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42. Cardenolides of Asclepius syriuca L., Probable Structure of 
Syrioside and Syriobioside 

Glycosides and Aglycones, 334th communication') 

by Peter Brown2), Josef von Euw3), Tadeus Reichstein3), Klaus Stocke14) and Thomas Robert Watson5) 

Dedicated to Dr. Miriam Rofhschild, who first emphasized the relation of insects to their poisonous 
food plants, and also initiated this study; to her 70th birthday. 

(19. XII.78) 

Zusammenfassung 
Aus den oberirdischen Teilen der Seidenpflanze, Asclepias syriaca L. (Ascle- 

piadaceae) isolierten Masler et al. [2] [3] fiinf krist. Cardenolide, u. a. Syriobiosid und 
Syriosid, denen sie die Formeln 5 und 6 zuschrieben. A .  syriaca ist eine der Futter- 
pflanzen, auf denen die Larven von Schmetterlingen leben, welche die Cardenolide 
der Nahrung zu speichern vermogen und dadurch von der Vertilgung durch 
insektenfressende Tiere (bes. Vogel) teilweise geschiitzt sind. Die Inhaltsstoffe der 
Pflanze variieren stark. Bei dem uns zur Verfiigung stehenden Material enthielten 
Blatter und Stengel nur Spuren von Cardenoliden, relativ vie1 enthielten die Wur- 
zeln. Aus solchen konnte krist. Syriosid sowie eine Spur krist. Syriobiosid direkt 
durch Chromatographie gewonnen werden, die Hauptmenge des letzteren wurde 
erst nach fermentativem Abbau mit p-Glucosidasen erhalten. Chemische und 
physikalische Methoden zeigten, dass die vorgeschlagenen Formeln 5 und 6 
unrichtig sind. Syriobiosid besitzt vermutlich Formel 7 und Syriosid Formel 10. 
Letzteres liefert bei fermentativem Abbau mit 8-Glucosidasen nicht Syriobiosid, wie 
die tschechischen Autoren glaubten, sondern einen um zwei H-Atome armeren 
Stoff, den wir Desglucosyriosid (12) nennen. Die Formeln sind gut begriindet, aber 
nicht eindeutig bewiesen. Syriosid und Syriobiosid enthalten somit als Zucker- 
baustein eine 4,6-Didesoxy-hexosulose (33), wie sie im Gomphosid (20) und den 
Calotropis-Cardenoliden (22, 24 etc.) vorkommt, die ebenfalls von den Larven der 
genannten Schmetterlinge mit der Nahrung aufgenommen werden und als Abwehr- 
stoffe wirksam sind. 
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Asclepias syriaca L. ( = A .  cornuti DEC.), a plant native to N-America (see [ 11, 
p. 105-108), but introduced and widespread in the old world is known to contain 
cardenolides [2- 81 and pregnaneglycosides [6]. We discuss here only the former. 
Masler et al. [2] [3] have isolated from the aerial parts five crystalline compounds in 
low yield: uzarigenin (l), desgluco-uzarin (2), syriogenin (3), syriobioside (putative 
5 )  and syrioside (putative 6).  Mitsuhashi et al. [6] found some xysmalogenin after 
acid hydrolysis of Japanese material. At the time when MasZer et aZ. published their 
work, the structure of 1 (= 'odorogenin-B') was known [9]. The authors attributed 
structures 2,3, 5 and 6 to the four new compounds. Stucture 2 for desgluco-uzarin 
was proved by identification of cleavage products. The tentative structure 3 was 
assigned to syriogenin [3b] from analytical and rotation values, spectra etc. Briisch- 
weiler et al. [ 101 raised some doubts on the location at C (12) of one HO-group in syrio- 
genin because two distinct peaks in the mass spectrum did not seem to be compat- 
ible with such a structure. Only later it was realized that these peaks mainly origi- 
nated from slight impurities and the structure 3 was shown to be correct indepen- 
dently by Casagrande et al. [ l l ]  and Okada & Anjyo [ 121. Masler et al. [3] suggested 
formulae 5 and 6 for syriobioside and syrioside, but these must be revised (see 
below). 

In connection with work on certain insects which are capable of storing cardeno- 
lides ingested by their larvae feeding on milkweeds (different representatives of 
Asclepiadaceae and related plant genera), we were interested in syrioside and syrio- 
bioside, because Asclepias syriaca is one of the main natural food plants of the 
Monarch butterfly (Danaus plexippus L.) and other poisonous insects which behave 
in this manner (see [7] [8] [13] [14] and further lit. in [8], p. 122). It is known that the 
amount of cardenolides in this plant is very variable (see [8], p. 105, 122 etc.). For 
isolation work we used a crop of A.syriaca of garden origin cultivated for many 
years in Base1 by the senior author (T.R.). Dried leaves and stems contained only 
small amounts of cardenolides, but roots gave better although somewhat erratic 
results. From 670 g dried roots dug up in fall 1973 we could isolate 271 mg of crys- 
talline syrioside after one single chromatography. Only traces of free syriobioside 
could be detected in this material. A little more was present as a D-gluco-derivative 
(9) as treatment of the highly polar amorphous material (dried mother liquors of 
syrioside) with 8-glucosidases (snail enzyme or commercial 'cellulase') gave mix- 
tures from which a total of 53 mg of pure crystalline syriobioside could be obtained 
after repeated chromatography. From 820 g dried roots harvested in fall 1974 only 
35 mg of crystalline syrioside were isolated, and tedious partition chromatography 
was necessary to separate it. No pure syriobioside was secured in this experiment. 
This second batch obviously contained relatively more 'Kedde' - negative material 
(perhaps polyhydroxy-pregnane glycosides, see Mitsuhashi et al. [6a] and Papay 
et al. [6b]) - which impedes isolation of cardenolides. The identity of our crystals 
was established by comparison with authentic samples of syriobioside, syrioside and 
syrioside-acetate h d l y  provided by Dr. S. Bauer. Melting points and rotation 
values6) of our preparations were in good agreement with values given by the Czech 

6 )  Mmler et al. [3a] give [a]%= + 11.5" in pyridine for syriobioside. We found [a]g= +26.4"+8" in 
this solvent after 5 min. and 0" after 30 and 45 min. The compound is obviously rapidly decom- 
posed or rearranged in pyridine. All other compounds gave rotation values in good agreement with 
those reported by the Czech authors. 
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Ro d H RO & li 3 

1 (R= H) Uzarigenin (= Odorigenin B )  [9]. 3 (R= R =  H) Syriogenin. M.p. 278-288", 

4 (R= R'= Ac) Di-0-acetylsyriogenin. 
M.P. 243-250", [a]D= + 14.0 (eth.) [2] 

2 (R= /l-D-glucosyl-) Desgluco-uzarin. 
M.P. 260-272", [a]D= - 44.1 (py.) 

[alD= 

M.P. 173-174", [a]D= +26.2 (chlf.) [3] 
C27H2807 (474) [3bi 

9 (PY.) C23H3405 (390) [3al 
C23H3404 (3T4) 

C29H44O9 (536) [21 13i. 
Tetra-0-acetyl derivative m.p. 174-176", 
[ a ] ~ =  - 8.6 (chlf.) C37H52013 

5 (R=P-D-glucosyl-L-rhamnosyl-, R'= H)  
=putative formula of syriobioside [3a]. 
M.p. 220-222", [a]D= + 11.5 (py.) assumed to be 
C35H54011 (698.8) 

6 (R = ~-D-giucosyl-~-D-glucosyi-L-rhamnosy~-, 
R =  H)= putative formula of syrioside [3a]. 

assumed to be C41Hs4019 (896.9). 

assumed to be C61H84029 (1281.3) [3b] 

M.P. 234-237", [u]D= - 13.6 (py.) 

Acetate: M.P. 185-189", [a]D= -2.5 (chlf.) 

7 (R= R'= H)Syriobioside (TR-1525). 
M.p. 221-223", C29H40011 (564) with 
hypothetical genin C23H3208 (436) 

8 (R= R =  Ac)Tetra-0-acetyl-syriobioside 
' 0  

RO 

(TR-1561). M.p. 338-340", [u]D= + 33.2 (chlf.) 
C37H48OI5 (732) with hypothetical 
genin C27H36010 (520) 

hypothetical 

10 9 (R= H,  R'= g1ucosyl)Dihydrosyrioside H 
10 (R= H)Syrioside (TR-1524). M.p. 230-231", 

[a]D= - 12.8 (py.) C35H48016 (724) with 
hypothetical genin C23H3008 (434) 

11 (R = Ac)Hexa-0-acetyl-syrioside (TR- 1527). 

C47H60022 (976) with hypothetical genin 
M.P. 192-193", [ a ] ~ =  - 1.2 (chlf.) 

CZSH3209 (476) 

H H 12 RO R 
12 

13 

(R= H)Desglucosyrioside (TR- 1554). 

C29H3801 I (562) with hypothetical genin 
M.P. 204-206", [a]D= + 26 (chlf.) 

C23H30°8 (434) 

14 (R= Ac) Tri-0-acetyl-desglucosyrioside 

C3=,H44014 (688) with hypothetical genin 
C2sH3209 (476) 

(TR-1555). M.P. 302-303", [a]D= +3.1 (chlf.) 
14 Other possibility with reversed configuration 

at C(2') of sugar moiety corresponding to 28 
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authors [3a, b], mixed m.p. gave no depression and Rf-values in thin layer chroma- 
tography (TLC.) and paper-chromatography (PC.) in different systems were iden- 
tical. 

The material allowed us to show that the tentative structures 5 and 6 suggested 
by Musler et al. [3a, b] for syriobioside and syrioside cannot be correct. Chemical 
degradation, combined with physical methods, particularly NMR. and mass spectra, 
allowed us to suggest formulae 7 and 10 as most probable structures for these com- 
pounds. X-ray work may be necessary for a final proof but we are confident that our 
formulae 7-13 in principle are correct, although some details (particularly chirality 
at C(2‘) of the sugar moiety) need further study, and even a rigid proof that the 
sterol nucleus is present is still missing. 

Masler et al. [3 a, b] claim to have identified syriogenin (3) rhamnose and glucose 
by PC. after mild hydrolysis (method of Munnich & Siewert [ 151) of syriobioside, and 
also after vigorous hydrolysis of syrioside with 5% sulfuric acid in aqueous ethanol. 
They also claim to have obtained crystalline syriobioside (m.p. 219-222’) after en- 
zymatic cleavage of syrioside with appropriate /?-glucosidases (snail enzyme or prep- 
aration from Adonis vernalis [16]). 

