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Mass Spectral Studies on Some Naturally Occurring Phloro-
glucinol Derivatives. Part I. The Mass Spectra of
Filicinic Acid and Its Acetyl, Propionyl and

Butyryl Derivatives

MAURI LOUNASMAA2 ARTO KARJALAINEN,®
CARL-JOHAN WIDEN® and AARRE HUHTIKANGAS?®

a Department of Chemistry, University of Oulu, Oulu, Finland, and ® Department of
Pharmacognosy, University of Helsinki, Helsinki, Finland

The mass spectrometric fragmentation of filicinic acid (I) and its
acetyl, propionyl, and butyryl derivatives (II), (III), (IV) has been
investigated with the aid of high resolution mass spectrometry.

Les fragmentations en spectrométrie de masse de I’acide filicinique
(I), ainsi que celles de ses dérivés acétyle, propionyle et butyryle (II),
(IIX), (IV), ont été examinées & 1’aide de la spectrométrie de masse &
haute résolution.

In connection with our studies of the mass spectral behavior of some
naturally occurring polycyclic phloroglucinol derivatives isolated from
rhizomes of different Dryopteris species,!® it was desirable to collect additional
information on the fragmentation of their monocyclic break-down products.
In this paper we describe the mass spectral behavior of filicinic acid (I) and
its acetyl, propionyl, and butyryl derivatives (II), (III), (IV).

HiC CH3
Hoﬁon
R
0
(I) R=H
(II) R=CO—CHj

(IT) R=CO—-CH2—CH3
(I¥) R=CO—-CH2—-CHz—CH3

* Present address: Institut de Chimie des Substances Naturelles, 91-Gif-sur-Yvette, France.
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The mass spectra are presented in Figs. 1 —4 and the results of accurate

mass measurements in Table 1.

Considering the mass spectral behavior of filicinic acid (I) and its acyl
derivatives (I1I), (IIT), and (IV), the existence of several tautomeric forms in
the ionisation chamber must be taken into account. That is why, in many
fragmentation processes depicted in this paper, there are several ways to

describe the fragmentation patterns,

of which the most appropriate is to

assume that the positive charge is on one of the oxygen atoms or to use the
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Fig. 1a. Mass spectrum (75 eV) of filicinic
acid (I).
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Fig. 2a. Mass spectrum (75 eV) of acetyl-
filicinic acid (IT).
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Fig. 1b. Mass spectrum (12 eV) of filicinic
acid (I).
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Fig. 2b. Mass spectrum (12 eV) of acetyl-
filicinic acid (II).
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Fig. 3a. Mass spectrum (75 eV) of propionylfilicinic acid (III).
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Fig. 3b. Mass spectrum (12 eV) of propionylfilicinic acid (III).
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Fig. 4a. Mass spectrum (75 eV) of butyrylfilicinic acid (IV).
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Fig. 4b. Mass spectrum (12 eV) of butyrylfilicinic acid (IV).

retro-Diels-Alder process. However, in many cases both processes may operate
simultaneously and a distinction between them, on the basis of the available
experimental facts, is not always possible. Despite this, generally only one
process is described in connection with the different fragmentation patterns.

In the fragmentation of filicinic acid (I), five main fragmentations of the
molecular ion are expected (c¢f. Scheme 1), leading to M—CO (M — 28) (route
A), M—C,H,0 (M —42) (route B), M—C,H,0 (M—70) (route C), M—C,H,0,
(M —84) (route D), and M- C,H 0, (M —112) (route E).
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Table 1. High resolution measurements.

