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Abstract-Aqueous hydrochloric acid hydrolysis of the mixture of thelothurins A and B, the saponins from the sea 
cucumber Thelonaia anunm Jaeger, gave a complex mixture from which six sapogenins were isolated. Chemical 
and spectroscopic evidence led to the assignment of structures 3-8 to these genins which are correlated to the 
known seychellogenin acetate (9). It is also shown that cornpou~~ 1 and 2, obtained by mild aqueous acetic acid 
hydrolysis of the thelothurins, are the genuine aglycones, whereas 38 are artifacts. Their formation during the 
hydrolysis of the saponins is discussed. The aglycone moiety of thelothurins A (20,) and B (20,) was biosynthesized 
from the acetate. 

In the previous paper’ we reported the structures of the 
two sapogenins 235 - acetoxy - A* - holostene - 38 - d(1) 
and 235‘ - acetoxy _ A’,” - holostadiene - 38 - 01 (2). 
derived from thelothu~ns A and B by mild aqueous acetic 
acid hydrolysis. 

We now report the structures and intercorrelation of 
six genins 3-g obtained by the classical method of 
aqueous hydrochloric acid hydrolysis of the parent 
saponins, namely 235 - acetoxy - A’“’ - holostene - 38 - 01 
(3), 6%“’ - holostene - 38,235 - diol (41, A”“.” ” 
holostadiene - 38,235 - diol (5)” 235 - acetoxy - A%‘1)2J - 
holostadiene - 38 - 01 (6), A”” - holostene - 3/3,23&25 _ 
trio1 (7), and 235 - acetoxy - A%“’ - holostene - 38.25 - diol 
(8). Compounds 3 and 4 have already been described,“’ 
whereas S-t? are new sapogenins. 

The empirical formula of sapogenin 3, established by 
MS (M’ 5141, is &H&. The mass spectrometric 
fragmentation pattern and the IR spectrum (voH at 
3450 cm ‘, urlo 1765 and 1740 cm-‘) of 3 are very similar 
to those of 235 - acetoxy - A* - holostene - 3@ - 01(l)’ from 
which it is undistinguishable by TLC on silica gel plates 
impregnated with silver nitrate. Its NMR spectrum, 
however, (Table 1) differs from that of 1 by the presence 
of two 1H mat 5.22 (vinylic H) and at 2.93 ppm and of two 
3H s at 0.88 and 1.16 ppm assigned to the C-30 and C-19 
methyls respectively. The C-30 Me is thus shielded by 
0.14 ppm and the C-19 Me deshielded by 0.08ppm from 
their respective positions in 1 (Table if. All these data 
suggest that 1 and 3 are double bond isomers. The only 
positions compatible with a trisubstituted C=C in the 
hoiostane skeleton’ are A’, A7 and A%“). The latter has been 
found to occur in 234 - acetoxy - 17 - deoxy - 7.8 - 
dihydroholothurinogenin, recently isolated from ~j~c~op~~ 
&loronotus.*.’ Indeed, 3 is identical with the latter by IR, 
MS, m.p., ICI] and NMR. Using the more convenient 
nomenclature based on the holostane skeleton,3 is thus 231 
- acetoxy - A%“) - holostene - 3/? - 01. 

Compound 4 is a dioi of empirical formula C,H,O‘ (M” 
472). The spectral data of 4 (IR: voa 3450cm-‘, vc-o 
1760 cm- ‘; NMR: Table 1) suggest it to be the correspond- 
ing diol of 3. Indeed, acetylation of 3 and 4, under usual 

conditions, affords the same diacetate 10; moreover, base 
treatment of 3 yields pure diol4 which is identical with the 
already described A,a”) - holostene - 38,231 - dial.* 

