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AbaMet-A novel Cz9 insect mctamorphosiqg suhstana, sengosterone, has been isolated from Cyu&du 
copitatu (Amaranthaczae) axxi shown to have struchue I by chemical and physicockmical studies. 

IN llEcEr+rr years a number of ecdysterols, steroids possessing the insect-metamor- 
phosing hormone activity, have been discovered from vegetable sources. 

her ah, from the methanol extract of the crude drug Radix Cyathulae, the dried 
roots of Cyathula capituta Moquin-Tandon (Amaranthaceae), utilized as a tonic or 
a diuretic in Oriental medicine, we first isolated the unique Cz9 ecdysterol cyasterone’ 
and later obtained the other Cz9 analogues capitasterone,’ amarasterone A and 
amarasterone B,’ and elucidated their structures as shown in formulas V, VI, VII and 
VIII, respectively. ‘e-3 
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Further survey on the extract by means of extensive chromatography has resulted 
in the isolation of another new Cz9 component showing the insect-metamorphosing 
hormone activity for which the term sengosterone is proposed. 

The present paper reports the evidence which leads to the establishment of the 
structure along with the partial stereochemistry of sengosterone as depicted in formula 
r.* 

Consideration of analytical values suggested the composition C,sH,09 for 
sengosterone. This was strengthened by the mass spectrum which shows no molecular 
ion peak at m/e 536 but exhibits peaks at m/e 518 (4% relative to the base peak at m/e 

43), 500 (loo/,), 482 (479,464 (2%) and 446 (1%) due to ions formed from the molecular 
ion by successive elimination of 1-5 molecules of water (Figs 1,2). 
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FIO. 1. Mass spectrum of sengosterone (70 eV). 

* Part of the matet-kl reported herein formed tk substana of a preliminary communication: Terra- 
hedron Letters 1417 (1969). 
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FIG. 2. Principal mass fragmentation of sengosterone. 

The IR sptrum of sengosterone shows a characteristic band at 174g cm-’ 
ascribable to a y-lactone ring as well as strong bands at 3425 and 1670 cm- ’ attributed 
to many OH’s and an enone group, respectively. Therefore, sengosterone constitutes 
the second example of ecdysterols containing y-lactone groupings, the first being 
cyasterone (V) isolated from the same source. Comparison of the spectrum with that 
of cyasterone was then carried out and, as a result, it was revealed that they were 
identical. The IR band at 1670 cm- ’ together with the UV absorption at 241 nm and 
the NMR signal at 6.20 ppm demonstrates the presence of a p,gdisubstituted a$- 
unsaturated ketone system as the 7-en&one chromophore in cyasterone. The NMR 
spectra of sengosterone and cyasterone in pyridine are also similar (Fig 3, Table 1). 
Thus the presence of two tertiary Me’s, one tertiary Me on an OH-bearing carbon, 
and two secondary Me’s are indicated. Furthermore, the chemical shifts of these 
signals are compatible with those of cyasterone with the only exception that the 
signals assigned to the C-19 Me protons are separated by as much as M)7 ppm. On 
the basis of the evidence already presented, our inference at this stage was that we were 
dealing with a substance closely related to cyasterone, which most probably is a 
monohydroxylated derivative of cyasterone or its isomer. 

TABLE I. M~HYL CHEMICAL SHIFTS (PYRIDINE) 

C-18 c-19 c-21 C-26 c-27 C-29 

Cyasterone W)’ 1.19 1.06 1.51 - 1.33 1.33 
Sengosterone (1) 1.21 I.13 1.56 - 1.36 1.34 
Ealysterone wq 1.19 I.06 1.55 1.34 1.34 - 
Polypodine B w 1.19 1.10 1.55 1.35 1.35 - 
Pterosterone (XI)‘0 1.18 la5 1.54 la 1.&l - 
Ponasterone C (XW’ 1.17 1.12 1.54 1.00 1Im - 
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FIG. 3. NMR spectrum of sengosterone (CsDsN, 100 MHz). (A : that of cyasterone). 

In order to confirm this assumption, sengosterone was acetylated with acetic 
anhydride in pyridine at room temperature overnight, conditions under which 
cyasterone forms a triacetate, to give two crystalline acetates, the diacetate (II) and 
the triacetate (III). The IR spectrum of the triacetate (III) is again practically identical 

I 

‘0 

with that of cyasterone triacetate. The NMR spectrum of the triacetate (III) is also 
similar to that of cyasterone triacetate (Fig 4, Table 2). Thus the chemical shifts and 
coupling patterns of certain signals coincide remarkably with those of the signals for 
the hydrogens on the carbons involved in the side-chain of cyasterone triacetate. 
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FIG. 4. NMR spectrum of sengosterooe triacctate (CLKI,, 100 MHz). 
(A : that of sengosterone diacxtate). 

