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Abstract—Permethylated C-glycosylflavones give well defined MS, including in all cases an important
‘molecular peak. The observed fragmentations are characteristic for the nature and position of the
sugar. The 6-C and 8-C glycosylated derivatives are clearly differentiated. In dissymmetrical 6,8-di-C-
glycosylfiavones, the natures of the sugar in both the 6- and 8- positions can be determined. The
structures of several natural compounds are discussed.

INTRODUCTION

C-glycosylflavones [1,2] are being found more
and more frequently in plant extracts, but gener-
ally in very small amounts. Therefore, analytical
methods requiring less than | mg are very impor-
tant.

About 10 years ago, the synthesis of a range
of C-glycosyl-5,7-dihydroxyflavones was achieved
[3]. The compounds obtained have permitted the
identification or confirmation of structure of
several natural C-glycosylflavonoids. In this work,
chromatography, IR, NMR of acetyl or trimethyl-
silyl derivatives and MS of free compounds were
routinely used with good results. None of these
methods however is entirely satisfactory. For
example, chromatography is not reliable for di-C-
glycosylflavones, these products having very close
R/s. IR (KBr disc) requires identical crystalliza-
tion conditions; NMR consumes too much prod-
uct; MS of free compounds [4,5] gives good
results with mono C-glycosylflavones, but does
not differentiate 6 and 8-C-glycosylflavones. Only
a few di-C-glycosylflavones give MS because the
vaporisation temperature of these compounds is
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too high. The spectra obtained are pyrolysis spec-
tra, i.e. the fragmentation proceeds by sequential
loss of water, without providing a molecular peak.

However, previous reports dealing with the MS
of acetylated derivatives of some C-glycosylfla-
vones and xanthones [6], or with perdeuterio-
methylated derivatives of O-glycosylflavonoids
[7-10], have prompted a systematic study of per-
methylated C-glycosylflavonoid MS. Permethy-
lated derivatives have been preferred to acetylated
or trimethylsilylated compounds, because the
mass increase is lower and they are more stable,
which makes their purification easier. Permethyl
(PM) C-glycosylflavones can be obtained, using
the Brimacombe method [11], from very small
amounts of the free compound (about 0-5 mg).
Spectra are very easily performed. A molecular
peak is always present and the fragmentation
gives a great deal of information about the struc-
ture of the compounds studied.

RESULTS AND DISCUSSION

Formulae of the C-glycosylflavones that were
permethylated are given in Table 1, the main
characteristic peaks in Table 2 and the individual
MS data in Table 3.
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Table 1. C-Glycosylflavones studied

Compound*

8-C-glucosylapigenin (vitexin)
8-C-glucosyl-luteolin (orientin)
8-C-xylosyl-luteolin

6-C-glucosylchrysin

6-C-glucosylapigenin (isovitexin)
6-C-glucosyl-tuteolin (iso-orientin)
6-C-galactosylapigenin
6-C-rhamnosylapigenin
6-C-xylosyl-luteolin

10 6-C-arabinopyranosylapigenin

11 6-8-di-C-glucosylapigenin

12 6-8-di-C-glucosyl-luteolin

13 6-8-di-C-xylosylapigenin

14 6-8-di-C-rhamnosylapigenin

15 6-8-di-C-pentosylapigenin (Melilotus alba)
16 6-8-di-C-pentosylapigenin (H ymenophytum leptopodum)
17 violanthin

18 isoviolanthin

19 lucenin-!

20 lTucenin-3

21 6-C-xylosylvitexin

22 schaftoside

23 isoschaftoside

24 neoschaftoside (Catananche caerulea)

25 6.8-di-C-glycosylacacetin (Trigonella corniculata)

NN I B W I e

* All sugars are in the pyranose form unless otherwise indi-
cated. D-glucose, D-galactose and D-xylose are f-linked to the
flavone nucleus, while rL-rhamnose and L-arabinose are o-
linked.
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MS of PM mono-C-glycosylflavones

The MS of PM 8-C-glycosylflavones, as shown
by the spectrum of PM vitexin (1) (Fig. la), is
characterized by a very important molecular ion
(60-80%) and a parent peak; i = Ar—CH=+-Me
(Ar = PM Ravone radical); all intermediary peaks
are very weak. This parent peak corresponds, for
a C-hexosylflavone, to a loss of 175 mass units
(m.u.) and appears in PM 8-C-xylosyl-luteolin (3),
(Fig. 1b) [12] at M-131 (difference of 44 m.u.). The
following peaks may be represented by the ions:
j = Ar—CH=OH [M-189 (1); M-145 (3}], k = Ar-
éHz [M-205 (1);: M-161 (3)] and finally the PM
flavone ion: 1 = Ar™ [M-219 (1); M-175 (3)].

