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In previous communicationsl)2) we bad reported the isolation
and the structural studies on triterpenoids obtained from a japanese
Maidenhair Fern, Adiantum monochlemys EATON. This communication is
concerned with the isolation of seven triterpencids from Northera
Maidenhsir Fern, Adiantum pedatum LINN. (Pteridaceae, "Kujaku-shida®),
distributed in Japan, and the structural elucidations of two new
compounds, adipedatol and filjcenal.

Hexane extraction of the dried leaves, followed by careful sepa-
ration through chromatography over silica gel and alumina afforded
four hydrocarbons, a conjugated aldehyde, a nor-triterpenocid ketone
and a nor-triterpenoid hemiketal as shown in Table I, together with

Table I

compound ».p.°C yield §
isofernene (I) C3oHso 191-192 0.02
fernene (II) C30Hg0 171-172 0.40
7-fernene (II1) CaoByo 211-213 0.018
filicene (1IV) C30H50 224-226 0.015
filicenal (V) C3oHyg0 ca. 272 0.04
adiantone (VI) CogHyg0 220-222 0.50
adipedatol (VII) CpgHygO2 185-188 0.65

Al]l m.p.s were measured by a Kopfler block and uncorrected.
(a]p were observed at 25°C, c=1.0 in CHCl3 solutions. IR specira
were run using KBr disks.
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a small amount of sterols. The compounds (I), (II), (II1), (IV) and
(VI) were identified by direct comparison of m.p., IR, and VPC with
those of suthentic samples reported previously.l)2)3)  Although the
methanol extracts of the plant materisl gave a nor-itriterpenoid ketal
in a good yield (0.6%8), the compound was proved to be identical with
adipedato]l methyl ether (V!II), which was supposed to be artificial.

Refluxing adipedatol (VII), [a)p +88°, Vmax cm~} 3400(0H), 1135,
1098, 1050(0—0), with methanol and ethanol, it readily changed into
the methyl ether (VI11), C3gHsg02, m.p. 200-204°, [(a)p +107°, Vgax
em-1 1132, 1008, 1040(C-0), and the ethyl ether (IX), C3)Hy202, m.p.
176-179°, (alp +103%, Vpex cw~l 1150, 1108, 1036, respectively. The
chemical shifts of the five methyl groups attached to C(4x), (48),
(10), (8) and (14) in the compounds (VII), (VIII) and (IX) were simi-
lar to those of hopane and derivatives (Table I1I).2)4)  This fact
suggested that adipedatol and its ethers have the same saturated
hopane skelton having no oxygen function in ring A, B, C and D. The
methyl signals at 78.87 (VII), T8.79 (VIII) and 18.79 (IX) can be
assigned to those at C(22) carrying oxygen functions, while the pre-
sence of -0CHy (VIII) and -0CpHs (IX) was demonsirated by the signals
at 7¥6.78, 3H singlet (VIII),and at T6.45, 1H doublet (J=6.5 cps),
6.51, 1H doublet (J=6.5 cps) and T8.77, 3H triplet (J=6.5 cps) (IX),
respectively. These three compounds lacked the methyl signal at
T9.30-9.40, characteristic of that at C(18) in hopane snd derivatives,
whereas they had the tertiary methylene carrying a oxygen function,
appearing as a pair of doublets {(J=11 cps) at T5.75, 6.85 (VIil),
76.04, 6.88 (VII1), and 75.99, 6.89 (IX), respectively. This methy-
lene can be assigned to that attached to C(18) on the basis ef bio-
genetical aspects as well as the evidence for the carbom skelton of
these compounds as described below, The chemical shifts of the
methyl group at C(22) and one of the two protons of the methylene
group at C(18) in adipedatol (VII) were considerably different from
those in the ethers, (VIII) and (IX). This fact along with the che-
mical evidence for the hemiketal or the ketal structure at 0(22) (scc
below) assumed the structure of adipedatol and its ethers as sbhown as
in formula (VII), {VIII) and (IX).

The mass spectrum of the methyl ether (VIII),m/e M* 442(2), u*-
CH30H 410(39), 204(30), 191(100), 189(18) and 175(23), supported the

above assumption, being assigned to the fragments as shown as follows.
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+ +
. +
W —— —_ 4
nfe 442
n/e 204
mn/e 410 n/e 101 n/e 189
n/e 178

By refluxing with 10§ ethanolic KOH for 40 hrs.. adipedatol (VII)
afforded the keto alcohol (X), CogHgg0p, m.p. 285-287%, [alp +6°, Vaex
em-1 3480, 1038(~0H), 1689(C=0). The same compound was also ob-
tained from sdipedatol methyl ether (VIII) by treatment with 5% HoS04-
AcOH-b¢nzene at a room temperature. The NMR spectrum of (X) clearly
showed the presence of the methyl ketone (77.86) and the hydroxy-
methylene attached to C(18)(76.11, 6.44, a pair of doublets, J=12 cps).
Since the sompound (X) has been obtained by alkali or acid treatment,
it should have the more stable configuration at €(21),5) i.e. 28-hydr-
oxy-2lai-30-nor-hopan~22-onse. Treatment of (X) with acetic anhydride-
pyridine gave the acetate (XI}, C3)Hgg03, m.p. 191-193°, [alp -7°,
Vmax tm-l 1710(C=0), 1737, 1250(0COCH3), a pair of doublets at T5.74,
5.99 (Jul3 cps). The mass spectrum showed the moiecular peak at m/e
470(7), M*-CH20COCB3 at m/e 397(75) besides the fragments at m/e 206
(47), 208(43) and 191(100).