In our hands no rhamnose nor any other ‘normal’ sugar could be traced in PC. 
(methods see [ 171) after vigorous hydrolysis of syriobioside (7) with Kiliuni-mixture 
on a micro scale [18]. Syrioside (10) under these conditions gave D-glucose as sole 
‘normal’ sugar, and this could be isolated as crystalline penta-0-acetyl-D-glucose by 
acetolysis of hexa-0-acetyl-syrioside (11) on a preparative scale. Syrioside (10) after 
treatment with /?-glucosidases (snail enzyme or commercial ‘cellula~e’~)) gave D-glu- 
mse and a compound which we call desgluco-syrioside (12). It has similar chroma- 
tographic properties and similar m.p. as syriobioside (7) but is slightly less polar and 
contains 2 H-atoms less. Small amounts of free 12 are also present in the roots. Ex- 
haustive acetylation with acetic anhydride in pyridine at 35” for 6 days gives a tri- 
0-acetyl-derivative (13) while syriobioside (7) under these conditions yields a tetra- 
0-acetyl-derivative (8) with a distinctly higher rotation. No ‘normal’ sugar could be 
detected after vigorous hydrolysis of desgluco-syrioside (12). 

On the other hand syriobioside (7) and desgluco-syrioside (12) gave a very strong 
positive ‘osazone reaction for methyl-reductinic acid’ (see Hesse et al. [ 191, particu- 
larly p. 74 and 86). This can be performed on micro scale and is typical for the hexo- 
sulose moiety (15) in the Culotropis glycosides, e.g. calactin (22), calotropin (24), 
proceroside [lo], as well as in gomphoside (20) and afroside from Gomphocarpus 
fruticosus [20-221, see Bruschweiler et al. (see [23], table 1, p.2777). All these com- 
pounds are decomposed on heating into ‘Herzgift-methylreductinsaure’ (18) [24-281 
and the genin (19), a reaction for which Crout et al. [29] [30] suggested a mechanism 
corresponding to 15-19. This thermal reaction can easily be observed by prominent 
peaks at m / e  128 and 113 (= 128-15) in electron impact (EI) mass spectra (provided 
ion detection is performed quickly after introducing the probe [31] [lo] [23]) while 
peaks of the molecular ion or the genin (18) are usually weak or absent in this pro- 
cedure. As in other cardenolide glycosides [32] field ionisation (FI) gave more infor- 
mative results. Other ‘soft’ methods (see review [33]) may be as good. Although 

’) We thank the Ferment AG Basel for a gift of this very active material prepared from Aspergiffus spec. 
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H 

(M.p. 83, 
[ a ] ~ =  + 134-146 (meth.) 
C6HsO3 (128) [24-281) 

molecular ions are still weak or absent in FI-mass spectra of this kind of com- 
pounds; they all showed strong peaks for 18 and the genin (19) (or genin-18). Mo- 
lecular ions can often be observed in the 0-acetyl-derivatives (see below). 

Both syriobioside (7) and desgluco-syrioside (12) behaved exactly in this manner 
(see Fig. 4 and 5). We accept this as strong evidence that they may contain a similar 
sugar moiety. This was fully substantiated by the NMR. spectra (see below). As no 
other sugar could be detected in 7 and 12 we further conclude that both must con- 
tain highly oxygenated genins to explain their high oxygen content as found in com- 
bustion analysis [3]. This is fully confirmed from the mentioned mass spectra (Fig. 4 
and 5) and results of acetylation (see below). The name syriobioside for compound 
7 is therefore misleading as it contains only one sugar, but nevertheless we continue 
to use it for historical reasons. 

In the following discussion we give our reasons for assigning structures 7,12 and 
10 to syriobioside, desgluco-syrioside and syrioside. 

20 or 20A (R= H)Gomphoside, m.p. 232-243", [a]#= + 15 (CH30H) C29H4208 (518) [20b,c] [2118) 
21 or 2lA (R= Ac)Di-0-acetyl-gomphoside, m.p. 252-255", [a@ = + 32 (chlf.) C33H460lo (602) [2O-22I9) 

22 or 22A (R= H)Calactin, m.p. 262-267", [ a ] ~ =  + 57.3 (CH30H) C29H4009 (532) [23] 
23 or 23A (R= Ac)Di-0-acetyl-calactin, m.p. 252-254", [ a ] ~ =  + 42.3- 38.1 (chlf.)Io) C33H@11(614) 

8, A slightly wrong formula C29H4408 (520) based on combustion analysis is given in [~OC]. 
9, Empirical formula C33H48010 (604) derived from combustion analysis is given in [~OC]. 
lo) Whether the 'mutarotation' (own measurement) is real (possible addition of methanol?) could not 

be checked. 
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24 or 24A (R= H)Calotropin, m.p. 221", [ a ] ~ =  + 65.3 (CH30H) C~~H.409 (532) [23] 
25,25A or 26 (R= Ac)Di-0-acetyl-calotropin, amorph., [ a ] ~ =  0" (chif.) C33H~011 (614) 

R' .. 
H 

.. 
28 

6'(e) cH3 27 or 28 (R= H, R=CH3)= Gomphoside (20 or 2OA) 
(R= Ac, R =  CH3)= Di-0-acetyl-gomphoside (21 or 21A) 
(R= H, R'= CHO)= Calactin (22 or 22A) 
(R= Ac, R'= CHO)= Di-0-acetyl-calactin (23 or 23A) 

H 29 

H 
H3C * 

RO'O 
30 

31 (R= H)= Sarverogenin, m.p. 136/227", 

32 (R= Ac)= Di-0-acetyl-sarverogenin, 
m.p. 268", [a]D= +21.6 (CH30H) 
C27H3409 (502) P71 

[ a ] ~ =  + 47.2 (CH30H) C23H3007 (418) [37] 
H36 

29 or 30 (R= H)= Calotropin (24 or 24A) 
(R= Ac) = 25 or 25A 

Biological activity of 7 and 10 has obviously never been checked. We could get 
at least some values for syrioside (10). In isolated spontaneously beating guinea pig 
atria [34] it induced a concentration dependent digitalis-like increase in the ampli- 
tude of contraction but was less potent than digitoxin"), while in the ATP-ase test 
[35] it was as active as digitoxin12). Digitalis-like activity has so far only been found 
in steroids containing a butenolide side chain, and a 14P-hydroxy group. The pres- 

'I) We thank P.D. Dr. G. Schokysik from the Biological and Medical Research Division, Sundoz A G  
Bale, for performing the experiments and allowing us to publish them (in litt. 7.1.1976,20.12.1977). 

12) We thank Dr. H.J. Purtius and Prof. Dr. K.R. H. Repke, Forschungszentrum fur Molekularbiologie 
und Medizin, &ad. der Wiss. Berlin-Buch, DDR, very much for investigating our compound and 
sending us the results (in litt. 4.6.1976). 
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ence of the butenolide ring is also confirmed by the UV. [3] [6] and IR. spectra (see 
Fig. 1-3). All of the compounds showed IR. bands typical for the butenolide ring, 
but some other regions, particularly those around 2800-3000 cm-', were poorly 
resolved, probably due to presence of water of crystallisation. This made it difficult 
also to check the empirical formulae by combustion analysis. To prevent thermal 
decomposition all samples were dried at 20"/0.01 Torr over P205 for 24 h. Except 
compound 13 which gave a correct result for Cs5H,OI4, all other compounds gave 
values corresponding to one molecule of H20 in excess to those calculated. We as- 
sume that this is not covalently bound but rather firmly bound water of crystallisa- 
tion, as otherwise it would be difficult to explain the results of mass spectra. Free 
water was also visible in the 'H-NMR. spectra. 

Acetylations. For structure determinations the 0-acetyl derivatives have been 
used extensively. Acetylation of the sugar moiety proceeds stepwise, the secondary 
HO-group at C (3') reacts quickly, the angular one at C (2') rather slowly as observed 
by Briischweiler et al. (see [23], p.2282) for compounds of this type and by Singh & 
Rastogi [36] for calotropin (24) in particular. In some cases the separation of fully 
and partially acetylated compounds is difficult. In order to get pure material in high 
yield we sealed the samples with excess of acetic anhydride and abs. pyridine in 
vucuo and kept them at 35" for 8 days (see [23], p. 2282). The HO-group at C(14) 
is not attacked under these conditions nor is the aldehyde group in 22 and 24 which 
would partially be destroyed by autoxidation if oxygen were not excluded. 

Model compounds. For interpretation of the results of NMR. and mass spectra 
we used gomphoside (20), calactin (22), calotropin (24), sarverogenin (31) and their 
0-acetyl derivatives 21, 23, 25 or 26 and 32 as models with essentially known struc- 
tures. In formulae 20-25 some details given in the original literature (reviewed in 
[23]) are altered to fit new results. Structures of the genins of 20,22 and 24 (gompho- 
genin and calotropagenin) as well as of sarverogenin (31) are established (reviewed 
in [23]). Structure of the sugar is not completely proved, and our present formulation 
in 20-24 is based on the following facts: 

Calactin (22) and calotropin (24) produce identical products, compound 18 and 
calotropagenin [24-261, by pyrolysis. They can therefore differ only in the configura- 
tion at C(l'), C(2') or C(3') which loose their chirality when transformed into 18. 
As shown by Crout et al. [29] [30] they are derived from 4,6-dideoxy-hexosuloses. For 
these sugars only the two formulae 33 and 34 (corresponding to the D-series written 
in Fischer projection) are possible, the configuration at C (5') being established in 
two ways. Crout et al. [38] obtained (4R)-pentane-l,2,4-triol (35), [a],,= - 12" by 
degradation of calactin (22) and Coombe & Watson [2  I ]  isolated (- )-D-butane-l,3- 
diol (36) starting with gomphoside (20). An earlier report by Curtis et al. [38a] seems 
at first sight to be in contradiction with these results. These authors [38a] obtained 
the same optically active (- >tetrahydro-3-oxofuran (39) in several steps both from 
calactin (22) and from (3-  )-(4 S)-pentane-trio1 (40). We assume that in one of the 
two series of steps (A or B) inversion at the remaining center of chirality must have 
taken place. 