Ton (m/e) Elemental I I III v
composition % % % %
41 C,HO 10 5
C.H, 90 q 95 q
42 C;H,0 20 20 20 20
atly 80 80 80 80
43 C,H;0 65 q 80 35
C:H, 35 20 65
55 C;H,0 65 75 45 45
C.H, 35 25 55 55
56 C.H,0 60
C.H, 40
57 C;H,0 q
67 CH,0 25 20 25
C.H, 75 80 75
69 C:HO, 60 55 55 45
8,%,58 40 45 45 55
70 4Xlg q q q
71 CH,0 4 q
84 CH,0, q q 55 95
C;H,0 45 5
85 C,H,0, 85
C;H,0 15
97 C;H,O, q q q 90
C.H,0 10
98 C,H,0, q q 90
G,H,,0 10
99 C,H,0, q
111 C;H,0, 25 40 25
C,H,0, q 75 60 75
112 C,H,O, q q q q
113 CH,0, q
125 C,H,0, 30
) C,H,0, 70
126 CH,O; 70 30
C,H,,0, q 30 70
129 CH,O, q
139 C,H,0O4 q q
140 C,H,0, q
143 C.H,O0, q
153 C,H,O,4 q q
154 C.H,,0, q q q
157 C,H,0, q
167 C,H,0, 20 25
C,H,,0, 80 75
168 C,H,,0, q
181 C,H,0, q 70
G, H 1505 30
182 C,H,,0, 35 40
C1oH,,0s 65 60
196 C,.H,.0, q

The relative intensities of the ions presented in the table do not take into account the contribu-
tion of isotopic ions. Numerical values are considered accurate to + 5 % for peaks in excess of
20 % relative abundance, The symbol q refers to a percentage superior to 95 %,.
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Scheme 1.

In the case of the acyl derivatives, the 84 of M — 84 (route D) has to be
replaced by 84 + 42, 84+ 56, and 84 + 70 for the acetyl, propionyl, and butyryl
derivatives, respectively. As the cleaved part may or may not contain the side
chain, it may be expected that the fragmentation of these acyl derivatives

will lead, in connection of routes B
ions, but also to M — (42+42), M — (1

and E, not only to M—42 and M—112
12 +42), M — (42 + 56), etc., ions. Further-

more, the spectra of all acyl derivatives may be expected to contain the
elements of the filicinic acid fragmentation pattern because of the following

rearrangements.
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Scheme 1 shows, on the basis of the proposed paths, the fragmentation
pattern of filicinic acid (I), considered with the experimental facts. Transitions
indicated by an m* are supported by the presence of an appropriate metastable

eak.
P Route A. The formation of the ion C,H,,0,'t of m/e 126, and the ion
CeH,0,* of mfe 111, may be explained on the basis of the scheme depicted
below. These steps are confirmed by the presence of metastable peaks at
mfe 103 and 97.8. However, this fragmentation does not seem to play a very
important role (¢f. acyl derivatives). Some of the ions of m/e 111 are produced
by a different route (¢f. route B).

+

HaC CH3 H3C CH3
HO OH —co HO OH  _cu,.
—_— —_— CgH70,"
C7H1002 m/e 1M1
0
m/e 126

Route B. Since several tautomeric forms of filicinic acid (I) may exist in
the ionisation chamber, it is probably best to describe these fragmentations
by starting from different forms. The loss of a C,H,0 unit from the molecular
ion, which is confirmed by the presence of a metastable peak at m/e 81.5,
leads to the ion CgH O, + of m/e 112. Depending on which tautomeric form
is in question, further fragmentation may proceed by different routes.

The loss of a hydrogen radical leads to the CgH,0," ion (m/e 111) (cf.
route A). A metastable peak at m/e 110 confirms that this ion is partly derived
from the ion of mje 112.

H3C. CH3 H3C_ CH3 HsC CHz H3C CH2
HO OH HO OH ~C2H20 HO > V\H —H- HO 74
i | &I e —— |
) - H m*
0; 0, + 04
CeHg02 C5H702
m/e 112 msZe 1M

The second process depicts the successive losses of two C,H,0 units
leading to the C,H Ot ion (m/e 70). Further fragmentation of this ion is
described in connection with route D.