Quite recently, Elyakov et al. have reported the 
isolation of genin 3 from ~~elon~ra unun~s~~~ and 
A~rjc~~p~~ ~u~fj~~s~ In both holothu~ans, 3 is accom- 
panied by another sapogenin whose structure has not 
been discussed by Elyakov. From the spectroscopic data 
published by the Russian group and from our own results 
(dde infm) it seems most likely that the second 
compound of Thelonora ORU~US is diol4. 
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The spectral data of genin 5, CloH,O, (M’ 470). 
establish the presence of a y-lactone (v~_~ 1765 cm-‘), of 
two secondary OH groups (voH 3500 cm-‘, two IH m at 
3.20 and 3.%ppm H-C-OH) which could be acetylated, 
under usual conditions, to give diacetate II (no yoH band, 
vctio 1735cm.‘). of a Me on a double bond (3H bs at 
1.77 ppm C=C-CH,), of a vinylidene group (v(.% 1650 cm ’ 
and SoH2 895 cm-‘, 2H m at 4.85 ppm C=CH,) and of a 
trisubstituted double bond (IH m at 5.20 ppm C=C-H). 
The absence of an isopropyl group in NMR (Table I) 
together with the presence of a Me on a double bond and 
of a vinylidene group strongly suggest 5 to contain an 
isopropenyl group in the side chain. This hypothesis is 
proved by Jones oxidation of 5 into dione 12 (no voH band, 
rq._o 1755 and 1715 cm-‘) whose NMR spectrum displays 
two 2H s at 3.07 and 3.14 ppm attributable to the C-22 and 
C-24 methylenes respectively, two IH bs at 4.90 and 
5.02 ppm due to the C-26 protons and a IH m at 5.32 ppm 
(C=C-H). The low field singlet of the C-24 methylene 
suggests it to be vicinal to two deshielding groups, namely 
the C-23 carbonyl and a double bond in C-25. This 
interpretation is further confirmed by the following 
observations. Dione 12, showing only end-absorption in 

neutral methanol, absorbs at 237 nm (e = IoooO) in 
MeOH/KOH 0.02 M. This may be interpreted as a base 
catalysed double bond migration into conjugation with the 
C-23 CO function. By increasing the concentration of 
KOH to 0. I M, a double absorption is observed at 243 nm 
(e = 6700) and 277 nm (e = 5600). A tentative explanation 
is shown in Scheme I. 

Scheme I. 
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Moreover, on refluxing dione 12 in pyridine, an isomer% The spectral data of sapogenin 8 (C,,H,,06, M”-18: 5 12) 
dione 13 is obtained resulting from the isomerisation of indicates the presence of a y-lactone ( vca, 1760 cm“), of 
the AD-double bond in conjugation with the CO at C-23. a secondary OH group (voH 3480cm”, IH m at 3.22 ppm 
The spectra! data of 13 (UY: A,, 238 nm, e = 13500; IR: H-C-OH) and of an acetoxy! function (Q~, 1740 cm-‘, 3H 
vca 169Ocm-’ and vcK 1620cm-‘; NMR: two 3H bs at s at 2.04 ppm C&COO, loss of acetic acid from the ion at 
1.93 and 2.16 ppm CH,-27 and C&-26 respectively, I H bs 
at 6.17 ppm Q-24, d&appearance of the 2H sat 3.14 ppm 

m/e = 512 in MS). Moreover, a 2H m 5.25 ppm is 
attributed to one vinylic proton and to one proton on the 

of 12) are in complete agreement with the published data carbon bearing the acetoxy! function, since acetylation of 
for 23-oxo-A*’ chromophores.’ This definitely establishes 8 under usual conditions yields a diacetate identified with 
the 23 - hydroxy - A*’ functionality of the side chain of 14 by comparison of their IR and MS. Moreover, alkaline 
compound 5, which was shown to be Aq”‘35 - holostadiene hydrolysis of 8 gives pure 7 (R,, IR). These results show 8 
-38,235 - dioi (5) by catalytic hydrogenation of 5 into diol to be a monoacetylated derivative of 7. As in the case of 
4, identified by TLC on silver nitrate impregnated silica 6, the C-23 position of the acetoxyl, suggested by analogy 
gel plates, m.p., MS, IR and NMR. with compounds I-3, is deduced from the 1H m at 