The two possible sugars (33 or 34) in the original glycosides are bound to the 
2 a, 3,G-dihydroxy-steroid through glycoside and half acetal bonding producing the 
dioxane derivatives 37 or 38. The NMR. signals (see Table 4 )  of the sugar moiety in 
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1’ HC=O HC=O 

G O  2‘ G O  
3’ HC-OH 

4‘ CH2 

5’ HC-OH 

CH20H 
I I 

I I I 
I I I 
I 
I 

FVH 
y2 y42 P 

H(i-oH HPoH 

CHOH HO-CH 

CH3 
33 34 35 36 

CH3 6‘ CH3 CH3 

(in Calactin) (in Calotropin) 

419 

CH20H 
HO HO I 

CHOH 
I 

H ** 7 HO-CH 
H3C .. 

H 
- I  

37 (derived 38 (derived B CH3 
from 33) from 34) 39 40 

(-)-form 

gomphoside (20) and calactin (22), as well as in their di-0-acetyl derivatives 21 and 
23, are virtually at the same chemical shift which we accept as evidence that those 
two compounds have identical structures in their sugar moiety and differ only at 
C(10) of the genin where gomphoside (20) carries a methyl group, and calactin (22) 
an aldehyde group. From the NMR. spectrum it is also evident that the HO-group 
at C (3’) is axial in these two compounds while it is equatorial in calotropin (24) (see 
below). So far it is impossible to assign reliable configurations at C(1’) and C(2’) 
with the available spectra, but according to Klyne’s rule [39] all natural cardenolide 
glycoside have at C(1’) the same absolute configuration, i.e. /3-D or a-L. As we are in 
the D-series, we prefer to suggest / 3 - ~  which, in the steroid type of writing, gives 37 
and 38 with P-H orientation at C(1’). Assuming a chair conformation of the sugar 
moiety this brings also the methyl group at C (6’) in the preferred equatorial position 
(27-28 or 29-30 resp.). 

Still less evidence is available for chirality at C (2’). Coombe & Watson (see [21], 
p.95) state that the diol system in gomphoside (20) does not form an acetonide, 
suggesting a trans-position, so formulated by Bruschweiler et al. [23]. We now prefer 
not to attribute too much weight to the nonreactivity with acetone, as it could be due 
to steric hindrance, and so leave the decision open. Gomphoside would then be 
either 20 or 20A. For 20 the all chair conformation (27) would probably be the pre- 
ferred arrangement while for 20A a boat conformation of the dioxane ring corre- 
sponding to 28 may also be favorable. Some 13C-NMR. data of the acetate seem to 
indicate that 27 (= 21) is more likely to be correct than 28 (= 22). 

As mentioned above NMR. spectra (Table4) show that the acetoxy group at 
C (3’) in di-0-acetyl-gomphoside (21) and in di-0-acetyl-calactin (23) is axial, while 

16 
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in di-0-acetyl-calotropin (25 or 26) it is equatorial. Singh & Rastogi [36] suggested 
that the dioxane ring of calotropin (24) is opened during acetylation and di-0-ace- 
tyl-calotropin has structure 26. Their argument is based on the pronounced down- 
field shift of the signal for the H-C(1') of calotropin (24) in the NMR. spectrum 
after acetylation. This explanation may be correct but the shift could also be recon- 
ciled with structure 25. We had not sufficient material of di-0-acetyl-calotropin to 
check this structure by a 13C-NMR. spectrum, and leave the decision open. All of 
the other compounds 20,22 as well as 7, 10 and 12 did not show this shift (Table 4), 
and there is no reason to assume they should rearrange in the suggested way during 
acetylation. For di-0-acetyl-gomphoside (21) and di-0-acetyl-calactin (23) the 13C- 
NMR. spectra (see Table 3 )  are in agreement with the given structures and show no 
signals which could be assigned to a keto group at C(3').  We are therefore confident 
that the same is true for 8 and 13 as the signals for their sugar moieties in the 'H- 
NMR. spectra (see TabZe 4 )  are virtually at the same positions. 

Mass spectra of free glycosides. In the FI-spectrum of syriobioside (7) (Fig. 4) no 
molecular peak is visible, but a weak one for M -  18 is present. Besides a prominent 
peak at mle 128 (18) there is a very strong one at mle 436 (= C23H3208, Table 2) 
indicative of a genin. Desglucosyrioside (12) (Fig. 5) gave a small peak for the mo- 
lecular ion, and a strong one at mle 128 (18) (=C6H803, Table 2),  416 (C23H2,0,, 
Table 2), and a medium one at mle 434 indicative of the genin. In the FI-spectrum 
of syrioside (10) (Fig. 6) no molecular ion is visible but again prominent peaks at rnle 
128 (18) and 416 (C23H2807, Table 2) corresponding to genin-18 are present. 

Mass spectra of acetyl derivatives. In the acetylated compounds (8, 11, 13, 21,23 
and 25) a thermal reaction corresponding to scheme 15- 18 is only possible after 
elimination of ketene, or the glucosyl residue in 11. This may indeed take place in 
the FI-spectra to a small extent as fairly intense peaks at mle 170 (43 or isomer), and 
minor ones for the genin (G) were observed in all cases. Another reaction only ob- 
served in the FI-spectra gives rise to peaks at mle 170, and genin +42; this we ten- 
tatively formulate as an acetyl shift 41 -+ 42 producing an intermediate 42 corre- 

sponding to Singh & Rastogi's formula for di-0-acetyl-calotropin (26) leading to 
fragments 43 and 44. This may be a thermal process as production of the ions 43 
and 44 can be minimized by lowering the ion source temperature, but it could be 
due to processes occurring in the FI-emitter as it was not observed in EI and H2-CI. 
(chemical ionisation using hydrogen as ionising gas) mass spectra (see Fig. 8 and 11). 
In the H2-CI. spectrum of di-0-acetyl-gomphoside (21) as a model (Fig. 8) a distinct 
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peak of M+H+ is visible, the other most prominent peaks are attributable to loss 
of H20, and one or two mol CH3COOH. Peaks for G+H+ (391) or G+42+H+ 
(433) are absent, but a distinct peak at m/e 171 (43 + H+) perhaps best formulated as 
45 is again visible. From the metastable ions obtained in defocussed spectra (see 
Table 1 )  it can be deduced that of the four most probable processes for forming the 
ion m/e 171 (as de icted in Table I )  only the following two can be observed: 585 
(M+H+- 18) -418,171 and 525 (585-60) -354, 171. No peak (of intensity 
>0.3%) for the loss of fragment 414 corresponding to 46 is apparent but a distinct 
peak at m/e 355 corresponding to a di-anhydro-genin (390-36, or 46 -60) perhaps 
47+ H+ is observed. If this interpretation is correct, the formation of the lost frag- 

H p '  *K-. 0 Aco&=o & 
45 4 6 0 r  isomer 470r isomer 

CBH1104 (171) (for di-O-acetyl-gomphoside) (for di-O-acetyl-gomphoside) 
(S- 18+42+H+) (G- 18+42) C25H3405 (414) G-36 C23H3003 (354) 

ment m/e 414 (perhaps 46) even if not directly visible in the spectrum is indicative 
of some acetyl-migration after, or concomitant with, loss of water in 21. But the di- 
rectly visible fragments in the H2-CI. spectrum are 45 and 47 + H+ (355) which are 
both probably formed without acetyl-migration perhaps via the intermediates 49 
and 50, or in a concerted process 46 -60, 47. 

AcO & AcO 

k L - 4 2  - &Ix-x -18 - 45 +47 H3C" 0 H3C" 0 HJC" 
48 49 50 

With these results from our model compounds we can interpret the structures 
of syriobioside (7), desgluco-syrioside (12) and syrioside (10) with some confidence. 

Syriobioside(7). The empirical formula C29H400 (564) is evident from addition 
of the fragments 18 (C6H803) and genin (C23H3208) seen in its FI-mass spectrum 
(Fig. 4 and Table 2). Probable structure of the sugar moiety is discussed above. The 
genin has two H-atoms less than C23H3408 calculated for a hexahydroxy-cardeno- 
lide. If our assumption is correct that it really is a normal cardenolide, then a double 
bond, a carbonyl group or an epoxy ring must be present. Although evidence for the 
absence of a double bond (negative C (NO2), reaction in the O-acetyl-derivative) 
and a carbonyl group (UV. and IR. spectra) are meagre due to insufficient amount 
of material (no 13C-NMR. spectrum possible), we postulate the presence of a 78, 
8B-oxirane ring on the basis of the 'H-NMR. spectrum of the O-acetyl-derivative. 
Acetylation of syriobioside (7) gave a tetra-O-acetyl-derivative (8) which in the FI- 
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mass spectrum (Fig. 9) showed a small but distinct molecular ion, and asside from 
other peaks distinct peaks for the genin (520), and genin +42 (562), probably 
formed through acetyl-migration corresponding to 41 and to 42 (170). The 'H-NMR. 
spectrum (Fig. 14) shows four signals for acetyl groups of which two must be in the 
sugar moiety. The other two are most compatible with positions 11 and 12 in the 
sterol nucleus. As an 11 /3-hydroxy group is not acetylated under our conditions, it 
must be in the 11 a orientation. From the coupling constants it is also evident that 
these two groups are cis, i.e. 1 l a ,  12a, a rare arrangement in natural steroids. An 
important signal in the spectrum (Fig. 14)  is thedoublet atd=3.38 ppm (J=6)  which 
we take as strong evidence for the presence of the 7/3, sp-oxirane ring, as it is in 
excellent agreement, with the similar signal in the spectrum of di-0-acetyl-sarvero- 
genin (32) [37] (see Table 4) .  

Desglucosyrioside (12). This compound gave a peak corresponding to the mo- 
lecular ion (C29H3805 = 562) in the FI-mass spectrum (Fig. 5 )  and strong peaks for 
the fragments 18 and 19 (genin C23H3008 = 434). The latter therefore contains two 
H-atoms less than syriobioside (7). Acetylation gave a tri-0-acetyl-derivative (13) 
showing only three signals for acetyl groups in the 'H-NMR. spectrum (Fig. I 6  and 
Table 4)  and in the FI-mass spectrum (Fig. 10) peaks for a molecular ion (688), genin 
(476), mono-0-acetyl-genin (518) and 41 (170). In theH,-CI.mass spectrum (Fig. I I) 
corresponding peaks were only visible for M +  1 (689, very weak) and m/e 171 (43) 
while no peaks for genin + 1 (477) or mono-0-acetyl-genin + 1 (519) were detected. 
The presence of a keto group (assigned to 12-position) is clearly visible in the IR. 
and the I3C-NMR. spectrum (Table 3) and the 1 lP-(axial) proton as a doublet 
(6=5.66; J =  11.5) in the 'H-NMR spectrum (Fig. 16 and Table4). These assign- 
ments are in good agreement with the spectrum of di-0-acetyl-sarverogenin (32) [37] 
(see Table 4),  and small differences are probably mainly due to the different con- 
figuration at C (5). The 13C-NMR. spectrum (Table 3) is quite compatible with the 
all chair conformation (27) of structure 13, and probably better than with structure 
14 (with the dioxane ring as a boat (28)) without excluding the latter. 

