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~~f~c~omato~~h~c (Sigcl Akt. St. II) und titer durch 
PLC (Sigel GF 2542 Als Laufmittel dienten Et&P&Gem&- 
the. Die isolierten Substanzen sind in der Reihenfoige ihrer 
Polar&t angegcben. Bereits bekannte Substanxen identifi- 
zierte man durch Vergleich der UV-, IR- und NMR-Spektren. 

Fe&a wright& ~j~~~d et Burtz. 12Og Wurretn erg&en 
20 mg (1) und 3 mg (2) (Et@-PA 1: 3). 400 g oberirdische Teile 
liefetten 3 mg (3) (Et&PA 1: IO) und 3 mg (1). 

Felicia uliginosa (B%od et &arts) Gray. 200g Wurzeln 
ergaben+.lO mg (4) und 2008 oberirdische Teile 3 mg (5) 
Et,GPA 1: IO). 

3-~opyl-~-~j~ (2). Farbloses ih, JR. CO 1745; G=C 
166Ocm-“. UV: &_= 320, 277, 266nm (e = 3700, 90@, 
10600). MS: MC m/e 188.085 (100%) (her. ftt C&I,rOs 
188.084). 

EugeddooaImat (3). Farbloses h ZR. COGR 1740; 
CH=CHr 920cm-*. MS. M+ m/e 248.142 (17%) (her. fur 
C,,H2,,0a 248.141); -G=C=CH CH (Me), 164 (100). 

Terrudecu-5 .7.9. I I -ce~~~re~th~lestff (5). Farbioses 
01, IS. CO,R 1735: (CH=CH). (transl 99Ocm-t. UV: 
&,= 318, 303, 289nm (; = 480&, i27fXli 34200). MS: M+ 
m/e 234.162 (100%) (her. fib C,,H2rQZ 234.162); -CHsCHs- 
COsMe 147 (41). 

~~k~~~He~n Prof. Dr. J. Grau danken wir fib daa 
~a~ornat~i~, der Deutschen Fo~huo~~me~~haB Rir 
die Unterstiitzung dieser A&it. 
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Key Word l~x-~~~~e~ thomsoni; Um~Bi~rae; fumo~u~~ns; herato~n; beratomol; 6-(3-methyi- 
but-2-enylox~~ngeli~; 6.hydroxyangeli~: lanatin; isobergapten; isoimperatorin; imperatorin. 

In continuing our research [l-2] on the genus Ilerac- 
letup we encountered Heracleam thomsoni, a species 
growing in Ladakh, India. We have.isolated a number 
of beaks from the roots of this plant two of which, 
heratomin and heratomol, are new and assign them the 
stru~ur~ (1) and (2) on the basis of fo~o~ng evidence. 

The petroi ether extract of ii. t~~~~~ on chromato- 
graphy yielded Ianatin (3), isobergapten, isoimperatorin, 
impemtorin and hemtomin (1). This is the second report 
on the occurrence of lanatin in nature. Heratomin (I), 
mp 1 l&l 1 l”, has the molecular Fonda ClbH&* (M+ 
270). In the IR it shows characteristic absorption of a 
furan~ou~~n at 1716, 1637, 1586, 878 and 753qu-“. 
The NMR spectrum (6OMHz) shows signals for an iso- 
pentenyl aromatic ether group (see Experimental). This 
is subs~ntiated by the presence in the MS of an intense 
peak at m/e 201 (M ’ - 69, for isopentenyl). H-3, H-4 
and H-5 appeared in the NMR spectrum at 6 6.32, 7.72 
and 6.88 respectively while H-3’ and H-2’ showed up 
at 7.06 and 7.65 respectively. Hemtomin was readily 

(t) R=--CCH,-CHIC, 
Mh 

121 R--H 

(3) RI MS 

de&y&d with ethanoli HCl to give a phenof, 
C,,H,O* @I’ 202) which was characterized as tChyd- 
roxyangelicin (2) as this on methylation with diazometh- 
ane yielded sphondin (3). The above data establish the 
structure of heratomin (1) as the isopentenyf ether of 
~hydroxyangelici~ i.e. ~3”methylbut-2-eny~oxy) angeli- 
tin. 

HeratomoI(2), C, *Hii&, (M + 202), mp 253-254”, iso- 
lated from the benzene extract of the roots on methyla- 
tion with diazomethane yielded sphondin (3). Therefore, 
he~tomol (2) is ~hydroxya~iicin, the d~ik~lat~ 
product of heratomin. 

EXPERIMENTAL 

Mp’s’ are uncorrected. The @-MHz NMR spectra were 
recorded in CDCla with TMS (6 0.00) as internal standard. 

~~latjon uf ~~tornj~ and ~~rato~~. Dried powdered roots 
(2 kg) of H. thomsoni (Voucher specimen No. 12684/X de- 
posited at Plant Survey Division, R.R.L.) were soxhletted suc- 
cessively with petrol (60-80”) and C,H* The brown residue 
(608) left after removal of petrol was chro~tog~phed over 
acidic alumina (grade IV, 1.5 kg)” Elution with petroi gave 
successively lanatio, mp MO-141”(1 g), isobergapten, isoimper- 
atorin, imperatorin and heratomin (2.Og). The C,H, extract 
was ~hromatog~ph~ on Si gel. C,H6 eluate gave heratomin 
(0.1 g). CHCl, eluate yielded heratomol (0.4g). The known 
compounds were identified by their mp’s, TLC, IR. NMR and 
MS. 

Neratontin, from Me@3petroI as colourless needles, mp 
110-l 11’. Found: C, 70.6; H, 4.9. CraHt.OI requires: C, 71.1; 
H, 5,2x,. R, 0.60 [Si gel, C,H,-Me2 CO @:I)$ This On Si 
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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. 

1. Gupta, B. D., Banerjee, S. K. and Handa, K. L. (1975) 
Phytochemistry 14, 2533. 

2. Gupta, B. D., Banerjee, S. K. and Handa, K. L, Phyto- 
chemjstry (in Press). 

3. Steck, W. and Mazurek, M. (1972) Lloyd& 35. 418. 

THE SYNTHESIS QF AFZELIN, PAEONOSIDE 
AND KAEMPFEROL 3-O-fi-RUTINOSIDE 

&X&.LA Vn~rvms,* Lo- FARKA~,* MII&LY NC~GX~DI,* 
HILRWRT WAGNER~ and Rrcrmrt~ mt 

*~nst~~te for Organic ternary, Technical University H-1521 Budapest, P.O.B. 9f, begs; 
‘lBn$itut fit pluumazeutische Arzneimittellelue der Universitit Miinchen, Deutschland 

Key Word 1 Kaempferol glycosides; s~th~is; afzelin; paeonoside. 

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 


