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gel gives a light blue fluorescence under UV. vEEf {ern™ ')
1716 {(coumarin lactone CO), 1637 (3,4-double bond in conju-
gation with CO), 1260 (ether), 1586, 878 {furan ring peak due
to out-of-plane deformation vibration of C-H) and 753 (C-H
in-plane deformation vibration in furanocoumarin). NMR (8
in ppm): 179 (6H. 5. methyls), 473 (2H, 4, J 7 Hz, Ar-O-
GH,-CH=), 5.59 (1H. coupled ¢, J 7THz,~O-CH,~CH=), 6.32
{1H, d. J 9.5 Hgz, H-3), 772 (1H, 4, J 9.5 Hz, H-4), 6.88 (1H,
s, H-5. 706 (1H. 4, J 2Hz, H-3), 7.65 (iH, 4, J 2Hz, H-2).

Dealkylation of heratomin. Heratomin {200 mg) was heated
under reflux with 4% HCI in EtOH (20 ml) for 30 min. The
mixture was diluted with H,O (80 ml) and the solid, which
separated, crystallized from EtOH to yield phenol (2), as
- needles, mp 253-254° (M™ 202). (Found: C, 64.9; H, 2.8,
C, 1 H O, requires: C, 65.3; H, 3.0%).

Methylation of phenol {2). A solution of phenol {50 mg) in
MeOH (10ml) was treated with an ethereal solution of
CH,N,. After 24 hr the solvent was evaporated and the resi-
due crystallized from Me,CO-petrol giving sphondin as
needles, mp 191-192° {mmp, superimposable IR, NMR, MS,
Co-TLC).
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Heratomol. It crystallized from MeOH, as needles, mp
253~255° Found: C, 64.8; H, 2.9, C,,H 0, requires C, 65.3;
H, 3.0%. M* 202, It did not depress the mp of 6-hydroxyange-
licin (2) (the dealkylated product of heratomin). R, 0.20 [Si
gel, C.Hy~Me, CO (9:1)1 On Si gel this gives a light blue
fluorescence under UV.

Methylation of heratomol. Tt was methylated in the usual
way with CH,;N,. The methy! ether, mp 192-193°, was found
to be identical with sphondin (mmp, Co-TLC, IR, NMR, MS).

Acknowledgement—The authors wish to thank Mr, P. 8. Jam-
wal of this laboratory for collection of the plant material.
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Abstract—The structure of afzelin (kaempferol 3-O-a-L-rhamnopyranoside) and paeonoside (kaempferol 3,7-bis-O-§-
D-glucopyranoside) has been confirmed by total synthesis. Synthetic kaempferol 3-O-f-rutinoside had a mp of
190-192° suggesting that those natural kaempferol 3-O-rhamnoglucosides which melt in the same range are also

3-0-f-rutinosides.

In this paper we report the unambigous synthesis of
three kaempferol glycosides with the purpose of support-
ing thereby the structures of the corresponding natural
products.

The isolation of afzelin, a kaempferol 3-O-rhamnoside
has been reported from at least nine different sources,
the first being in 1950 by King and Acheson from an
Afzelia sp.[1]. Due to their quite similar mp’s (mainly
172-174°) it has been generally assumed that these rham-
nosides are identical and except in two cases[2,3], it
has been assumed that the sugar moiety is in the a-pyr-
anoside form (1), For substances isolated from Aesculus
hippocastanum [2] and Galega officinalis [3], thamnofur-
anoside structures were postulated.

We prepared 1 by coupling 74'-di-O-benzylkaempferol
(2) [4] with a-benzoyl-bromorhamnose [5] to give, after

1 Kaempferol 3-0-(3-0-a-L-rhamnopyranosyl- §-p-gluco-
pyranoside) from Rungia repens; the disaccharide is called
rungiose.

saponification, the dibenzyl ether {3), which was con-
verted to kaempferol 3-O-a-L-rhamnopyranoside (1), mp

OR?

HO o

(1} R'«R2«H,R¥ s a~L-Rha

{2) R' » RZ« CHyPh, R®=H

(3) R = R% = CH,Ph, R® =a~L~Rha
(4) R' = R® » B-p-Glc, R3sH

(8) R' = R® s H, R% = CH,Ph

{8) R'» R » B-0-Glc R2eCH,Ph
{?IR' = RZ » 4, R3 = B-rutinosyl

(8) R » R%» CH,Ph, R® =B~ rutinosy!
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172-174° by catalytic hydrogenation. A sample of natural
1 could not be obtained.

The isolation of the 3,7-bis-O-glycoside of kaempferol,
called paconoside was reported in 1961 by Egger [6]
from Paeonia albiflora. A synthesis of kaempferol 3,7-bis-
O-B-p-glucopyranoside {4) has now been accomplished
by coupling 4-O-benzylkaemplerol (5) with a large excess
of az-acetobromoglucose, saponification and debenzyla-
tion of the resulting benzylbisglucoside 6. A correspon-
dence in mp and superimposable IR-spectra proved the
identity of the natural and synthetic products.

