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Abstract4cmical degradation coupled with cxtcnsive physical measuremen ts has kd to strudure 
V for griscogcnin. The corrcctn*u of this s~ruc~urc has been confimd by correlation with tha known 
sapogcnin, 22,U-oxidoholothurinogcnin (I). 

NU~EKOUS species of xa cucumbers arc endowed with special organs, the Cuvier 
glands, containing a powerful poison that the animal can discharge into the SW- 

rounding water, presumably as a natural defense against predators. Some of these 
toxins from the class Holothurioidea have been the subject both of physiological and 
chemical studics.‘*2 

Hafodeima grisea L. (Phylum Echinodermata, class Holothurioidea, order Aspido- 
chirotu, family ffolothuriidue) is a common species on the Brazilian coastline. It has 
been collccteds by us both in Rio Grandc do Norte, where it is locally abundant 
in the intertidal zone, and off the city of Rio de Janeiro in deeper water. 

Cuvier glands of H. grisea were removed immediately after collection, stored in 
ethanol, and the glycosidic fraction hydrolyscd with hydrochloric acid and then 
extracted with chloroform to give a crude mixture of sapogcnins. Chromatography 
of this mixture on silicagel gave a crystalline sapogenin whose m.p., IR, UV and 
NMR spectra pointed to the known 22,25_oxidoholothurinogenin (I).‘** Identity 
was established by comparison of the mass spectra (Table 1) of the sapogenin and the 
derived 3-ketone, (II) with those of authentic samples.’ Reduction of the sapogenin 
gave the known la* tctraol, (III), m.p. 223 -230°, whose mass spectrum (Table 2) was in 
accord with the structure formulated. 

l Paper I. A. Tursch, H. Barreto and N. Sharapin. Bull. Sot. Chim. Bcb. 72, 807 (193). 
+ For “Tcrpcnoids-LVII” see J. Karhncr and C. Djcrassi. J. Og. Chcm. 31, 1945 (1966). 
: Present address: Univcrsitt Libre de Bruxelks. Belgium. 
4 Divisao de Tccnologia Agrkola e Alimcntar, Minbtcrio da Agricultura, Brazil. 

’ For leading references see J. D. Chanlcy, T. Mczctti and H. Sobotka, Tcrruhcdron 22, 1857 (1966). 
We are indebted to Dn. Chanky and Sobotka for furnishing us with a manuscript of their paper 
prior to publication and for several comparison samples. 

* T. Matsuno and T. Yamanouchi. Narurc. f.ond. 191. 75 (1961). 
’ One of us (B. T.) thanks Dr. Jean Pierret and Mr. N. Sharapin for participating in the collecting 

trips and especially’ for the courage of Dr. Pierrtt who spent long moments stranded on a ‘jangada” 
raft on top of a surfaced Globicephah. while attempting to locate deep water collecting ground in 
the S. Atlantic ocean. 
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I R=a-H,P_OAc 

IT R-0 

H R-a-&p-OH 

TABLE 1. Dr~cimnc PEAKS IN THE MASS SPECTRA OF TRITFRPF.NOID LACIONF~ 

Compound 
M” 
M-H,O’ 
M-CO 
M-CO, (?) 
M-(CO, - OH) 
king A cleavage 
C,, C,, cleavage 

I II V VI X VII VIII IX 
484 482 486b 570 528 484 482 526 
466 464 468 d d 446 464 508 

454 c 
458 

498 

425”’ 423’ 421’ 
397’ 397 3W*’ 441 399 399 397 441’ 
99 99 

l Accompanied by &M-l5 (M-CH,). 
’ Empirical compoGtion of ion confirmed by high resolution as follows: m/r 486 C&H,,O,; 

425 C,,H,,O,; 399 C,,H,,O,. 
’ Accompanied by M-33 (M-H,O-CH,). 
‘ Show M-60 ( M-HOAc) and M-75 (M-HOAc-CH3. 
’ Diketonc VIII shows no loss of 28 units, while the monoketone VII shows N-30 at m/c 454. 
’ Appears at M_(C,H, + HOAc) in the acetates VI and X, while in the ketones VII and VIII the 

peak remains at M-(C,H, + H,O) but is of low intensity and is accompanied in VIII by M-C,H,. 
’ The M-87 fragments of 22.25~xidoholothurinogenin (I) and grisqcnin (V) are formed directly 

from the molecular ions as evidenced by nutastabk pealrs at 326 and 327.8 respectively. For 
origin ri& in/ra. 

