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The 4-Hydroxy-3-phenylcoumarins (isoFlavonols).

The unique breakdown patterns of the 4-hydroxy-3-phenylcoumarins (isoflavonols) in

the mass spectrometer have been examined.

have been confirmed by deuteration studies and by an examination of the mass spectra

of 4-methoxy - 3 - phenylcoumarins.

coumarin, which is contrasted with 4-methyl-7-hydroxycoumarin.
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Explanations of the fragmentations found
The scheme has been extended to 4, 7-dihydroxy-
behaviour only to a minor degree (5,6). Presumably

We have recently been engaged in the character-
isation of a new type of natural product, the 4-
hydroxy-3-phenylcoumarins (1,2,3) or isoflavonols,
and amongst other properties we have investigated
their behaviour when subjected to electron bombard-
ment. Although these compounds are isomers of
the flavonols, it was at once obvious that the break-
down pattern of the two classes of compound was
totally different. Moreover the behaviour of the
isoflavonols was separate from that of any other
flavonoid in which the heterocyclic ring is totally
unsaturated.

As the results were promising from the viewpoint
of structure determination, as well as from intrinsic
interest, a fuller study of simple isoflavonols was
made. These compounds may exist in any one of
three forms (Ia-c), all of which are interconvertible
by simple prototropy. We have shown that it is the
existence of form (Ib) that allows breakdown in the
mass spectrometer. In this form the isoflavonols

are more akin to the reduced flavonoids, such as
flavanones, rather than to the flavones or flavonols.
Although flavone itself breaks down mainly by a
reverse Diels-Alder reaction (4), flavones substituted
with a hydroxyl or methoxyl groups exhibit this

the unsaturation in ring C allows stabilisation of
the molecular ion by mesomerism over the whole
molecule, behaviour not possible to the reduced
flavonoids. The striking and predictable contrast
between the mass spectra of 4,7-dihydroxycoumarin
and 4 -methyl - 7-hydroxycoumarin illustrates the
importance of forms analogous to (Ib) in this series
also.

We have been able to define three general modes
of breakdown of the isoflavonols in the mass spectro-
meter. The two most predominant, hereafter called
path A and path B, are shown below. In path A a
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direct reverse Diels-Alder reaction proceeds to give
fragments (II) and (II). With path B, fragmentation
is preceeded by formation of the charged radical
(IV). Cleavage of the Cg-C4 bond is facilitated by
the fact that the free electron at both positions may
be stabilised by resonance with the adjacent benzene
ring. A hydrogen atom transfer then occurs as shown
to yield fragments (V) and (VI).

In each case, of course, if the electron initially
removed is associated with the oxygen attached to
C, rather than C,, then fragments (I} and (V) will
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bear the charge. All the fragments are capable of
stabilising the charge and in fact, spectra will be
presented in which both types of fragment are seen.
The tendency is for fragments containing methoxyl
groups to be more stabilised than those containing
hydroxyl groups.

A third, and in general, minor mode of break-
down will be called path C. In this pathway, ex-
trusion of carbon monoxide occurs, followed by the
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breakdowns shown to give fragments (VII) and (VIII).

At this stage it may be worthwhile to state that
whereas these processes have been shown fo occur,
the actual state of the fragments is not known. Thus
some may be tropolone type cations rather than the
form written. Lacking evidence on this point the
simplest form arising out of the breakdown mecha-
nisms has been used. Nor necessarily will there
prove to be valid generalisations about the forms
actually existing; oxygen substitution in particular,
changes the number of classical structures available
for each possible form, and so changes the energy
relationships of the forms.

If pathways A and B do represent correct modes
of breakdown for these compounds, various verifiable
conclusions follow.

(i) As breakdown depends on form I(b), if forms
I(a) or I(c) could be stabilised then fragmentation
would be inhibited. Methylation stabilises I(a) and
the behaviour of 4 -methoxy-3-phenylcoumarins on
electron bombardment is presented in a separate
section of this paper. In fact, neither paths A or
B are observed, as predicted. Only a pathway
analogous to path C can be seen.

(ii) The hydrogen atom originally attached to the
C4 - hydroxyl group of the substituted coumarin is
bonded to C3 in the tautomer I(b). Fragmentation
by path A leaves this hydrogen atom on the phenyl-
ketene (II) whilst if path B is followed, it attaches
itself in fragment (IV) to what was ring A of the
flavonoid nucleus. These mechanisms imply a total
specificity in this respect and so a ready test is
available. Due to the high acidity of the 4-hydroxyl
group deuterium exchange experiments are easily
carried out and the products may be introduced into
a previously deuterated mass spectrometer to see
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whether the appropriate fragments are raised by
one mass unit. In each case this has been found
to be so and in addition cleavage by path B leads
to no appreciable isotope effect. Paths A and B are
thus proven. This is of some importance as later
papers will emphasise the generality of analogies to
paths A and B in the mass spectra of many types
of oxygen heterocyclic compound.

