spectra of ethers with condensed

aromatic rings, (Table II)ﬂ The ssme processes are found.

The predominant reactions are elimination of CO and CHO and

aryl oxygen fission. As with 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 fueed
rings increasss.

| In the unsymmetrical diaryl ethers both aryl groups
appear as ions, e.g. in the spectrum of 9—phenanthrj1 phenyl

ether,
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It is therefore possible to detect the individual groups
present in an unsymmetrical ether. The problem is;more
difficult when one tries to mgke a distinctién between
1som§ric groups, €.g. o~ and /3~naphthy1, In the spectra
of tﬁe ethers the msin difference between such 1soméric
compdunds is in the loss of one or two hydrogen atoms from
the molecular ion. There is, however, no empirileal rule
wnich can be used to determine the orientation of substitution 5
in aromatic nuclel 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
(Tuble IIT) the ions corresponding to the loss of CO and CHO
are rednced in intensity, and the most intense fragmnent lon
appears at 2 =91. This ion, C4Hy ", could be obtained by

simple fission:




~-30-(2a)

Cifd Cgliy — Cylly  + Cgg0”
It i8 unlikely that it will be the p-tolyl ion. As is
found with the xylenesZ® the c.,H,r"’ jon will rearrange to
the more stable tropylium form.

As mentioned before there is only e moderate abundance
of the ions of’% = 156 and 155 which are derived by
elimination from the molecular ion of carbon monoxide and
the formyl radical respectively. There 1ls, however, a more
intense ion at % = 141 and an ion of low but significant
intensity at %.: 169. The latter must result from the
loss of the methyl group from the molecular lon. These
two ions will be related as in the following scheme, with

the production of the benztropylium ion. The ion of'% = 115

o T
> S

or other isomer
= = 156

is also found, as it was in other spectra contalning the

benztropylium jion (Figs. III and IV).
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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
ebundant ion at %.: 77, with its expected degradation product
at @ = 51. The lonor 2= 65 is intepse as is ususl in the
spectra of compounds which degrade to the tropylium ion.
It is derived from the latter by elimination of acetylene5,

Collyt —> CgH* 4 Cofly.
The ions of I

T
of Cy fragments from the (P-CO)* and (P-CHO)* ioms, e.g.

= 128 and 129 can be produced by elimination

Q

+
Cy gy 0% =29 0y =0, ¢

= 1566 = 128

?i3

5

It has been suggested that the iomn of % 128 in the spectrum

of 1:2—dihydrcxyanthraquinonego may have the naphthalene
structure, and the ssme structure may be possible in this
case,

The lon of % = 107 could arise from the fission:
+
0T g
m
| z = 107

It is present in greater ebundance than the phenoxy ion.
Similarly an ion of the same mass appears wmore abundantly
in the spectra of the cresols and dimethyl phenols than the
pheroxy ion inm phenol. By onalogy with toluvene?‘5 it is

to be expected that & hydroxytropyliium ion will be Pformed.
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4+
C on .
o @
m- eresol "R=H

3:4-dimethylphenol R = CHg

Phenyl p~tolyl ether has a spectrum (Table III) very

Y

similar to that of phenyl m~tolyl ether. The fragpmentation

proecesses would appear to be the same and the only differences

are in the relative intensity of the ilons formed.

~ Phenyl g-tolyl ether shows some striking differences
in fragmentation from lts isomers. The most intense ion
is still at % = 91 but its intensity is reduced as is that
of the phenyl ion (% = 77). Two other lons appear with
enhanced sbundance at % = 78 and 106. Both ions csn be
obtained by & rearrangement process Iinvolving & six-membered

ring transition state, which 1s only possible where there is
-‘-

o
= (:Ecnl + Cgllg

+
O~ ¢ s % = 106

N e + 06H6+
cw, T =78

an O{-hydrogen atom in a position ortho to the ether oxygen
atom. The ion of % = 78 may also be derived by the

following fission:



ot
—> Cgllg' + OO
Cly
This 1s analogous to the behavious of o-tolule ac1a?7,
Lo0%

x4
b\ 4“ +
) ——> CpHg + CO.,.
CI“ C“J_

%‘ 118 2 =090

In the spectra of the two isomeric ethers (Table IV)
with two ortho methyl groups the (P - CH5)+ ion 1s more
intense, especially in phenyl 2-m-xylyl ether. This
ﬁolecule contains a 1:2:3-trisubstituted benzene system.
In the spectrum of this compound the most intense ions
appear at % = 120, 105, 92, 91 and 77. These ions can be
obtained by simple aryl oxygen fission (Pig. V) and by
ct-hydrogen migration (Fig. VI).

o o
CHy - 105 |

+ .
> CSIH5 ¥ CBEQO
= 77

i

PIG. V.
CH3

<y
+ 3
& O ot
C(,Ha_; “-'——"‘é
eng ™ cuy + %%
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The ion of % = 105 (Pig. V) will probably be the
methyltropylium ion rather than the 2-m-xylyl lon. The
appearance of the ion of’g.z 92 indicates that a similar
process may be responsible for the production of the ion of
%»: 78 from phenyl o-tolyl ether.

In the phenyl 2-m-xylyl ether spectrum the (P - 00)*
and (P - CHO)* ions are noticeably less intense than the
corresponding ions 1n the spectra previouslyvdiscuSSed.

The products in this case will be dimethylcycloheptatriene
and dimethylbenztropylium ions, which will degrade more
eaglily than more simply substituted ions. If the mechnnism
proposed29 for the elimination of carbon monoxide is correct
and applicable in this caese, the process will be hindered.

S8ince the first stage of this mechanliem 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 1s
more intense than the (P - CHO)+ ion: the former appears at
3= 155, The benztropylium ion s4ill appesrs at @ = 141.
Tt is possible that 1t is derived from the (P - CHO)* ion

in the following manner. The ions of '-é‘- = 155 and 141

~CHO ~CoH,
& + 4 +
—_— 245 ¢
CigHy 0 S5t 11%
m m _ m _
T . 108 L - 169 T - 141

degrade by loss of Cg fragments to ions of & = 128 apd 115

Tgspectlvely.
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Di-o-tolyl ether is isomeric with phenyl 2-m-xylyl
ether, but the methyl groups are in less sterically hindered
positions. This difference is reflected in the lover
abundance of the (P - 16)% 1on. Again there is a step-
wise degradation of the (P)* and (P - 1§* ions by loss of
CO and C2 fragments,

1ie+ =CHO, 169+ =Cofla ,1m+ _=Cofla, 115+
- CHy

185 —=C0 _, 355+ _—Colz , j9g+,

The rearrangement involving fission at the ether link
and transfer of an o\hydrogen atom again occurs. In this
case the hydrocarbon fragment of‘%'= 92 apnears to be
4onized more readily than the oxygenated frapment (%.= 106),
whereas the reverse is true of phenyl 2-m-xylyl ether. This
moy be due to the difference between the ionization potentinls
of the expected hydrocarbon fragments, toluene and benzene.

Toluene Cylg I.P, = 8.82v.%?

Benzene 06H6 I. Po = 9. 216V. 43

The difference is, however, rather small and comparative
values ore not known for the other fragments. In this

case the hydroxytropylium ion at §.= 107 is more intense
than the ion at %‘. = 106, The ions of ’.é'! = 79, 78 and 77
wlill be produced by loss of CO and CHO from the ions of

% = 107 and 106.



There are also in the spectra of both di-o-tolyl ether
and phenyl 2-m~xylyl ether several ioné which ceannot be
explained by invoking the conventional mechenisms so far
used, These are at % = 181, 166, 152 and 104. The last-
mentioned 1s more intense in di-o-tolyl ether and the first
three oceur also in go~tolyl 2-m~xylyl and di-2-m-xylyl ethers.
Such ions have not been so Pfar reported in similar compounds
and thers is insufficient evidence to Justify the postulation
of structures for these lons.

In the spectrum of o~tolyl 2-m-xylyl ether (Table IV)
one finds thot the loss of 30 and 31 mass units is
predominant over the loss of 28 and 29. Thils may be
the successive removal of methyl groups. Similar behaviour
1s found in the polymethyl indoles®. It 1s, hovever,
possible to observe the stepwise degraustion of the (P)*
and (P - CHS)+ ions which takes plsce in & mamner similsr
to thst gf the two previously discussed compounds.

CygHye0* ) Crglygd* —— Cyghygt —) Cpyfig* — Cgly™

m .. m _ m . — —
2= 212 3 =197 2 =169 %’...141 g..ns

mn m
° = 183 S = 185 e = 128



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

“+ +
ONggH 2
VIIT 3R —s i\, or Cgig"
M N Sl
. Lo 8 m _ m_
g = 106 o 106
W
S o+
CyHy .
IX iy W CHy or 071'18
m m -
ke 120 4 92

ebundant as are the simple fission products at § = 106 and
91. The unexplained rearrangement ion of T = 104 1s,

however, more intense than either of the lons at ’.g. = 106

and 106,

The mass spectrum of di-2-m-xylyl ether (Table IV) 1is ‘
even more complicated in the upper mass range. The (P - CH:_,,)+
ion is intense as should bhe expected. The ions which
constitute the typical stepwise degradation are all of
low intensity. They appear at the f’éllowing masgs numbers:

226* —>» 197t — 169% — 141* —> 115*

2;%1* —>183* — 155% — 128%

There are, however, equally or more intense ions
appearing at I = 195, 179, 166 and 152.  Similar behaviour
is found with go-tolyl 2-m-xylyl ether. i’he peralatent
pregsence of ions at ™ = 165 and 152 suggests that there is

e
a common process for their formation. The predominant
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fission processes 4o, however, éppear to be similar to
those in the other ethers with Qgggg,methyl groups, 1i.e.
fisslon of the ether linkage with and without (X =hydrogen
migration. The most sbundant ions will probably be

formed dy the following processes:
3

chy t ot
L +
‘ (.“‘1 C H1
¢~ 8710
W m - ’ m
- e = 120 \g = 106
1 J' Cp ByT + CHO
B.o
+ =
CgHg" CpHgt + €O e
% 105 m . g2
e

If will be noted that in all the dlaryl ethers studled
there occurs to some extent the rearrangements leading to
the (P - c0)* @&na (P - CHO)* 4oms. In the series of
polynaclear ethers the intenslity o these ilouns dec‘reased
wlith inecreasing molecular weight. This is consistent with
the opinion that fusion of extra aromatic rings stabilises
the moleculsr iomn by charge delocalisation.