’ Accompanied by weaker pcakr 42 and 60 units lower. 

TARLE 2. Dr~ososnc: PFAKS IN THE MASS SPECTRA OF REDL’cFD LAcTONES (POLYOLS) 

M+ M-18. b oH,O 
III 488 470 371 3L4 328 326 313 144‘ 126’ W 
XI’ / 472 371 344 328 326 313 

l Accompanied by M-2)40 and M-3H,O. 
a Cleavage of C&Z,, and loss of water. 
o Clcavagc of C,,<, with hydrogen transfer, or cleavage of CroGc and loss of C,, and C,., with 

hydrogen transfer. 
‘ Intense peaks probably derived from the side-chain (C,.<,). 
l Empirical composition of all ions established by high resolution as follows: m/r 472, C&,.0,; 

371. C&W),; 344. C&Mb; 328, C&LO,; 326. Cdf,&,; 313, C,IH,,O,. 
’ Not obscrvcd. 

Although the chemical defense mechanism of holothurians is believed to proceed 
through the Cuvicr glands, saponins were found to be prcscnt also in the body wall 
of Halodeima grkea, as it has been shown to be the case for Holor@ria vagabunda.’ 
Whole eviscerated animals were cut into small pieces and hydrolysed directly in 
rcfluxing mcthanolic hydrochloric acid. Chromatography of the crude sapogenin 
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mixture gave a new sapogenin, griscogenin (V), w&O,, m.p. 285-287”, v’,“, 
357&3300 (bonded and non-bonded OH), 1755 (y-lactone), 1631 (conjugated double 
bonds); Pd 825 and 803 cm--’ (trisubstituted double bonds). The UV spectrum 
(Et” 236,244 and 252 mr) was identical to that of 22.25-oxidoholothurinogenin (1) 
and the general similarity of the IR spectrum of compounds 1 and V indicated that 
griseogenin was a A 7.e(11)-lanostadiene derivative. Acetylation of griseogenin at 

TABLE 3. NMR SPECTTU (ppm IS CDCI,) 

Griseogcnin 22.25-Oxidoholothu- 
Assignment Griscogenin (V) diacetate (VI) rinogenin acetate (IV) 

- -_.. .---. - _ -. ---__-_. . . . - 
C.-methyls’ 091 s, I*31 s 0.88 5. 0.97 s 0.91 s, 099 s 
C,,-methyls 091 d (J - 8 c/s) 0.97 d (J .I. 8 c/s) 1.26 s. 1.28 s 
C,,-mcthyr l-11 s I.11 s 1.15 s 
C,,-methyl’ 1.20 s 1.14 s 1.22 s 
&methyl 1.38 s I.46 s 1.38 s 
CH-<r 3.24 m. 3-83 m 4.50 m. 5.1 me 4.23 1. 4.56 m 
Vinyl H’ 5.27 m, 5.53 m 5.22 m. 5.50 m 5.25 m. 5.51 m 

l Tentative assignment. * All one proton absorplions. ’ Overlaps vinyl absorption. 

room temperature gave a diacetate (VI). m.p. 259-261”, vs 3470 (bonded OH), 
1773 (y-lactone), 1739-1730 (acetate), 1252 cm-’ (acetate). The NMR spectra of 
griseogcnin (V), its diacetate (VI) and 22,25+xidoholothurinogenin monoacetate’( 
are compared in Table 3, and while confirming the above mentioned similarity indicate 
absence of oxygenation at C, in griscogcnin. 