The IR, NMR and MS of compound 6 (C12H*XOX. M” 5.25 ppm in the NMR of 8, which is thus 23[ - acetoxy - 
512) suggest the presence of a y-lactone (vc_o 1760 cm”), Ay(“’ - holostene - 3&25 - dio!. 
of a secondary OH group (poH 354Ocm ‘, IH m at In order to prove unambiguously the skeleton of 
3.19 ppm H-C-OH), of an acetoxyl group ( vcs 1720 cm ‘, compounds 3-8 which is still based on spectroscopic 
3H s at 2.05 ppm C&COO, loss of acetic acid from evidence only,’ we tried to corretate chemically sapogenin 
molecular ion in MS), of a Me on a double bond (3H bs at 3 with compound 1. However, when 10 (diacetyl-3) is 
1.78 ppm C=C-CI&) and of a vinylidene group ( vcs 1660 treated with dry gaseous hydrochloric acid in anhydrous 
and &,,, 895 cm-‘, 2H m at 4.83 ppm C=CH,). The 2H m chloroform, a reaction used to isomerise 24,25 - dihyd- 
at 5.23 ppm is attributed to the vinylic proton at C-l I and roparkeol (16) into 24,25 - dihydrolanostero! (17): no 
to the proton on the carbon bearing the acetoxy! function. double bond migration from the A\““’ into the A’ position 
These assignments are confirmed by base hydrolysis of 6 takes place. On the contrary, bubbling dry HCI in a 
into its corresponding dio! identified with 5 by UV, IR, MS chlorofotmic solution of 1 transforms the latter into its 
and NMR. Hence 6 is a monoacetylated derivative of 5. Affrti-isomer 3. The sa~genins 1-8 are thus interrelated 
The location of the acetoxyl in C-23, suggested by analogy and also correlated’ to seychellogenin acetate (P),‘O 
with genins 1-3, comes from the NMR of 6 in which the as summarized in Scheme 2. The structures of 3-8 are 
proton on the carbon vicina! to the acetoxy! function thus completely established except for the absolute 
appears more deshielded (5.23 ppm) than expected for a configuration at C-23. 
3aH (about 4.55 ppm”). This conclusion is also supported 
by the similarities in the NMR spectra of 2 and 6, the latter 10 

thus being 235 - acetoxy ” A”““s - holostadiene - 38 - 01. 
Examination of the more polar sapogenin fraction 

obtained through hydrochloric hydrolysis of the thelo- 
thurins leads us to isolate two products 7 and 8. 

The IR and NMR spectra of genin 7 (C&,0,. M+-18: 
470) establish the presence of a y-lactone (vca 

i-0’. : h2 P1.Z.. I ‘ 

1755 cm-‘), of two secondary hydroxy! groups (vOH 
I .t:.*e* 

ffopropenyl 
<;lx3 

2 

3440 cm-‘, two 1H m at 3.23 and 4.24 ppm H-C-OH) and e-5-12Y 

of one trisubstituted double bond (IH m at 5.23 ppm 
C=C-H). The fifth 0 atom of 7 must belong to a tertiary 
OH group since acetylation of 7 under usual conditions 
affords diacetate 14 whose IR still possesses an OH 
absorption at 3SOOcm-‘. Moreover, the absence of an 
isopropyl group in the NMR of 7 (Table 1) as we!! as the 
presence of two Me’s attached to quaternary carbons 
probably vicinal to an oxygen (two 3H s at 1.26 and Scheme2. 
1.32 ppm) strongly suggest the existence of an isopropylo! 
group in 7. This is proved by Jones oxidation of 7 into We shall now discuss the formation of these com- 
dione 15 (vOH 3500 cm-‘, Ye* 1760 and 1708 cm-‘) whose pounds by acid catalysed hydrolysis (2N HC!, reflux 
NMR spectrum displays two 2H s at 2.63 (C&-24) and during 4 hr). Milder hydrolysis conditions (reflux in 0.5 N 
3.02ppm (C&-22), a IH s at 3.48ppm disap~a~ng on aqueous-methano!ic HC! or H,SO, for 3.5 hr) greatly 
addition of D,O and one vinylic proton at 5.28ppm reduce the yield of compounds 7 and 8. On shortening the 
@C-H). The chemical shift of the C-24 methylene hydrolysis period (idem 2 hr. I hr, 0.5 hr), one can also 
suggests it to be vicina! to two deshielding groups, the observe a progressive decreasing production of dials 4 
C-23 carbony! and the isopropylo!. The @-hydroxyketone and S, and nearly no more 7 and 8. These results seem 
moiety of 15 is also indicated by the intense ion in MS at to indicate that compounds 4, 5, 7 and 8 are hydrolysis 
m le = 426 (M+-58). interpreted as a loss of acetone via a artifacts, which is confirmed by acid treatment of pure 3 
retro-aldo! fr~mentation. Finally, dehydration of dione and 6. When pure 3 is refluxed in aqueous sulfuric t-BuOH 
15 into the known 13, identified by m.p., UV, IR, MS and for 2 hr, 4 is obtained in a good yield, confirming that it 
NMR, not only establishes the 1,3-relationship between occurs via an acid catalysed hydrolysis of the side chain 
the secondary and the tertiary hydroxyls of the side chain acetate of 3. Dio! 4 appears to be stable in acid conditions 
in 7, but also constitutes a chemical correlation of AwIn - since it is recovered unchanged after a 3 hr reflux in l.SN 
holostene - 3&23&25 - trio! (7) with A9(“).2J - holosta- aqueous sulfuric acetone. 
diene - 38,234 - dio! (5). On the other hand, when pure 6 is treated in acid media 
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(aqueous sulfuric acid~solven&), genin 5 is formed alone or the sapogenins obtained are then mainly a mixture of 3 
accompani~ with 7 and 8, depending on the solvent used. and 6, still containing a small mount of 1 and 2.t These 
With dioxane, only diol 5 is obtained, even after a 20 hr experiments show that, in aqueous acetic acid, the 
reflux, while with t-B&H or acetone, 6 yields, in addition formation of 1 and 2 are under kinetic control and that of 3 
to 5, small amounts of 7 and 8. and 6 under thermodynamic control. 