Furthermore, the signals were analyzed with the aid of double resonance experiments, 
the same side-chain structure for sengosterone as that of cyasterone being established. 

As suggested previously, sengosterone has an extra OH group as compared with 
cyasberone. The tertiary nature of the OH was demonstrated by the facts that sengo- 
sterone, as cyasterone, gives a triacetate and that the NMR spectrum of the triacetate 
(III) shows no extra carbinyl H signal other than the signals present in that of cyaster- 
one triacetate (Fig 4). However, as described above, the NMR spectrum of the tri- 
acetate (III) precluded the possibility that the OH is attached to any position of the 
side-chain. This assignment was fully supported by the mass spectral data (Figs 1.2). 
Thus, the characteristic peaks appear at m/e 201 (M-335, 6%X 183 (M-335-18, 8x), 
157 (M-379, 19%) and 113 (M-423, 13%) due to the side-chain fragments which are 
also present in the spectrum of cyasterone,’ demonstrating that the side-chain struc- 
ture contains no extra OH group. On the other hand, the prominent peaks at m/e 
379 (M-157, 2x), 361 (M-157-18, 14x), 343 (M-157-36, 25%) and 325 (M-157-54, 
18z)attributed to the nucleus fragments are 16 mass units higher than the correspond- 
ing peaks in that of cyasterone. Further, the nucleus fragment formed by the complete 
loss of the side-chain at C-17 and a subsequent loss of one molecule of water and a 
hydrogen occurs at m/e 316 which is also 16 mass units higher than the corresponding 
peak ,in cyasterone. These observations confirm the additional OH to be located in 



TABLE 2. PROTON SIGNALS (CDCI,) 

c-2a c-a c-7 c-9 C-18 C-19 c-21 c-22 C-26 c-27 c-28 C-29 

Cyastcronc _ 501 5.31 5.85 3-11 085 i@Z 1.25 -4% - 1.28 4.10 1.41 
X3;22-triacetatei + ddd d ddd s s s + d dq d 

Sengosterone 5.27 5.22 595 3.21 0.85 0.93 I.25 499 - 128 4.11 1.41 
Z3,22-triaceta1t + + d ddd s s s dd d dq d 

Smgcxiterone 5‘09 4.12 545 3.20 0.85 091 1.25 4.97 - l-28 4.11 1.41 
2,22diacetate + + d ddd S s s + d .+ d 

t Patterns arc uncltar due to ovcrbpping of the signals. 
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the nucleus. Therefore, only three positions C-5, C-9 and C-17 remained for the loca- 
tion of the extra OH group. Heating of sengosterone in methanol in the presence of 
hydrochloric acid was performed to give products possessing UV ~~298~d 
242 nm as with cyasterone. i This change cannot be rationalized in terms of the 
7-en-6-one- 14,l Fdiol system for sengosterone, which is expected to give a maximum 
at a much longer wavelength due to the 7,14,16-trien-6-one chromophore, excluding 
the possibility that the extra OH is situated at C-17. The presence of the C-9 H signals 
in the NMR spectra of sengosterone and its acetates (II and III) precludes the location 
at C-9 (Figs 3,4). The situation ofthe extra OH at C-5 thus deduced was finally secured 
by the following facts. (1) Although the spectra were measured in KBr disks, the IR 
band attributed to the C=O stretching vibration of sengosterone appears at 1670 
cm-’ which is displaced by 20 cm- 1 towards a shorter wavelength as compared with 
that of cyasterone, indicating that an oxygen function is situated bl to the CO group 
and near the plane which compasses the CO and its’ two adjacent C atoms as shown in 
perspective A. (2) The ORD and CD curves of sengosterone show positive Cotton 
effects for the WR* transition of the CO group (R-band) as with cyasterone. However, 

comparison of the ORD and CD curves of sengosterone with those of cyasterone 
reveals that a hypsochromic shift of 10 nm of the R-band, the disappearance of the 
fine structure of the band, and the increase of the amplitude (the molecular elipticity) 
are observed (Figs 5,6, Table 3), demonstrating that the SBhydrogen in cyasterone 
is replaced by a 5J3-OH group in sengosterone. (3) In tbe NMR spectrum of sengo- 
sterone, there is no signal attributable to the S&hydrogen which occurs at 294 ppm 
as a doubIet of doublets in the spectrum of cyasterone (Fig 3)’ 

Since the gross structure has thus been settled, the mmaining problem is now the 
stereochemistry. As described above, physico-chemical properties of sengosterone 
indicate that its ~~~h~~ is the same as that of cyasterone but except that the 
conf~urations of the C-2 and C-3 substituents remain indehnite. 