At lower masses, there are only peaks of very
weak intensity. However, it is possible to recog-
nize peaks coming from retro-Diels-Alder clea-
vage of the flavone [13] and derived from the
A ring of some of the above ions. Ions coming
from B ring can also be recognized in most
cases. Finally the very intense ions: inje
101 (Me-O=CH-CH=CH-OMe) and m/e 88
(MeO~-CH=CH-~OMe)" are characteristic frag-
ments from permethylated carbohydrates [14].

Table 2. Main fragments in MS of permethyl C-glycosylflavones

Sugar-specific fragments

Common fragrments Hexose Deoxyhexose Pentose
a; (M-14) g (M-103) gh (M-73) gd (M-59) gp
ay (M-15) h (M-163) hh (M-133) hd (M-119) hp
a3 (M-17) i (M-175) ih (M-145) id (M-131) ip
by (M-29) j (M-189) jh (M-159} jd (M-145) jp
b, (M-30) k (M-205) kh (M-175) kd (M-161) kp
b3 (M-31) b (M-219) Th (M-1%9) Id (M-175) Ip
C3 (M-47) *
a0k (a) -175 mt
30 100% PM 8-C—Glucosy! apigenin {1)
84%
% zof 189
i -16)
10 -219;| J 6
el . IYI . r O S S— — At S i 7!1291 l:!4
300 350 400 450 500 m/e
40— (b) -145 -3 mt
0k 0% PM 8~-C~Xylosyi luteolin (3) 100%
% 20f
10t
75 -6}
-7 ~-90 - —~14
bl a ] 1 lJf l o il
300 350 400 450 500
m/e

Fig. 1. (a-b).
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40k -175 =3l
(c) o,
301 100% PM6-C—Glucosy! apigenin (5) 66%
% ol Mt
29 -189 ||-i6: 16l -103 —-|5
to}- 219 205 - -47
i 133 ‘u |
. . — | . Ly .I |
300 350 400 450 500  m/e
ol -145 =30 ot
(d) 100%  pMe-c-Rh I apigenin (8) 87% '
20k -59 C-Rhamnosyl apigenin
of |
%20 -89 -I75 . -73 7 <5
10 L ~-103
, I ll ' | h I l L . l," 1 I,d___
300 350 400 450 500m/e
a0k -1as § 13! , .?A%
ok (e) 539 PM6-C-Xylosyl luteolin (9)
-47 -5
% 20} 1o -5 mt
o '-175 =161
§ -59
1 Y O APRTR |
300 350 400 450 500 /e
Fig. 1. (c-€).

Fig. 1. a—e: MS of PM mono-C-glycosyl flavones.
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A comparison of the MS of.compounds 1 and
2, apigenin and luteolin derivatives, shows that
the nature of the aglycone does not interfere with
the fragmentation, but may modify the relative
intensities of the peaks.

6-C-glycosylflavones (see PM isovitexin (5),
(Fig. 1¢), PM 6-C-rhamnosylapigenin (8), (Fig. 1d)
[15] and PM 6-C-xylosyliuteolin (9), (Fig. le)
[12,16]), are clearly different from the isomeric
8-C-glycosyl-flavones. The parent peak remains

a0l -175 -3
o (f) -163 o
% PM 6,8—di-C-Glucosyl apigenin (1)  '00% -15
20—
-103
1o -22| |‘2°7 -189 “ 133 l
Ll ul L R R
550 600 650
a0l -175
-163
30F  (g) PM Violanthin {7}
% 2o -145 -103
Lol -207 -89
-219 l -133 |
L V11 | S N TN T A
500 550 600 850 700 mrle
40 =3l
-145
30, (h) PM Isoviolanthin{(18) 100% mt
L |
% 20 -133 -73 15
ok ‘
- -159 -103 -63 l
i-219.-205|{"%%]] ||| . TN BRI | , |
500 550 600 650 700 m/e