H3C, CH3 H3C_ CH3 H3C CH3 H3C_ CHj3
Ho 9, H 2% -C3H0 Ho)%%o* ~C2zH,0 \g
— | .. —_— | —
e . 01»
H H
OH OH CeHg02 C4Hs0
m/e 112 m/e 70
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The elimination of a methyl radical from the CgH O, * ion leads to the
CsH;0,* ion (mfe 97), from which the C,H;0" ion (m/e 69) is formed by the
loss of CO. The C,H;O" ion is formulated as a cyclopropenyl cation derivative
which represents a relatively stable 2n-electron aromatic system.4

HiC_ CHa CH; . CHy
HO 0, -CHj- Cm0" _g
| ) — HO —— = HO
e
CgHgO02 CsHs 0, N C4Hs0
m/e 12 m/e 97 m/e 69

It is noteworthy that there is no loss of CO from the CgH,0," ion (no
C;H O™ ion present).

Route C. Accurate mass measurement showed that the peak at m/e 84
is a singlet corresponding to C;H,O,*. The spectrum taken at low electron
voltage (Fig. 1b) suggests that this ion may be formed directly from the
molecular ion. However, there is no metastable peak that supports this
proposal. Again, further fragmentations are perhaps best described by assuming
that different tautomeric forms of filicinic acid (I) are involved in the formation
of the C,H,0,+.

The first process involves the loss of a methyl radical leading to the
resonance stabilized CsHO,* ion, which represents 60 9, of the total intensity
of the peak at m/e 69 (cf. route D). Hydrogen transfer obviously occurs in the
formation of this ion.

3C CHs +

JHC_CHs H o
o o o D 0 -c,Hg0 -CHa+  +
— H — H‘C“H ——  O=C-CH=C=0
N X6
H H 7
OH OH

0-+H
C4H,02 C3HO2
m/e 84 m/e 69

In the second process, the loss of a C,H,0 unit leads to the C,H,0+
radical ion which represents 20 9, of the total intensity of the peak at m/e 42.
However, this radical ion may also be formed directly from the molecular ion
(¢f. route E).

Ho!
4. HiC_ CHy 4+ HiC_ CHy S
HO 0 H0§C N 0 -c,Hg0 \c . -C3H,0 . .
—_— N —_— F 3 HO=C=C
/C 4 H ]
H H OH H
OH OH
C4H, 02 C2H20
m/e 84 mse 42

Acta Chem. Scand. 25 (1971) No. 9



PHLOROGLUCINOL DERIVATIVES I 3435

The third process leading to the formation of the C,H,0% ion is best
represented by starting with a retro-Diels-Alder process.

HiC_ _CHal?¥

0 0| —c,Hg0 -C2HO +
—_—_ CH2=?7CH=C=0 —_— CH,=C=0H
H HO;
OH *
C,H,0; C2H30
m/se 84 m/se 43

Furthermore, the presence of the C,H,0'+ ion (m/e 56), may be explained
by loss of carbon monoxide from the ion of m/e 84.

Route D. The direct formation of the C,HgO* ion (mfe 70) from the
molecular ion suggested by the spectrum taken at low electron voltage (Fig.
1b) may be presented in the following manner.

H;C CHj H3C CHj3 HiC cH
HO 0 HO 0 ~CiHL0; !
o+ i \. + .
ZNH o,
OH OH C(HgO

m/e 10

The peaks at mfe 69 and 55, which are doublets according to accurate
mass measurements, are due, the first one to C,H,0" (40 9%) and C,HO,*
(60 9%,), and the second one to C;H,0% (65 9,) and C,H,™ (85 9,). Of these the
CH;O" ion may be derived from the ion of m/e 70 by loss of a hydrogen
radical, and the C;H;0" ion by loss of a methyl radical.

HaC “H- HaC ¢

—CHqe
“c—Cm0t  ——— Yc—c=0" ——F =  CHp=CH-C=0"
Vi s
H2C HzC\H
C.Hs0 C3H30
mse 69 m/e 55

Loss of carbon monoxide from C,H O+, C,H,0%, and C,H;0" leads to
CsHgt (mfe 42), CgH * (mfe 41), and C,H,* (m/e 27), respectively.

