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Isolation and Characterization of Fukujusono,rone, a 18-Norpregnane Derivative from Adonis 
amurensis Regel et Radd 1 

Adonis slop. (pheasants-eyes) have  been used as folk 
medicines and are known to conta in  several  cardiac 
glycocides ~. I n  our  earlier papers  ~, we repor ted  the  isola- 
t ion and character iza t ion  of var ious  pregnane homologues 
f rom Japanese  pheasants-eyes,  Adonis amurensis Regel  
et Radd.  This  conlmunica t ion  describes the  isolation of a 
new aglycone, fukuj usonorone, and the  da ta  which pe rmi t  
one to assign an 18-norpregnane s t ruc ture  I to it. 

Fnkujusonorone  (I) was obta ined  by  the  column 
ch roma tog raphy  of the  crude aglycone fract ion and 
crystal l ized f rom ace tone-water  in hydra t ed  crystals,  
mp  88-90 ~ E lemen ta l  analysis of fukujusone f i t ted  an 
empir ical  formula,  C~0H2sO~. 1/2 H~O, which was also 
confirmed by the  appearance  of the  molecular  peak  at  
m/e  314 in the  mass spectrum. The I R - s p e c t r u m  of I 
exhibi ts  absorpt ions at  3600 (hydroxyl  group), 1703 
(isolated ketone), 1660 and 1615 cm -1 (e ,~-unsatura ted  
ketone). The  presence of an e, /3-unsaturated ketone  was 
also suppor ted  by  the  UV-absorp t ion  at  250 n m  (e = 
9000). The  NMR-spec t rum shows signals for an angular  
me thy l  group (T 8.90, 3H, singlet), a me thy l  ke tone  
(v7.70, 3H, singlet), a meth ine  pro tone  (6.60, 1H, 
roughly  resolved triplet) ,  hydrogen  ad jacent  to secondary 
hydroxy l  group (~ 6.10), and an olefinic pro ton  on a tr i-  
subs t i tu ted  double bond (~ 4.60). The  general  feature  of 
the  spec t rum strongly indicates  t h a t  I is a der iva t ive  of 
pregnan-20-one which lacks one angular  me thy l  group, 
and the  pa t t e rn  of the  signals a t  z 6:10 and 4.60 suggests 
the  presence of 5-en-3/~-ol system. 

Ace ty la t ion  of I I  gave  a hydroxyl - f ree  monoace ta t e  
C22IK~O4, m p  110-115~ whose spectroscopic propert ies  
resemble those  of I. Thus ou t  of 3 oxygen  functions,  one 
is a secondary hydrox l  group and 2 others  are ketones.  
Moreover,  since the  chemical  shif t  of the  olefinic pro ton  
shows t h a t  the  t r i subs t i tu ted  double bond does not  
par t ic ipa te  in conjugat ion,  there  should be a te t rasub-  
s t i tu ted  double bond in coniugat ion  wi th  one of the  
ketones. The  mass spec t rum was mos t  informat ive .  The 
p rominen t  peaks seen at  m/e  105 and 120 are character is t ic  
of 5-en-3/~-ol steroids, formed th rough  a retro-Diels-  
Alder  process and dehydra t ion .  This indicated t h a t  the  
missing me thy l  group is no t  the  19-methyl  group b u t  
18-methyl  group. 

The  f ragments  as m/e  271, 253 are ev ident ly  produced 
by  the  r emova l  of an  ace ty l in inm ion, confi rming the  
presence of a me thy l  ke tone  side chain a t  C-17. There are 
also p rominen t  f ragments ,  m/e  271 (M-42), m/e  (M-42-43- 
18) formed by the  loss of ketone, a f r agmenta t ion  typica l  
of an e, /5-unsaturated r ing ketone  wi th  an e -methylene  
structure.  The  occurrence of a f ragment ,  m/e  211 (M-42- 
43-18) clearly dis t inguished the  unsa tu ra ted  ketone f rom 
the  me thy l  ketone.  I t  should also be noted t h a t  the  same 
cleavage was observed wi th  the  retro-Diels-Alder  frag- 
m e n t  B, as peaks, m/e  (B-42), m/e  (t3-43), m/e  (B-42-43), 
i l lus t ra t ing  again tha t  the  ketone  funct ions are a t tached  
to r ing C or D (scheme). 