Fig. 1. (-h).
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a0} -3l
(i
30 P PM 6-C-Xylosyl vitexin (21} 100% ¢
% 20 -19 o
13l _a7
10 _ 1—:75 163 ~-145 ' _59] | l
(298 b dl el 1 1/
500 550 600 650 700 m, /0
40 -3t
30~ (j) PM lsoschaftoside (23) 100% Mt
-13]
% o -1i9 -15
-6l
1o~ 205 H75 ~163 ‘—|45 L 47 l k ‘
AL il J J.IJ A . l . r [l . 'I l : hlr . |' 'l
500 550 600 650 700/0
Fig. 1. (i4).

Fig. 1. fj: MS of PM di-C-glycosyl flavones.

the ion i [M-175 (5); M-145 (8); M-131 (9)], but
the molecular ion is weaker (20-40%;,) and is fol-
lowed by intense peaks absent from the §-C-
isomer spectra: a, (M-15) (20-30%); by (M-31)
(60--100%), which are much higher than the mole-
cular peak and ¢3 (M-47). These peaks cannot be
related to the carbohydrate substitution, whereas

other peaks: g [M-103 (5); M-73 (8) and M-59
(9)] and h [M-163 (5); M-133 (8) and M-119 (9)]
are characteristic of the sugar in the 6-position.
As with 8-C-glycosylflavones, the parent peak (i)
is followed by the ions j, k and 1 due to frag-
mentation of the sugar substituent. As expected
these lower peaks are very weak. Again, the

Table 3. MS Data for PM C-glycosyl flavones: 1-12

1 2 3 4 5 6 7 8 9 10 11 12
M (530)  (560) (516)  (500) (530) (560) (530) (500) (516) (486) (748} (778)
Fragments Relative intensity (%)