Syrioside (10). This compound contains one mol D-glucose bound glycosidically 
to 12. From its relative stability to hydrolysis (excludes a furanoside), rotation dif- 
ferences, and the 'H-NMR. spectrum of its hexa-0-acetyl-derivative (Table 4), we 
conclude that it is bound as a /3-D-glucopyranoside. The glucose molecule is not at- 
tached to at 11 a because in the 'H-NMR. spectrum (see Table 4 )  of the hexa-0- 
acetyl-derivative (ll), the signal of the 11 P-H is virtually at the same position as in 
13. We have therefore suggested tentatively that the glucose is attached in 3' posi- 
tion as the most likely place, but no final proof is available. The FI-mass spectrum 
of free syrioside (10) (Fig. 6) shows no peak of a molecular ion (as expected) and 
even no peak for the genin (434) but strong peaks for G-18 (416) etc., and 18 (128) 
and also a small one for the glucosyl cation (163). In the FI-mass spectrum of the 
hexa-0-acetyl-derivative (11) (Fig. 12) again no molecular ion (976) is visible, only 
small peaks for M -  60 and M -  120, but distinct peaks for other fragments includ- 
ing mono-0-acetyl-genin (5  18), genin (476) etc., anhydro-tetra-0-acetyl-glucose 
(S2=330) and 41 (170) are present. '€3-NMR. spectrum (see Tabfe4)  of hexa-0- 
acetyl-syrioside (11) is in good agreement with the suggested structure and confirms 
the presence of six acetyl groups. 
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Fig.2-3. Partial IR. spectra of desglucosyrioside (12= TR-1554) (Fig. 2) [m.p. 204206", 0.65 mg crystals pressed 
in ca. 250 mg KBrI3) showing bands at ca. 1782, 1747 and 1632 cm-I, corresponding to the butenolide-ring, 
and I709 to the keto-group at C(I2)] and syriobioside (7=TR-1525) (Fig..?) [m.p. 221-223", 0.45 mg crystals 
pressed in ca. 200 mg KBr13) showing only the butenolide-bands at ca. 1780, 1740 and 1624 cm-I. No band of 

a keto-group at ca. 1708 cm-I is visible] 

q 'i"" ,P 
HO 

WIY-.l : 
Fig.4. FI-mass spectrumi4) of syriobioside (7=TR-1525), m.p. 221-223", C29H40011 (564), probe temp. 250". 

Assignments: M+ not observed; 546 ( M -  18); 436 (G); 418 (G- 18); 400 (418-18); 382 (400-18); 128 (18). 

13) Recorded by K. Aegerter on a Perkin-Elmer IR. Spectrophotometer model 125. 
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12. w 

I 

Fig.5. FI-mass spectrumI4) of desglucosyrioside (12= TR-l554A), m.p. 204-206", C29H38011 (562), probe 
temp. 235". Assignments: 562 (M); 434 (G); 416 (G- 18); 128 (18). 

I 

Fig.6. FI-mass ~pecfrum'~) of syrioside (lO=TR-1524), m.p. 230-231", C35H48016 (724), probe temp. 235". 
Assignments: 526 (M- 18- 180 (C6H1206= glucose)); 416 (G- 18); 398 (416-18); 370 (398-28); 163 

(C6H1105=glyCOSyl Cation); 128 (18). 

Fig. 7. FI-mass spectrum14) of di-0-acefyl gomphoside (21 = TR-1563 purified by chromatography on Si02), 
m.p. 285-287", C33H6010 (602), probe temp. 220". Assignments: 602 (M); 584 (M- 18); 560 (M-42); 542 
(M-60); 524 (542-18); 500 (542-42); 482 (M-120); 464 (482-18); 456 (500-44); 432 (G+42); 390 (G); 

372 (G- 18); 356 (?); 170 (43). 

14) Secured by Mr. Richard B. Scott. Details see exper. part. Composition of ions by high resolution mass 
spectroscopy (see Table I). 
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585 

Fig. 8. H2-CI.-mass spectrumI5) of di-0-acetyl-gomphoside (21), source temp. 220", probe temp. 180". Assign- 
ments: 603 (M+H+); 585 (603-18); 543 (603-60 and 585-42); 525 (585-60); 501 (543-42); 483 (543-60); 465 
(525-60 and 483-18); 447 (465-18); 429 (447-18); 397 (525-128); 355 (483-128 and 525-170, corresp. to 47 
(=G-36)+H+); 337 (465-128 and 355-18 and 525-170); 171 (43); 129 (171-42); 111 (129-18). The processes 

summarized in Scheme I could be confirmed by metastable peaks in defocussed spectra. 

Table 1. Metastable ions in the H2-CI-mass spectrum of di-0-acetyl-gomphoside (21) 

Found 567.5 ; 489 ; 471.2 ; 444.3 ; 430-429.6 ;412 ;320 . 
Calc. 567.54; 488.97; 471.15; 444.36; 429.70 and 429.62; 411.85; 319.91. 
Found 261 . 
Calc. 260.92; 244.23; 97.32; 55.70; 49.98. 

; 244.4 ; 97.3 ; 55.7 ; 50 

-60 
603 - 
M+H+\ (485 

'77' 
585 

(50) I ,  \ 

543 

543 129 355 

525 465 - -60 . _ _ _  
(412) 

-18 * 447 
(430)' 

N I Y I  

M m o M 9 m s W  
M I E  

Fig.9. Fl-mass spectrum of tetra-0-acetyl-syriobfoside (8= TR-1561), m.p. 338-340", C37H48015 (732), probe 
temp. 260". Assignments: 732 (M); 690 (M-42), 673 (732-59); 672 (832-60); 630 (672-42); 612 (672-60); 

594 (612-18); 586 (630-44); 562 (G+42); 548 (?); 520 (G); 502 (G- 18); 170 (43). 

15) Secured by Mr. Derek Nelson, Univ. of N.S.W. Australia on a AEZ-MS 902 instrument, Hz-pressure 
0.3 Torr. 
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Fig. 11. H2-CI -mass spectrumI5) of tri-0-acetyl-desgluco-syrioside (13= TR-I555B), m.p. 302-303", C35H34014 
(688), source temp. 230", probe temp. 190". Assignments: 689 (M+H+); 671 (689-18); 645 (689-44 or 
M- 1-42); 629 (689-60), 611 (629-18 and 671-60); 587 (629-42); 569 (629-60); 551 (569-18 and 611-60); 
527 (569-42 and 587-60); 509 (527-18, 551-42 and 569-60); 459 (G- 18+H, R.A.< 1%); 399 (569-170 or 
527-128, con. to G-60- 18+H+); 381 (399-18 or 551-170 or 509-128); 363 (381-18); 171 (45); 129 (171-42); 
143 (171-28); 83 (143-60). Peaks for G+H+ (477) and mono-0-acetyl-G+H+ (519) were absent. The ions 
at m/e 143 and 83 are probably derived from 45 and may best be represented by 51 and 52. Observation of the key 
ion peaks at 689 (M+H); 629 ( M +  1-60): 569 (M+ I -  60- 60) and 509 (M+ 1- 60- 60- 60) provides 
strong evidence for the presence of 3 acetoxy groups in 13. 
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Table la. Metastable ions in the H2-CI-mass spectrum of tri-0-acetyl-desgluco-syrioside (13) 