The presence of methyl groups in the aromatic nucleus
also decreases the intensity of these ions, the most marked
effect ’beiri_g:”caused by the presenee"of methyl groups in the

ortho position. Tmec reasons can be advanced for this,
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M™rstly, very steble ions can be formed by competing
reactions involving mach simpler mechanisms, e.g. formation

of a potential tropylium ion by simple fission.

NSACE UGN
o
©
. Cw Ty
o] NG o+ o
CLO — QT
Chy iy
\
N\, OH

Secondly,; the presence of ortho methyl groups will
hindeg the formation of a tricyclie¢e intermediate. If the
propoéed‘mechanisﬁu%an be applied to phenyl 2-m-xy1y1 ether,
the first step in the process vill be as fbliows:

CH3 +

X -~CLo -

The approach of the ortho positions will be hindered by the
presence of the g-methyl group. This effect should be

greater in the dbove case than in dl-o-~tolyl ether where

there is one unsubstituted ortho position in either ring.
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It 1s indeed found that the (P - C0)* ion is more intense
in the latter case than in the former._ These facts do

r}ot cénstitute a proof of the mechanigm proposed by

Beynon, Lester and Willlams but they are consistent with it,
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PART IT.

The Mass Spectra of some Naturslly
Occuming Phenolic Compounds.

Introduction:

The mass spectra of naturally occurring phenolie
compounds have not been obtained by any previous workers,
Thls neglect is probsbly 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 studled the most obvlously
amenable to the method of mass spectrometry are the aliphatic
compounds occurring in natural fats and plant waxes44.
Satnrated hydrocarbons were smong the flrst compounds to be
studied by thils method. The mass spectrum alone can ldentify
sych eompound845° Usiﬁg heated inlet systems hydrocarbons
containing more than 40 carhon atoms can be studled. The
mass spectra of esters of long chain aclds obtained from

natural fsts have been the subject of extensive studies by

Stenhagen and Ryhage?6,

Among the natursaslly occurring alicyclic compounds most

attention has been focussed on the sterocids but some studies

47

have been made on the monoterpenes and the diterpenoid resin

acids?”8  gome mase spectrometric studies in the protein
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fleld have been carried out iy Biemann and his collaborators
but they were restricted to smino acid esters?® and the
peduction broducts of small peptides49. Both groups of
compounds are falrly volatile. The other main group of
nigh molecular weight compounds, the carbohydrates, are
discussed in Part IIT of this work.

There is one group of natural products wvhich bearas
gome simllarity to the compounds discussed in this sectlion,
" in molecular size and in the presence of a pgrtially aromatic
cyclic structure. This 1s the indole group of alkaloids,
and the mass spectra of several of these have been dlscussed
by Biemann and his collsborators®®.  Typical exasmples of
the type of compound studied are Ia and Ib, vhich are

reduction products of sarpagine and ajmaline..

R ) AN
S N N
"
ITa R = OCHg
ITb R=H ITo R=H

In the spectrum of Ia the most intense ion is IIa.
Similarly IIb is the most intense ion in the spectrum of Tb.
In both spectra all ions of'% values higher than II will
contain the intact sromatic ring system, since the alicyelic
portion will fragment readily. The mess spectra of Ia and

It in this region are almost superimposible, each ion from




=43~
Ta having a mass to charge ratio 30 units preater than the
corresponding ion from Ib.
None of the compounds studied in this section hes an
extensive alicyclic system as part of its structure,
The majority of these possess one of the following ring

systems, in which there sre two benzene rings linked or fused

flavone isoflavone Totenoid

to a heterocyclic systom. I£ these systems cleave in such
a manner that the benzene rings remain intact it may be possible
to obtaln some infbrmation 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 ususlly give rise to a substantial

difference in the cracking pattern of the compound. In the

51 the greatest difference

spectra of the three isomeric xylenes
shown is one of 9% of the intensity of the ilon (’él = 106)
between o~ and m-xylene. It is probable, however, that
differencee in the mass spectrum will be greater where there
is the poasibility of a facile rearrangement, as hns been
observed with the three phenyl tolyl ethers, Orientations

vhich involve g high degree of steric crowding may alsoc affect
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the spectrum. The effect of differences in electronic
properties of different isomers (g, m end p effects) are
more readily observed using the 1ow—energy scnsitivity
method of Crable, Kearns and Norr1852 Unfprtunately
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 theilr 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 shovn for the alkalolds.

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 commmon types of isoprenoild
group are §:Y -dimethyl-allyl (IIIa), 2-isopropenyl-2:3-
dihydrobenzfuran (IITb), 2-isopropylbenzfuran (IIIec),
2:2~dimethylchroman {(ITId) end 2:2-dimethylchromene (IIIe).

0D YD

IT1s IIIc IIId ITTe

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

isoprenold groups.




~4:.6~

Ezgerimentalz

| Samples were obtained from Dr. W.D.0llis, University

of Bristol. |
The spectra were run as in Part I. The samples used

were less volatile and the method of continubus volatilisation
was modified in the following manner. The semple, at the
end of the glass rod, was held at a disteance of 1.5 to 1 cm,
from the repellef plate. The source fllament was switched
on 15 minutes before beginning measuremcnts ﬁo allow
equilibration of temperature in the region of the sample.
Wheﬁ the run was completed, a section of the run was
repeated as a cheek on the constancy of the sémple pressure

and to detect any dbcompoeition of the sample,
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Tables of Spectra.

TABLE I: Tubaic Acid.

Relative ./, Relative ./, Relative .,/ Relative

m/e Intensity Intensity Intensity Intensity
222 4.6 165 2.9 122 3.1 80 3.1
221 19.3 164 1.3 121 4.0 79 4.6
220 88.4(P) 163 4.0 120 2.0 78 3.8
219 2.7 162 6.6 119 4.3 ™ 6.8
218 2.2 161 38,3 118 9.5 76 2.8
217 1.9 160 19.0 117 12.4 75 0.5
207 1.3 189 27.6 116 4.8 74 0.4
206 2.5 168 4.1 115 11.6 73 0.6
205 11.2 157 6.0 114 0.9 79 0.5
204 3.8 166 2.0 113 2.2 m 2.5
203 11.1 165 1.9 112 2.2 70 1.7
202 40.9 154 0.9 111 7.8 69 3.4
201 7.4 153 1.3 110 3.9 68 1.4
200 1.8 162 1.3 109 .7 67 2.5
194 0.9 151 3.2 108 4.8 66 1.7
193 2.1 150 2.3 107 8.3 65 4.4
192 2.6 149 9.5 106 5.4 64 2.5
191 3.6 148 3.8 105 8.9 63 2.5
190 2.1 147  11.5 104 4.7 62 0.6
189 4.7 146 35.6 103 8.2 61 0.3
188 17.8 145 17.6 102 2.7 60 0.6
187 100.0 144 4,2 101 2.0 69 0.6
186 . 143 4.4 100 0.3 58 1.0

(m185.5 10.6 142 0.5 99 1.2 sy 4.8
185 23,7 141 1.9 98 1.2  B6 2 4
184 1.7 140 1.7 97 3.4 85 8.8
181 0.8 139 3.4 96 1.7 54 1.7
180 1.6 138 2.4 95 7.2 B3  13.%
179 2.5 137 4.8 94 1.2 se 5.1
178 4.2 136 2.4 935 0.7 851 11.3
177 3.4 135 4.4 93 1.8 50 3.9
176 10.3 134 7ol 92 2.1
175 15.1 . 133 8.6 951 5.2
174 69.9 132  10.8 20 0.9

M@L731Y) o4 g 131 32.5 89 1.8 .
173 130 2.6 88 0.8
172 3.9 129 11.3 87 1.4
171 1.4 128 11.3 86 1.3
170 0.6 1e7 6.1 85 3.0
169 0.6 126 2.1 84 2.6
168 0.8 125 5.7 83 4.3
167 1.7 124 3.9 e2 3.0
166 1.0 123 11.5 81 4.0
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TABLE IT1: Isotuboiec Acid.
Relative Relative Relative
m/e Intensity m/e Intensity m/e Intensity
22) 12.0 130 0.9 76 2.1
280 35.9(P) 1929 0.7 75 1.8
219 2,4 128 0.7 74 0.8
218 1.1 119 0.8 73 0.4
217 0.9 118 0.4 72.5 0.2
206 0.9 117 2.1 72 0.2
204 4.2 116 1.4 71 1.1
203 21.4 115 3.1 70 0.7
202 78.5 114 0.3 69 2,2
201 6.9 107 0.8 68 0.5
200 1.9 106 0.5 67 1.6
189 3.6 105 1.7 66 1.5
188 22,4 104 0.3 65.5 1.3
187 100.0 103 11.1 65 2.1
186 ; 5.0 102 3.7 84.5 0.2
f)L85.56 . 101 1.8 64 0.8
185 | 0.55 100.5 0.2 63 2.8
177 1.1 100 0.4 62 0.6
176 2.8 97 1.1 59 0.3
175 2.1 96 0.5. 58.5 0.1
174 4.0 95 1.9 68 0.4
(mp73.1 94 . 2.1 67.5 0.2
173 6.9 93.5 2,9 gg %.9
172 2.3 93 2.0 .0
163 0.2 92 0.8 55 4.1
162 0.6 91 3.0 54 0.5
161 4.1 90 0.5 53 3.2
160 4.6 89 1.5 52.5 0.1
159 4.1 88 0.5 52 1.1
158 1.3 87 1.2 51.5 0.7
157 0.3 86.5 0.5 51 3.1
1561 0.3 86 0.2 50.5 0.1
150 0.2 85 0.6 50 1.3
149 0.6 84 0.4
148 0.2 83 1.3
147 0.5 82 0.7
145 1.1 g1 1.5
144 0.3 80.5 0.4
143 0.3 80 1.0
135 0.5 79.5 0.7
134 0.4 79 2,0
133 C.7 78,5 0.6
132 1.7 78 2.1
131 6.8 77 10.0

|
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TABLE III: A-dihydrotubalc acid methyl ether.