Route E. The direct formation of the C,H,0'* ion (m/e 42) from the
molecular ion, which is suggested by the spectrum taken at low electron
voltage (Fig. 1b), but not confirmed by a metastable peak, may be presented
in either or both of the following ways.
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H3C_ CH3 H3C_ CH3

+00 OH +0 > OH -CSHCOZ . .
—_— H)| _— CH,~C=0
H H
! ! i
CH2=C=H
C2H20
m/e 42

or

+
H;3C CH3 | .
0. on|” CeH02  cupmced
h !

° ¢Hp~Cmo*
C2H20
m/e &2

The main fragmentations of the acyl derivatives of filicinic acid are similar
to those of filicinic acid (I). Of course, there are additional peaks due to the
side chain fragmentations at mfe 181 (CgH,0,%) and at m/e 43 (C,H,0%),
mfe 57 (CgHz0%), and mfe 71 (C;H,0%) in the spectra of the acetyl, propionyl,
and butyryl derivatives, respectively. Loss of carbon monoxide from these
ions leads to the CgHyO,* ion (m/e 153), the CH,* ion (m/e 15), the C,H* ion
(mfe 29), and the C;H,* ion (m/e 43).

Several peaks due to further fragmentations of the side chains of the ions
formed in the fragmentation paths depicted in connection with filicinic acid
(I) are also present. Furthermore, McLafferty rearrangement of the side chain
in the case of butyrylfilicinic acid (IV) leads to the loss of a C,H, unit from
several ions. For example, the C;H O, * ion at m/e 98, is formed by consecutive
losses of C,H,O, CO, and C,H, from the molecular ion (¢f. route C).

The fact that the spectra of all the acyl derivatives contain elements of the
spectrum of filicinic acid (I) may be, at least partly, due to the rearrangements
suggested above, which lead to filicinic acid (I).

Scheme 2 shows the fragmentation processes of propionylfilicinic acid (III)
which are analogous to those of filicinic acid (I). Transitions indicated by an
m* are supported by the presence of an appropriate metastable peak. The
experimental results fully agree with the conclusions made above. Routes B
and E are each subdivided into two parts (B,, B,, and E;, E,, respectively)
since the fragmentation described in conncetion with filicinic acid (I) may
start either from the side of the side chain or from the opposite side. The
same situation applies to the fragmentations depicted in route C after the
formation of the C,HzO,+ ion of mje 140.

The peak at mfe 111 is a doublet, which according to accurate mass
measurements is due to C;H;0,% (40 9) and CyH,0,% (60 %,). The C;H,0,%
ion (not depicted in Scheme 2) may be derived from the C,;HgO;" ion (m/e 140)

Acta Chem. Scand. 25 (1971) No. 9
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Route E; Route Ej CgHg0; -CO C7Hg0; CiH70  C3HO,
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l—co
C4Hs0
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Scheme 2

(route C) by loss of an ethyl radical. The formation of the C;H,0,* ion by loss
of a hydrogen radical (route B,) from the CgHg O, + ion of m/e 112 is confirmed
by the presence of a metastable peak at m/e 110.

In connection with the fragmentation of filicinic acid (I), it was pointed
out that cleavage of carbon monoxide does not occur from the CgHgO, 't ion
(mfe 112) (route B). In the case of propionylfilicinic acid (III), the spectrum
exhibits a peak at m/e 84 due to the C;H O+ ion. A metastable peak at m/e
63.0 suggests that thision isformed from the CgH O, * ion. However, since the
peak at m/e 140 is a singlet due to the C,H 04+ ion (cf. route C), an analogous
cleavage of carbon monoxide from the C;H,,05* ion, which should lead to
the CgH,,0,* ion (m/e 140), does not occur (cf. route B,). Therefore it appears
evident, that the transition from CgHgO,+ to C;H O+ does not take place in
connection with route B, but by some other route, probably route C. A similar
situation exists in the fragmentation of butyrylfilicinic acid (IV), where the
C;H O+ ion may be formed from the CgH O, + produced from the molecular

Acta Chem. Scand. 25 (1971) No. 9 16



3438 MAURI LOUNASMAA ET AL,

ion by loss of a CgH O, unit (route E,g). In the case of acetylfilicinic acid (II),
for which there are no other fragmentation paths leading to the CgH Oy*
ion, the spectrum does not exhibit a peak at m/e 84 corresponding to the
CgH,O'* ion, in agreement with the conclusions drawn above.