427 

~~~~ ~~ ~ 

Fragmentation (m/e)  m* (found) m* (calc.) 

689 -18, 67 1 653.5 653.5 
689 -60, 629 574.2 574.2 
629 569 515 514.7 
569 -18, 55 1 533.5 533.6 
551 -42, 509 470 470.2 

These ions indicate that at least one fragmentation sequence is: 
509 which can be interpreted as 13-54 and 689 ( M +  H+) -A&H t629 -A&H ~ 5 6 9  -H20 +551 -C"2CO 

- subsequent fragmentation in two ways: 0 or Q. 

13 

55 
H 

56 
+H+ 
57 58 

'9' ygz' 

Fig. 12. FI-mass spectrum of hexa-0-acetyl-syrioside (11= TR-l527A), m.p. 192- 193", C4,H60022 (976), probe 
temp. 265". Assignments: M +  not visible; 916 ( M -  60); 856 (916-60); 632 (?); 586 (916-330); 568 (58&18); 550 
(568-18); 526 (568-42);518 (G+42); 508 (568-60); 500 (SlS2; 518-18); 490 (55@60); 476 (G); 458 (G- 18); 
440 (G-  18- 18); 416 (G-60); 398 (416-18); 330 (S2); 288 (330-42); 170 (43); 128 (170-42); 110 (170-60; 

128- 18). 
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Table 2. Compositions of ions by high resolution mass s p e c t r o ~ c o p y ~ ~ )  

Compound Mol-Wt. Fragment ion Assignment 

y, H z l a  

I" 
Y 

? 

DD 
c 

99004 
22.4.77 

\-- 

270MHr 
1 I I 

Syriobioside (7) 564 436: C23H3208 G 

Desglucosyrioside (12) 562 416: C23H2807 G-  18 
398: C23H2606 416-18 
128: C6H8O3 S(17) 

Syrioside (10) 724 416: C23H2807 G -  18 

Tetra-0-acetyl-syriobioside (8) 

Hexa-0-acetyl-syrioside (11) 

Tri-U-acetyl-desgluco-syrioside in Hz-CI-mass spectrum15) m/e 
Fragment ion 

Found Calc. 

629.26 18 
6 1 1.2426 
587.253 1 
569.2418 
551.23 19 
527.227 1 
509.2223 
459.2016 
399.1778 
381.1712 

629.2597 
611.2492 
587.2492 
569.2389 
551.2281 
527.2281 
509.2175 
459.2019 
399.1807 
381.1702 

I 
1 9 8 7 6 

Fig. 13.270-MHz-NMR. spectrum of di-0-acetyl-calactin (23 = TR- 1534). m.p. 252-254" in CDC13I6). Assign- 
ments tentative. 
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Fig. 14.100-MHz-NMR. spectrum of tetra-0-acetyl-syriobioside (8= TR-1561), m.p. 338-340" in CDC1,17). 
Contained one mol water of crystallisation. Assignments tentative. 

Fig. 15. 270-MHz-NMR. spectrum of tetra-0-acetyl-syriobioside (8), same as Figure 14, but only showing lower 
field signals in higher resolution16). 

16) We express our thanks to Dr. W. Arnold, Zentrale Forschungseinheiten Roche Ltd. Basel, for providing 
this spectrum and his help in interpretation. Performed on a Bruker HX 270 instrument with BNC 1180 
computer. 

17) We express our thanks to Dr. H. Fuhrer and Mr. A. Borer, Physics Laboratory Ciba-Geigy Lid. Basel, 
for providing this spectrum and their help in interpretation. Performed on Varian spectrograph, model 
HA-100. The signals labelled at HO disappeared after shaking with D20. 
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Table 3. Signals i n  '3C-NMR. spectra in CDCl3 

Carbon 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

1' 

2' 

3' 
4' 
5' 
6' 

acetyl 
acetyl 
acetyl 
acetyl 
acetyl 
acetyl 

CH2 
CH-0- or CH, 
CH-O- 
CH2 

CH2 
CH 

CH2 or CH-O- 
CH or C-O- 
CH 

CH2 or CH-OAc 
CH2 or C=O 

:c: 

:C: 

CH2 
CH2 
CH 

, ;C-OH 

CH3 +o 
CH3 or C, . H 
/ c= 
CHI-0- 
CH= 
c=o 
HC: $1 
\ / o -  

CHOAc 

/c\ 0- 

CH2 

CH3 
CH3-CO 
CH3-CO 

CH3-CO 
CH3-CO 
CHI-CO 

CH-O- 

CH3-CO 

Di-0-acetyl- Di-0-acetyl- Tri-0-acetyl- Di-0-acetyl- 
gomphosidee) calactine) desgluco- sarverogenin 

41.7 
71 .ga)f) 
71.1a)? 
32.0b) 
44.8 
21.7=) 
26.9=) 
40.8 
49.6 
38.0 
21.3 
39.6 
49.6 
85.1 
32.9b) 
27.2c) 
50.8 
15.7 
13.7 

174.9 
73.5 

117.5 
174.6b) 
93.2 

95.6 

70.3s) 
34.8 
66.4 
20.9d) 
20.7d) 
21.7 

168.8 
168.7 

- 

35.7 
70.ga) 
7 1.29 
32.4b) 
43.6 
27.73 
2 6 9 )  
42.6 
48.6 
52.8 
22.0 
39.5 
49.4 
85.0 
33.1b) 
27.4=) 
50.7 
15.6 

206.4 
174.2d) 
73.4 

118.0 
1 73.9d) 
93.2 

95.6 

70.5a) 
35.0 
66.6 
20.8 
20.8 
21.6 

168.5 
168.8 

- 

- 

syroside (13)18) (32)18) 

43.9 
69.ga) 
70.Y) 
31.5 
40.5 
35.6 
54.3 
62.6 
45.2 
37.7 
75.3 

204.6 
64.1 
80.9 
28.4 
26.7 
41.8 
17.3 
13.7 

170.9 
73.7 

118.9 
173.8 
93.1 

95.6 

70.3a) 
34.9 
66.7 
20.9b) 
20.7b) 
21.8 
21.2 

169.7 
168.9 
168.3 

36.2a) 
25.5 
69.0 
32.0 
32.9 

52.7 
63.0 
32.9 
34.4 
75.5 

204.6 
64.3 
81.1 
28.5 
26.6 
41.8 
17.5 
23.0 

171.1 
73.7 

118.7 
173.9 

35.59 

- 

- 

- 

- 
- 
- 

20.8 
21.4 

169.5 
170.4 

- 

- 

a)b)c)d) Signals within a vertical column may be reversed. 
") 

9 
g) 

h, 

Data from a number of derivatives of gomphoside and afroside (H.  T.A. Cheung and T. R. Watson, 
unpublished results) provided the basis for assignments. 
Virtual coupling observed in single-frequency off-resonance spectra (sford) showing that the at- 
tached proton is tightly coupled vicinally. 
Sharp doublet in sford spectra, showing that the attached proton is loosely coupled vicinally. 
Doublet in sford spectra due to one JCCH. 

la)  We express our thanks to Dr. H .  Fuhrer and Mr. A. Borer, Physics Laboratory Ciba-Geigy Lid. Basel, 
for providing this spectrum and their help in interpretation. Performed on Varian spectrograph 
model XL-100-15 at 25.2 MHz. 
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Fig. 16.100-MHz-NMR. spectrum of tri-0-acetyl-desgluco-syrioside (13 = TR- 1555-A), m.p. 300-301 (decomp.) 
in CDC13I7), containing some water of crystallisation. Assignments tentative 

Experimental Part 

All m.p. were taken on the 'Kofler' hot stage microscope and are corrected. Opt. rotation was 
measured on a Schmidf & Haensch polarimeter Nr. 11791 (visual), and a Perkin Elmer 141 polarimeter 
(photoelectric). Samples for combustion analyses were dried at 0.01 Torr. over PzOs for 24 h at 20". 
Analyses performed by Mr. E. Thommen on a Perkin Elmer CHN-analyzer Nr.240 with amounts of 
1.2-1.5 mg. Mass spectra in Arizona were produced by Mr. Richard B. Scoti, using a Varian Atlas SMIB 
double focussing mass spectrometer with dual EUFI ion source of the wire emitter type, maintained at 
175". For the low resolution (approx. 1500) FI spectra, anode and cathode voltages were + 8 and - 2 kV 
respectively, and the probe temperatures 235-270" (see Figures). The instrument was equipped with a 
digital mass indicator, and this was calibrated in the FI mode over the mass range 200-1000 using 
mixtures of phosphonitrilic compounds (R.B.  Scott & P. Brown, unpubl.). For the high resolution 
(approx. 10,000; measurements in Table 2) EI was used together with slightly lower probe temperature. 
The computer program for plotting routine was written by Dr. James J.  Einck. 

Mass spectra in Sydney were produced by Mr. Derek Nelson of the School of Chemistry of the 
University of NSW, Australia, using an MS-9 double focussing mass spectrometer adapted for chemical 
ionisation. Hz (0.3 Torr.) was used as the reagent gas. The source temperature was generally 220", and 
the probe temperature 180-200". 

The following systems were used for PC.: Whatman No.1 paper was impregnated with 33% its 
weight with formamide for systems A, B, C and with 34% its weight with water for system D. All PC. 
was descending flow. 

Solvent A .  Tetrahydrofurane/benzene/cyclohexane 1 : 3: 6, saturated with formamide 

Solvent B: Tetrahydrofurane/benzene/cyclohexane 1 : 2: 3, saturated with formamide 
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These were used for 0-acetyl-derivatives, which showed the following Rf-values. 

Compound System for PC. 

A B 
Rf-values 

Di-0-acetyl-gomphoside (21) 0.38 0.51 
Di-0-acetyl-calactin (23) 0.12 0.26 
Di-0-acetyl-calo tropin (25 or 26) 0.19 . 0.39 
Tri-0-acetyl-desglucosyrioside (13) 0.14 0.29 

0.15 0.30 
- 0.18 Hexa- 0-acetyl-syrioside (1 1) 

Solvent C: Tetrahydrofurane/benene 1 : 1, saturated with formamide 

Solvent D: ButanoVbenzene 1: 2, saturated with water (for paper impregnated with water) 

Tetra- 0-acetyl-syrioside (8) 

These systems were used for free glycosides, system D particularly to differentiate syrioside (10). 

Compound System for PC. 

C D 
Rf-values 

Gomphoside (20) 
Calactin (22) 
Calotropin (24) 
Desglucosyrioside (12) 
Syriobioside (7) 
Syrioside (10) 

0.75 0.84 
0.56 0.83 
0.34 0.82 
0.33 0.76 
0.18 0.70 

ca.0.04 0.28 

Spots in PC. were visualized with Kedde's reagent [41] or 2,2',4,4'-tetranitrodiphenyl [42] with 
semiquantitative estimation by comparison with known amounts of cardenolide. 

TLC. was particularly convenient to differentiate desglucosyrioside (12) from syriobioside (7). 
The system used was silicagel 'Merck H F  254+366 Type 60' and ethyl acetate as solvent, ascending. 
The solvent was allowed to flow a distance of 180 mm. The following values were found. 

Compound Running distance Rf-values 

Gomphoside (20) 95mm 0.53 
Calactin (22) 17 mm 0.43 
Calotropin (24) 58 mm 0.32 
Desglucosyrioside (12) 82 mm 0.45 
Syrioside (7) ca. 5mm ca, 0.03 

Spots in TLC. were visualized under UV. lamp, and by spraying with 15% p-toluenesulfonic acid 
in ethanol, and subsequent heating to 100-120". 

Checking for 'normal' sugars after vigorous hydrolysis (see [ 181, p. 1750). 1.5 mg glycoside was heated 
with 0.2 ml Kiliani-mixture [44]18") at 100" for 1 h, then evaporated in vacuo at 40". The residue was 
dissolved in 0.2 ml water and again evaporated, and this process repeated once more. The final residue, 
dissolved in 0.1 ml water can be used directly for TLC. or PC. [17], or first extracted with chloroform 
[IS]. The sugars were visualized by heating after spraying withp-aminohippuric acid+ phthalic acid [45]. 