Thus acid treatment of 6 allows two com~ting 
reactions to occur: the hydrolysis of the acetoxyl function 
affording 5 or the addition of water on the isopropenyl 
group yielding 8, the former being predominant. Subse- 
quently, 7 can be formed either from 5, by addition of 
water, or from 8, by hydrolysis of the C-23 acetoxyl 
function. At least the existence of the former pathway 
was proved by treatment of S in aqueous sulfuric acetone 
which gives a small amount of 7. 

Accor~ngly, 1 and 2 are the genuine aglycones of the 
parent toxins, thelothu~ns A and B respectively rep- 
resented by 25, and 25.. Hence, ail of the A”“- 
compounds described in this paper are artifacts, 

Since aqueous or alcoholic mineral acid (HCI, H,SOI) 
promotes rapid isomerization of the A’ into the more 
stable A~“)-genins, aqueous acetic acid may be consi- 
dered much safer than the classical WC1 method for 
saponin hydrolysis. 

Hence, the primary products of the hydrochloric acid 
hydrolysis of the thelothu~ns A and B are 3, from which 4 
is derived, and 6 which gives rise to $7 and 8. However, 
since the acetic acid hydrolysis affords as sole products 
the A8 isomers I and 2 and since it is known” by the MS of 
the glycosides A and B that their aglycones have molecular 
ions at m/e = 514 and 5 12 respectively, it remains to assess 
whether the double bond isomerisation takes place in the 
acetic or in the hydrochloric medium. Unfortunately, no 
olefinic proton can be detected in the NMR spectra of the 
saponins or of their permethylated derivatives since too 
many signals appear between 4.50 and 6.05 ppm. 

Therefore, 3 is treated with aqueous acetic acid at 100”. 
In addition to a smatl amount of its diacetate IO,” 3 is 
recovered unchang~ as attested by its NMR spectrum 
(the only reliable method t5 distinguish I and 3). On the 
other hand, when 18 (acetyl-1) is refluxed in aqueous 
dioxane containing sulfuric or hydrochloric acid, a 
mixture of com~unds is obtained from which the major 
less polar component is isolated and identified as pure IO 
by NMR. This leads to the conclusion that the double 
bond migrates from the A” position (as in 18) into the A*“’ 
(as in 15) in the hydrochloric medium and that the reverse 
does not occur. 

Until recently the origin of the holothurins was not 
clearly established. Barbier et a!.,‘” studying the biosyn- 
thesis of sterols in .%&opus ju~onjc~~, could only 
observe an inco~oration of acetate-12-‘“C in squalene. 
The holothurjans thus seem unable to transform squalene 
into lanosterol and to synthesize their own sterols. 
Consequently, it was suggested that the triterpene 
glycosides should entirely originate from the diet. In 
contrast with these results, Goad” and Voogt’” estab- 
lished the existence of a sterol biosynthesis in the sea 
cucumbers. 

