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m-- Dehydration of tohogenol diacetate (2) and tohogeninol uiacctate (9). titerpenoids of Lyco- 
podium serratum, gave serratenediol diacetate (4) and serratriol triacctate (10) in a quantitative yield 
respectively. The structura of tohogenol and tohogeninol were established as 1 and 8, and their boat 
conformation in ring D were also suggested. 

THE isolation and structures of tohogenol and tohogeninol were reported in pre- 
liminary communications.‘*’ In this report we wish to present a full detail. 

Tohogenol (l), C3,,Hs203.iH20, m.p. 253-256”, was isolated from neutral con- 
constituents of Lycopodium serrutum as a diacetate (Z), C,,Hs,OJ, m.p. 305306”. 
The mol wt of the diacetate was determined by osmometric method. The mass 
spectra of tohogenol and its diacetate did not afford the molecular ion peaks but the 
highest peaks were m/e 442 and m/e 526, corresponding to M-18, respectively. The 
fragmentation patterns were essentially identical with those of serratenediol (3) and 
its diacetate3 (4). The NMR spectrum of 2 showed the presence of seven C-Me groups 
at 6 084 (9H), 087 (6H), 093 (3H), and 0% (3H), and also of two acetyl methyls at 
6 2-04 (6H). A broad multiplet at 6 4.45 (2H) attributable to geminal protons to 
acetoxyl groups indicated the presence of two secondary acetoxyl groups. The 
absence of a vinylic proton signal together with the fact that the compound gave nega- 
tive tetranitromethane test indicates that the compound is saturated. 

Oxidation of tohogenol with chromium trioxide-pyridme complex afforded a 
hydroxydiketone (S), C10H,,03. Reduction of 5 with sodium and n-propanol 
regenerated tohogenol(2). The IR spectrum of 5 showed a strong hydroxyl bandi at 
3484 cm-‘, together with carbonyl bands at 1704 and 1684 cm-‘. Thus, the function 
of two of three 0 atoms in tohogenol was defined as the secondary OH group. 
The third 0 atom, which resisted to acetylation and oxidation, is established to 
provide a tertiary OH group, since the NMR spectrum of 5 did not exhibit any signal 
below 6 2.8. 

* To whom inquiries to be addressed. 

t The IR spectrum of 2 in Nujol mull did not exhibit any appreciable absorption in the hydroxyl region. 
but in hexachlorobutadiene absorption.5 at 3359 and 3436,“) cm-’ were dearly observed. 
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The hydroxydiketone (S), when heated under reflux in 3% alcoholic hydrochloric 
acid, was dehydrated to give quantitatively serratenedione3 (6). Similarly, dehydration 
of 2, followed by reacetylation of the product, yielded serratenediol diacetate’ (4). 
Therefore, position of the tertiary OH group is Cl* of serratane skeleton. 

The f&configuration of &-OH group was established by the fact that dehydration 
of 2 with thionyl chloride in pyridine formed serratenediol diacetate (4) as a sole 
product. If the configuration of C,,- OH group were g dehydration would produce 
not only serratenediol diacetate (A lcr5) but also isoserratenediol diacetate’ (A13-‘4), 
since transelimination towards C13 is possible. However, no isoserratenediol di- 
acetate was found in its reaction mixture as contirmed by TLC. Thus, the C/D ring 
junction must be cis and the configuration of C,,-OH group is g. Therefore tohogenol 
is represented as 3g,14g,21a-trihydroxyserratane (1). 

l:R-H 3:R=H 
2: R-AC 4: R=Ac 

It is noteworthy that dehydration of 2 did not occur towards C2, but occurred only 
towards C1 s. As has been shown,4 the most of C/D& lrl&serratane derivatives 
adopt boat conformations in ring D. For example, in 3fI,2ladiacetoxy-l4&15f& 
dihydroxyserratane (7) the chief driving forces preventing ring D to adopt chair 
conformation are non-bonded interactions between C,s-Me and C,,-methylene 
and between C,,-hydroxyl and C&e groups We consider that the ring D of 
tohogenol is also in a boat conformation (la), where 14&OH and 15a-hydrogen are 
diaxially arranged in a preferred anticoplanar geometry for transelimination, but 
the arrangement of 14g-OH and 27a-hydrogen are both in equatorial orientations to 
ring C and unfavoured for transelimination. If the ring D were in a chair form (lb), 
elimination should occur more easily towards Cz, rather than toward C,,, for the 
configuration of 14f3-OH is axial to ring C but equatorial to ring D. 