K —— —_— + +
n/e 470 n/e 206

n/e 397 m/e 191

Wolff-Kishner reduction of the keto alcohol (X) afforded 2laH-
30-nor-hopan-28-0l1 (XII), CogHggO0, Wip. 171-172°, [a)p -4°, Vpey cm-!
3940, 1034(-0H), in which the ethyl group was demonstrated by a trip-
let of the methyl signal at T9.18 (J=6.5 cps). Chromic acid-
pyridiae oxidation of (XII) gave the aldehyde (XIII), CogHggO, m.p.
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Table II Chemical shifts of the methyl groups (T-value)
(Varian A-60, CCly or CDCl3 solution)

compound methyl groups attached to C( )

4a,48,10 8 14 18% 22
(viI) 9.16,9.19,9.20 9.03 9.03 5.754,6.85d(J=11 cps) 8.67
(vi11) 9.15,9.19,9.10 9.03 9.04 6,04d4,6.884(11) 8.79
(1x) 9.16,9.19,9,20 9.03 9.06 5.994,6.89d(11) 8.77
(x) 9.15,9.19,9.20 9.00 9.00 6.11d,6.443(12) 7.86
(x1) 9.16,0.19,9,21 .02 9.02 5.744,5.994(13) 7.86
(x11) 9.15,0.18,9.19 9.01 8,97 6.114d,6.52d4(12) 9.15t(6.5)
(x1v) 9.15,9.18,8.20 9.03 9,06 9.3% 9.15t(6.5)
(xv) a 9.15,0.18,9.18 9.02 8.91 6.094,6.424(11) 8.86d(6.5)

(xv) A™¢ 9.12,0.17,9.17 8.96 8.785 5.81d,6.06d(12) 8.70d(6,5)
(xv) B 9,12,9.17,9.17 8.95 8.86 5.83d,6.12d(12) 8.674(86.5)

% 2H signals of the methylene group except for (XIV)
¢ observed in a deutero-pyridine solation

162-163°, Vyqy 2700, 1714(CHO), Wolff-Kishner reduction of which
afforded the saturated hydrocarbon (XIV), CogHygg, m.p. 185-187°,
This hydrocarbon was proved to be identical with 2laH-30-nor-hopane
(i-osdiant.no)ﬁ) derived from isoadiantone and it was confirmed that
adipedatol has the carbon skelton of 30-nor-hopane.

Adipedato]l was treated with Lithium in ethyl amine to give two
isomeric diols, diol (XV) A, CggHsgOg, m.p. 227-230°, {alp +28°, Vaux
em-1 3200, 1052, 1028(-0H), and diol (XV) B, CogHggO2, m.p. 250, 264-
267°, Calp +582°, Vyqx ca~l 3300, 1036(-0H). On the other hand,
LiAlHy reductiow of the keto alcohol (X) gave also two isomeric diols,
liol (XVI) A, CogHso02, m.p. 240-241°, (alp +16%, Vpux ew~1 3325,
1089, 1033(-0H), and diol (XVI) B, Vyay cm-! 3250, 1075, 1035(-0H).
Although the same 18,22-diol structure in these four diols were sug-
gested by their NMB spectra, they were different one another. The
diols (XVI) have the 2lal-configuration as described above, and there-
fore the diols (XV) should have the original 218H~-configuration.

The diols A and B must be isomeric at C(22) both in (XV) and (XVI).
The absolute configuration of these diols at C(22) as well as the
stereochemistry at 0(22) in adipedatol and its ethers will be opre-
sented in a separate paper.

The presence of a conjugated aldehyde group in the second new
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compound, filicenal (V), {alp +74° (c=0.5), was demonstrated by its
IR, Vpg, cm-1 2720, 1682, 1630, as well as by its UV, AELOH o, 234
(813.000).7) The chemical shifts observed in a deutero-pyridine
solution, T9.08, 9.05, 9.05, 9.28, 9.08 doublet (J=7.5 cps) and 9.186
doublet (J=7.5 cps), of the six methyl groups attached to C(9), (14),
(13), (17), (22) and (22), respectively, were similar to those of
filicene (IV), The remaining methyl signal at T8.49 can be assigned
to that at C(5), which is subject to the very strong deshielding
effect of the double bond and the carbonyl. A vinyl proton was ob-
served at 73.03 as a multiplet.

Wolff-Kishner reduction of filicenal (V) afforded a hydrocarboen,
filic-4(23)-ene (XVII), m.p. 206-209°, Vyay cm—} 3080, 1635, 890 (exo-
cyclic methylene). As the movement of the double bond during this
reaction is well-known,7) it has been concluded under biogenetical
consideration that the aldehyde group should be at C(4) in filicenal,
i.e, filic-3-en-23-al (V). Catalytic hydrogenation of the hydro-~
carbon (XVII) established its carbon skelton by giving a saturated
hydrocarbon, m.p. 212-218°, which was proved to be identical with
filicane (XVIII) derived from filicene previoully.l)

It is very interesting to know that adipedatol and filicenal are
the first examples of the natural triterpenoids having the hemiketal
and the conjugated aldehyde groups, respectively.
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