Section I.
Figure 1. 5, 7-Dimethoxy-4-hydroxy-3-phenylcoumarin.
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Figure 2. 4,4'-Dihydroxy-5, 7-dimethoxy-3-phenylcoumarin.
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Figure 3. 4,5, 7-Trihydroxy-3-phenylcoumarin.
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178 2.5 154 4.0 137 2.0 122 3.0 106
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163 1.1 147 2.0 128 2.8 115 4.5
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Figure 4. 4,5, 7-Trihydroxy-4'-methoxy-3-phenylcoumarin.
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Section IL TABLE VI
Figure 5. 4,5, 7-Trimethoxy-3-phenylcoumarin. m/e 1 m/e I m/e I m/e I m/e I m/e I
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Figure 8. 4, 7-Dihydroxycoumarin.
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Section IV.

An example of a deuteration experiment was the deuteration of di-
hydrorobustic acid, whose spectrum is presented below. For the
purpose in hand it is sufficient to concentrate attention on the peaks
at m/e 235 and m/e 234 arising as shown.
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Deuteration followed by fragmentation by path A should lead to m/e
234 from both deuterated and undeuterated species, but when path B
is followed the deuterated dihydrorobustic acid should give rise to a
peak at m/e 236. The spectrum of partially deuterated dihydro-
robustic acid was as shown the peak at m/e 382 corresponds to

Figure 10,

Ju.JlLL.. . N R |

undeuterated dihydrorobustic acid and has an intensity of 26.

The peak at m/e 383 corresponds to deuterated dihydrorobustic acid
plus a contribution due to the isotope peak from m/e 382, amounting
to 6.33 units, and has an intensity of 100. . % of deuterated

o . 93.67 x 100 _
dihydrorobustic acid in mixture is 93.67 + 26 78.3%
26 x__100
0 n g i [Pk AN P /g,
% of dihydrorobustic acid is 5367 + 26 21.7%

The peak at m/e 234 of intensity 21.5, arising from both species of
dihydrorobustic acid makes an isotopic contribution to m/e 235 of
LB 00 14:43 _ 5 10 and to m/e 236 is x> X LT 100 LT _ .4
The peak at m/e 235 has an intensity of 16, which becomes 12.9
when corrected for the isotopic contribution from m/e 234. The
isotope contribution of this corrected m/e 235 peak to the m/e 236
12.8 x 14.40
100
intensity of the m/e 236 peak is 48.0 - 1.9 - 0.4 = 45.7.
The monoisotopic ratios are summarised:

peak (intensity 48.0) is = 1.9, Therefore, the true

m/e 234 (CigH)Op) = 21.5
m/e 235 (Cy3HygOp) = 12.9
m/e 236 (CygHy DOy} = 45.7

The peak at m/e 234 consists of contributions from both species,
that from deuterated dihydrorobustic acid 0.783 x 21.5 = 16.83, and
that from dihydrorobustic acid being 4.867.

m/e 234 16,83
m/e 236 45.7 0.368
m/e 234 4.67

m/e 235 12.9 oL
This latter ratio was also calculated from the spectrum of pure di-
hydrorobustic acid run under identical conditions and was found to have
the value of 0.368, in excellent agreement with that found from the
spectrum of the mixture.

The calculations demonstrate that in path B the deuterium is quanti-
tatively and specifically transferred by the path shown, and that no
isotope effect is observed.

. For deuterated dihydrorobustic acid

For the undeuterated species,

Sample Introduction.
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All spectra were taken on an AEI Ltd., MS 9 mass spectrometer,
using a direct insertion probe. All the samples were introduced
directly into the mass spectrometer (MS 9) ion source and evaporated
into the ionisation region from the end of the sample probe situated
only a few millimeters away. (The advantages of direct evaporation
are now well known, mainly that the required sample temperatures
are lower by 100-150° than those required by the reservoir system,
thus reducing the amount of thermal decomposition). Rapid change-
over of samples and convenience of adjusting evaporation rates were
achieved with the vacuum lock system used for inserting the sample
probe.

Particular features of the inlet system are:

(i) Samples can be changed in less than half a minute without any
adverse effect on the vacuum.

(ii) The axis of the system is in a direct line with the electron
beam, and the sample probe can be passed through a channel in the
ion source block to a point as close as desired to the electron beam
itself.

(iii) The sample probe, a loose item inside the main tube can be
moved by a magnet outside the vacuum system. With this device the
sample can be quickly introduced or removed from the ion chamber
as desired so that evaporation can be suspended whilst reference
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compounds are introduced or instrumental performance adjusted or the
next steps in the analysis considered.

(iv) The appropriate sample temperature is developed by thermal
contact with the heated ion chamber block. This ensures that the
temperature of the ion chamber is slightly higher than that of the
sample, thus avoiding condensation. A considerable degree of ad-
justment of the sample temperature is achieved by small changes in
the probe position using the magnet control.
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