M- 84 64 100 21 19 26 30 35 1 28 15 23

a 3 5 6 2 11 7 8 6 2 8 2 13

az — — — 9 17 25 38 17 22 19 27 28

a3 — — - 2.5 18 — 15 -

by 2 1.5 3 2 6 2 4 7 9 13 13

by - — 3 9 20 8 18 27 33 6 39 39

b3 - - — 30 66 28 52 87 100 75 100 100

€3 — — 7 I3l 13 8 18 23 17 9 8

gh — - - 6 13 17 7 - - 13 11

g gd — - - — — 17 - - -
gp - — — — — — — 9 9 : —

hh — — — 7 13 19 18 - — - 32 25

h hd — — — e — — — 11 — — —
bp — — — - — — — - 17 20 - —

ih 100 100 — Y10 100 100 100 — : 43 37

i id — e _ . _ - 100 _ _ -
ip — — 65 - — — — 52 100 — =

jh 21 34 - 14 17 18 29 — - 8 6

j jd - — — — — — - 32 - -— —
jp — -— 44 — — — . 40 58 -

kh 10 13 10 13 20 14 — — - 6 S

k kd — — —_ e — - 15 - - — —
kp — — 9 — — — — — 14 20 - —

lh 6 10 - S 11 18 14 - —

1 Id - — - — - — — 18 - — — -
Ip - — 8 - — — — - 16 25 — —
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Table 3. Continued MS Data for PM C-glycosyl flavones: 13-25
13 14 15 16 17 18 19 20 21 22 23 4 25
M (660) (688) (660) (660) (718) (718) (734) (734) (704) (704) (704) (704) (704)
Fragments Relative intensity (%)
M* 18 33 23 23 23 27 20 15 22 17 29 20 22
a 9 13 i3 10 16 8 10 5 9 10 10 17 16
ay 21 24 28 29 36 21 21 28 23 26 22 32 16
a3 — — — — — — 3 8 3 — - — —
by 11 15 15 15 15 17 13 13 13 11 12 14 18
by 33 32 42 34 43 42 34 40 40 37 38 40 42
bs 100 100 100 100 100 100 100 100 100 100 100 100 100
c 11 11 13 i1 — 11 10 11 10 7 10 9 15
gh — — — — 14 6 — 15 — 11 — 15 —
g gd — 21 — — — i5 — — — — — — —
gp 6 — 10 10 — — 6 — 6 — 9 — 24
hh — — — 10? 35 6 7 33 7 38 10 32 8
h hd — 21 — — 7 18 — — — — — — —
hp 20 15? 30 31 — — 18 8 20 3 23 — 48
ih =lp =kd —- =lp 4] =kd i1 40 =lp 40 12 38 28
i id =jp 40 — =jp 13 34 — — — — =jp — —
ip 17 — 38 47 — — 12 12 13 8 26 12 41
jh — =M — — 10 =1d 2 16 — 6 —_— 20 15
j id — 17 -— — — 6 — — — — — — —
ip it =id 23 22 — 7 15 6 3 12 — 87
kh — — — — 7 2 3 17 3 6 6 6 7
k kd — 10 — =lp =ih 15 — — =lp — =ih = — —
kp 11 7? 8 8 — — 5 13 3 8 6 9 —
th —- — — — 3 3 — 16 — — 3 — 18
1 Id — 10 — — =jh 4 — — — — — — —
Ip 3 =kd 5 3 — — 11 =ih 10 =ih =ih =ih =ih

nature of the aglycone does not influence the frag-
mentation pattern (compare (4) [17]; (5) and (6)
MS. in Table 3).

The MS of PM 6-C-glucosylapigenin (5) and
PM 6-C-galactosylapigenin (7) [18] are very simi-
lar. The same is true for the two C-pentosylfia-
vones (9) [12] and (10) [19]. Only the ion a3 (M-
17) observed respectively for the 6-C-galactosyl-
and 6-C-arabinosylapigenins (7) and (10) and
absent from the MS of § and 9, and some differ-
ences in peak intensities, allows one to distinguish
between these pairs of isomers.

However, an indirect proof may be obtained
because of the difference in behaviour between
the two C-pentosylflavones when subjected to
permethylation. Indeed, when arabinose is present
instead of xylose, the permethylation gives, as a
by-product, a compound, the molecular peak of
which (M*" 340) appears at 28 m.u. above that
of the PM flavone aglycone (6-formyl PM api-
genin?). ‘

MS of PM symmetrical 6,8-di-C-glycosylflavones

The PM 6,8-di-C-glucosylapigenin (11) MS (Fig.
1f) [20] is closely similar to that of PM 6-C-glu-
cosylapigenin (5) (Fig. 1c) and shows that the
sugar in the 6-position is more easily fragmented.
This is also shown by the existence of the ion
by (M-31), absent from the 8§-C-glycosylflavone
MS, which is here a parent peak. The MS of syn-
thetic 6,8-di-C-xylosylapigenin (13) [12] and
synthetic PM 6,8-di-C-rhamnosylapigenin (14}
[15] show the same fragmentation patterns.

In all these spectra, the molecular ion is present
with relatively high intensity (20-30%,) and all 6-C-
glycosylflavone peaks are found until i (Ar-CH
=6Me) (Ar = PM 8-C-glycosylfiavone radical)
followed by corresponding peaks j, k and 1 with
lower intensities. Some very weak peaks can be
sometimes recognized of lower masses: RDA clea-
vage of previous ions: A-ring of ion i (m/e 415)
and of ion k (m/e 385); B-ring (m/e 135). lons
m/e 101 and 88 are also present.
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Again, comparison of the MS of PM 6,8-di-C-
glucosyl-luteolin (12) (from permethylation of syn-
thetic  6,8-di-C-glucosylchrysoeriol [21]) shows
that the B-ring does not interfere with the frag-
mentation pattern. Compound 12 MS is quite
identical (fragmentation and relative intensities)
with that of a PM 6,8-di-C-glycosyl-luteolin iso-
lated from Spergularia rubra and Stellaria holostia
[22]. Therefore, this natural product is 6,8-di-C-f-
D-glucopyranosyl-luteolin (lucenin-2) [23].