Jones oxidation of griseogenin furnished a mixture of a monoketone (VII), whose 
negative ORD Cotton effect is consistent’ with a A7.0’11)-lanostadien-3-one, and a 
diketone (VIII). Both showed carbonyl absorption at 1773 (;l-lactone) and ca. 
1710 cm-’ (bmembered or open chain ketone) and hydroxyl absorption. The ketones 
were characterized by their mass spectra (Table 1) and by the formation of a mono- 
acetate (IX) of the monoketone. 

V R, = H; R, = H VII R, - 0; R, = H.OH 
VI R, - AC; R, r. AC VIII R, L 0; R, - 0 
X R1 0 AC; R, = lt IX R, 7 0; R, = H,OAc 

A monoacetate subsequently shown to be the 3-monoacetate (X) resulted when 
grixogcnin was rcfluxcd with ethyl acetate in the presence of a small amount of 
ptoluenesulphonic acid. Further acetylation of X with acetic anhydride-pyridine 
furnished the diacetate (VI). The five oxygen atoms of griseogenin are thus contained 
in a y-lactone, two secondary (one hindered) and another alcoholic function whose 
resistance to oxidation and acetylation suggested its tertiary nature. 

‘C. Djcraasi, 0. Halpcm. V. Halpcm and B. Rinika. 1. Amer. Chtm. Sot. 80t4001 (1958). 
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The co-occurrence and general spectral resemblance with 22,25-oxidoholothurino- 
genin (I) strongly indicated the presence of a lanostane skeleton. The NMR spectrum 
of griseogenin (Table 3) showed the presence of seven rather than eight methyl 
groups and hence the carboxyl group of the lactone presumably is derived from the 
oxidation of one such group. The NMR spectrum of griseogenin and its acetate 
(Table 3) show no proton at the alcoholic terminus of this lactone which must therefore 
be attached to a tertiary carbon atom. In the lanostane skeleton only one position for 
such a lactone bridge is possible-that already exemplified in 22,2S_oxidoholo- 
thurinogenin (I). 

Griseogenin was resistant to LAH even under vigorous conditions but its diacetate 
(VI) or monoacetate (X) could be reduced smoothly in dioxan to a pentaol (XI), 
in which the lactone bridge has been reduced as demonstrated by the IR and mass 
spectra (for latter see Table 2). Cleavage of this pentaol with periodic acid in methanol- 
water at room temperature gave Cmethylpentanal (isocaproaldchydc) isolated as its 
2,4dinitrophenylhydrazonc, m.p. 98-W” identical by IR, mixture m.p. and mass 
spectrum with an authentic specimens and a ketoacetate. The latter had unchanged 
A7*sc1*)-lanostadicnc UV absorption at 236, 243 and 252 rnp and exhibited NMR 
signals for four angular methyl groups at 0.91 0.93 and 1.03 (6H) ppm, an acetate 
methyl at 2.0 ppm, a CH-OH proton at 3.26 ppm (quartet, J A 5 and 9 c/s, consistent 
with 3z-axial H) and vinyl absorptions at 5.43 and 5.70 ppm (multiplcts). Notable was 
a new AB pattern at 366 and 4.306 ppm (J = Il.5 c/s), attributable to an angular 
CHsOAc. The high resolution mass spectrum established the molecular formula as 
C,H,O, and in conjunction with peaks at m/e 313.2212 (C,,H,O,. talc. 313.2167, 
loss of CH,OAc) and 298.1982 (C,H,O,, talc. 298.1933, loss of CH, -i- CH,OAc) 
led to the probable formula XII for the ketoacetate. The ORD positive Cotton effect 
curve of XII was identical in shape and sign to that of the known diacetate XIII, 
confirming the position of the carbonyl group and the stereochemistry of the C/D 
ring juncture. The mass spectra of XII and XIII were very similar except in the high 
mass range where XIII showed peaks (e.g. m/e 350,355 and 368) 42 units higher than 
XII, due to the extra acctyl group at CS. Finally acetylation of the griseogenin dcgrada- 
tion product XII gave XIII identical by mixture m.p. and mass spectrum with an 
authentic sample.’ 