Checking for 2-deoxy sugars after mild hydrolysis (see [9], p.945). 1.5 mg glycoside was dissolved 
in 0.2 ml methanol, and after addition of 0.2 ml 0 . 1 ~  aqueous sulfuric acid boiled under reflux in a 
micro vessel for 30 min. The solution was then concentrated in vacuo to 0.1 ml, the same amount water 
added, and warmed again for 30 min at 60". After cooling, the suspension was extracted with chloro- 
form, the aqueous layer neutralized with freshly prepared pure BaC03 (precipitated from Ba(OH)2 
solution with CO2, and washed with boiling water), filtered with suction through a little hardened paper, 
and the precipitate washed with a little hot water. The neutral solution and washings were evaporated 

18a) 35 ml glacial acetic acid, 55 ml water and 10 ml conc. HC1-solution. 
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in vacuo and the residue checked for 2-deoxy sugar with xanthydrol reagent [46], or in TLC. and PC. 
[47], detection by heating after spraying with vanillin/perchloric acid to 110" [48]. In the case of syrio- 
bioside, and other chloroform soluble glycosides the chloroform extracts can be used for vigorous 
hydrolysis with Kiliani-mixture or for the Hesse osazone reaction. 

Hesse's osazone reaction (see [19], p. 74) in micro scale. 2 mg calactin (or other compound of this 
type) are dissolved in 1 ml of freshly filtered saturated solution of 2,4-dinitrophenylhydrazine hydro- 
chloride in 0 . 1 ~  aqueous chlorhydric acid (=ca. 13 mg) by warming to 80", and left for 2-3 days at 
20" with occasional warming and shaking. In a positive reaction ca. 2-3 mg orange red precipitate is 
formed after this time, and ca. 0.9 additional mg may separate after standing for another 2 days. The 
precipitate is filtered off with suction, washed with 0 . 1 ~  HC1 and water, m.p. crude ca. 205-215". With 
5% KOH-solution in ethanol it gives a deep violet-blue solution. 

Isolation of syrioside (10) and syriobioside (7). Ca. 2.5 kg (fresh weight) of roots of Asclepias syriaca 
(dug up in Oct. 1973) washed and dried at 45" gave 770 g of dry material. This was pulverized, extracted 
with 1.5 1 boiling 50% aqueous methanol, fdtered off with suction and the residue re-extracted 10 times 
with methanovwater mixtures of increasing methanol content, and pure methanol until the Kedde-re- 
action was negative. The combined extracts were extracted 3 times with petroleum ether. The petroleum 
ether layers were washed with water, dried over Na2S04 and evaporated, giving ca. 10 g Pe-extract, 
Kedde-negative, which was discarded (fats erc.). The combined aqueous methanol layers were con- 
centrated in Y ~ C U O  to a volume of 250 ml, and the remaining aqueous suspension extracted 5 times with 
500 ml ether, 400 ml chloroform and after half saturating with Na2S04, with 300 ml chloroformlethano1 
3:2. The organic layers were washed in a counter current manner with water, 2~ Na2C03 and water. 
Before washing the chloroform/ethanol 3: 2 layers, the aqueous washing medium was half saturated 
with Na2S04. After drying, and evaporation the following crude extracts resulted: 

ca. 12.000 g (extracted with ether) 
8.195 g (extracted with chloroform) 
3.895 g (extracted with chloroform/ethanol) 

The ether-extract, according to PC. contained only a little of the fast running cardenolides, and 
was not further examined. The other two fractions were separated by column chromatography on Si02. 

Investigation of the chloroform-extract. This material showed a positive Kedde-reaction and gave 
several spots in PC. and TLC. In spite of careful chromatography no pure cardenolides could yet be 
isolated. 

Chromatography ofchlorofonn/ethanol extracts. The 3.895 g of the product extracted by chloroform/ 
ether were dissolved in 20 ml methanol mixed with 20 g Si02 ('Merck' 0.06-0.2 mm diameter), dried 
at 30" in vacuo and put on top of a column containing 260 g SOz, prepared in benzene. Elution was 
done with 300 ml solvent per fraction of benzene, benzene/ether and ether+ 'mixture' (= chloroform/ 
methanoYethy1 acetate 1 : 1 : 1). 

Fr. 1-6 (108 mg eluted with benzene, benzene/ether 2:3 and ether+8-200/0 'mixture') were Kedde- 
negative, discarded. 

Fr. 7-11 (260 mg eluted with ether+30% 'mixture') showed on PC. four spots, the strongest corre- 
sponding to syriobioside. 

Fr. 12 (107 mg eluted with same solvent) showed similar spots. 
Fr. 13-19 (246 mg eluted with same solvent) gave from acetone/ether, 58 mg cryst. compound 

TR-1568, m.p. 99-100", Keda'e-negative, see below. The evaporated mother liquour (188 mg) gave in 
PC. (system C) three spots, and was rechromatographed for isolation of syriobioside (7); see below. 

Fr. 2@26 (307 mg eluted with ether+ 30-35% 'mixture') showed in PC. (system D) two very weak 
spots with Rf 0.71 and 0.82. 

Fr. 27-31 (190 mg eluted with ether+35-405/0 'mixture') showed in PC. (system D) two spots with 
Rf0.4 and 0.54. 

Fr. 32-40 (990 mg eluted with ether+40-50% 'mixture') gave from moist methanovether 268 mg 
syrioside (prep. TR-1524, m.p. 230-231"), and 40 mg second quality. The material from the mother 
liquours (589 mg) was used for enzymatic degradation. 

Fr. 41-46 (355 mg eluted with ether+50-6Vk 'mixture') gave in PC. (system D) a main spot like 
syrioside, which was used for enzymatic degradation. 

Fr. 47-51 (270 mg eluted with ether+6O% 'mixture') gave in PC. (systemD) four spots, which were 
also used for enzymatic degradation. 
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Fr. 52-57 (210 mg eluted with ether+ 75% 'mixture') giving three very weak spots, were not further 

Fr. 58-64 (155 mg eluted with pure 'mixture') gave very weak spots, and were not further examined. 
Isolation of syriobioside from non-jermented fractions. The 188 mg of non-crystalline material of 

fr. 13-19 from the main chromatogram were rechromatographed on 16 g SiOz. 
Fr. 1-13 (11 mg eluted with benzene, benzenelether, ether and ether+ I-7% 'mixture') were Kedde- 

negative, and discarded. 
Fr. 14-18 (7 mg eluted with ether+ 8-10?? 'mixture') gave a spot corresponding to desglucosyrioside 

(12), but no crystals. Used for acetylation. 
Fr. 19-20 (3.5 mg eluted with ether+ 11% 'mixture') gave two spots corresponding to 12 and 7. 

Used for acetylation. 
Fr. 21-24 (20.4 mg eluted with ether+ 12-14% 'mixture') gave in PC. only the spot for syriobioside 

(7) and from methanovether 1.5 mg crystals as above, m.p. 305-307", Kedde-negative. For separation 
of the amorphous material by preparative PC., see below. 

Further fractions 25-57 gave 112 mg amorphous material showing only weak, slow moving spots 
in PC., not further examined. 

The 19 mg amorphous material from fr.21-24 were separated by prep. PC. on three sheets of 
Whatman 3 M M  paper 19 cm wide impregnated with 33% of its weight with formamide, using solvent C. 
The solvent front had reached 39 cm after 3% h. The zone 100-150 mm from the start, containing 
syriobioside, was cut out, eluted with methanoVwater under pressure, the solution evaporated in vacuo 
to 5 ml, slightly acidified with hydrochloric acid, and extracted 4 times with chloroform/ethanol 2: 1. 
The extracts, washed as usual gave 10 mg crude material. This was liquified with a trace of methanol 
and ether added. The precipitate was washed with ether. The ether soluble part (1.9 mg) was Kedde- 
negative, and gave similar crystals as above, m.p. cu. 205" from methanol. The ether insoluble precipitate 
(8 mg) gave 2.5 mg crystalline syriobioside as colourless cubes from a trace of methanol+water after 
nucleation; this showed m.p. 215-220", and [u@= +26.4"+8" (c=0.26, pyridine) after 5-10 min 
dropping to 0" after 30 min. According to PC. the material was unchanged after regeneration and gave 
similar crystals from water. These showed [u]g= + lo"+ 5" (~'0.25, CHC13) after 5 min, dropping to 0" 
again rather soon (after 10 min). 

Enzymadc degradation of crude fractions. The amorphous material of fr.32-40 (589 mg) combined 
with 311 mg material from fr.41-46 (total 900 mg), was dissolved in 110 ml 1% aqueous acetic acid, 
900 mg solid snail enzyme [43], and two drops toluene added. After thorough mixing it was left for 12 
days at 30" with occasional shaking every day. It was then concentrated in vacuo at 40" to 10 ml, mixed 
with 200 ml abs. ethanol, warmed to 50", and filtered through a very thin layer of 100 mg washed ab- 
sorbent charcoal which was well washed again with ethanol. The mixed solutions were evaporated to 
5 ml in vucuo, mixed with 5 ml water and extracted 4 times with 20 ml chloroform and after half saturat- 
ing with Na2S04 three times with chloroform/ethanol 3:2. The organic layers, washed, dried and 
evaporated gave: 375 mg chloroform soluble (PC. in system C showed a main spot for desglucosyrioside 
(12) and a weaker spot for syriobioside (7) and 212 mg chloroformlethano1 soluble material which 
showed only the spot for syriobioside (7) in PC. system C. 

Chromatography of the chloroform soluble material from. fermentation. The 375 mg material was 
chromatographed on a column of 30 g SiOz using 25 ml eluate from each fraction. 

Fr. 1-5 eluted with benzene and benzene/ether gave no residue. 
Fr.6-13 (13 mg eluted with ether and ether+2-l00/a 'mixture') gave in PC. (system C) a weak spot 

for desglucosyrioside (12) and three others having higher Rf-values. This material was used for acetyla- 
tion. 