Relative m/e Relative

Relative :
m/e Tntensity m/e Intensity Tntensity
237 23,9 164 2.6 109 5.8
236 92.5(P) 163 15.1 108 1.1
235 1.6 162 5.8 107 5.2
234 1.6 161 10.8 106 1.8
299 3.5 160 6.3 105 6.6
221 15.7 159 3,1 104 1.6
220 4.4 154 1.% 103 3.6
219 20.8 153 7.0 o7 1.7
218 23,0 152 15,4 96 4.8
217 2,9 151 91.3 95 7.4
(m)206.9 2,0 150 6.4 04 6.2
205 5,7 149 19,4 03 3.3
204 25.6 148 6.1 02 4.6
203 100.0 147 18.3 o1 7.6
202 8.8 146 2.4 90 1.3
(m)201.4 5.6 145 3.9 89 2.8
193 1.5 144 2.0 81 5.7
192 1.1 157 3.8 80 1.6
191 3,1 156 2.4 79 4.9
190 2.7 135 10.8 78 4.5
189 8.5 134 13.0 77 10.1
188 4,9 133 4.7 76 2,2
187 11.2 132 3.2 75 2.1
(m)186.6 B.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 3.6
177 1,6 118 1.6 55 7.6
176 7.4 117 2.5 54 0.9
175 20.5 116 1.6 53 6.7
174 2,2 115 3.8 - 52 1.9
173 2,9 110 1.4 51 6.3
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TABLE IV: A -Tubaic acid methyl ether.

7 Relative Relative . Relative
m/e Intensity m/e Intensity m/e 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 0.7
217 12.7 135 0.4 80 0.5
216 0.9 134 0.6 79 1.8
(m)205.0 1.5 1353 1.2 78 1.6
203 0.7 132 5.0 7 5.1
202 0.4 131 3.2 76 1.3
201 1.6 130 0.9 75 1.4
190 0.7 129 1.5 74 0.7
189 3.4 128 1.7 69 0.8
188 1.8 127 1.1 67 c.8
187 8.8 117 2.0 66 0.8
186 C.7 116 l.8 65 2.0
185 1.1 116 4.4 64 0.8
184 0.3 114 0.6 63 2.6
176 1.7 107 0.9 62 0.8
174 1.7 106 1.3 57 0.9
173 2.2 105 1.6 56 0.6
162 0.9 104 1.3 1515) 1.9
161 6.2 103 3.2 54 0.4
160 28.56 102 1.8 53 2.4
159 3.2 101 1.3 52 U9
188 1.k 95 1.1 51 2.3
157 0.7 o2 1.0 50 0.9
151 0.4 91 3.8

150 0.2 90 0.7
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. TABLE V. (Cont'd)

Relative Intensity
m/e Iso-
Munduserone Sermundone ZFElliptone elliptone

109 0.6
108 1.2
107 4.4 1.0
106 6.2 3.8
106 2.0 2.9
104 0.5 1.2
103 3.0 1.9
102 0.8 0.5
o7 0.6
95 1.1 0.9
94 1.2 0.6
93 b.9 4.7
92 1.2 0.6
91 3.1 2.7
90 l.4 1.1
89 1.4 1.2
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TABLE VI.

Relative Intensity

Rotenone  Isorotenone /A -~Dihydro~ Rotenonic
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TABLE VIT
Toxicarol.

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

411 6.4 191 5.6 132 1.0
410 28.1(P) 130 8.8 131 2.5
409 1.0 189 2.5 130 1.1
408 1.2 188 1.3 123 0.7
396 9.7 187 2.0 a9 1.3
395 19.7 181 1.1 121 7.7
294 1.0 180 4.5 120 1.1
393 1.1 179 29,5 119 3.2
381 1.5 178 4.5 118 2.6
380 1.3 177 24, 6 117 0.8
379 1.3 176 4.3 116 0.5
229 0.9 175 3.6 115 1.2
22 1.0 174 0.7 111 0.6
219 3.4 165 1.5 110 0.4
218 2.5 164 2.9 109 1.1
217 7.9 163.%m) 4.1 108 0.9
208 1.5 162 3.1 107 3.5
207 0.7 161 3.7 106 6.5
206 0.5 160 1.2 105 3.2
205 1.4 159 1.5 104 0.9
204 5.8 152 1.0 1053 3.7
203 20.7 151 4.5 109 1.2
202 1.4 150 1.7 101 0.3
201 1.9 149 7.1

199 1.0 148 3.6

198 6.2 147 6.4

197 0.5 146 2,3

196 0.4 145 1.0

135 1.0 136 1.1

194 2.9 135 2.9

193 25,92 134 3.9

192 100.0 133 4.3
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TABLY VIIT

Pachyrrhizone.

Relative. . Relative Relative
m/e Intensity /e Intensity ™© Intensity

367 10.5 176 100.0 . la4 0.7
366 36.5(P) 175 59.8 143 0.4
365 1.9 174 3.7 142 0.2
364 3.8 173 1.1 141 0.4
363 0.6 172 0.7 140 0.5
351 0.2 171 0.6 125 1.6
350 0.4 170 0.2 138 3.1
549 0.6 169 0.4 137 1.2
338 0.5 168 0.4 126 1.2
337 0.7 167 1.0 135 1.3
336 0.9 166 0.6 174 1.0
335 0.9 165 1.7 153 3.7
323 0.5 164 1.6 132 1.3
3292 0.4 163 9.0 131 0.8
39 0.8 162 6.9 130 0.3
320 0.5 161 4.4 129 0.6
309 0.7 160 1.7 128 0.5
308 - 0.8 159 0.5 127 0.5
307 1.8 158 0.5 126 0.6
306 1.0 157 0.5 195 1.2
305 0.7 156 0.2 19 0.9
192 2.9 155 0.5 125 1.5
191 6.5 154 0.4 199 1.1
190 9.0 153 0.7 121 1.4
189 1.8 152 0.8 120 1.0
1853 0.9 151 1.5 119 2.8
182 . 0.5 150 1.7 118 1.6
181 0.6 149 1.7 117 1.4
180 0.5 148 2.7 116 0.5
179 1.2 147 7.9 115 0.6
178 . 2.7 146 2.1 114 0.2
19.3 145 1.5

177
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- TABLE X.
Caviunin.
- Relative Relative Relatilve

m/e Intensity m/e Intensity m/e Intensity
375 50.5 . 299 3.8 187.5 1.4
374 100.0(P) 998 2.6 187 3.1
a3 6.4 288 2.1 183 2.2
372 2.2 287 2.5 180 2.4
360 17.9 286 2.9 179.6 3.5
359 34.5 285 2.3 179 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 s 5.0 171.5 1.6
345 11.9 - 274 4.3 167 2.3
344, 11.8 3 1.7 165.5 1.8
343 17.0 279 2.5 155 2.1
349 5.6 o7l 1.9 164 2.1
341 9.6 260 1.8 153 3.2
328.8(mM 2.1 . 559 2.4 158 3.2
339 13.6 258 1.6 153 2.8
331 28,3 257 1.8 1592 1.5
330 5.5 246 2.0 151 2.9
32 7.6 - 245 2.7 150 3.9
328 7.8 244 1.7 149 7.8
327 4.5 A3 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 1.0 144 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 2.4 134 2.8
313 7.0 - 203 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
303 4.8 191 6.5 107 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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TABLE XT,

Leascrone.
Relative Relative Relative
/e Intensity m/e Intensity m/e Intensity
356 39,92 24.9 2.0 167 12.7
354 100.0(P) 248 4,1 166 2.6
353 3.4 247 4,0 165 4.5
352 3.6 241 A,.6 164 3.0
340 7.1 236 5.5 163 5.7
33 18.4 235 26.1 162 2.5
338 5.2 234 6.9 153 8.1
337 5.5 P33 11.6 159 3.9
336 2,9 299 1.1 151 4.0
397 2.5 221 3.6 150 2.1
326 7.8 220 13.5 149 9.6
325 17.9 219 bl.4 148 3.9
324 4.1 218 3.8 147 2.6
323 4.7 217 6.4 146 2.0
322 6.1 209 2.1 145 5.3
321 14.8 208 1.7 141 2.3
309 3.1 207 5.1 140 4.7
308 2.3 206 23.5 139 2.3
307 2.8 205 3eH 136 2.9
299 4.9 204 2.1 175 4.6
208 e H 203 3.2 123 4.9
207 2.7 193 8.4 121 B.7
205 4.1 199 2.9 120 11.6
204 2.5 191 15,92 119 6.6
203 4.3 190 3.7 118 5.7
286 2.6 181 2.5 117 4.5
285 10.8 180 2.7 115 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 2.9
267 2.5 176 12.9 105 13.0
258 3.4 175 2,9 104 2.8
257 13.0 168 2.5 103 7.9




DISCUSSION:

The following tubale acid derivatives were chosen for

.a prelimirary study of the behaviour of isoprenoid groups:

N
Q\ oH 0
CooH \©:c.ooﬂ

Tubalc aciad, Isotubaic acid.
S
o octH3 OCHy
coort COOH.
/A -Dinydrotubaic acid & -Tubaic Acid
methyl ether. math,l aefhes.

