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Structure of Serratanidine

In previous publications,®% we have described the isolation and characterization of
four known alkaloids and seven new alkaloids from Lycopodium servatum Tuuns. var. serratum
f. servatum=L. serratum Tuuns. var. Thunbergii Maxino (hosobatohogeshiba) and the
structures of three among these new alkaloids, serratinine (I),% serratine (II)® and serratini-
dine (III),”- which are the unique skeletal lycopodium alkaloids, have been established.

This communication deals with structure establishment of serratanidine (IV),% one of
seven new bases, mp 210—211°% C;;H,;O,N,? [a]%* —52.0° (¢=1.01 in EtOH), IR?® v
cm~t: 3510, 3470, 3150 (OH), 1720 (C=0), 1415 (-CH,~CO-).

Acetylation of serratanidine (IV) with Ac,0O-pyridine at room temperature for two days
afforded diacetylserratanidine (V), mp 203—205°, Co0HyyOeN, IR #mx cm—t: 3510 (OH),
1725, 1705 (C-0). NMR®: 8.82 (3H, s., >C-CHy), 8.06 (38H, s.,, -OCOCH,), 7.93 (3H, s.,
-OCOCHy), 7.48 (1H, s.,-OH), 5.18 (1H, t., /=3 cps, )CH-OAc), 4.92 (1H, br. s., YCH-OAc).

The mass spectrum of diacetylserratanidine (V) showed the four significant peaks at M-28,
M-87, m/e 194, m[e 152 which are diagnostically important for serratinine type alkaloid carrying
an acetoxyl group at C;3.®  This result suggests that serratanidine (IV) possesses the
serratinine skeleton containing a hydroxyl group at Cg,.

Hydrolysis of diacetylserratanidine (V) with aq. 109, HCl unexpectedly afforded a
ketonic compound (VI), mp 201—204°, C;H,305N, IR vmex cm™: 3100 (OH), 1785, 1700 (C=0),
which was identified with 8-dehydroserratinine (VI) derived from 8-dehydro-i3-acetyl-
serratinine (VII), by comparison of IR spectra and mixed melting point determination.
Acetylation of 8-dehydroserratinine (VI) with Ac,O-pyridine regenerated 8-dehydro-13-
acetylserratinine (VII), showing that no skeletal change during hydrolysis with aq. 109,
HCI solution had occurred. These results permit to deduce a plane structure for serratanidine
as (IV), and the remaining problem to be estalished on the structure of serratanidine is con-
cerned with the stereochemistry of the hydroxyl group at Cg and C,;, respectively.

Osmolation of 8-anhydro-13-acetylserratinine (VIII) provided cis—-diol-A (IX), mp 222—
223°, CygH,,05N, IR v cm—2: 3450 (OH), 1735, 1720 (OAc and C=0), NMR: 8.65 (3H, s.,
>C-CH,), 8.08(3H, s., ~OCOCH,), 6.30 (1H, d., J=4 cps, )CH-OH), 5.20 (1H, t., J==3 cps,
»CH-OAc). Hydrolysis of cis—diol-A (IX) with alkali afforded cis—triol-A (X), mp 231—232°,
Cy6Hy;0,N, IR vmax cm~1: 3450 (OH), 1735 (C=0) which was not identical with serratanidine.
Attempt to obtain diastereoisomeric cis—diol by Woodward’s—cis-hydroxylation® of (VIII)
failed to recover the starting material.
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Oxidation of cis-diol-A (IX) with Jones’ reagent gave a diketone (XI), mp 230—232°,
CisHas05N, IR vmax cm~1: 3430 (OH), 1720 (C=0), which upon NaBH, reduction, followed by
hydrolysis afforded frans—triol-A (XII),19 mp 278—274°, C;iHy;04N, IR vmax cm—1: 3460, 3320,
3220 (OH) and 1720 (C=0). It is certain that #rans—triol (XII) is epimeric in configuration
at Cg with cis—triol (X), since the mass spectrum of this ¢rans—triol (XII) showed three charac-
teristic fragment ion peaks, M-28, m/e 152 and m/e 1509 appeared in all serratinine derivatives
which leave the original ketone group at Cj intact, eliminating the possibility of reduction
of the C; carbonyl group by this NaBH, treatment.

Then, oxidation by H,0,~-HCOOH, followed by hydrolysis, which has been well known
to give trans—diol derivative,” was applied to 8-anhydro-13-acetylserratinine (VIII) and the
product, frans—triol-B (IV), mp 209—212°, [a]§ —44.0° (c=1.0 in EtOH) was not identical
both with (X) and (XII) but proved to be identical with an authentic sample of natural
serratanidine in all respects.
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10) The foregoing experiments have shown that sodium borohydride was inactive to the carbonyl group
at C; in serratinine and its derivatives carrying the f-hydroxyl group at C,;3.9
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This observation indicated that the configurational relationship between two hydroxyl
groups at Cg and Cy; in serratanidine is frans. However, it is still obscure which hydroxyl
group is situated in the § configuration. This ambiguity was solved by the following experiment.

Treatment of serratanidine (IV) with phosgene in pyridine afforded serratanidine carbonate
(XIIT), mp 277—278°, Cy;H,3505N, IR vmex cm~t: 3050 (OH), 1747 (C=0). IR spectral data
showed that the carbonyl group in this carbonate ester is situated on the six membered ring
or larger. The formulae (XIII) and (XIV) for serratanidine carbonate are still possible but
the latter was excluded by the following NMR observations. The NMR spectrum of the
carbonate in DMSO revealed three signals at 6.28 (1H, br. d., J=4cps, >CH-OH), 5.55
(1H, br. d., J=4.3 cps, YCH-OCO-), 4.26 (1H, d., J=4cps, —OH) and the last signal
disappeared by treatment with D,0, suggesting that the free hydroxyl group in the carbonate
is the secondary one. The double resonance technique supported also the correctness of
this assignment. These observations show clearly the cis relationship between the C,5 and
Cy5 hydroxyl group.

Since the absolute configuration of serratinine (I) which was correlated with serratanidine
through the compound (VI) with the original hydroxyl group at Cy; intact, has been firmly
established, the absolute stereostructure of serratanidine should be represented by the formula
(IV) and cis—diol-A which seems to arise from (VIII) by attack of 0s0, from the less hindered
. side, is depicted by the formula (IX).
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Synthesis of Ecdysone

Insect moulting hormone ecdysone (I) was isolated in pure state in 1954 by Butenandt
and KarlsonD and its chemical structure was elucidated as 28,3f,14a,224;, 25—pentahydroxy-
5p—cholest-7-en—6-one (I) by X-ray analysis in 1965.» Only one year after establishment of
structure, two groups®® succeeded in the synthesis of ecdysone. In our program to synthesize
ecdysone, its chemical structure was divided in three partial structures, namely, A-ring (II),
B,C-ring (I1I) and side chian (IV) structure, and novel and improved methods of preparation
of these partial structures were developed, two of these methods being already reported.
‘We now succeeded in synthesis of ecdysone by using above-mentioned methods.
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