Moreover, when the mixture of thelothurins A and B is 
hydrolysed in acetic acid for a longer period (e.g. 10 hr), 

Therefore, in order to investigate the glycoside 
biosyn~esis in holothu~ans, we injected into the 
coelomic cavity of ~~efonora Q~~nas a sea water solution 
of acetate-t-Y (0.1 mCi). After a three day incubation, 
both animals (blank and labelled) were eviscerated and 
the sun-dried skins extracted as usual to obtain the 
mixt~e of thelothu~ns A and B (ut,,). This mixture 
appeared to be radioactive, the yield of incorpora- 
tion being however extremely low (29 
declmglmin), that is an incorporation of 
5. IO-‘% (Table 2). Aqueous hydrochloric acid hydrolysis 
of the saponins isolated from animals Nos. 1 and 2 
afforded, on silica gel column chromatography, the 
mixture of genins 3 and 6 which were not separated. After 
repeated crystaliisation. products 3 and 6 from the blank 
showed no activity whereas the ta~ll~ng of genins 3 and 6 
from specimen No. 2 amounted to a constant value of 
j-52 dec/mg/min. This establishes that the activity of the 
alycosides is significant and thus that Tke~onota an~na~ is 

*The obtention of IO, in addition to the expected A’.““’ 
conjugated diene 19, by selenium dioxide treatment of 18 in 
aqueous acetic acid during 17hr (see previous paper’), is now 
understood as a competition between the Se& oxidation of the AR 
into the A’.““-conjugated system and the slow acid catalyzed 
isomerisation of the A”- into the A%“‘-double bond. inert to Se% 
in this series.” able to biosyn~hesize its defensive toxins. 

Table 2. Biosynthetic data 
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Moreover, the data collected in Table 2 show that the 
thelothurins A and B are almost exclusively labelled in the 
aglycone moiety whose specific activity (in 
decompos~tions/mmole) is equai, in the limits of experi- 
mental errors, to that of the saponins. The sugars are thus 
not, or nearly not radioactive. This may be in agreement 
with the hypothesis of an exogeneous origin of the 
carbohydrates, but a rapid exchange of the sugars cannot 
be excluded. The latter however, would not explain that 
the thelothurins A (20,) and B (20s) obtained from animals 
collected in the Seychelles archipelago and near Singa- 
pore differ in their carbohydrate composition.” This is not 
surprising for it has been reported$ that the saponins of a 
given species of holothurian may show important 
fluctuations in carbohydrate composition, probably as- 
sociated with seasonal variations or with a geographic 
distribution of the animals. 

During the preparation of this paper. Elyakov er uL” 
reported the biosynthesis, from acetate-1.2”C, of the 
glycosides obtained from Sfirhopus japonicus. The 
labelling was mainly concentrated in the aglycone of the 
saponin, whereas the sugar moiety was nearly not 
labelled. 

Our ret&s, obtained on another species, completely 
confirm the observations of Elyakov. 

Since the aglycones are synthesized de now and since 
the sugars of the saponins may originate from the diet, 
only the former should be taken into account, for 
chemotaxonomic interpretations. 

EXPERIMEHrz4L 

The equipment is described in the previous paper except for the 
~dioactivity measurements carried out, by liquid scintillation 
counting, on a Packard tri CARB 331.5 instrument. Samples are 
dissolved in I cm’ methanol and the solution is dispersed in 15 cm’ 
of insta-gel emulsifier (Packard). The labelled CH,-“COONa is a 
commercial product available from the lnstitut National des 
Radidlements. 

The isolation of the mixture of thelothurins A and B (to,,) has 

been previously described, see Refs. II and 1. 
Drasfic hydrolysis of fhefufha~ns A and B. Compound 20,,. 

(3 g) was treated at 100” during 4 hr in 2N HCI (180 ml). The 

reaction medium was worked up in the usual way. The crude 
extract (I g) was subjected to silica gel column chromatography 
using a gradient of acetone (from 5 to 56%) in light petroleum. The 
fractions 9-l I contained IS mg of an unidentified compound. The 
fractions 12-22 contain 6OOmg of a mixture of 3 and 6 as it 
appeared by MS (two molecular ions at m ie = 5 14 and 5 12). The 
fractions 2428 contained I40 mg of the mixture of 4 and 5 (two 
molecular ions in MS at m ie = 472 and 470). The fractions 30-36 
contained 65mg of the mixture of 7 and 8 unseparable in this 

solvent system. 
fsolafion afpure 3 and 6. The mixture of 3 and 6 (600 mg) was 

chromatographed several times on silica gel columns impregnated 
with 10% AgNO,. Elution occurred with a gradient of acetone 

(from 3 to 40%) in light petroleum. This gave 400 mg of pure 3 and 
168 mg of pure 6. 