In the spectrum of tubaic acid (Table I) the most
irtense lon asppears at g== 187, 33 mass units less th-n
the molecular ion (% = 229)., This is a secondery 1ion
resulting from the consecutive loss of 18 an@ 15 units,
gas 1s shown by the presence of two metestahle lons which
confirm the transitions:

185,5
173.1

290" —— 202% 4+ 18

209t — 197" 4+ 15

i

I X

The neutral fragments will be water and 2 methyl radical

(which esn also be lost from the molecular ilon giving the

ion of M = 205)., The tronsitions can be represented os
e

follows:
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+
o+ |
. c\ c§

\o S
m . ! m_ L
s = 220 I35 = 202 II § = 187

The loss of water is to be expected ffom a salicylic acid.
Emeryss has shown that sslieylate esters, oﬁ electron impnact,
form sallcylic sascid lons which then lose water, This is an
« ~hydrogen rearrangement similor to that of o~toluic ac1a??,
The further degraddtions of the lons I.and IXI appear

to proceed by loss of carbon monoxide. The presence of the

ions at %’: 151 and 146 suggests both cerbonyl groups ehown
202" — 174% . 28
187t — 159" 4+ 28
174* ——» 146+ 4+ 28 :
159% ——3 131* . 28 |
in T and IT are lost in this msnner. |
In the mass range covered there are two other fairly
intense ions, at T = 161 and 185. The latter involves the
loss of neutral fragments of mass "5 from the molecular ion.
From an lon containing carbon, hydrogen end oxygen, these
can only be H0 and *OH. It is probeble that the oxygen

atoms are from the two hydroxyl groups (phenolic and earboxylic).
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Benzoic acld loses a hydroxyl radical very read11y27. Phenol
loses its oxygen atom as CO or CHO, but alkyl phenols do
elininate Héo to some extent?<. A fission of the following

type can be proposed for the formation of the ion of g = 185.

i

W

-1
\OI

\
Y
404
The ion of %‘- = 161 can be more readily explsined by a

process lnvolving removal of the isopropenyl group.

74
.0 o+ + 0 [5)
i S + CSHS’
M- 202 M. 161
e e

Isotubaié acid shows distinct differences in its spectrum
(Teble II) from that of tubaic acid. The loss of a methyl
group from the molecular ion occurs to sn extremely small
extent, but the (P - Hg0)* ion is very abunﬁant. The ion
of § = 187 1s sgain the most intense in the spectrum;
therefore there must be a very ready lose of » methyl group
from the (P - H20)+ ion. The most striking features of this
spectrum ave the low intensity of sll ions of mnss less thoan

B = 187 and the increased abundance of doubly charged ions.
e B

The ion (P - 33)2+ has an intensity of 2.9% of the corresponding

1



-B5H=

singly charged ion compared to O0.7% for the same ion in the
spectrum of tubsic aciad. These two features of the spectrum
reflect the 1increasse 1n stability of the benzfuran ring system
over the dihydrobenzfuran system of tubaie acid.

It 1s noticeable that these ions of lowgr intensity
in the spectrum of isotubailc acid appear at the same % ratios
as the signlficant lons in the spectrum of tubaic acid. The
seme metastsble lons sppear at S = 185.5 and 173.1.  The ion
| of’%.z 161 is also present. FPFor tubaic acid it was suggested
that this ion is produced by the removél of an 1sopropenyl

radical. It 1s therefore possible that a rearrangement may

take placé involving a double bond shift.

In tubaic acid the successive loss of tvo molecules
of carbon monoxide from the ion (P - 33)* prbduced a series
of lons of high intensity:

187+ ~——>»159+% ——> 131*
In isotubsic acid these ions have lowver intensity but the
series is extended as follows:
Cq1H 05" —3 0y (7,0 ¥ —> C H 0" — CgH, " —> CgHt

T2 omT 8"

m m m m _ m _
s = 187 S = 159 2=1% 'F=103 g=177

The removal of a thirdt molecule of carbon monoxide will
prodﬁce the ion CgH,* which may have the styryl structure.
This further loses scetylene. »

In dihydro-g -tubaic acid methyl ether (Table III) the

(P - HoO)* ion cannot be formed by the process involving a
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six-membered ring intermediste. This ion is, however,
8till present though of reduced intengity. It may be
possible that the extra hydrogen atom}migrmtes eithef from
the methoxyl group or the saturated ring of the chromsn
system. The latter appesars most prdbﬁble because the

(P - HO)* ion is not formed so read‘liy from /4 -tubaic acid
which contains the unsaturated chromene sysiem. The other
intense ions 1n the upper mass range of the spectrum are

(P - CHg)* end (P - 33)*. The three fragment ions so far
mentioned are related in the same way 23S the'corresponding
lons in the tubasic and isotubalc acid spectra. Metastnble

lons confirm the following transitions:

o36*(P) —> 221% 4 16 %: 206.9
236"+ — 218 4 18 %: 201.4
201+ — 203+ 4+ 18 1“5 = 186.5

There are a few ions vhich appear to be derived from
the most intense ion (P - 33)*, by successive eliﬁination
of 28 mass units. This appears similar to the behaviour

20%+ — 175+ 4 28

176+ — 147% 4 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.
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OC\'\}
COON cooHt N
_ *o
m

3 = 236

|\

= m
s = 176 - &= 147
The other major fragment ions appear to be derived by

fission of the chroman ring.

fﬂ
C
A out ot

oc.H3 —_ or
+ —> coon Cooki
oCH; coon !
o0t m m

= = 180 3= 151

The ion éf‘%-z 181 is very intense and can be obtained by
the dbove process with a concomitant hydrogen migration.
This would be a specific rearrangement of type C 15. The
ion of‘z 134 can be obtained by removal of a hydroxyl
radical from the carboxyl group in the 1ion of B g F 151.

In this spectrum s large number of intense fragment
ions is found ag in tubsic acid. The presence of the non-
varomatiefring renders the molecular ién less stsble, The
ease of fémovél of a Cg fragment from the 2:2-dimethylchroman
ring sys%em distingulshes this compound from the other two
acids stﬁdiedc Examination of other compounds containing
this system should confirm whether or not this is a general rule.

ﬁuﬁbaic acid methyl ether has a mass spectrum (Teble IV)

most stfikingly different to any of the three already

discussed. The most intense ion in the spectrum is the
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(P - CH3)" 1on at § = 219. This ion is 8o much more intense
than the molecular ion that there rmst be a driving force

for 1ts formation which does not exist for the other three
acids. Besides being at a quaternary centre and at a
position 2 to an ether oxygen atom the two lsblle methyl
groups in /é-tu'baic acld are allylic. A further driving
force 13; Athe possibility of formation of the completely
aromatié benzpyrylium ion.

e = 254 . §=1%19
This transition is confirmed by a metastable ion at - = 206.0.
The only other very intense ion in the spectrum is at 5_:: 160,
This involves the removal of fragments of mass 59 from the
(P - 18)" ion, probsbly OgHzOp from the methoxy end carboxyl

groups, An ion such as the one shovn can be formed by loss

l
Y() — % — r’
.\
caou ‘
m
"é‘:: 152

of (GHS + C0g) ‘apd can.further eliminate carbon monoxide
to form the ion of B m = 132, All other ions in the spectrum

are of low mtens:».ty.,
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As with isotubaic acid, the presence of a bileyclic
aromatic system results 1n a spectrum with few intense
fragment ions. The difference 1n this case 1s that this 1
system 1s not present in the molecular ion but only in the
(P - 15)* fon. 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
Dihydroj/futubaic acid methyl ether 1.58
/3 —-Tubaic acid methyl ether 27.1

In the various cyclic forms of the isoprenoid group
as it occurs in nntural phenolilc compounds the 2:2-dimethyl
chromene group appears to lose its methyl group much more
readily and can be distirguished from the others by this
ready lpss of a methyl group.

The spectra of ten rotenolds have been obtained
(IT - XTI, Fig.I). It will be noticed that all these
compounds contain the chromanochromancne ring system
(I, Pig.I) and that all except Pachyrrhlzone (II, Plg.I)
have methoxyl groups at Cg and Cg. This is reflected in
the similarity in the spectra of these compounds (Tables V,
VI and VII) at mass pumbers less thanv% = 193, The
similarity can be seen morve resdily in the reproduction

of the mass specira of munduserone and elliptone (Pig.IT).
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The lons common to both sﬁectra are at % = 192, 191,
177, 163.2 (metastable), 161, 149, 134, 121 and 106. These
must arise from the part of the molecule common to both
compoun‘ds,. i.e. the dimethoxychroman grouping. The most
intense lon in the spectra of compounds III - XI (Fig.I)
is at %‘- = 192. Thie must arise from the following Pfission:

4

(4] 4 H3
o¢ Hs - OC“}

ois

= 192

The bonds broken are both labile. One 1s benzylic
and X to a carbonyl group. The other is <X to an ether
oxygen atom. In the ffag,ment jon a double bond is formed
which is in conjugation with a benzene ring,

The other ions mentioned shove can be showm to be
derived from this 6:7-dimethoxychromene iomn. The scheme
shown for their formation is shown in Fig.III. The loss
of a hydrogen atom to form the ion of § = 191 1s confirmed
by the presence of a metastable ion at E = 190,0, This mekes
a small contribution to a fragment lon of § = 190, which is
not noted in the tables as being a metaszable ion. The ion of
L 191 will be stabilised by 'E;he formation of the benzpyrylium

ring system. The ion of B = 177 results from the loss of omne
e

¢
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of ﬁhe'methoxyl'methyl gEroups. Loss of methyl in a
similar fashion from the chromene fragment ion of pachyrrhizone,
which has no methoxyl groups, is almost negligible. The origin
of ?his ion is confirmed by the presence of a metastable ion
at § = 163.2 which corresponds to the transition:
192" —> 177% 4 15.

Most of the other ilons are typlcal of the degradation
of an aromatic dimethoxy compound, €.g. ve:z'ai;z'oles'r which
decomposes as in Fig.IV. The one ion which does not fit
into this scheme is at T = 121, It will result from the
loss of carbon monoxide from the ion of'%.=‘149. This
process involves the fission of three bonds but the stable

nethoxytropylium ion will be formed.

