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gel gives a light biue fluorescence under UY. $2 @m-‘): 
17t6 (lumen tactone CO), 1637 Ofl-double bond in conju- 
gatron with CO). 1240 (ether), 1586, 878 (furan ring peak due 
to out-of-plane deformation vibration of C-H) and 753 (C-H 
in-plane deformalton vibration in furanocoumarin). NMR (6 
rn ppm): 1.79 (6H. s. methyls), 4.73 (2H, d, J 7 Hz, Ar-O- 
CW,-CH=). 5.59 (1 H. coupled r, J 7 Hz,-O-CHZ-a=), 6.32 
(ipt, d. J 9.5 Hz, H-3), 7.72 (lH, d, .l 9.5 Hz, H-4), 5.88 (iH, 
s, H-51. 7 IX (1 H, Cr, J 2 Hz, H-3’), 7.65 (1H, d, J 2Hz, H-2’). 

~e~~~~~r~o~ of ~~r~fo~~~. Heratomin (200 mg) was heated 
under reflux with 4% HCJ in EtOH (2Oml) for 30 min. The 
mixture was diluted with Ha0 (80 ml) and the solid, which 
aepmted, crystallized from EtOW to yield phenol (2), as 
,ties, mp 253-254” (M+ 202). (Found: C, 64.9; H, 2.8. 
C,iW,O, requires: C, 65.3; H, 3.0%). 

~e~~~~u~~on of phenol (2). A solution of phenol (50 mg) In 
MeOH (1Oml) was treated with an ethereal solution of 
CH2NZ. After 24 hr the solve.ut was evaporated and the resi- 
due crystallized from Me&O-petrol giving sphondin as 
needles, mp 191- 192” (mmp, superimposable IR, NMR, MS, 
Co-TLC). 

~era~~l. It crystallized from MeOW, as needles, mp 
253-2.55”. Pound: C, 64.8; H, 2.9, C, iH,Oh requires C, 65.3; 
H, 3.0%. M ’ 202. It did not depress the mp of r%hydroxyange- 
licin (2) (the dealkyhted product of heratomin). R, 0.20 [Si 
gel, C6H,-Mea CO (9: l)]. On Si gel this gives a light blue 
fluorescence under UV. 

~~t~y~~io~ of ~~~5~~. It was methylated in the usual 
way with CH,N2. The methyl ether, mp 19%i93”, was found 
to be identical with sphondin (mmp, Co-TLC, IR, NMR, MS). 

~c~~w~~d~~rne~t-~~e authors wish to thank Mr. P. S. Jam- 
wal of this laboratory for collection of the plant material. 
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Abstract-The structnre of afzelin (kaempferol 3-O~-L-rha~~~~oside~ and paeonoside (k~mpferol 3,7-bis-O-8- 
~~i~op~~os~de~ has been confhmed by total synthesis. Synthetic kaempferol 3-O-~-ru~noside had a mp of 
l%J--192” suggesting that those natural kaempferol 3-O-r~~o~u~osides which melt in the same range are aIs0 
3-~-~-ru~nosides. 

In this paper we report the ~~b~o~ synthesis of 
three kaempferol ~~os~des with the purpose of snpport- 
ing thereby the structures of the co~es~n~ng namral 
products. 

-I-he isolation of alzelin, a kaempferol 3-0-rhamnoside 
has been reported from at least nine different sources, 
the first being in 1950 by King and Acheson from an 
Afiefia sp. [l]. Due to their quite similar mp’s (boy 
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 cr-pyr- 
anoside form (1). For substances isolated from AescuEus 
~~~c~s~~~ f2] and Galega 0~~~~1~s [3], rhanmofur- 
anoside structures were Isaiah. 

We prepared 1 by coupling 7,~-di-O-~~I~mpf~o~ 
(2) [4] with a-benzoyl-bromorhamnose [S] to give, after 

2 Kaempferol 3-U-(3-~-~-L-rha~~~~osyl-~-D-glu~- 
pyranoside) from Rwt@a wpe~s; the disaccharide is called 
IWgiOS?. 

saponification, the dibenzyl ether (3), which was con- 
verted to ~~pfero1 3-O~-L-rha~op~~os~de (I), mp 

R’ 0 

(If R’ *ti*H,R3*a-~-Rho 

#al R’ * R2 * CH,Ph, R3 = H 

f31 R’ = R2 = CW,Ph, R3 = a-~-Rho 

(4) R’ = I?’ m &-D-GtC, R”*H 

(6) R’ * R’ * H, R” = CH,Ph 

(6) R’ = R3 m &-o-We F?=CW,Ph 

(?t R’ = R * = n, R3 = B-rutinoryt 

(ae) R’ * R* l CW,Ph, d =p- ?~~os~l 



172-174” by catalytic hydrogenation. A sample of natural 
1 could not be obtained, 

The isolation of the 3,7-bis-0-glycoside of kaempferol, 
called paeonoside was reported in 1961 by Egger [6] 
from Paeoniu albijlpora. A synthesis of kaempferol3,7-his- 
~-~-~~u#p~~osi~ (4) has now been accomplished 
by coupling ~-~-~~lk~rnp~roI (5) with a large excess 
of ~-a~~bro~~uco~, sa~n~~~~ and debenzyla- 
tion of the resulting ~~~ib~~lu~s~~ 6. A correspon- 
dence in mp and su~~~~ble IR-spectra proved the 
identity of the natural and synthetic products. 

The situation concerning kaempferof 3-~-~-rut~~oside 
is rather confused, Wukuti seems to be the first who 
claimed this structure for a substance, mp 223-224” (as 
the dihydrate) isolated from Culystegia japonica [7$ 
Hattori and Shimokoriyama confirmed Hukuti’s hype- 
thesis by identifying rutinose in the enzymic hydrolysate 
of the gfycoside by PC@J. Another ka~pferol 3-G 
rha~o~uGo~~~ first isolated by Kobayashi and 
Hayaahi in 1952 [9], showed mp 156-158” (as the tetra- 
hydrate) and mp 182-185” (as the ~hy~ate). A survey 
of the literature revealed almost fifty references coneern- 
ing the isolation of kaempferol 3-~-rharnno~~~d~ 
from plant material. About twenty contained mp da& 
which except for rungiosidef (mp 256”) fell into two cate- 
gories, namely those grouping around 190 and around 
220” resp. Both oontained substances which were claimed 
to be rutinosides. 

Our synthesis of kaempferol 3-O-/I-rutinoside (‘7) car- 
ried out (see Ex~rirn~~) as that of the ~~es~~~~g 
rh~osi~ Qf fumisfied a pm&& of mp 190-192” that 
was identi&d by ~r~mato~aphy and IR s~~o~~~ 
with samples of ka~pf~o~ 3-~-rha~o~uGo~d~ iso- 
lated by Bodalski ec al. from ~~~~~~~ o~~~~~~~~ 
[IO] and in our laboratory from E~pu~~~i~ serafimm 
ClU 

On this basis we feel justified in regarding those 
kaempferol 3-O-rhamnoglucosides which melt around 
190” to be /?-rutinosides. Further it is probable that those 
melting around 220”, including nicotiflorin from N~ca- 
tfana situestris[KI] and Hukuti’s compound[TJ, are the 
~~~~g n~he~~d~~des, since the kaempferol 
3-O-glycoside ~t~n~~g the third possible a-rhamno- 
p~~osy~-g~u~~ i.e. rungiose, had a mp of 256”. 