The situation concerning kaempferol 3-0-F-rutinoside
is rather confused, Hukuti seems to be the first who
claimed this structure for a substance, mp 223-224° (as
the dihydrate) isolated from Calystegia japonica [7].
Hattori and Shimokoriyama confirmed Hukuti’s hypo-
thesis by identifying rutinose in the enzymic hydrolysate
of the glycoside by PC[8]. Another kaempferol 3-0-
rhamnoglucoside, first isolated by Kobayashi and
Hayashi in 1952 [9], showed mp 156-158° (as the tetra-
hydrate) and mp 182-185° (as the dihydrate). A survey
of the literature revealed almost fifty references concern-
ing the isolation of kaempferol 3-O-rhammoglucosides
from plant material. About twenty contained mp data
which except for rungioside} (mp 256°) fell into two cate-
gories, namely those grouping around 190 and around
220° resp. Both contained substances which were claimed
to be rutinosides.

-Our synthesis of kaempferol 3-0-f-rutinoside (7) car-
ried out {see Experimental} as that of the corresponding
rhamnoside (1) furnished a product of mp 190-192° that
was identified by chromatography and IR spectroscopy
with samples of kaempferol 3-O-rhamnoglucosides iso-
lated by Bodalski et al. from Peucedanum oreoselinum
{107 and in our laboratory from Eupaiorium seratinum
[11].

On this basis we feel justified in regarding those
kaempferol 3-O-rhamnoglucosides which melt around
190° to be f-rutinosides. Further it is probable that those
melting around 220°, including nicotiflorin from Nico-
tiana silvestris[12] and Hukuti's compound [7], are the
corresponding neohesperidosides, since the kaempferol
3-O-glycoside containing the third possible a-rhamno-
pyranosyl-glucose ie. rungiose, had a mp of 256°.

EXPERIMENTAL

1,4’ - Dibenzyloxy-3,5- dihydroxyflavone-3- O-a-L-rthamno-
pyranoside (3). To a soln of 7,4'-dibenzyloxy-3,5-dihydroxy-
flavone (2)[4] (047g) in quinoline (20ml) anh. calcium
sulphate (1.0 g), silver oxide (0.30g) and in two portions -
benzoylbromorhamnose {57 (1.07 g) was added with stirring,
After 4hr the mixture was diluted with CHCl; (100 mi),
extracted several times with 5% aq. H,SO,, washed, dried
and evaporated. Residue was treated with 6.1 N NaOMe for
24 b, the soln evaporated and the residue extracted after acidi-
fication with dil. HCI with BtQAc. The extract was washed,
dried, evaporated, the residue chromatographed on Si gel with
CeH~EtOAc (18:1) as eluant and crystallized from 80% aq.
EtOH to yield 3 (94 mg, 15%) as small, pale yellow platelets
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of mp 186-188°. (Found: C, 6841; H, 548 C3sH;,04,
requires: C, 68.62; H, 5.27%).

3,5,7,4'- Tetrahydroxy flavone-3-Q-a-L-rhamnopyranoside ;
kaempferol-3-O-a-L-rhamnopyranoside, afzelin (1), Catalytic
hydrogenation of 2 over palladium-charcoal catalyst afforded
1 yellow prisms of mp 172-174° (lit. {11 172-174°), [«)®
—~230° (¢ 1.0, DMF).

4'-Benzyloxy-3,5,7-trihydroxyflavone-3,7-bis-O- f-p-gluco~
pyranoside {6). 4'-Benzyloxy-3,5,7-trihydroxyflavone {4] (%)
(0.76g) was coupled with acetobromoglucose (1.65g) and
worked up as described under 3 to afford after saponification
6 (0.35 g} as yellow needles of mp 229-231°. {Found: C, 38.13;
H, 5.38. C34H35016 fequirﬁs: C, 5828; H, 5.}8%}.

3,5,7,4 - Tetrahydroxyflavone 3,7-bis-O- p-D-glucopyrang-
side, kaempferol-3,7-bis-O-§-p-glucopyranoside, paeononside (4).
Debenzylation of 6 gave the free glucoside as yellow platelets
(from 90% EtOH) of mp 239-242° (lit. [6] 233°) (Found: C,
4855, H, 499, C27H30016'3H20 requires C, 4879; H,
5.46%;). Deca-acetate: Colourless plates, mp 186-188°. (Found:
C, 54.74; H, 488%).

74'-Dibenzyloxy-3,5-dihydroxyfiavone-3-8-46-O-a-L-rhanmo-
pyranosyl-D-ghicopyranoside} (8), Coupling of 2 (0.6g) as de-
scribed under 3 with acetobromorutinose [13] (20g) gave
after the usual work-up and saponification 8 (0.27 g, 27%)
mp 152-154° (from EtOH) (Found: C, 63.13; H, 567
C41H,y,0,4 5 requires C, 63.56; H, 5.46%).

3,5,74 - Tetrahydroxyflavone-3-O-(6- O-a-L-rhammopyranosyl-
B-D-glucopyranoside), kaempferol-3-Q-f-rutinoside (7). The fore-
going dibenzyl ether (8), (0.25 g) gave on catalytic hydro-
genation 7 (0.1 g, 54%,), mp 190-192° (from aq. MeOH). The
analytical sample was dried at 110° iv. [a]3® —52° ¢ 1.0,
pyridine). {Found C, 53.50; H, 4.98. C;,H;3,0,5 requires: C,
54.55; H, 5.09%).

Acknowledgement—We are indebted to Prof H. Bodalska for
a sample of kaempferol 3-0-B-rutinoside.
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