Compound 3: m.p. 221-222”; [a],,= -W.O (c = 1.01 in 
CHCI,); UV: end absorption; IR,,: ~<,u 3540 cm ‘, vc.0 1765 and 
1740cm ‘, i+ ‘, 1245cm ‘, Sc_c.crr 945cm.‘: MS: M’ 514 (19. 
C,,H,O,). 499 (2, M’-CH,), 4% (1, M’-H,O), 481 (I. M’-CH,, 
H,O), 454 (4, M’-CH,COOH), 439 (14, W-CH,, CH,COOH), 421 
(25. M’-CH,. H,O. C~.COOH). 395 f.56. M’-CH.. CHZOOH. 
CO,). 393 (IO), 377(5, M’-CH,CO,,‘CH600H;‘H,Oj; NNR; 
Table 1. 

Compound 6. m.p. 225-227O; [alo = -4”.O (c = 0.88 in CHCI,); 
UV: end absorptton: IRnlm: PC)” 354Ocm ‘. Yap, 1760 and 
1720cm.‘. Y~.~ 166Ocm ‘, Ye. <, 126Ocm“, Sc,:, 945 cm-’ and 
6c+.u2 895 cm ‘: MS: M’ 512 (12, C,,H,O,), 497 (4. M+-CH,), 
494 (2. M’-H,O), 479 (2, M’-CH,, H,O), 452 (9, M’-CH,COOH), 

437 (7, M’-CHr CH,COOH), 419 (IO, M’-CH,, CH,COOH, 

H,O), 393 (14, M’-CH,. CH,COOH, COr), 375 0. M’-CH,, 
CH,COOH, H,O, CO,), 365 (4): NMR: Table 1. 

lsolafioa ofpure 4 and 5. The separation of 4 and 5, extremely 

poor on the dials, was achieved on their diace~yiat~ derivatives 

10 and 11 on AgNO, impregnated silica gel columns. The pure 
dials 4 and 5 were then recovered by base hydrolysis of 10 and 11 

respectively. 
Acefylafion of fhe mixfure of 4 and 5. The mixture of 4 and 5 

(140 mg) was treated with Ac,O (3 ml) in pyridine (3 ml) at room 
temp. for 17 hr. The medium was worked up in the usual way to 

yield l45mg of the crude mixture of 10 and 11 which were 
separated by column chromato~aphy on silica gel impregnated 
with 10% AgNO,. Elution with a gradient of acetone (from 2 to 
5%) in pentane gave in the fractions I l-21 90 mg of pure 10. 

Compound 10. m.p. 189-191”: UV: end absorption; IRrum: no 

r+,u. Ye <, 1765 and 1735 cm-‘, yc_* 124Ocm ‘, &,:, 94tlcm ‘: 
MS: Y’S56 136, C,,H,,O,), 541 (4, M+-CH,, metdstable ion at 
527.2: 556-+54t), 510 (3). 4% (20, M+-CH$_ZOOH, metastable ion 
at 442.8 55634%). 481 (26, M’-CHI, CH,COOH. metastable ion 
at 466.3: 4%-+48l and metastable at 427.5: 541+481), 457(4), 451 

(10)+437(73, M’-CH,,CH,COOH, CO3,421(58, M’-CH,COOH, 
CH,, CH,COOH), NMR (CDCI,): 0.88 (s, 3H, C-30) -0.90 (s, 3H, 
C-31) -0.94 (d J = 7 Hz. 

3H, c-19) - 1.40 (s, 3H, 

6H. C-26.27) -0.97 (s. 3H. C-32) -1.17 (s. 

C-21) -2.05 (s, 6H, 38 and 23f Cl&COO) 
-2.95(m, lH,8flH) -4.52(m, lH,3qH)and 5.22ppm(m,2H, II-H 
and 23 H-C-OAc). 