Since i t  is ev ident  f rom the  I t -absorpt ion  (1660 cm -1) 
t h a t  the  unsa tura ted  ketone is not  a 5-membered one, 
the  par t ia l  s t ruc ture  of A 13(14)-12-one was assumed. 
The  compounds  (i) and (ii) wi th  analogous chromophores,  
reveal  the  UV- and IR-spec t r a  similar  to t h a t  of I ~. An 
a l te rna t ive  s t ructure  of A 8(9)-11-one is less plausible, 
because the  abnormal i ty  of the  UV-absorp t ion  or in- 
stability in basic media  expected f rom the  pecul iar  
zl 5,8(9)-dien-11-one sys tem * was no t  observed.  I n  this 
way, the  s t ructure  of 3/~-hydroxy-A4,13(14)-18-nor- 
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m/e 272 (M-42), m/e 271 (M-43), m/e 254 (M-42-~8), m/e 253 
(M-43-18), m/e 211 (M-42-43-18), m/e 134 (B-42), m/e 133 
(B-43), m/e 91 (M-42-43) 
Mass fragmentation of fukujusonorone (I). 
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Chart 1 

I. R = II  [250 mn (9000) 1660, 1615 cm-lJ 
II. R = Ac 
III .  R = Ac (17yiso) 
(i) X" = 0 [249 nm (9650) 1673, 1623 ClU -1] 

/ O - -  
(ii) X = " O - -  I, [249 nm (11,900) 1685, 1619 cm -1] 

z Abstracted from the Symposium Papers of the 12th Symposium 
on the Chemistry of Natural  Products, Sendai 1968, p. 174. 
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pregnadiene-12, 20-dienone was pos tu la ted  as one which 
fulfils all the  requirements .  The  proposed s t ructure  can 
also explain the  unusual ly  deshielded chemical  shift  of 
the  meth ine  protone  at  C-17. T r e a t m e n t  of I wi th  di lute 
alkali  gave an intensely yellow colored solution, f rom 
which, af ter  acetylat ion,  I I  and an isomeric acetate,  I I I ,  
were isolated. I I I  has the  same UV-absorpt ion  and mass 
spec t rum as I I  and was considered to be  the  isomer at  
C-17 or less possibly at  C-95. 

Al though the  unequivocal  elucidat ion of the  s t ruc ture  
has to wai t  for corre la t ional  exper iments  which are now 
under  way, the  authors  bel ieve t h a t  Iukujusonorone  is the  
first  example  of a genuine 18-norsteroid in n~ture  s. 
While  m a n y  19-norsteroids are known, an 18-norstc~oid 
has no t  been found. As for the  biogenesis of I, the  authors  
present  the  following sequence which involves  fi-ketoacid 
decarboxyla t ion  (or s imilar  reaction) followed by  
fi-elimination. Co-existence of adonil ide (IV) and some 
12,14-oxygenated pregnanes in the  same p lan t  m a y  
suppor t  this hypothesis .  

Zusammen/assung. Aus den Wurze ln  des japanischen 
Adonisrdschens (Adonis amurensis Regel  et  Radd)  wurde 
Fukujusonoron,  ein neues Aglykon,  das sich yon  18-nor- 
Pregnan  ableitet ,  isoliert. 

Y. SHIMIZU, Y, SATo 
and H. 1V[ITSUHASHI 

Faculty o[ Pharmaceutical Sciences, 
Hokkaido University, 
Sapporo (Hokkaido, Japan), 23 June 1969. 

Failure of transformation to the conjugated ene-dione system 
shows the decoaprigated system is more thermodynamically 
favoured. 

s A few 'pseudo'-lS-norsteroids, which have the 18-methyl group 
migrated to C-17, have been reported. J. TOMKO, A. VASSOVA, 
G. AnAl, K. SCttEEIBER and E. HdHNE, Tetrahedron Letters 
1967, 3907. 