Tohogeninoi (8), C,,H,,O,, m.p. 311-314”, was isolated as its triacetate (9). 
C36Hss06, m.p. 2X-258”. The NMR spectrum of the acetate (9) indicated the presence 
of six C-Me groups at 6 087 (9H), @91 (3H), and 098 (6H), and of three acetyl methyls 
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I/h\tC’OAc 

at 2.05 (9H). Moreover, a AR quartet at 4.34 (2H, 6, = 18 Hz, J = 12 Hz) and a 
broad multiplet at 457 (2H), attributable to geminal protons to acetoxyl groups, 
suggested the presence of one primary and two secondary acctoxyl groups. The IR 
spectrum of 9 in Nujol mull exhibited a strong OH absorption at 3497 cm- I, besides 
the ester absorption at 1724 and 1250 cm- r. Thus, the fourth 0 atom in tohogeninol 
provides a tertiary OH group. 

8: R=H lo 
9: R-AC 

The absence of a double bond in tohogeninol was shown by the absence of a 
vinylic proton signal in the NMR spectrum of 9 and by its negative test to tetranitro- 
methane. Treatment of the triacetate (9) with 3% alcoholic hydrochloric acid and 
reacetylation of the product, as described in tohogenol, afforded, in excellent yield, 
an anhydro compound, which is completely identical with serratriol triacetates (IO). 
Hence, by analogy with tohogenol, the structure (8) was assigned to tohogeninol. 

EXPERIMENTAL 

Unions otherwise stataJ rap’s WCS detcn&ed on a Yanagimoto m.p. app4uatq NMR spectra vere 
measured in CDCIl by a Vuiao A-60 mwhine, IR ape&a were taken on Nujol mull Identities were 
co&ma! by XR and by TLC compriuma Alumiua uacd for chromatography wan washed with 2.5% 
AcOH and rcnctivatcd. 
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Isolution of minor triterjmoid.s of Lycopodium aerratum 
To/q~enoJ diacetate (2). A non-alkaloidal portion (800 g) of methanol&z extract Lycqodfum serraruw~,~ 

was treated with 5% KOH-McOH (8 L) under r&x for 7 hr. Afta standing overnight, the resulting ppt 
was washed with water, and drkd to afford a brown crystalline residue-A (140 g). The fiitratc was concen- 
tratcd to a l/4 volume, diluted with watt (ca. 5 L), and the ppt was collcctcd on a tiltcr with aid of C&c, 
which was extracted with CHCl&&OH (1: 1) using a Soxhlct apparatus Evaporation d solvent left a 
crystalline residue-B (82 g), which wan fractionally crystal&d from McOH to give the following fractions 
(Chart I). 

Chart1 

crystalline rtsiduc-B 

I 
trituratcd with hot McOH 

crystalline solid-C 
3g 

filtrate-b 
crystalline solid-F 

concentrated l6g 

crystalline solid-D 
13.68 

filtrate-c 

concentrated 

combined with 
filtrated 

concentrated 

I 

fi’Ycz 

I concentrated 

crystaiiinc solid-G 
135g 

fdtraic-f 
(discarded) 

crystaliinc solid-E 
loQg 

filtr&-d 

Acetylation of the crystallina solid& and D with pyridina and Ac,O gave wrratenaliol dkcetatc (4). 
1.2 g and 12 g (prisms from CHCl,-MeOH) rcapcctivc1y, m.p. and mixed m.p. 336-337” (open capillary). 

Acetylation of the cry&Gnc did-E with pyridinc (40 ml) and Ac,O (20 ml) gave a cryataUina solid (8 g), 
which was a mixture of tohogenol d&&ate and matcnedid diacctatc (ratio, ca. 1: l), shown by TLC. 

The crystalline Solid-F (16 9) wan treated with pyridine (SO ml) and Ac,O (25 ml) overnight at room tamp. 
The resulting ppt was washed with McOH to give crude tohogmd diucetmc (2) (13.8 g), which contained 
a amall amount d smatencdiol diacetate, shown by TLC. 