The fractions 25-36 contain 40 mg of pure 11. 
~om~oaad 11. UV: end absorption: IRat,: no pox, vcd, 176.5 

and 1735 cm-‘, PC c 165Ocm-‘. vc_o 1245cm.“, S,,, 94Qcm-’ 

and &+cxI 895 cm-‘: MS: M’ 554 (29, C,H,,,O,), f39 (8, M”-CH,), 
512 (3, M’-C,H,O), 494 (48, M’-CH,COOH, metastable ion at 
440.5: 554-,494), 479 (43, M’-CH,, CH,COOH), 457 (18). 449 

12s). 435 (84. M’-CH,COOH, CH,, CO,). 419 (100, M’- 
CH,COOH. CH,. CH,COOH). 391 (18). 389 11.5). 375 (36. 
M*~H~COOH, CH,. -CH,CbOH, CO,), 373 i2l). 367 i35; 

M’-CO,, H,, CaH,,02 side chain), 365 (35), 353 (21, M’-C,H,,O, 
side chain. CHICOOH): NMR (CDCI,): 0.900s.6H. C-30.31) -1.00 

(s,3H,C-32) -‘I.11 (S,jH,C-19, -1.42(s,3H,C-21j-1.77(bs.3H, 
C-27) -2.03 (s, 6H, 38 and 23.$ CH,-COO) -3.00 (m, IH, 8flH) 
-4.50(m. lH,3aH) -4.80(m.2H.C-26)andS.22nnm(m.2H. IIH 
and 23 H-C-OAc). 

. . 

Alkaline hydrolysis of 10 into 4. Diacetate 10 (25 m8) was 
stirred at room temp. for I7 hr. in sat methanolic K,CO, aq. The 
mixture was neutralized by careful addition of a 10% HCI aq and 
treated in the usual way to give 24 mg of pure 4. 

Compound 4. m.p. 229-232”; [a],, = t6O.Z (c = 0.69 in CHCI,); 
UV: end absorption; IR,,,.: voH 3450cm-“. i+., I760cm ‘I, Ye.<, 
1260 cm ’ and 8,. (.,, 945 cm. ‘: MS: M” 472 (45, C,,,H,O.l. 457 

(11. M’SH,). 454 (4. M’-H,O), 439 (12, M’-CH\, H,O), 4il (IS, 
M”CH,. H,O, H,Ot, 415 (5. M’-C.H, cleavage at C,,/C,), 413 (S. 
M’-CH~,CO*),411(3, M--CH,,CO,, H,), 395 (19, M--CHq, H,O, 
CO,), 386 (6, M’-C,H,,O cleavage at C&/C,,), 371 (14, 
M’-C,H,,O side chain), 353 (48, M’-HrO. C,H,,O); NMR 
(CDCI,-CDIOD): Table 1. 

ANraline hydrolysis of I1 info 5. Diacetate II (17 mg) was 
treated as described to yield I4 mg of pure 5. 

Compound 5. m.p. 202-203” (poor crystals); [ah,= t IO”.5 
(C = 1.35 in CHCI,); UV: end absorption; IR,,,: Q,,, 3480cm-‘, 

ecr 17@cm-‘. ttte 1650cm-‘, S,..,., 94Ocm“ and 6,,, 
895cm-‘; MS: M‘ 470 (80, C H 0 ) 455 (38. M’-CH%), 452 (19, 3” 46 .r 
M’-H,O), 437 (38, M’-CH,, H,O), 419 (40, M’-CH,, H,O, H,O), 
415 (40, M’-C.H, cleavage at C,,L). 411 (27. M’-CH,. CO,). 

399 (36). 393 (55, M‘-&H,, H,O,-CO,). 381 &, M-&H;, H,(‘j, 
CH,, H), 375 (25. M’-CH,, HzO, H,O, CO,), 3?1(45, M+-C,H,,O 

side chain), 353 W, M*-H,O, C&I,,O), 337 (35). 335 (40), 327 (60, 
M.-CO,, GH,,O); NMR (C~l~~D,O~): Table 1. 

fso~ufian of pure 7 and 8. The mixture of 7 and 8 (65 mg) was 
separated by repetitive column chromatographies on silica gel 
using a gradient elution of AcOEt (from IO to 50%) in benzene. 
IS mg of pure 8 and 35 mg of pure 7 were obtained. 

Compound 7. m.p. 227-228”; [a],, = - IO.3 (c = 0.80 in CHCI,); 
UV: end absorption: IR,,,: q,, 3440cm ‘, PC*, 1755 cm ‘I, &,, 
945 cm-‘; MS: no molecular ion at 488 (C,,H,,O,), 470 (84, 
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Treatment of the mixture in the usual way afforded pure 

unchanged diol 4 (TLC). 