U
‘o:
,."" - + CO
L

o
OCHy 3
The other important ions in these sPectrg are those
containing the intact teitracyclic system and those containing
ring A, They will be discussed separately for each compound.
Mundaserone (ITI, Fig.I).

This is the simplest known rotenoid. In its moss

spectrum (Table V) the molecular ion, at % = 542 is the only
intense ion above 2,2 192, T% will be seen From Fig.IT that
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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
% = 151, 150 and 122. |

The ion or'g = 150 will be the other fragment ion
which can be produced by the same fission which glves the
dihydroxychromene ion. It will have strucﬁure I which 1is
similar to that of the ions produced from esters of

salicylic ac1d®%, The ion of @ = 151 vill have structure II
' +
cup@" CHO OO\ H
“ts0 Co

and be produced by the same process as for I, but with a

CHO

concomitant hydrogen migration. In some of the'rotenoids
1t is found that ions of the type II are more abundant than
those of type 1. In a few cases & hydrogen atom migrates
"in the opposite.direction and the ion obtained appears at a
mass pumber one unit lower than would be expected for the
ion of type I,

The ion of % = 1922 is obtained by loss of carbon
monoxide from I. Thie is snalogous to the formation of

the ion of %1 = 174 in tubaic acid.

Elliptone.{(V, Fig.I)

As with munduserone, the spectrum of this compound
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(Table V) has only a few ions vhich distingﬁish it from

the other rotenoids, There 1s an intense molecular ion

at %.: 352 and the dimethoxychromene spectrqm similar to
that in munduserone. As 1n all the 2:3~dimethoxyrotenoids
the most intense ion in the spectrunm 1s at %.: 192, The
only other ions-which can be used to identify the molecule
are at‘?.g. = 160 and 132. The former ion hsé the structure
shown below and is analogous to T from munduserone. The

ion of %:: 132 is derived from it by loss of carbon monoxide.

— —
° ot o 0
““‘""'*

- *
S0

m m

S = 160 s = 132

Rotenone (VII, Fig.I) and Isorotenone (IX, Pig.I).

These compounde differ only in the posltion of the
double bond in the 1so§renoid group. The spectra of these
two compounde (Teble VI) are so similer that they can be
considered together. The molecular ion appears nt % = 394:
its intensity is greatér in the case of rotenone than in
1so§otenone«

With the introduction of an isoprenoid group there is
an increasse in the intensity of the (P - 15)f ijon. This
ion is present to an extent of 4.4% of the molecular}ion

in rotenone ond 2,6% in isorotenone; i.e. the methyl
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group is lost more readily from the isopropenyl group of

rotenone than from the isopropyl group of isorotenone.
‘fhis is the same order as 1s found with the loss of a
methyl group from tubalc and isotubaic acids,

The first significant ion to appear s a lower mass
mrber is at % = 203. This is the ion analogous to II

from munduserone and has the structure

O"'X +
O~
HO ot
Cw
=

<
IIT a (= PG IIT ¢ :x-_-(cn,x( Sewa IV

III b K= <=¢u TIT d :)(—.:@@,cf‘"*g.w

IT1Ia for rotenone and UTb for isorotenone, In both cases
the ion of g = 2092, ‘wh'l'ch would be the unrearranged ion
analogous to I, is"of very low intensity. In both cases
there is, however am ion at J = 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 isotubailec acids. The e:tpecte_d tz:ansitio‘n

' 208" ——> 1747 4 CO

may occur bnt ions derived'frqm this source are of very low
intensity end sometimes cannot be detected emong the

sbundant ions of the dimethoxychromense spectirum.
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/2 -Dinydrorotenone(VIII, Fig.I) and Rotenonic Acid(IX, Fig I).

These compounds have the some molecular weight and their
spectra (Table VI) are very similar., Both spectra have an
intense molecular ion at %»: 396 and have the most intense
ion at % = 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 on extent of 2.7% and 2.67
of the inﬁensigy of the molecular ion sz=f9»dihydrorotenone
and rotenonic écid respectively.

There are also ions present which correspond to the loss
of C_4 fragments from the molecular ion. Similar behaviour
was found with dihydro-&-tubaic acld which contoins the
2:2-dimethylchroman group as does A-dihydrorotenone. The
formation of an ion of E:a 340 involves the loss of CuHg.

Thls can be formulated as follows:

O cihy s = 540 oer:ms
The fragment eliminaﬁed in the case of dihydro1/f-tubaic acid
was C,H,. The sbove lon 1s present only to an extent of 2.1%
of the intensiéy of the molecular ion. This is, however,
sufficient to make it distinguishsble among other fragment

lons of low intensity.
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Rotenonic acid contains the Y 5 ~dimethyl-sllyl group
vhich degrades by benzylic fission. The products sre an
jon of M = 341 and the radiesl C H .

€ : 47
In the ,ﬁfdihydrorotenone spectrum there is an 1on of
%.= 206 which will have structure IIIc. The corresponding
ion, IV, from ;rotenonic acid has very lov intensity. There
is a more intense ilon at %»: 203. This may have the

structure V, in which a hydrogen atom has mlgrated from

N\

*0 Y

the hydroxyl group to the neutral fragment. The ions
of lg = 205, 204 and 203 are of low intensity and fragment
lons derived from these cannot be detectecd among the

abundant ione derived from the hydroxychromene ion,

Toxicarol.(X, Pig.I).

This is an ll-hydroxyrotenone with the isoprene unit
present as the 2:2-dimethylchromene grouping. As would
be expected by analogy with A-tubaic acid there is a facile
loss of a methyl group (Teble VII). The (P - 15)* ion has
in this cese an~intensity of 70% of the molecular ion.

Comparative figures for some other rotenolids are as follovs:



Rotenone 4.7
/2 -dinydrorotenone 2.7%
2.7%

Rotenonic acid 2.67

Isorotenone

The iop of @ = 203 is more intense than that at § = 218,
Thls is further evidence of the ready loss of a methyl group

from 2:2-~-dimethylchromene ions.

N i N
(o) O+ —_ +0 o
c§o (Qo
on oM
!é{l = 218 T—e’l = 203

The ion of % = 218 1s sccompanied by a more intense
ion of %-: 217. This is analogous to the behaviour of
rotenonic acid in which the ilon at % = 203 18 more intense
‘than that at fg = 204. This con again be explained by a

migration of the hydrogen atom from the hydroxyl group.

Pachyrrhizone, (IT, Fig.T)

In this molecule there is a 2:3-methylenedioxy group
Instead of the usual 2:3-dihydroxy group. The spectrum
(TabléVIﬂj is therefore different from those of all the
other rotenoids. The predominaht fission occurs, howvever,

by the ssme process and the most intense lon in the spectrum

is the 6:7-methylenedioxychromene ion (VI) of T.g = 1786.
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By a similar fission the ion VI of'% = 190 1s formed.
- This is enalogous to the ion I from munduserone.

ot
I

f

VII

The ions at lower mass numbers ore of iower intensity.
They appear at % = 175, 174, 163, 162, 161, 147, 138 and 133.
Since_this is the only compound available with the 2:3-methylene
.dioxy group, it is not possible to determine whether these
lons asre derived from VI or VII. As an ‘example , there are
four possible methods of formation of the ion of '.g. = 163.
(1) from VI'by loss of CgHz. Thils seems mprobable.
(2) from VII by loss of CH. This is slso improbable

I(:tzcgusz ggztgecg% ,Bsc)energy of the CH' .ra.dical
£ . . .

(3) by loss of carbon monoxide from the rearrangement
product at % = 191.

(4) from the molecular ion by fhe Pfollowing type of fission:
OfH3 4

If the latter proposal is correct, the lons of % = 179 in

the spectra of isorotenone and toxicarol may be formed by

the same process.
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Sermundone. (IV, Fig.I).
The following 1is an example of the determination of

a partisl structure by mass spectrometry. The sample was

isolated from the bark of Mundules Sericea. Its ultra-
violet absorption spectrum suggested thrt 4t was 2 rotenoid
Vor flavonoid type of compound;

A preliminary examination of the mass spectrnm is
sufficient %o demonstrate thot this compound is a rotenoid.
There is » substential molecular ion at % - 358 and the
most intense ion is at §>= 192. At lower mass numbers
there are ions at %‘. = 191, 177, 163.2 (metaétable), 161,
149, 147, 134 and 121. The intensities of these ions are
characteristic of the spectrum of a 2:3-dihydroxy-rotenoid.
This‘confirms the presence of the following feature in the

molecule, with one reservation. The same group with a
(o]

[
:
i
'
]

oc g
Ol
difference in the orientation of the methoxyl groups may
give a spectrum similsy to the above.

The other fragment of the molecule must have mass 166
end theve are ions present at % = 167, 166 and 165 which
must be obtained by ionization of this fragment with and
without concomitant hydrogen migrations. The presence of

the ion at T = 165 suggests that there may be a hydroxyl



group on ring A (c.f. ‘-e‘-‘- = 203 from rotenonic acid and

e

of the following type: o+
. \(QQ

This unsubstituted ion would have g = 120, which is 46

mass unlts less than the ion obtained. The only combination

€ = 217 from toxicerol). The fon of I = 166 will be

of carbon, hydrogen and oxygen which can satisfy normal
valence reaulrements and have a total mass of 46 units
is CHO,.

Ring A must therefore be cﬁnz(ocns)OH, csﬂg(ongon)on
or 063(05)2033, There are several lons in the spectrum
which appear to be derived from the ion of '-g- = 166. These
are at g = 151, 138 and 123, They can be related in the
following manner. There mast therefore be a labile methyl

166¢ _=CH3 . 151+ |

laCO l-CO

138* ——CH5_, 123*
group on ring A. A nuclear methyl group would not be
labile so there must be a methoxyl group present. The
formula CeHo(OCHS JOH can now be written for ring A and the

partial structure of sermundone will be VIII.
W
H

CHO
Fo




The structure IV (Fig.I) has been proposed 1ndependently§9

and has since been proved to be correct by an unambiguous

synthesis from toxicarolsg.