Fr. 18-20 (30 mg eluted with ether+ 11% 'mixture') gave in the PC. a strong spot for 12 and another 
spot of higher Rf-values; used for acetylation. 

Fr.21-26 (66 mg eluted with ether+ 11- 12% 'mixture') showed in the PC. (system C) a strong spot 
for desglucosyrioside (12) and a weak one for syriobioside (7) and gave from methanoVether 2 mg 
crystals, m.p. 325-330", Kedde-negative. The amorphous material from the mother liquour was re- 
chromatographed, and gave 44.5 mg amorphous 12, which was used for acetylation. 

Fr.27-33 (60 mg eluted with ether+ 15-25% 'mixture') showed in PC. a very strong spot for syrio- 
bioside (7) and gave from methanoVwater 11 mg cryst. syriobioside, m.p. 215-220". The amorphous 
material from the mother liquour was used for acetylation. 

examined. 
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Fr.34-37 (26 mg eluted with ether+25-35% 'mixture') showed in the PC. (system C) again the spot 
of syriobioside (7) and was used for acetylation. 

Further fractions (65 mg eluted with ether+ 40% 'mixture' and pure 'mixture') were Kedde-negative; 
discarded. 

Chromarography of the chloroformlethanol soluble material from fermentation. The 2 12 mg material 
were chromatographed on 15 g Si02 with 20 ml per fraction. 

Fr. 1-8 (1.5 mg eluted with benzene, ether and ether+ 12% 'mixture') were Kedde-negative; dis- 
carded. 

Fr.9-12 (8 mg eluted with ether+ 13-1i'!! 'mixture') gave in PC. (system C) three spots all running 
more quickly than syriobioside. 

Fr. 14-24 (68 mg eluted with ether+ 18-40! 'mixture') gave from methanovether ca. 1:6 16 mg 
cryst. syriobioside, m.p. 221-223". The material from mother liquours slowly gave from water an ad- 
ditional 27 mg pure crystals, m.p. 224226". 

Fr.25-29 (29 mg eluted with ether+45-80"h 'mixture') contained only traces of syriobioside and 
gave two additional slow moving spots. 

Fr.3@37 (70 mg eluted with pure 'mixture') contained only traces of slow moving cardenolides. 
Second batch. Roots dug up in Oct. 1974 washed dried and pulverized gave 820 g dry powder. 

This was extracted as for the first batch with ether (27 g), with chloroform (9.5 g) and with chloroform/ 
ether 3:2 (5.9 9). The latter was chromatographed on 350 g SO2, for each fraction 500 ml of solvent 
were used. 

Fr. 1-4 (685 mg eluted with benzene, ether and ether+ 15% 'mixture') were Kedde-negative; dis- 
carded. 

Fr.5-7 (240 mg eluted with ether+ 1530% 'mixture') contained only a small amount of fast moving 
cardenolides. 

Fr.8-12 (440 mg eluted with ether+30"56 'mixture') gave in the PC. also only weak, fast moving 
spots. 

Fr.13-18 (400 mg eluted with ether+30-4056 'mixture') gave in the PC. a long spot, similar to but 
slightly quicker than syriobioside. 

Fr.19-31 (1.35 g eluted with ether+40-5@6 'mixture') gave in PC. the spot of syrioside, but no 
crystals could be obtained. 

Fr.32-54 (1.1160 g eluted ether+SO% 'mixture' and pure 'mixture') contained no syrioside, but 
only little very highly polar cardenolides; discarded. 

The fractions 19-31 (1.35 g) containing the syrioside were rechromatographed on 95 g SiOz. The 
syrioside was concentrated in 890 mg of mixture from which no crystals could be got directly. This 
material was separated by partition chromatography using 250 g purified 'Hyflo-super Cel' (purified 
Kieselgur) impregnated with 250 ml water and moist benzenelbutanol as the moving phase. The flow 
rate was 35-40 ml per hour, and each fraction ca. 120-160 ml, except the first and last ones which were 
500-700 ml. The fractions 1-55 (390 mg eluted with benzene containing 0-20% butanol) contained no 
syrioside, only faster running material. 

The fractions 56-62 (150 mg eluted with mixture containing 20-300/0 butanol) contained only 
syrioside and gave from methanollether 45 mg cryst. syrioside, m.p. 221-226". Recrystallization from 
moist methanovether gave 35 mg pure material, m.p. 231-232". The material from the mother liquour 
(115 mg) was used for enzymatic degradation to prepare desglucosyrioside. 

The fractions 63-65 (43 mg eluted with benzene containing 30"h butanol) was a mixture containing 
syrioside and a slower moving cardenolide(Rf= 0.24 in system E). This material was also used for en- 
zymatic degradation. 

Fr.66-80 (125 mg eluted with benzene containing 30"h butanol) showed only the spot with Rf 0.24 
(system E); discarded. 

Syrioside (10) (TR- 1524) colourless needles as hydrate from moist methanovether, m.p. 230-23 1" 
(highly viscous melt), [a]B= - 12.8"+2" (pyridine). - UV.: Lz$x=215 nm (loge=4.22) and shoulder at 
ca. 270-290 nm (logs at 280 ca. 2.0). - IR.: 1782; 1744; 1626 (butenolide); 1705 (keto-group) Figure 1. - 
Mass spectrum see Figure 4. - After vigorous hydrolysis with Kiliani-mixture only glucose was obtained 
as normal sugar. Mixed m.p. with authentic material gave no depression, and running distances in PC. 
and TLC. were the same. C35H48016+H20 (742.75) Calc. C 56.59 H 6.78% Found C 56.55 H 6.88%, 
no ash. Musler et al. [3a] found m.p. 234-237", [ a g =  - 13.6" (c=  1.3, pyridine) and C 55.06 H 7.30"h 
corresponding to a dihydrate C35H48016+ 2 HzO (760.77) calc. C 55.25 H 6.89%. 
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Hexa-0-acetyl-syrioside (11) (TR-1527). 94 mg syrioside, 0.8 ml acetic anhydride and 1.2 ml abs. 
pyridine were sealed in vacuo and kept for 8 days at 35". The mixture was evaporated in vacuo at 50", 
the residue dissolved in chloroform, washed with dilute hydrochloric acid, KHC03-solution and water, 
dried over Na2S04 and evaporated in vacuo. The residue (130 mg) gave crystals from methanovether, 
m.p. 192-193" (viscous melt). For securing really pure material, the product was chromatographed on 7 g 
Si02. Benzene, ether and ether with 1-2% 'mixture' eluted only traces of material (discarded). The 
ffactions 12-16 (122 mg eluted with ether+4-45% 'mixture') showed only one spot in the PC. The 
following fractions gave only little material and were discarded. The mentioned fractions 12-16 gave 
from chloroform/ether colourless leaflets, m.p. 205-206" (viscous melt, very slow heating gave m.p. ca. 
192-193"), [u ]g=  - 1.2"f 2" (c= 1, CHC13); for analysis recrystallized from methanovether (TR-1527-C). 
These crystals contained water but no chloroform and no ash. After careful drying in vucuo the residue 
was hygroscopic and had to be introduced with appropriate care into the analyser. 

C47H,50022+ H 2 0  (994.97) Calc. C 56.73 H 6.28% Found C 56.43 H 6.00% 
Mixed m.p. with authentic material [3b] gave no depression, running distances in PC. were identical. 

Musler et al. [3b] found m.p. 185-189", rug2= -2.5" (c=0.99, CHC13) and C 56.87 H 6.47%. 
Syriobioside (7) (TR- 1525) colourless rectangular crystals from water or needles from methanol/ 

ether, m.p. 221-223" (viscous melt), containing water but no ash. - UV.: Ig&=217 nm (loge=4.14). - 
1R. (KBr): 1778; 1737; 1622 (butenolide); no peak or shoulder of a keto-group was visible at ca. 
1710-1720 cm-I. - 'H-NMR. (R-429 in CDC13): 0.895 (s, 3, 3 H-C(19)); 1.09 (s, 3, 3 H-C(18)); 4.80 (s, 
I ,  H-C(1')); 4.85 (d, 2, J =  2,2 H-C(21)); 5.90 (s, I, H-C(22)). - Mass spectrum see Figure 4. 

No 2-deoxysugar was detectable after mild hydrolysis and no 'normal' sugar after vigorous hydro- 
lysis with Kiliani-mixture, but Hesse's osazone reaction was strongly positive. 

C29H40011+ H20 (582.63) Calc. C 59.77 H 7.27% Found C 59.80 H 7.35% 
Mixed m.p. with authentic material gave no depression, running properties in TLC. and PC. were 

the same. Musler et al. [3a] found m.p. 220-222", [ a ] g =  + 11.5" (pyridine), C 60.15 H 7.79%. We 
observed mutarotation (see above). 

Tetra-0-acetyl-syriobioside (8) (TR-1561). 31 mg syriobioside (7), second quality, 0.6 ml abs. pyridine 
and 0.4 ml acetic anhydride were treated as described for 11. The crude product (42 mg) gave crystals 
from acetone/ether, m.p. 300-306". To eliminate impurities the whole material (42 mg) was chro- 
matographed on 1.7 g A403 (Woelm, neutral, activity IV), fractions of 5 ml each being taken. Elution 
with benzene, benzene/ether and pure ether (all with 1% ethyl acetate to prevent deacetylation) gave 
only ca. 4 mg Kedde-negative material (discarded). The fractions 8-13 eluted with ether+ 2-8% 'mixture' 
contained the bulk of 8. Further fractions, eluted with ether+ 1420% 'mixture' still contained a little 8, 
and more polar material. After reacetylation and chromatography they also gave a little pure 8. From 
methanovether colourless leaflets, m.p. 338-340" (decomp.); [a ]g= + 33.2"+ 3" (c= 0.59, CHCI3); 
containing water but no ash. - UV.: ?.:$,i = 2 13 nm (loge = 4.23) no shoulder visible between 270-290 nm. 
- 'H-NMR. spectrum see Figures I 4  and 15. - Mass spectrum see Figure 9. 

C37H48OI5+H20 (750.77) Calc. C 59.19 H 6.71% Found C 59.33 H 6.53% 

Enzymatic degradation of syrioside. 50 mg pure syrioside (lo), m.p. 230-231 and 50 mg snail enzyme 
were dissolved in 7.5 ml 1% aqueous acetic acid, two drops of toluene added, and left closed at 30" for 
12 days with occasional shaking. Working up as mentioned above gave 43.5 mg chloroform soluble 
material (crude 12) and 10 mg water soluble sirup. The latter showed in PC. and TLC. only the spot 
of glucose. 

The chloroform soluble part (43.5 mg) was chromatographed on 3.5 g Si02. The first 12 fractions 