Acid rrearment of 6 in dioxane. Compound 6 (2 mg), dissolved in 
dioxane (I ml) was reRuxed during 20 hr with 3N H,SO, (2 ml). 
TLC examination of the mixture showed the presence of pure 5. 

Acid rreafment of 6 in ucetone. Sapogenin 6 (30 mg), dissolved 
in acetone (10 ml) was refluxed for S hr with 7N H,SO, (10 ml). 

The medium was worked up in the usual way. The crude extract 
was purified by silica gel column chromatography (elu- 
tion:gradient of AcOEt, from 4 to 400/c, in benzene). The fractions 
S-IO-contained 9mg of an unidentified compound resulting 
probably from the addition of acetone on the isopropenyl group. 

The fractions 12-15 contained 3 mg of unreacted 6 (TLC, IR). The 
B-actions 2&23 contained IO mg of 5 (TLC. IR). The fractions 
29-3 I contained I mg of 8 (TLC) and the fractions 32-36 contain 

4 mg of 7 (TLC, IR). 
When I-BuOH was used, the former unidentified compound was 

not obtained, but another artifact was isolated which may have 

been the 38 - t - butoxy - ether. 
Acid frealmen~ of 5 in acetone. Treating 5 (24 mgf in acetone as 

described for 6, yielded a mixture of three compounds. 
Chromatog~phy of the crude extract on silica gel column (see 
acid treatment of 6 in acetone) afforded in the fractions 9-12 5 mg 
of an unidentified compound. The fractions 17-20 contained 10 mn 
of unreacted 5. The fractions 24-26 contained 3 mg of 7 identifiki 

by TLC and IR. 
Acetic acid treatment of 3. Compound 3 (20mg) was treated 

with 80% aqueous AcOH (IS ml) at 96-100” during 3 hr. The crude 

extract, obtained in the usual way, was purified by silica gel 
column chromato~phy (elution:gradient of acetone from 5 to 
IO% in hexane). The fractions 4-7 contained 2 mg of IO (TLC, IR). 
The fractions 13-16 contained 16 mg of unreacted 3. 

Acid freotment of 18 in dioxune. Diacetate 18 (33 mg) dissolved 
in dioxane (IO ml) and water (2 ml), was refluxed during 3 hr with 
cone H,SO, (0.5 ml) or cone HCI (I ml). The medium. treated in 

the usual way, afforded a mixture of three compounds. The less 
polar (13 mg) was identified as 10 by NMR. The other compounds. 
identical in TLC with 3 and 4 resoectivelv. resulted from acid 
hydrolysis of the acetyl functionfsj and gave on acetylatiun an 

homogeneous diacetate also identified as pure 10. 
Acetic acid treafmenf of to,,.. See previous paper Ref. I. 
Administration of labelled sodium acetate to Thelonota ananas. 

The animals were collected in February 1974 off Albatros Rocks 

(Seychelles Islands) at depths from 6 to 14 m. One animal, used as 
blank, was injected with 2 cm’ sea water and another specimen 
was injected with a 2 cm’ sea wafer solution of CH,-“COONa 
(0.1 mCi) and kept in a nursepond at 6 m deep for the incubation 
period (72 hr). The experiments were carried out entirely under 
water, from the collection until the end of the incubation period, in 
order to avoid any handling out of water which could damage the 
animals. After 72 hr. the holothurians were taken out of the 

nurse-pond and eviscerated. The inner organs were kept in a SO% 
aqueous methanolic solution and the skins were carefully 
sun-dried. The latter were then treated separately. 

Isolation of thelothurins A and B. See Refs. I and Il. 
Acid hydrolysis of 2Qutl. (a) Compounds 20- (524 mg) from 

animal No. 2 (fraction 85 declmglmin) were treated with HCI aq 

as described. The medium was extracted as usual to yield I8 mg 

of crude genin mixture (I35 declmgt’min). This crude fraction was 
purified by silica gel column chromatography using a gradient 

elution of acetone (from 10 to 20%) in hexane. 113 mg (yield: 50%) 

of the mixture of genins 3 and 6 were obtained (51 dec~mg/min). 
This mixture was then crystallized three times from Mesh-hexane 
until constant activity (252 declmglmin). (b) The unseparated 
mixture of 3 and 6 were obtained, in the same way, from animal No. 
I. After silica gel column chromatography and one crystallisation 
from MeOH-CH,C12, the genin fraction was shown to contain no 
activity. 
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