Permethylation of another natural compound,
isolated from Melilotus alba [24] led to a PM
6,8-di-C-pentosylapigenin (15) MS. Comparison
with PM  6,8-di-C-xylosylapigenin (13) MS
showed the same fragmentation pattern, but im-
portant differences in the relative intensities of
ions hp, ip and jp: in 13 MS, hp (M-119,
209%) > ip (M-131, 17%) > jp (M-145, 10%); in
Melilotus alba compound (15): ip (38%) > hp
(30%) > jp (23%).

The latter relative intensities were again
observed with another natural 6,8-di-C-pentosyla-
pigenin isolated from the moss Hymenophytum
leptopodum [25]. Permethylation of this com-
pound led to a byproduct, the MS of which cor-
responded to a PM 6-formyl 8-C-pentosylapi-
genin (M™ 514). By analogy with the parallel
behaviour of 6-C-arabinosylapigenin and 6-C-ara-
binosylvitexin (sec later), this suggests the pres-
ence of a 6-C-arabinosyl residue in the 6,8-di-C-
pentosylapigenin from Hymenophytum leptopo-
dum.

MS of PM
Havones

dissymmetrical  6,8-di-C-glycosyl-

Natural compounds of this type are lucenin-1
and 3 {23] [PM derivatives (19) and (20)], identi-
cal respectively with synthetic 6-C-f-p-xylosyl-8-
C-p-p-glucosyl  and  6-C-B-p-glucosyl-8-C-f-D-
xylosyl-luteolins [26], violanthin [PM derivative
(17)]: 6-C-p-pD-glucosyl-8-C-xz-L-rhamnosyl  api-
genin [27) and schaftoside [PM derivative (22))]
28], the proposed structure of which is 6-C-8-n-
glucosyl-8-C-a-L-arabinosylapigenin {297,

Here again. fragmentation of the sugar in the
6-position predominates.

Violanthin-isoviolanthin. Typical fragmentation
of these compounds is observed in the spectra
of PM violanthin (17), (Fig. 1g) and of its isomer
(PM synthetic 6-C-x-L-rhamnosyl-8-C-f-b-gluco-
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sylapigenin) (18) (Fig. 1h) [30]. In the MS of 17
the more intense peaks h and i come from hexose
fragmentation (M-163 and M-175 as in a PM 6-C-
hexosylapigenin MS); on the contrary 18 is frag-
mented as a 6-C-rhamnosylapigenin (highest

_peaks are M-133 and M-145). The g peak is also

characteristic; it occurs at M-73 in 18 MS, and
at M-103 m 17 MS. However, in the MS of PM
violanthin. the M-145 peak may show a 8-C-
rhamnosyl moiety fragment very much smaller
than that of the 6-C-glucosyl. These spectral
studies confirm the structure proposed for violan-
thin [27].

Lucenin-1 and 3, vicenin-1. MS of PM deriva-
tives of natural lucenin-1 and 3 (19) and (20) [23]
are identical with MS of their synthetic equiva-
lents [26]. These compounds show the same
behaviour as violanthin and isoviolanthin,
although the peaks are of weaker intensity: a frag-
mentation pattern of 6-C-pentosyl-luteolin type
prevails in 19, one of 6-C-hexosyl-lutcolin type
in 20. Another example is the MS of PM 6-C-f-b-
xylosyl-8-C-f-p-glucosylapigenin  (21) (synthetic
vicenin-1) [31] (Fig. 1i). As in the case of PM
lucenin-1, there is the characteristic 6-C-xylosyl
distribution: hp > ip > jp. observed with PM 6.8-
di-C-xylosylapigenin (13) MS. These results con-
firm the proposed structures for lucenin-1 and 3
[26].