In the NMR spectrum of the diacetate (II), an intramolecular nuclear Overhauser 
effect (ca 7%) was observed between the hydrogen on the acetoxyl-bearing carbon 
(C-2) and the allylic hydrogen (C-9), indicating both the hydrogens to be located in 
the spatially close relationship. Further, the signal shape of the hydrogen on the 
acetoxyl-bearing carbon (C-2) shows it to be axially situated, while that of the hydro- 
gen on the adjacent carbon attached to the OH (C-3) indicates it to be equatorially 
oriented (Fig 4), a fact which demonstrates that the C-2 and C-3 dihydroxyl groups 
are bpth in the &configuration. This was further corroborated by the formation of the 
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FIG. 5. ORD curves of sengosterone and cyastcrone (dioxan). 

TABLE 3. CON EFIZCTS RX MC* TRAMITION 

Maximum (nm) Molecular clipticity ([e]) Aptitude (a) 

Cyasteronc 03 338 +5100 +68 
Sengosterone (I) 32n + 1490 +101 
Ecdysterone (IX) 339 + 5280 +72 
Polypodine B (X)* 329.5 +9600 
Pterosterone (XI)‘0 339 +4210 +69 
Ponasterone C (XII)‘*s 324 +9900 +110 
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FIG. 6. CD curves of sengosterone and cyasterone (dioxan). 

3,Scarbonate (IV) from the diacetate (II), the cis relationship of the C-3 and C-5 
dihydroxyl groups being established. 

On the basis of the above evidence, it is concluded that sengosterone is Sf&hydroxy- 
cyasterone (I) and may be the immediate metabolite of cyasterone. The stereochemistry 
of the side-chain of sengosterone, as with that of cyasterone remains to be determined. 

II - 
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Occurrence of an ecdysterol possessing an OH group at C-5 in a plant, Polypodium 
uulgare LinnC (Polypodiaceae), has already been reported, i.e., polypodine B.4 
Although polypodine B is claimed to be Sl3, 2(&dihydroxyecdysone, no conclusive 
evidence for the configurations at C-2 and C-3 has been presented. Later, isolation of 
a similar substance from the same source has been reported5 Although this substance 
was assigned to 5&hydroxyecdysterone, it might possibly have the alternative 2a,3u.,5a- 
trihydroxy-structure only based on the evidence provided, After the identity of 
polypodine B and 5p-hydroxy-ecdysterone has been showq6 the combined evidence 
for both substances now demonstrates the 28, 38, 5@trihydroxy-structure for poly- 
podine B (X). Ponasterone C, a minor phytoecdysone from Podocurpus nukaii Hayata 

OH R’ 

HO 

HO 

(Poclocarpaceae), was first considered to be ~3u.,l4a,20&22&!~-hexahydroxy-5~- 
cholest-7-en-&one’ but recently revised to have the structure XII also possessing the 
5b-OH group.’ 

As mentioned above, in the NMR spectra, the C-19 Me protons in sengosteroae 
resonate apart by 007 ppm from those in cyasterone, the difference being also found 
in the ecdysterone and pterosterone series (Table 1). The changes in the ORD and CD 
curves caused by the replacement of 5IShydrogen.s by 5l3-OH groups, described above, 
are observed also in the other series (Table 3). 

It is worthy to note the silica gel TLC of sengosterone and cyasterone. Thus, since 
sengosterone is a hydroxylated derivative of cyasterone, the former expectedly has a 
smaller mobility than the latter, when developed with a mixture of ethyl acetate and 
methanol. However, the R, values of both substances are reversed using a mixture of 
chloroform and methanol as developing solvent (Table 4). Similar inversions are also 
observed in the other pairs of ecdysterols, uiz., ecdysterone (IX) and polypodine B (X), 
and pterosterone (XI) and ponasterone C (XII) (Table 4). 

Developing solvents 
AcOEt-MeOH (10: 1) CHCl,-MeOH (5 : 1) 

Cyasterone (V) 019 027 
Sengosterone (I) 015 0.31 
Ecdysterone (1X) 013 0.16 
Polypcdine B (X) oQ9 019 
Pterosterone (XI) 0.30 0.28 
Ponasterone C (XII) 025 032 
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