By a similar reasoning, the C,H,,O4% ion at mfe 126 in the spectrum
of acetylfilicinic acid (II) is considered not to be formed by loss of carbon
monoxide from the CgH,,04+ ion (m/e 154) (corresponding to the CyH,,05+
ion in the case of propionylfilicinic acid (III) (route B,)). Its existence is
probably due to cleavage of carbon monoxide from filicinic acid (I) (route A)
formed in the ionisation chamber as described above.

H3C_ CH; + H3C CH3
HO o HO 0
™ _— OH -_—
(‘;fo ?/
O CHz~CHj3 0 CHy—CH3
HyC  CH3 ' H_HiC_ CHa
HO. o} .\cd (4]
I oH _— o _OH -
e '.=
+0  CH,—CH3 G0 Lha—chs
CH3
pdd
H H3C CHj3 C=CH3
> 0 Ho\cjc’c~o\c-cn
e i/ (ou
Ho. _OH S 0.~2LH
i g
+0  CH,—CHs CHy
CH3
c/cécm 0
H P ~o C=CH écf
°‘cj°\c-ou -CsHy Ho, . cZ -OH
6 s — ] [1
+95y IH 40 CH
CHs CH3
CeH70¢
=H30 mse 143
/c’° l—COz
OH
¢S -co CsHs0," CsHq0,"
.8 {I:H ST mse 97 m/e 99
CH3
CeHs04
m/e 125
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The spectra of all acyl derivatives of filicinic acid exhibit an interesting
peak corresponding to [M— 67]*. The spectra taken at low electron voltage
suggest the direct formation of the respective ions from the molecular ions.
However, there are no metastable peaks present that would support the origin
of these ions from the molecular ions. A [M —67]* fragment is not present in
the spectrum of filicinic acid (I).

Accurate mass measurement indicated that in the case of propionylfilicinic
acid (III) this peak is due to the CgH,0," ion (mfe 143). Its formation and
further cleavages are explained by the fragmentation paths on p. 3438.

The loss of 15 mass units from the molecular ion in the case of propionyl-
filicinic acid (III) resulting in an abundant ion of m/e 195 is mainly due to
allylic cleavage in the side chain after a McLafferty rearrangement.

H3C_  CHs T H3C_ CH3 1 HiC. CH3

HO O\QH HO o] ~CH3- HO [¢]
’ —_— OH — OH
' 0 cZ c<

0 CHz—CHy 0  CHy+CHs o CH,

CioHnO,
m/e 195

The corresponding loss in the case of butyrylfilicinic acid (IV) leads to an
even more abundant ion at mfe 209, which may be explained by two
successive McLafferty rearrangements followed by allylic cleavage. The ion
thus formed is even more stabilized than the ion in the former case.

'Hnac CHs 1t Hseg chHs +
0
»,\tg —_— o —_—
c? N
I CH—CH2-CH
[ O CHz-CHp—CH3 | 0 e
B 7+
HaC_ _CHa : HiC_ _CH3
HO 0 ~CHj3e HO 0
.C./OH — %,ou
| %M CH-cHydcH; | OH CH—cHy*
C11H130,
m/e 209
EXPERIMENTAL

Mass spectra were recorded on a Hitachi Perkin-Elmer RMU — 6E double-focusing
mass spectrometer using direct sample insertion into the ion source whose temperature
was 180° for the compounds (I) and (IT) and 130° for the compounds (III) and (IV).
Low voltage studies were carried out at 12 eV nominal energy, accuracy +1 eV. Exact
mass measurements were performed with a resolution of 10 000 (40 9%, valley definition).

The syntheses of compounds (I), (IT), (III), and (IV) have been described previously.5

< One of the authors (M. L.) wishes to thank Dr. B. C. Das at the Institut de Chimie
des Substances Naturelles, Gif-sur-Yvette, France, for a fruitful discussion during a visit
to Gif-sur-Yvette in autumn 1970.
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