Schaftoside—isoschaftoside. The first information
about the structure of schaftoside was obtained
from the MS of the free compound. Although this
MS lacked a molecular peak. the sequential losses
of water in fragmentation showed that schaftoside
was a 6,8-C-hexosyl-C-pentosylapigenin.  The
identification of the glycosyl residues as glucose
and arabinose resulted from degradative studies.
After acid treatment of schaftoside, several com-
pounds with similar chromatographic behaviours
are obtained. One of them. isoschaftoside, is iden-
tical (chromatography and IR spectrum) with the
synthetic 6-C-a-L-arabinosyl 8-C-f-D-glucosylapi-
genin [32] and with a natural compound of
Flourentia cernua [33]. MS of PM derivatives of
these three compounds are quite identical (see 23
MS) (Fig. 1j). A 6-C-pentosyl fragmentation pre-
vails with a distribution ip > hp > jp as in Meli-
lotus alba 6,8-di-C-pentosylapigenin; and a 6-for-
myl 8-C-hexosylapigenin (M* 558) is obtained as
a byproduct of permethylation. This pattern may
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be characteristic of 6-C-arabinopyranosyl substi-
tution and permits the differentiation of 6-C-pen-
tosylflavone isomers.

It is interesting that the peak M-17, present in
the MS of PM mono 6-C-arabinosylflavone (10)
does not exist in the MS of 6,8-di-C-glycosyifla-
vones 15 and 23, although these compounds con-
tain a C-arabinosyl moiety. By contrast, in the
MS of PM schaftoside (22), the highest peaks are
M-163, M-175 and M-103, all corresponding to
a 6-C-hexosylapigenin. From all these results, it
can be concluded that schaftoside is 6-C-f-D-glu-
cosyl 8-C-o-L-arabinosylapigenin. The name iso-
schaftoside previously suggested for a product co-
occurring with schaftoside in Catananche cerulea
[34] is unsuitable. Indeed, the MS of this product
PM derivative (24) shows that it is not a Wessely-
Moser isomer of schaftoside, since peaks M-175
and M-163 corresponding to a 6-C-hexosylfla-
vone are predominant. However, this product and
schaftoside are interconvertible by acid treatment,
possibly due to pyranose-furanose isomerization.
We suggest it should be called neoschaftoside; the
study of its structure is in progress.

6,8-di-C-glycosylacacetin of Trigonella cornicu-
lata. Finally, our technique shows that the struc-
ture of 6-8-di-C-glucosylacacetin given by Ses-
hadri et al. [35] to a natural product of Trigonella
corniculata is incorrect. The MS of the PM deri-
vative (25) shows that it is in fact a 6-C-pentosyl
8-C-hexosylacacetin because the peaks corre-
sponding to a 6-C-pentosyiflavone are the highest
and the relative intensities of h, i and j peaks
can be related neither to a 6-C-xylosyl nor to a
6-C-arabinopyranosyl substitution. The free com-
pound is chromatographically different from syn-
thetic 6-C-f-D-xylopyranosyl 8-C-f-D-glucopyr-
anosylacacetin [36].

EXPERIMENTAL

Permethylation was carried out on 0-5-1 mg of C-glycosyl-
flavone using Me I and NaH in DMF [11] under anhydrous
conditions and N,. After 1 hr at room temp., work-up is
accomplished by partition between CHCl; and H,0. Pure
products can be obtained by TLC (Si gel) using CHCl;-
Me,CO (4:1) or CHCl;-AcOEt-Me,CO (5:4:1). The main
product, with a blue fluorescence, is separated from by-pro-
ducts: DMF condensation by-products giving MS with M +
30, M + 60, M + 90 peaks are more abundant with 8-C-
monoglycosyl compounds; degradation products such as 6-C-
formylflavones are obtained with 6-C-arabinopyranosylfla-
vones. The required derivative is always the major component
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and generally has the lower R,. TLC (Si gel) of PM 6,8-di-C-
glycosylflavones in CHCl;-AcOEt-Me,CO (5:4:1) (11) 0-46;
(12) 0-37; (19) 0-40; (20) 027; (21) 0-49; (22) 0-32; (23) 0-26;
(24) 0:37. Luteolin derivatives: pale-blue fiuorescence; api-
genin: violet-blue fluorescence. MS were recorded on an AEI
MS 902 spectrograph, to 70 eV. Temperatures (sample and
source in the same order) varied between 120 and 190°. Com-
pound 12 MS also was registered on a Varian CH 5 spectro-
graph and the 2 graphs compared: fragmentation pattern and
relative intensities were identical.
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