7,4’-Di~yloxy-J,~-~i~y~ox~a~~e-3-O-o- 
nvranoside (3). To a soln of 7.4’-dibenzvloxy-3,5-dihydroxy- 
&one (Z)c4] (0.47 g) in quinoline (2Omi) anh. &h&n 
sulphate {LO g), silver oxide (0.30 g) and in two portions II- 
~zoyl~o~rh~o~ [5] (1.07 g) was added with stirring. 
After 4hr the mixture was diluted with CHQ (lOOn@, 
extra& severaI times with 5% q. H,SUa, wasbe&, dried 
and evaporaied. Residue was treated with 0.1 N NaOMe for 
24 h, the soht evaporated and the residue extracted after acidi- 
fication with dil. HCI with EtGAc. The extract was washed- 
dried, evaporated, the residue c~romato~aph~ on Si gel with 
C&H,--EtGAc (18:l) as eluant and crystallized from 80% aq, 
EtOH to yield 3 (94 m)& 15%) as small, pale yellow platelets 

of mp 186-188”. (Found: C, 68.41; H, 5.48. C,,Hs&, 
requires: C, 68.62; H, 527%). 

3,5,7,4’-Tetrahydroxyflauone-3-Q-u-~-rhamnopyrano~i~@; 
kaempfeol-3-0-a+rhamnopyrannside, afzelin (1). Catalytic 
hydrogenation of 2 over palladium-charcoal catalyst afforded 
1 yeliow prisms of mp- 172-174” (Kt.[l-j 172-i74”), [#Ii5 
-230” @ 1.0, DMF). 

4~-BPfizy~axy-3,5,7-1rihydrQ~~a~a~-3~7-bis-U-~-~-~~~#- 
pyranctsSe (6). ~-~u~~ox~-3,~~7-~ihydrox~avone E4] ($,I 
(0.76g) was coupfed with a~obromoglnco~ (L65g) and 
worked up as described under 3 to afford after ~~ni~~t~o~ 
6 (0.35 g) as yeliow needles of mp 229-231”. (Found: C, 58.13; 
H, 5.38. Cs4Hs6G16 requires: C, 58.28; H, 5.18%) 

3,5,7,4’- Te~ra~~~oxy~~v~~e 3,7-bis-O-B-D-$lucop~~~- 
side, kaempferoC3,7-bis-O-&agiucopyranoside, paeononside (4). 
Debenzylation of 6 gave the free glucoside as yellow platelets 
(from 90% EtOH) of mp 239-242” (lit. [6] 233”) (Found: C, 
48.55; H, 4.99. CZ7Hs0G1s*3HZ0 requires C, 48.79; H, 
5.46%). h-acetate: Calourless plates, mp 186-188”. (Found: 
C, 54.74; H, Ir.Sg%). 

7,4’-ai3,5-d~~~o~~~u~~-3-~-~6-G-~-L-r~~~~- 
p~~sy~-~#~~p~~s~~) (8). Couphng of 2 (0.6g) as de- 
scribed under 3 with ~tobromorut~no~ [i3] (2.Og) gave 
after the usual work-up and ~~~~~tiou 8 (0.27 g, 27x& 
mp 152-154” (from EtGH). (Found: C, 63.13; H, 5.67, 
C4rH,,0,, requires C, 63.56; H, 5.460/. 

3,5,7,4’-Tetmhydrox~avone-3-a(6-O-a-crhamtnop~~asyl- 
fi+&copyranoside), kaempferol-3”0-&rutinoside (7> The fare- 
gaing dibenzyl ether (a), (0.25 g) gave on catalytic hydro- 
genation 7 (0.1 g, 54x1 mp 190-192” (from aq. MeQH). The 
analytical sample was dried at 110” i.v. fa]gs -52” (c 1.0, 
pyridine). (Found C, 53.50; H, 4.98. Ca,HsOGIs requires: C, 
54.55; H, 5.051%). 

~ck~w~~~~~~-We are indebted to Pd. H. Rodalska for 
a sample of kae~ferol 3-~-~-ru~~id~ 
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