Isoelliptone.(VI, Fig.I)

This is snother example of a partial structure determination
by mass spectrometry. The presence of the dime thoxychromene
and derived frapment lons indicates the prescnce of the
dimethoxycnromsn group. The other Important ions in the
spectrum are atqg = 362 (molecular ion), 160 and 132. There
is a great similarity to the spectrum of elliptone. The
signifi¢ant ions sppear gﬁ the seme mass numbers in both
spectra. The only differences are in intensity, and are
small enough to suggest that the two compounds are isomeric.

Since both compounds contain the 253-dihydroxychroman
system the difference must.be in the other fragment. The
only possible difference is in the position of fusion of the

furan ring, The partial structure is as follows:
H 7 0
oH ] o
“ N
ocHy

ocH 3
The complete structure (VI, Fig.I) has been propcsed59 from

comparisons of the ultra-violet and infra-red spectra of

elliptone and isoelliptone.
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Flavones and Isoflavones.

o +
) : N
: y/

3 4

IX XT

The' flavones (IX) and isoflavones (X) both heve the
chromenone ring system. This may take the completely
aromatic form XI when ionized, . Fission across the hetero-
éyclic ring, as was found in the rotenoids, will be more
diff‘icuit in these cases. The same type of Pfission is

found in the mass spectrum of xanthone 4 to a smnll extent.

O ot
@ O — @ + CoH,
. . C.}o
0

The neutral product formed will not be a stable molecule as

is possible with the some type of fisslon in the flavones.

o+
+ CH & C - CgHe

+ s
HQ o o
‘ : QOH 4 Q @
RO O‘/\\/ L ‘\\0 “c’/,c'.
m m
2 - 152 1118
oW o XTIT X1V

This is a simple flavone. The most intcnse ion 1in the

spectrum (Table I X) 1s the molecular ion. The only intense
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fragment ion in the higher mass range is st g,: 242, It
is probably produced by eliminntion of carbon monoxide from
the molecular ion, The same process occurs in the svectrum

of xanthone. In the case of apigenin the »nroduct should be

Ho OW X Ho o N,
l — |
cﬂmo ?nﬂ
e = 270 € = 242

a benzfuran. There is & further loss of CHO to glve an ion
of’% = 213. The oxygen atom involved moy be either from

the ether or from one of the phenolie groups.

= 152 apnd 118 (XITI and XIV) are produced

i

The ions of
by Pission of the heterocyclic ring. A similar type of
fission produced the most intense ion in the rotenoid spectra.
In the flavones the frazment ione are of much lower intensity.
The ion of § = 124 is derived from XIIT by loss of corbon

monoxide.

Acacetin. (XV)
The spectrum of this compound (Tablel X) confirms the
process of fission of the chromenone ring proposed for apleenin.

The relevant ions appear at g = 152 (XIII) and 132 (XVI).

OCH3 5
— 0
£ '

W7 T
XVI
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The most intense ion 1s the molecular ion (% = 284)., The
upper mass range of the spectrun glves evidence of degradation
of the methoxyl group besldes the loss of carbon monoxide as
in spigenin. The ions involved are at % = 269 (P - CHS),

B =256 (P~ CO) and § = 241 (P - CHg,C0), The latter ion
is the most intense of the group as 1s generally found with
aromatic methoxyl compounds57. The usunl process of formation

is as follows:

gcn o*
3
0, . @ o ©+

(p)* (P - CHg)" (P - CHgp0)*
In this case, however, there is evidence of another process
leading to the formation of the ion of T = 241.  There are
metastable ions present which correspond to the following

transitions:

og4at-—3> 256% 4+ 28 ’-e’i = 230.8
o56% ~—3 24117 4+ 15 %‘ = 296.9

The presence of an lon of % = 213 suggests thot the ion of

% = 241 may be further degraded.  The complete process may

be as follows:

C Ao e A AT ey
HOW !\ | ‘__Waho v ! ' PR < l
i ! - X,

OH
m . oga m . 256
e e

o
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The ion XITII can lose two molecules of carbon monoxide 5
consecutively to form the ions of % = 124 and 96. XVl decomposeé

in a manner typical of aromatic methoxyl compounds.

e, 3
- O
C HC?’L .

HC? wes
m _ m_ m_
-6—152 e-—ll’? e = 89
Caviunin. (XVIT)

This is an 1soflavone with a :bather complicated

substitution pattern. The presence of four methoxyl groups

oty
XVIT.  oewmy

increagses the probsbility of the loss of a methyl group from
the molecular ion. The (P - CHz)* ion has Aan intensity
34.5% of the molecular ion, which 1s the most intense 1in
the spectrum (TebleX ). The other ions expected from the
degradation of an aromatic methoxyl group are also intense.
These appear at B = 343 (P -OCHg) and 331 (P ~ CHgC0).
The mechanism of formation of the latter is conflrmed by
the presence of a metastable ion at % = 305.2. This corres-
ponds to the transition:
359" —> 331t 4 28,
. The ion of % = %56 must be formed by the elimination of

water from the molecular ion. This is confirmed by another

metastable transition:
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a74* —> 3567 4 18 = 338.8

ol

One would =xpect this to involve one of the phenolie
hydroxyl groups and possibly a hydrogen atom from the
adjacent methoxyl group. Similar types of fragmentation
do not occur In the cracking'pattern of puaiacol (o - methoxy
phenol)57 but the loss of a phenolic hydroxyl group and
of water does take place from the molecular ions of
polyhydroxyanthraquinonesgo and grcresol4go

Various ions are observed in the mass range immediately
5810W'%-m 33L, which are derived by degradation of the ring
substituents. }These ions and the number of possible methods
of formation of éach are so numerous that no purpose can be
served by trying to derive mechanisms for tﬁeir formation.
Lt the lower mass range it 1s, however, possible to detect

the ions formed by fission of the heterocyclic ring. These

+octy
lons ave XVIIT znd XIX.
72 0=H
HO ou% 0@ Y
CwWo cm.g
; m
oc 1y e = 183 e = 192
Oy XvITx XIX

Other prominent fragment ions af lower mass numbers
appear to be derived from XIX and from the ion of % = 182,
which is the simple fission product of structure similer

to XVIII: These fragment lons appear to be related in
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the following manner:

199 =CHz | yprt =00, jp9¢ =CHS j yga+ =00 , 106+

leco CH,
185+ |
182" —%8 167t —%0 5 130*
-
158*

The spectrum in this region is complicated by the
presence of intense doubly charged ions. The fragment lons

XVIII and XIX are, however, sufficiently sbundant to be
recognised,

Leaserone. ( XX)

(How~ op
N i l‘/ on
ou O
XX

This compound is a hydroxyflavanone and it is noticesble
Ahat the heterocyclic ring is similar to that in the rotemoids.
The spectrum (TableZI) shows more extensive frapmentstion than
is found with the flavones end isoflavones,; but the most
intense ion is still the molecular ion. In this respect
fragmentation apnears to be lese extensive than in the

rotenoids.

The spectrum in the mass range immedlately below the
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molecular 1on shows the sort of fragmentation typical of
the substipuents present in the ring system. The lon
derived byvloss of a methyl group is of considersble
intensity, but not sufficilently intense to be confused
with 2 2:8-dimethyl chromanoid spectrum. The eliminstion
of water to give the ion of’%vz 336 1s ns expected from a
eyclic alcohol. Tae ion of’% = 325 is formed by loss of
CHO from the molecular ion. The X:X -dimethylallyl group
loses C4H7; as did rotenonlc acid, but appears to fragment
more readily at the phenylallylic bond as follows:
354% —— 285+ CgH,
Other major fragment iomns can be formed by the following

procesees:

> . es7t L. CO

As with the rotenolds, flavones snd isoflavones, the
Tragment ions become less intense at lower mass numbers,
until the fragmeni'ibns sppear which are derived from the

molecular ion by fission of the heterocyclic ring. Three
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intense ions sppear at 2»: 235, 234 and 273, which are

derived by this type of filssion.

+
(hO Ony 30 ot J::)
ROy v
He

C\
\O Ca \r‘ (
X0 N
on . \O HOCH
O ‘
XX It =z 235 XX1T B = o34 XXIII g = 233

XXT and XXIT are similar to fragment ions obtnined from
the rotenolds and flavones. XXIIT is analogous to certnin
ions in the spectra of the hydroxyrotenoids, e.g. V from

rotenonic acid.

The other fragment from the fission vhich produces XXII
may be ionized, and appears ot %.z 120 (XIV), The other
ions 1n this region of the spectrum are decompositlon
prdducts of XXIT. They are produced by the following
procesées:

234t — 219* + CHg
234" ——> 206° 4+ CO

2347 ——> 179" 4+ CyH,
206% —> 191" 4 CHg

Genera1 Observations.

From the study of the mass spectrs of these compounds

it e¢on be seen that such evidence can be useful 1n the

b iy S R
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determination of structures of flsvones ~nd related
compoungds. All compounds whieh contain the chromenone
ring system produce fragment iomns of lor {to moderste
irtensity in the lover mass ronges. Those vith the
chromenone system fragment much more readily. It is,
however, impossible to distinguish between flavones ~nd
isoflavones from the evidence so far accumulated.

In all the compounds studied the ions produced by

the following fissions could be detected:
+

QL — X i
- ¢ and +
NN R o CH

o Rt/

w3- QAEQ -t
+

ot
———— @ and
c‘\o

From the mass/charge ratios of these iomns, it is

possible to odhain some information sbout the distribution
of substituents between the two benzene rings. Some
knovwledge of +the nature of the substituents can be gained
by an exemination of the ions produced by the removel of
smsll fragments from the molecular ion.

A 1imited mmount of informatlon may be obtaired

concerring the nature of 2ny isoprenoid pgroup present.
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The 2:2-dimethylehroman group is easily recognised.

It mey be possible to detect the presence of a Jg:if -dimethyl-
allyl or 2:2-dimethyl-chroman group but it is not essy to
distinguish between the two.