’ We arc indebted to Dr. J. S. Mills of the National Galkry. London, for this sample; J. S. Mills, 
/. Chem. .Soc. 21% (1956). 

’ The downfield portion was split at 100 Ma by 1 c/s possibly due to the presence of two conformax 
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The formation of the ketoacetate XII may be rationalized on the basis of structure 
XI for the pentaol and hence structure V for griseogenin itself, in which the lactone 
ring requires the 17&configuration for the side chain. 

Definite structures can now be proposed for the monoketone (VIII), its acetate 
(IX) and griseogenin monoacetate (X) on the basis of their mass spectra (Table 1). 
The peak at m/e 399 in griseogenin (M-87) moves to m/e 397 in the diketone VIII 
(M-85) and to m/e 441 in the diacetate VI (M-129). but remains at m/e 399 in the 
monoketone (VII). Since high resolution experiments (Table 1) show that a C,O 
moiety is expelled, this cannot arise from the side chain which would require a C,O 
fragment expulsion. By analogy to the documented’ cleavage of the l-2 and 4-5 
bonds in 4,4-dimethyl-3_ketosteroids, it is almost certain that a similar fragmentation 
obtains in this instance. The observed mass shifts in the entry of Table 1 labelled 
“Ring A cleavage’* are only consistent with the variations in the C-3 functionality 
in the monoacetate and monoketone. Thus both the monoketone (VII) and its 
acetate (IX) show M-85 fragments locating the keto group at C-3, while in the mono- 
acetate (X), the loss of 129 mass units locates the acetate function also at C-3. 

The present structural argument rests on comparison with a degradation product 
(XIII) of 22,25sxidoholothurinogenin (1). A direct correlation with lanosterol is the 
object of present work in the authors’ laboratories. 

EXPERIMENTAL’ 

Isolalion of 22,U-oxtiholothuinogenin. Cuvicr glands of H. @co (333 g) wcrc rcnwvcd im- 
mediately after colkction, stored in EtOH, the total residue including glands Matted with bcnzme 
(benznc soluble ruiduc 1.5 g) and cxtraacd with watu. The aqueous extract was submittcd to hot 
acid hydrolysis (30% HCl. 24 hr) and tbcn cxtrecrcd with chf to give a crude mixture of sapogcnins 
(9.5 g). Chromatography of this mixture on silicagel (78 g) gavecrude cbokstcrol clutcd with bcnrme, 
followed by 1’ (105 mg). m.p. 300-301” afkr recrystallization from chf-bcxanc. Jones oxidation of I 
gave II’. m.p. 298.5”. whik LAH reduction gave the known tctraol III,’ m.p. 223-230”. For mass 
spectra which identify these compounds see Tabk 1. 

Isokztlon of pkqenin (22&hy&oxyholothwimgenin, V). Whole spazimau of H. grisea (250) 

from which the Cuvia glands had been rcmovcd were cut into small pieces and hydrolyscd directly 
in a rdluxing mixture of 70% McOH and 30% cone HCI during 4 hr. The mixture was Iihcrcd and 
the filtrate cxtractcd with chf, and the chf cvaporatcd giving a crude sapogcnin mix~urc (IS.5 g). 
Chromatography on silicagel (277 g) gave by gradknt elution with henrmbethcr a crystalline solid 
which, after recrystallization from chf-hcxanc. gave V (677 rng) m.p. 285-287”. with transition point 
at 26&270”. [ag -22” (c 0399 in chf). For IR see text, UV absorption was obscrvcd at II::“.” 236. 
244 and 252 v (8 10,320; 11,260; 8.440); for NMR see Table 3 and for low resolution mass 
spearurn, Tabk 1; the high resolution mass spectrum showed: m/r 486.334lSS (M*. C&.,0, 
requires w334505)). 425.268747 (C,,H,,O, requires 425.269169). 399.2S3443 (C,,H,O, requires 
399.2535 19). 