(eluted with benzene, ether and ether + I-8% 'mixture') gave 2.3 mg Kedde-negative material (impurities 
from enzyme; discarded). 

Fr. 13-15 (6 mg, eluted with ether+ 1&12% 'mixture') consisted of nearly pure desglucosyrioside 
(12) still containing traces of two faster running cardenolides. 

Fr. 16-21 (23 mg, eluted with ether+ 12% 'mixture') gave only the spot of 12 in PC. 
Further fractions 22-25 (eluted with ether+ 14-30% 'mixture') gave only 1.7 mg amorphous material 

giving only three weak spots in PC. (discarded). 
Desglucosyrioside (12) (TR-1554). Slowly gave crystals from slightly moist chloroform/ether, m.p. 

203-204" (viscous melt), [a]#= +25.5"+ 1" (c= 1.2, CHCI,). Mixed m.p. with syriobioside gave no 
distinct depression. - IR. (KBr): (see Fig.2) showes ketoband at 1709 cm-I. - IH-NMR. (R-436 in 
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CDCl3): 1.06 (s, 3, 3 H-C(19)); 1.19 (s, 3, 3 H-C(I8)); 1.23 (d, J = 6 ,  3, 3 H-C(6')); 3.45 (d, J=5 ,  1, 
H-C(7)); ca. 4.8 (s, C(l'), partly covered by C(21)); 5.99 (s, 1, H-C(22)). - MS.: see Figure 5.  

C29H38011 +H,O (598.62) Calc. C 58.18 H 7.07% Found C 58.02 H 6.66% 

Tri-0-acetyl-desglucosyrioside (13) (TR- 1555) from pure 12. 14 mg desglucosyrioside (12), 0.3 ml 
abs. pyridine and 0.2 ml acetic anhydride were treated as described for 11. The crude product (18 mg) 
was purified by chromatography on 800 mg A1203 ( Woelm, neutral activity IV). The column prepared 
with benzene containing 1% ethyl acetate (to prevent deacetylation), was eluted (1.5 ml per fraction) 
with benzene/ether (+ 1% ethyl acetate), ether (+ 1% ethyl acetate) and ether+increasing amount of 
'mixture'. The pure compound 13 (15 mg) was eluted with ether+7-20% 'mixture'. Colourless leaflets 
from dry methanovether, water and ash-free, m.p. 302-303", [a#= +3.4"+2" (c=  1, CHC13), mixed 
m.p. with tetra-0-acetyl-syriobioside (8) gave no distinct depression. - UV.: A&!,= 213 nm with shoulder 
between 27@295 nm, (loge = 2.34 at 283 nm). - 'H- and I3C-NMR.: see Figure 16 and Tables 3 and 4.  - 
MS.: see Figures I0 and 11. 

C35H44014 (688.70) Calc. C 61.03 H 6.44% Found C 60.84 H 6.56% 

An additional quantity of ca. 15 mg pure 13 (m.p. 301-303") could be obtained from the combined 
amorphous fractions containing 12 after acetylation and chromatography on A1203. 

Di-0-acetyl calactin (23 or 23A) (TR-1534) from pure calactin. 10 mg pure calactin (22 or 22A), 
m.p. 266-267" (dec.) giving only one spot in PC. (system C), 0.15 ml abs. pyridine and 0.1 ml acetic 
anhydride were treated as described for 11. The crude product (13 mg) gave colourless crystals arranged 
in spherical clusters, m.p. 252-254", [a ]g= +42.3"f2" (after 2 min) dropping to +38.1°f2" (after six 
min, constant), (c=0.84, CHC13). - 'H-NMR. (R-429 in CDCl3)I9): see Table 4. - EI-MS. (Nr. 17216, 
30.1.75, probe temp. 100°20)) gave no molecular peak ( M t  = 616) but peaks (relative intensity calc. for 
m/e 497=100%) at mle 573 (6%, M-43); 556 (84%, M-60); 538 (%, 556-18); 497 (loo%, 
M-60-60+ 1); 479 (16%, 497-18); 478 (2%, M-60-60- 18); neither G f 4 2  (446) nor G(404) was 
visible but 387 (10%, G-  18+ 1); 369 (15%, G- 18- 18+ 1) and 351 (16%, 369-18); 341 (18%, 369-28); 
323 (33%, 341-18 and 351-28); 269 (10%); 171 (45%, 41+H=43); 129 (20%, 18+H); 117 (18%) and 
111 (IS%, 129-18). 

Di-0-acetyl-calactin (23 or 23A) (TR-1534) and Di-0-acetyl-calotropin (25 or 25A or 26) (TR-1533) 
from mixtures. 12 mg cryst. mixture of calotropin (14 or U A ) +  calactin (22) from Pergularia extensa [49] 
(rich in 24) was acetylated as described above. The crude product (16 mg) was separated by preparative 
PC. on three sheets of Whatman 3 MM paper 19 cm wide impregnated with 33% of formamide using 
solvent B. The front at 39 cm was reached in about 4 h. Small strips were cut out for spraying with 
Kedde's reagent. Positive reaction was observed in 4 zones. Each was cut out, eluted with methanol/ 
water 95: 5, the solution evaporated in vacuo, the residue dissolved in chloroform/ether, washed with 
2N HCI, water, 2N Na2C03 and water, dried over Na2S04 and evaporated. 

3 mg zone 1 (0-45 mm from start) contained slow mowing material; discarded. 
3 mg zone 2 (120-165 mm from start) contained di-0-acetyl-calactin (23) which crystallized. 
8 mg zone 3 (180-225 mm from start) gave only the spot of di-0-acetyl-calotropin (by comparison 

with material obtained from 1 mg of pure calotropin by acetylation. 
1.5 mg zone 4 (290-320 mm from start) contained an unknown compound (TR-1562) which ran 

about three times faster than di-0-acetyl-calotropin in system A, i.e. only 0.75 as far as O-acetyl-uzari- 
genin (1, R =  Ac). Not further investigated. 

The material from each of the zone 2-4 was purified by chromatography on Si02 or A1203 (Woelm, 
neutral, activity 111), or both to eliminate impurities and products of autoxidation. 

The 3 mg of zone 2 were combined with 33 mg of similar material from other experiments (total 
36 mg), and chromatographed on 2.5 g A1203 using 3 ml solvent per fraction. The column was prepared 
with benzene+ 1% ethyl acetate to prevent deacetylation and the same amount was added to all eluents. 
Fractions 1-8 (9 mg eluted with benzene, ether and ether+ 1-4% 'mixture') were Kedde-negative; dis- 
carded. 

19) Performed on a 'Varian spectrophotometer, model HA-100'. We are very grateful to Dr. H. Fuhrer 

20) Performed on a 'Varian-CH,' instrument with direct inlet system, at 70 eV and 300 u Amp. We 
and Mr. A. Borer, Physiklaboratorium Ciba-Geigy AG Basel, for providing this spectrum. 

thank Dr. H. Hiirzeler, Physiklaboratorium Ciba-Geigy A G Basel, for providing this spectrum. 
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Fr. 10- 18 (1 1.2 mg eluted with ether + 6-300/0 'mixture') showed in PC. only the spot of 23, and from 
methanovether gave 6 mg crystalline di-0-acetyl-calactin (23), m.p. 262-264". 

Fr. 19-26 (3 mg, eluted with ether+ 'mixture' and pure 'mixture') gave only a very weak spot at 
start; discarded. 

The 8 mg of zone 3 were combined with 25 mg of similar material from other experiments. These 
33 mg were first chromatographed on 2 g SiOz. 8.5 mg of Kedde-negative material obtained from the 
first 10 fractions was discarded. The di-0-acetyl-calotropin (25 or 26) came down in fractions 11-16 
(10.1 mg, eluted with ether+ 1&30% 'mixture'). Further fractions 17-28 gave 7.3 mg impunties; dis- 
carded. 

The mentioned 10.1 mg concentrate was rechromatographed on 1 g A1203 (Woelm, neutral, activity 
III), the column being prepared with benzene containing 1% ethyl acetate to prevent deacetylation. Here 
again 0.7 mg Kedde-negative material obtained from the first six fractions was discarded. Purest di-0- 
acetyl-calotropin (25 or 26) (5.4 mg) was eluted with ether+ 4-8% 'mixture', and 1 mg of second quality 
material in the two following fractions (10-12% 'mixture'). The last fractions gave only 2 mg of im- 
purities. 

Di-0-acetyl-calorropin (25 or 25A or 26) (TR-1533). The above 5.4 mg were the purest material 
obtained as amorphous glass, [a]#=0"+2" (c=O.6, CHCl3). - IH-NMR. (R-440 in CDC13)19), see 
Table4. - In EI mass spectrum (Nr.20528, 19.11.76, probe temp. 160")"), no molecular peak 
(M+ =616) visible but strong peak at m/e 556 (loo"', M-60); 497 (lOO%, M-60-60+ 1); neither 
G+42 (446) nor G (404) was visible but 387 (76%=G- 18+ 1); 369 (48%=387-18); 351 (40%=369-18); 
341 (43% =369-28); 323 (53% =351-28 and 341-18); 269 (24%); 171 (78%=43); 129 (96% =18+H); 128 

Acetolysis of hexa-0-acetyl-syrioside (11). (Conditions see [SO]). 102 mg hexa-0-acetyl-syrioside 
(11) were dissolved in 1 ml acetic anhydride, 25 mg anhydrous ZnCI2 (freshly fused in vacuo) was 
added, and the mixture heated to 100" for 30 min. Then it was poured on 10 g broken ice and left for 15 h 
at 20". Extraction (three times with 6 ml chloroform each time) washing of the solutions with water, 2~ 
Na2C03 and water, drying and evaporation gave 92 mg crude brown product. This was chromatographed 
on 5.5 g SiOz with 10 ml per fraction. 

The first four fractions (eluted with benzene and benzenelether mixtures gave only 1 mg amorphous 
material; discarded. 

Fractions 5-7 (26 mg eluted with pure ether) gave from benzene/petrolether 13 mg crystalline 
penta-0-acetyl-D-glucose TR-1528), m.p. 96-103", [ a ] g =  +64.5"+ 1" (c= 1.3, CHCl3). 

(92%=18); 111 (84%=129-18). 

CI6H22O1, (390.34) Calc. C 49.23 H 5.68% Found C 49.79 H 5.900/0 

Further fractions (eluted with ether+ 'mixture' and pure 'mixture') gave 66 mg amorphous material, 
and no crystals could be obtained after reacetylation and further chromatography. No indication for 
the presence of octa-0-acetyl-gentiobiose was found which is formed under our conditions of acetolysis 
from glycosides containing this disaccharide [50]. 

The 13 mg of crystals (TR-1528) were a mixture of 61.2% penta-0-acetyl-a-D-glucose with 38.8% 
/&derivative. These two isomers could not be separated in normal chromatography on Si02 and gave 
the same Rf-values in TLC. An artifical mixture of 62% penta-0-acetyl-a-D-glucose (m.p. 11 1-1 12", 
[a lp= + 101.6", CHC13) with 38% /3-derivative (m.p. 130-131" [a]@= +3.8", CHC13) gave crystals from 
benzene/petrolether with m.p. 96-103", [a]@= +67.3"+ 1 "  (c= 1.37, CHC13). The mixture with TR-1528 
gave no depression and the running distance on TLC. was exactly the same. 
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