PART ITI. L
The Mass Spectra of some Carbohydrate Derivatives.

INTRODUCTION:

The carbohydrates form snother group of naturally
occurring compounds vhich have not been examined by the
mass spectrometric method until recently. jThe reason for
this neglect is the difficulty in obtaining a sufficient
pressure of the compound in the wvapour phasé without
extensive decomposition, which would 5e unavoldable 1n the
normal heated inlet system. There 1s, however, some
useful information to be obtained from the 5ehaviour under
electron impact of simpler saturated oxygen compounds.

Some authors have commented on the facile elimination
of water from alcohol molecular ions?o’sl' ~ For higher
normal chain alcohols the majority of ilons appear to be
derived from the (P - Hgo)* 10n%0 Secondary and tertiary
alcohols have a tendency to cleave at-a carbon-carbon bond
adjacent fo a hydroxyl group. This tendency has been
explained by assuming that the fragment lon is stnbilised
by oxonium ion formation.

CHg

! [ ]
R~ CH-8g —> CHg - CH = OH + R

The largest choin branch is uwsually lost from the ion,
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Aliphatic ethers®® are similor in behaviour to the
alcohols. Clesvage dand B to the oxygen atom can take
placs. AO(“ Cleavage sometimes takes plroce with rearrangement

of one hydrogen atom, i.e.

. y
R - CHp - CHy ~ OR —» R~ CH = CHp + ROH.
B -Cleavage will sllow the formetion of a stable oxonium

ion as with the alcohols. The most 1ntensé

. 5
CH ~6~CHR——->CH5~O=CH + R’

3 2 2
= 45

ofs

ion in many methyl ether spectra is at g:: 45, There are
also present in some ether spectra prominent ions produced

by of and @ cleavage with concomitent hydrogen migrationso.p.

| Ul ?HS
CHy~CH,, - 0 - G - Oty —3 Colly H0 = ? + CHy
CHS CH3
n
e = 59

In studles on the structure of phthioceroleg, Ryhage
'discusaéd the spectra of some 1l:3-diols. In phthlocerol
and simiiar diols the most intense lons in éhe gpectra ovre
produceé by Pission processes similar to those of monohydric

secondary alcohols.




\ OH +OH
I i
CHS - CH - Cﬂg - CH

mn
e

= 89

The acetals differ from these compounds in that there
is present a saturated carbon atom bonded to two oxXygen
astoms, It has slready been noted by Beynon8 that this
1s an unstsble system. Friedel and Shnrkeyﬁs find for a
serles of acetals that there is a very smoll molecular ion
in some cases and it 1s absent in others. 'In methyl acetals
there 1s loss of a hydrogen atom and of a methoxyl group;
l.e. fission takes place at bonds X and/ﬁ to the oxygen
atom.

Determination of the moleeculor weicht of such compounds
is @ifficult becsuce of the absence of the molecular ion in
many cases, There is, however, a suitsble method which can
be employed if there is sufficient sample pressure in the
lonization chamber. Under this condition ion-molecule
reactions con take plsce and the most common of such reactions
which occurs in conventionzl mass spectrometers is the
164

formation of the (P + H)* ion. This resction in methano

is as Pollows:




= I0=

4+
GfisOH + e—~—'>CH30H + 2e

0

CHSOH + CHg OB —»CHy 6H2 4 CHy

The same type of ion has been found in the spectra of ethersd6
and of other basic compounds. The relativa intenéity of
such &en ion is proportional to the sguare of the ssample
pressure. It is also sensitive to changes of the repeller
voltage. ~These effects con be used to ldentify the ion.

There have been a few exampleg of electron impact
studles on earbohydrates by Reed aﬁd his coilaborators.
They measured appearance potentials of the ion 06 1105 from
the methyl glucosides and other glycosidesﬁs. These values
were correlated with the glycoside bond energles. In a
preliminary report on the mass spectrum of 2 sample of
methylated laminarin669 attention was confined to a series
of low intensity lons which were derived by fission at the
glycosidic 1links of this polysacéharideo These were lons
containing up to three glycoside units.

Farther work by this group67 included a study of the
Principal ions in the mass spectra of the inositols. It
wag suggesbed that some of these ions were ﬂerived from a
Vfuranold intermediote. In this sectlon of the thesis the
complete spectra will be discussed. These hove been
dbtaiﬁed for the elght possible isomers. The spectra of
some other carbohydrate derivatives ore dlscussed and an
'attemét will be made to distinguish between types of

Polyhydroxy compsunds by their mess spectra.




EXPERIMENTAL :

The inositols were provided by Professor S.J. Angyel
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 (8 kV, 50 eV) as in Part II. The
nature of the (P 4+ 1)* and (P - 17)* ioms of the inositols
were confirmed by poting the change in relative intensity
of these ions on redu@tion of the voltage on the Nier

Repeller Plate.
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TABLE I,

Mannitol.

Relative
Intensity

n/e
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Intensity

m/e
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TABLE 17,

1:4-anhydro-Mannitol,

Relative Relative Relative
m/e Intensity /e Intensity m/e Intensity
165 0.9 109 0.7 84 2.0
147 1.0 106 0.2 75 s.9
146 2.4 105 2.0 74 9.9
134 0.8 104 3.4 73 75.0
133 5.1 103 44.5 72 2.2
131 0.4 102 1.0 71 14.5
129 0.6 101 C.4 70 6.2
128 1.2 100 0.8 69 30.0
119 1.5 99 4.5 68 2.2
118 0.3 98 1.2 62 1.2
117 4,0 97 2.0 6 39.8
116 0.9 96 0.5 80 29.6
115 6.6 31 2.3 59 7.8
113 0.3 89 0.8 58 3.7
112 0.4 88 L 2.1 57 55.8
111 - 1.6 87 11.1 56 21.5
110 0.5 86 100.0 55 20.1
- B85 1.1 54 2.5
2-deoxy-1:5-anhydrosorbitol.
elative Relative Relative
n/e gntggsgty m/e  Intensity n/e Intensity
149 .5 98 1.0 68 1.3
148 g.? o7 0.5 gf 5§'2
129 0.5 83 14.7 59 13.4
120 0.3 87 38.0 58 69.7
119 1.1 86 3.6 57 %6.1
118 4.5 85 1.5 56 2.2
117 60.7 84 1.4 55 3.3
iie 1.6 76 0.7 84, »-i
118 3.9 75 9.9 7 51
112 0.9 74 38.7 £6 -
102 1.6 753 3L.7 45 97,
101 2.6 79 6.4 4l 129.0
100 7.4 71 61.8 43 100.0
99 Z7.6 70 38,5 42 25.5
69 17.0
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TABLE JII.

I.= Methyl-S-D-Glucopyranosiie.
JI.= Hethyl-K-D-Galactopyranoside.

Relative
Intensity
1. II.
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Intensity
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TABLE IV,

Irpsitols.
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Neo

Cis

m/e
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TABLE IV. (Cont'd)
Inositols.
Muco
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DISCUSSIOR:

The simplest carbohydrate derivatives are the sugar
aleohols. One typilcal s=emple has been used in this case,
mannitol (I). This compound has moleculsr weight 182 but
no moleculsr ion is observed (Teble I). The molecular
weight can, however, be found from the (P 4 1)"‘ ion at
2 =183 The (P~ HO)" ion is also sbsent. It should
appear at l’é = 164, but there is an ion at ’é‘- = 1656 which
can be derilved by loss of *OH from the nolecular ion or
of H0 from the (P + 1)* ion. The (P - 2H20)* ion at
151 is probably

% = 146 is more intense. The ion of %

formed as follows:-

C HPH
HO - % -8 - oH . onor
HO - C - H (CHOH)
H - G - OB C%éﬂﬁ
H -G - o =15
I

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 processcs, a8 in

Flg. 1.



-106-

et veritor e e TS

—— | Cefle” — CeH1004" ? CeHlgd *
B_ 16 2 =146 g = 178
/ /
/ / i
- CHLOW -;l\;"“ ~CHRONH 1‘
/ / / |
+ + N
CHlgOy C,H,0% CglgO2
m . 133 o =115 5 =97
e -] e f
+
04370 5-!- Cc 4H502 04350
m _ B a.
D _ 103 D = 85 e = &
+ +
CaHs0 CsH0
m m
-é = 73 e - 65 .
CgHig0
m
T 43
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The most intense ion in the spectrum, at % = 75 is
~probably the resonance stsbilised ion IT. The sharing
of the positive charge between the two oxygen atoms occurs

by the conjugative mechanism shotm. For this resson the

+ H ‘ 1 |
R ' :
O S Lom I NPCNGL. 7 2

E H H OH |

IT. I1T,
g H OH
C C
H OH
Iv.

ions IT, IIT (% = 103) and IV (’g = 133) are, respectively,
more Intense than the ions of‘% = 91, 121 and 151 which ere
cbtained by the corresponding carbon-carbon bond fissions.
The appropriate pair of ions containing two earbon atoms,
however, have almost eoual intensities (% = 61 and 43).
This is owing to the fact that the ion of T = 43 has only
one oxygen atom and cannot therefore be stabllised by
delocalisation of charge.

The exact nature of the fission and rearrangement
Processes which take place still remains unknown.  There
areAfive possible ways in which a 1:2 elimination of water

can take place in the molecular ion. As can be seen in
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Flig I most of the intense lons at lower mass numbers can
be obtained by combinations of several possible fissions.
The anhydro sugar alcohols present an easiér problem.
The spectrum of 1:4-anhydromannitol (V) is shown in Table II.
Again the molecular ion is sbsent, and the molecular weight
can be obtained from the (P + 1)* lon, Stable ions are
obtalned by loss of HEO and GH30. The loss of Hgo can
take place in several ways; the most probable structure
for the resultant lon will be one with the double bond 0(:)8
to the oxygen atom which bears the positive charge,
e.g. VI oxr X, The CHz0 fragment which is lost on the

Ko MO Ho ‘
o O+ o) Wo
H;]::;> ];;;> HO }::)P* ~ o-H
o Z =/
- CHOH ZCH n ‘ '

CHOH
AN
CH.OH CH,OH H
P v VIII IX
V. VL VII.

forma‘tion of the ion of f.ef.‘, = 133 is probab;l.y the terminal
hydrox;ymethyl group. This ion is stabflised by oxonium
lon formation (VII), Elimination of water from VII gives
‘bhe ion. of %‘- = 1156 wﬁ'lch is only of moderate intensity.