Gf~e~min-3.22-diocetate (VI). A soln of griscogcnin (132mg) in pyridine (2ml) and Ac,O 

(2 ml) was kept at room tcmp for 18 hr and the cxccss anhydride datroycd by addition of water. 
Extraction with chf and recrystallization of the r&due (172 mg) from bcnmne gave VI m.p. 259-26l”, 
xz:‘. 1773 s. 1730 br, 162S w, 1255 br cm ‘. The mass spccfrum (Table 1) showed the rnokcular ion 
peak at m/c570. (Found: C,7lal; H, 8.76. ~H,O,rcquiru: C. 71.51; H, 8.84%; M. 570.) 

loner oxtition of pkeogenin. Griscogcnin (I 21 mg) was oxidized by dropwisc addition of the 
Jones rcagcnt 00,. 100 g), and H&O, (80 gl diluted with wakr to 375 ml) in acetone (20 ml) at 0” 
during I min giving after dilution with water and extraction with chf a crystalline msiduc which was 
chromatographcd on silicagcl. giving by elution with bcnr.cn+ A&Et. 9: I, griscogen-3.22dionc 
(VIII, 6 mg) m.p. 229-234”. ORD in dioxan. c O.S2, [+E, 0”. [+L,, + 1.020”. [+l,,,, 0”. I+],,, -23.374” 

’ R. H. Shapiro and C. Djanssi. Tetrddron 20.1987 (1964). 
’ M.ps (Kofkr apparatus) are uncorrcctcd. 
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my$), muo +w=’ (p-w; v”&. 3570 (sharp), 1773 s, 1710 a cm-i; uv spt!urum identical to 
that of V, the mass spectrum (Table 1) showed the mokcuhu ion at m/c 482. C&,.0, roquira: 
M 482. 

Cootioai clution (see above) with bcnzn*AcOEt, 4: 1, gave VII (29 mg), m. 
! 

214’. ORD in 
dioxan. c @92.l#l~ -2,004”, [#I,,, -2l,352”(trough). ($1,” ‘5694O”(peak); x”,‘.x 352Om, 1773 s, 
1701 cm-‘; the mass spectrum (Tabk 1) showed the molecular ion at m/e 484. C&&,0, requires: 
M484. 

Grkogcn-3-one (VII, 29 mg) acetylatcd at room tanp in AcJB-pyridine for 18 hr gave, after 
~~l$a$r of the product from buueno-AcOEt, grisqcn-3-one U-acetate IX (13 mg), m.p. 

, vIax 3530 m. 1767 s, 174Osh, 1700s an-‘, whose mass spearum (Table 1) showed the 
molecular ion at m/e 526. C&I&4r0, requires: M 526. 

Griscogenin 3-ace1orc (X). Griscogcnin (102 mg) was heated under r&x during 6 hr with 
A&Et (10 ml) containing a tract of ptolua?uulphonic acid. After addition of water the organic 
phase was scparatai to give by evaporation and rccrystalli.mtion of the residue from bcnmne-A&Et, 
X (72 mg), m.p. 267-269.5”, vgf:,3360br, 1760s. 1712s, 125Oscm l,UVspcctrumidenticaItothat 
of V. The mass spectrum (Table 1) showed the mokcular ion at m/e 528. CJi,,O, requires: M 528. 

Lithium akmimbm hyaWe reduction ofpbogenin 3,Udhxetate. The diaatatc VI (172 mg) was 
heated under rcflux in dioxan with excess LAH during 4.5 hr. The excess hydride was dutroyed with 
sat MgSO,aq and the product isolated by reputed extraction with chf. Raxystallization from 
chf-MeOH gave Xl (3@,17a, 18,2Of,22&pcntahydroxylanosta-7.90 I )-dime; 99 mg), m.p. 228-234’. 

vEx 3360 bt, 1626 br. w an-‘. For low resolution mass spectrum see Table 1. The high resolution 
mass spectrum showed no molecular ion peak. Fragmentation peaks were observed at m/e 472.355377 
(CJi,,O,. M-H,O. requires 472.355240). 371.25802 (C,,H,O, requires 371.25861), 344.23499 
(C,,H,O, requires: 344.23513). 328.23971 (C,I&O, requires 328.24022). 326.22425 (C,,H,,O, 
requires 326.22457). and 313.21620 (G,H”O, requires 313.21674). 