Similarly, the crystaUinc solid-G (13.5 a) was treated with pyridine (40 ml) and Ac10 (25 ml). The resulting 
ppt w-an crude tohogcnd diacetate (2; 5.1 g) A part of crude tohogcnol diacetate wan crystallizd several 
times from CHCl,-MeOH to afford pure specima~ aa prismq m.p. 305-306’ (open capillaryX [ab +2g” 
(c = l-6, CHCI,); NMR (d): 084 (9H), 087 (6HJ 093 (3H), 0% (3H), 2a (6H), 4.5 (ZH); IR: 1721.1250 
cm-’ (OAc). (Found: C, 74.84; H, lOZa, MW. 569, C,.H,60, rquires: C, 7495; H, 1@36o/ MW. 544.7). 

7bbenoJ (1). A sob d 2 (600 mp) and KOH (2 a) in McOH (20 ml) and dioxan (30 ml) was heated under 
rcflux for 2 hr. After cooling, the mix- was dilutal with wata and the rrsulting ppt was washsd witb 
water. The crude dial (510 mg) was crystaUixcd from acetone to give tohog& (1) aa prkms, m.p. 253-256”. 
(Found: C, 7661; H, 1141. C,,,Hs,O,.~HIO, requirea: C, 76.77; H, 11.38%). 

Serrah?d trfocetate (10) and tohogmlnd trlocetare (9). s cryataUinc residue-A (140 0) was acetylatcd 
with pyridine (400 ml) and Ac10 (200 ml) undcx mtlux for 3 hr. Afta standing ovzmight at room tcmp, the 
rcaulting ppt was waahul with McOH to give crude serrrtenaliol diacctate (ca 100 g). The 6ltratc and 
washings wm combined and evaporated fn uacuo to give a brown gum (40 p) which was treated with 
n-hcxane (400 ml) under reflux for 1 hr. and separated into a n-hcxanc-insolubk part (25 g) and n-haxana 
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To a boiling sohr of the hydroxydiketonc (60 mg) in n-PrOH (20 ml) 2 g of Na was added in several 
portionq and the heating was continued for further 2 hr. Iking worked up as usual, tohogcnol (l), m.p. and 
mixed m.p. 2532W. was isolated. Acctylation of this gave the diacctatc (Z), mp. and mixed m.p. 305-307”. 

Dehydroticn of the hydroxy-diketone (5). TIE hydroxydikctone (5; 100 me) in 2.% HCI-EtOH (a0 ml) 
was heated under rcflux on a water-bath for 30 min, then neutralixcd with 100/,NaHCOs soln. After 

removal of EtOH under reduced press, the mixture was diluted with water and extracted with CHCl,. The 
extract was washed with water, dried over MgSO,, and evaporated to give a crystalline residue (% mg), 
which was crystallii from McOH to give serratcncdione3 (6), m.p. and mixed m.p. 207-209”. Identity 
was further confirmed by comparisons of NMR and ORD spectra. 

DehydmtkL oftohogenol diacetate (2) by hydrochloric ocfd. Tohogcnd diacctatc (2; 106 mg) was similarly 
treated with 3% HCl-EtOH (20 ml) as described above. The resulting product was acctylatcd with pyridinc 
(2 ml) and Ac,O (1 ml). The mixture was poured into water, and extracted with CHCI,. Tbc extract was 
washed with dil HCI, water, dried over MgSOI, and evaporated. Crystallization of the residue from 
CHCls-McOH gave 4 (85 mg), mp. and mixed mp. 336-338” (open capillary). 

Dehydmtion ~tohogenol diuceme (2) by tljonyl chloride. A soln of 2 (245 mg) in pyridinc (10 ml) was 
treated with SOCI, (@5 ml) at room tcmp for 2 hr. The mixture was poured into ice-water, extracted with 
CH,Cl,. The extract was washed with dil Ha and water, dried over MgSO.. and evaporated to dryness. 
Crystallixation of a colorless crystalline residue from McOH-CHCls gave 4 (215 mg), mp. and mixed mp. 
336-338” (open papillary). The NhiR and TLC of the product did not show the presence of isoscrratcnediol 
diacctate. 

Dehydration of tohogeninol trioce!ute (9). A soIn of 9 (20 mg) in 3% HCI-EtOH (15 ml) was heated under 
r&ix for 30 min The mixture was poured into water and extracted with CHCl,. The extract was washed 
with water, dried over MgSO., and evaporated to give a residue which was acetylatcd with py-ridinc (1 ml) 
and AcsO (05 ml). The product was crystaIli& from n-hexanc-bcnxcnc to give needles, m.p. B7-249”. 
identical with 10, confirmed by mixed m.p. and IR spectra 
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