It is noticeable that the 1:2:3-trihydroxy grouping which
makés péssible the formation, without rearrangement of lomns

of the type III, IV or V is not present in thls molecule.
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The most intense ion in the upper mass range 1s at
T = 103; 1t is produced by the loss of C,H,0, from the
molecular ion, i.e. by- the loss of. the side chain from the
ring. Such a degradation is cormon in cyclic compounds
and in this case involves fission of & bond which is B to
two‘oxygen funétions.,  The lon is probably an oxonium
structure (VIII). It further degrades with loss of OH
to form the most gbundant ion, at % = 86; probably a
‘hydroxydihydrofuran ion which loses OH rather than He0.
The ion formed (% = 69) may be a protonated furan (1X).

The mass/charge ratios of the other :’mtens.e ions in
this spectrum, at J = 73, 61 and 60 cannot be reconciled
with structures containing the intact furan ring.
Tonization of the side chain wlll give an ion of % = 61.

This may also be the source of the ion of % = 60, though

it may also be obtained by a fission as follows:

i

HO : HO
t ~
. [oR & : GH“ . Hso
o i + 4 3
f# \ : CH
CHOH +
éﬁ OH . 60
2 e ~

The ion of% = 73 can be derived by fission of the
dehydrated molecular ion X, with concomitant hydrogen

migration.
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. ” ;OH
a0 — e
we- yc.n + Cglig0,
CH CH
i \
Cﬂzgﬁ n
e =13

X,

Thls seems most probsable beccuse it is the only method
by vhich the stable 1:3-dlhydroxyallyl ion can be formed
without extensive rearrangements.

In the épectrum {Table II) of 2-deoxy-1:5-anhydro-
sorbitol (XI) 1t will be noted that the molecular ion
(£ = 148) is present though of lor intersity. Since
there are only three hydrozyl groups in this ion it should
be more steble then the moleculer ions of the compounds
préviously discussed. The (P - Hgo)* ion is of moderate
intensity and as in l:i:4-anhydromammitsl the mwst intense
ion in the upper msss range 1is produced by loss of the
largest side chain, the hydrozymethyl group. Purther,

this jon loses water snd the proposed nechenism ie shown

below, The intense ions ot ?e_ = 71 apd 70 are probebly
kg
el CipoR
; +
-\ /~0 /;C?'+
~ \  ———3 > —_— / .
% OR” / {3
HO J
’ o}
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>obtained by lecas cf CO and GﬁO from XII. The ions of

%‘z 60 and 61 eoull ke oviained by Pfissions of the type Kor
/3 from XI withk =nd without concomitant hyidrogen migration.
The Weutral fragmentis from these degradations can aisc be
lonized and appear at % = 88 and 87. As with l:4-anhydro-
mannitol, lons in the lower mass range of the speetrum are
products of ring fission and are less useful for dlagnostic
purposes than the ilons of higher mass.

The ion of % = 74 can be obtained by the following type

of fission: the ion of’%.= 73 can be obtained by the same
CHOH CHgOH .
o -~ CH .
——3 CH * 0\
o | H Oy _CH
Ho OH c—CH; <
fm_ong B m_ oy
er €=

fission, with concomitant hydrogen migration.
' The methyl glycosides gll contain the unstable acetal

grouping, The effect on the spectra of these compounds

appears to be that nelther the molecular ion nor ihe (P'n Hgo)+

ion is present. TFrom the spectrum (Table IIT) of methyl

B ~D-glucopyranoside (XIIT) and methyl-ol~D-glactopyranoside (&KIV)

it will be seen that the (P + 1)* and (P - 1)* ions are present.

The (P - 1)* ion 1s present in many methyl acetal spectra®®,

The first fragment ion %o appear below these is the (P - CH&P) *

ion, which is also conmon in methyl acetal spectrsa. The

stobllity of such ions has been aseribed to the formation
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of oxonium ions and these nre hest roprescented as XV and

XVI (as derived from methyl-/?—hbglucopyrsnoside).
 CHyOH ' CHyON
o A0
OH
ol
H

The ion of % = 145 1is produced by elimination of
water from the (P -_CH?;O)+ ion. This transition is
confirmed by the éresence of o metastable ion at % = 129.0.
The ion produced will be XVIT which geins stobillty by the
seme method as IIT and XII. There is nlso evlidence of
degradation of the hydroxymethyl group of XVI, This 1is
lost as CHg0 to give XVIIT and as CH,0 to glve XIX. The
ion of Il = 116 is probably XX, derived from X¥IIL,

f‘ ¥ W o
b { N e/ N

OR o)

K\k~4 ﬂé\w__#> b,
oy R

XVII XVIII (Tg, = 133) XIX (rg_ = 131) XX
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Another ion at % = 98 may be derived from XX by loss of water.
The other lons at lower mass numbers can be more readily
explained by fission of the pyranose ring of the moleculsar

lon or of the (P - OCH;)* 1on, as in the followins scheme:

Cihon
pe=nt
T2 ‘u CoH,0
wol + CoHgOp
3
ol
m_
s = 108
s +
cH.on LOH
-Io+ e
P
éﬂ \ _—_.A.\,m.._) /‘;’6“ c
fi¢ + H.O
0 3673
"7 --'V o
/ CH
m
e = 73

| The most intense ion in the spectrum is at r_g = 60, for
which the probabie formula is 0213402"; This can be readily
obtained from the molecular ion by four different mechanisms
involving.fission of Cy or carbon-oxygen fragments from the
pyranose ring.

The mechanlisms proposed for the degradation of XVI
provide an explanation of the differences in intensity
between the two spectra. A six-membered ring with one

double bond usually takes up a half-chair ‘confomatione’so




-1l4-

In the (P - OCHz)"‘ ion from methyl A-D-glucopyranoside
it is possible for both hydroxyl groups on C3and C4 to

take up eauatorial conformations (XXI). In the corresponding

ion from methylg{-D-galactoside one must be axial (XXITI).
H ' OoH

Biemann and Seibl have shown14 that an axlal hydroxyl group
is more readily eliminated as water than an eocuatorial
hydroxyl group. T™he behaviour of the above 1lons 1s
consistent with this: the intensity ratio T = 163: B = 145
is 0.83 for methyl o -D-galactoside and 1.72 for methyl
A -D-glucoside, .

The lon of %‘. = 145 (XVII) loses o further molecule of
water to give an ion of lov intensity at § = 127.

XVII is plenar and the stereochemistry is 2s follows:

0 . I o
\ H2 N
H - —
Yy o HC
XVII a, XVIT b.
from methyl S-D-glucopyranoside from nmethyl X -D-galacto-
: pyranoside.

X¥II b. is more crowded than 1ts enimer and should

therefore lose a molecule of water morec readily. The



~115-

intensity ratio % = .12'? s % = 145 is 0.23 for methyl
o -D-galadopyranoside and 0.17 for methyl /B-D-glucopyranoside,
These ere the only ions for which the intensity can be
readily related to a known stereochemical feature of
the molecule,

Spectra have been obtained for all eight inositols
(Fig.IT) and are shovn in Table IV. As with mannitol
the (P + 1)* and (P - 17)* ions are present but the
molecular ion and (P - 18)* ion are absent. The intensity
of the (P - 17)¥ ion at % = 163 is pressure sensitive and

may result from the flission process:-
181" ~—> 163% 4+ HQ.

There are also ions present at r-é‘- = 144 and Ié‘- = 126 which

are produced by the loss of two and three molecules of

water from the molecular lon,
The intensity of the ilon of %’ = 163, relative to

the intensity of the (P + 1)* ion, is greatest vhere

there 1s the largest number of l:i:4-trans hydroxyl groups.

Such groupings are present in the inositols in the

‘following decreasiz’xg order: : '
‘Neo, scyllo > myo, a]]o> epi, L > muco, cls.,

The relative intensities of 1311@ ions of ’.él, = 163 (expressed ’

as a percentage of the intensity of the (P + 1)* ion)

are in the order: '

Neo, scyllo‘> allo> muco) L > myo> epl, cis,
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This similarity sugpests that the following type of

reaction may occur, and the formation of the ion of

" H
! i+
+ KN
0 o H l R
m
e = 163
m
e = 102 will take place by a fission similar to that

of'b1eyclo-2:2:l-heptanes4.

| s
ot 4+ ¢C
@ E s
m-
e = 102

The most intense ion in these spectra i1s at % = 73,
It can be obtained from the ion of T = 102 by loss of a
formyl radical, The stability of the 1on.of % = 73 in
most of these spectra has bheen attributed to the structure
of type III for the ion obtained from manniltol. This
"eannot be readily obtained by a simple degradation of
the fursnoid ion shown sbove. ' This 1s one argument in

favour of an alternative process as follows:




C~-Od 1]

it - CHO CH

c-M o T
IH=O

=0OH

<H rd +

m m _

3= 102 3= 73

It 1s not yet possible to determine whether either or both
of these mechanlisms are valid.

. The other fregment lons ét lower mass numbers can be
obtained by a variety of routes. As an lnstonce, the ion
of %’- = 60 can be obtained in six ways by removal of |
Colig09 fragments from the molecular lon. X

It can thus be seen, from the evidence afforded by
the few examples cuoted here that some information ahout
the structure of small polyhydroxXy compounds can he derived
from their mass spectra at higher mass numbers. At lover
mass nunbers there is a greater possibility that several
procésses vill give rise to ions of the same mass, The
use of the continuous vqlaﬁilisation method appears to be
qulte adequate to deal with such involatile compounds.

Ton-molecule resctlions provide s method for accurate

molecular welpht determination.
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