Similar reduction of X gave the same pcntaol. 
Perk&c ocld c/ewe of the pentuof (XI). The pcntaol XI (20 mg) dissolved in McOH (10 ml)- 

water (@S ml) was allowed to react with periodic acid (O-5 ml 50% aqueous soln) during 90 min. 
The cxcoss periodic acid was then reduced with sodium thiosulphate and the mixture steam distilkd 
into a soln of 2.4-dinitrophcnylhydrazinc (4 g) in H,SO, (20 ml) and water (30 ml). The orange ppt 
(5 mg) was collected and rccrystallizad from hnanc and then EtOH to give 4-mcthylpentanal2,4- 
dinitrophcnylhydrazone (isccaproahk.hy&-DNP) m.p. 98-99” idcntifkd with an authentic spccimcn~ 
by mixture m.p.. IR and mass spectral comparison. The mass spectrum showed (ion source inkt) 
m/e 280 (M+, Sl), 265 (M-CH,, 6), 224 (M-CJi,,, 39), 206 (M-C,H, i H.0, 100). 

The soln containing non-steam-volatile material was extracted with dichloromethane giving a 
rmiduc which after chromatography on silicagel and rccrystallimtion from chf-huano-A&Et 
ykldod XII (18-acetoxy-3-hydroxy4,4,14a-trimcthylandrostan-17-onc, 4 mg). m.p. 163-165”. ORD 
in dioxan. c 048, [+I,,, +232’, (4L.i +7.905” (pealr), [dJ,is .t 6,510” (should@, 161~ -4.960” 
(trough); hx 3450 br. 1745 s, 1733 sh cm-i; UV absorption at 235.242 and 252 mcc was similar to 
that of V. For NMR absorption see text; the mass spectrum showed (ion source inlet) m/e 386.246 
(C,,H,O, raquircs 386.2457), 326.2331 (M-HOAc, C,,H-O, rquira 326.2246). 313.2212 (900/ 
MCIi,OAc. C,iHWO, requires 313.2167). 313.184s (10%. CwHuOI squires 313.1804). 308.2184 
(M-HOAc-H.0. C&H”0 rqtircs 308-214(l), 299.2051 (M-CH,--CH,OAc + H, GH&, requires 
299.2011). 298.1982 (M-CH,--CH,OAc. CrH,,O, rcquim 298.1933). 293.1957 (M-CHr 
HOAc-H,O, C&H,,0 rquim 293.1905), 275.1801 (M-CH-HOAc--ZH,O, C,,H” quiru 
275~1800). 

Acety,Won of the ketoucetote (XII). The kctoacctate XII (4 mg) was octcylatul at room tanp in 
Ac,O (O-1 ml)-pyridinc (@l ml) during 18 hr. giving, after chromatography on silicogel in ~WUMQ 
and recrystallization from hcxane. the ketodiacetate XIII (2 mg), m.p. 16&163”, ORD in dioxan. 
c Q43. [&, +10,8CO” (peak), [6L,, +8.900” (shoulder), [dltr, -5,200’ (trough). An authentic 
specimen* did not depress the m.p. and showed ORD in dioxan. c 1.87 ,[#lur +385”. [+L,, + lO,Om 
(peak). ML,, +830 bhodda). [4lw. - . 5 200 (trough). Tk UV absorption did not differ from that 
of XII. and cha mass spaxrum, identical to that of the authentic samplc,i showed (ion souccc ink0 
m/e: 428 (M+, 4), 413 (M-CH,, 21,410 (M-H.0. 2). 368 (M-HOAc, I I). 355 (MCH,OAc. 69’%), 
350 (M-HOAc-H,O. 27). 341 (M-CH,-CH,OAc + H. 10). 340 (MCHAH,OAc. 8), 312 (11). 
293 (MCH,-ZHOAc, 34). 275 (M-CH,--2HOAc-H.O.23). 
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