Morphogenetic Effects of Follicle Stimulating Hormone: Effects on the Synthesis of Nuclear RNA's 
by Chick Embryos 

The processes of development ,  g rowth  and main tenance  
of an  organism are directed, in some phase or other,  by  
hormones.  Hormones  are involved,  for instance, in the  
processes of d i f ferent ia t ion of germ cells 1 and m a m m a r y  
tissue ~,3, growth and moul t ing  of insects 4,5, and meta-  
morphosis  in amph ib ia  ~. 

Fol l ic le-s t imulat ing hormone  (FSH) is a g lycoprote in  
hormone  produced by the  anter ior  p i tu i t a ry  gland. I t  is 
responsible for the  growth and ma tu ra t i on  of ovar ian  
follicles. The  possibi l i ty  t h a t  i t  migh t  get  localized in the  
developing o v u m  and also p lay  a role in organizing em- 
bryogenesis  was suggested several  years  ago 7. I t  was la ter  
shown to be able to induce different ia t ion of neural,  noto-  
chordal,  and somit ic  tissues in chick embryonic  sys- 
tems s-10. Cellular di f ferent ia t ion is a phenotyp ic  expres- 
sion of different ial  genetic ac t iv i ty .  The  morphogenet ic  
p roper ty  of the  hormone  probab ly  reflects i ts  ab i l i ty  to 
control  genetic a c t i v i t y .  I f  i t  were so i t  migh t  produce 
specific effects on R N A  synthesis  by  developing embryos.  

Material and methods. Chick embryos  a t  s tage 4 
(medium pr imit ive-s t reak) ,  stage 5 (head-process), s tage 7 
(neural-fold embryos  wi th  1-2 pairs of somites), and 
stage 9 (embryos with  8-9 pairs  of somites) were g iven 
H~-uridine (25 ~zc/ml) in 15 rain, 1 and 3 h pulses, Some 
embryos  of each stage were t rea ted  wi th  0.5 m g / m l  F S H  
(NIH-FSH-S4)  for 1 h before the  precursor  was supplied. 
All of t h e m  were sect ioned and au toradiographed af ter  
ex t rac t ion  wi th  5% TCA at  4~ The  exper iments  were 
controUed using RNase.  Nuclear  grain counts  were made  
in epiblast,  mesoderm or thei r  de r iva t ive  tissues, viz. 
the  neural  tissue, notochord  and somites respect ively.  
The  da t a  are presented in Tables  I and I I .  Ha-buty l  - 
me thac ry la t e  (50 ~c/g f rom RadiochemicM Centre, 
Amersham) sections were used as s tandards  and auto-  
radiographic  efficiency (ARE) was de termined  for each 
ba tch  of au torad iographs lL  

Results and discussion. The  object  of these exper iments  
was to see if the  hormone  produced any  different ial  effect 
on the  synthesis  of nuclear  IRNA's (nlRNA) by  the  

different  embryonic  tissues and if t hey  did, whether  these 
effects could be correlated w i t h  morphogenet ic  events  
occurr ing a t  the  t ime  of t r e a t m e n t  w i th  the  hormone.  
Different ia l  effects were indeed noticed, and these were 
also found to be stage-specific. 

Mesoderm cells appeared to have  been s t imula ted  by  
the  hormone  (see Table  I) beginning wi th  stage 5. The  
synthesis  of n R N A  by  epiblast  and mesoderm cells of 
s tage 4 and epiblast  cells of s tage 5 was found to be in- 
h ibi ted  by  the  hormone.  Bu t  mesodermal  ceils of s tage 5 
embryos  did no t  show such an inhibi t ion.  This  m a y  be 
related to the  fact  t h a t  this  is roughly the  stage of devel- 
opmen t  when mesoderm enters into var ious  induct ive  
interactions.  This is also the  stage which is highly 
susceptible to a n t i - F S H  act ion 9. We  do no t  know how an 
inhibi t ion of n R N A  synthesis  in stage 4 cells migh t  have  
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1967), p. 143. 

2 F. t~. STOCKDALE, W. G. JUERGENS and Y. J. TOPPER, Devl. Biol. 
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11 ARE is defined as the number of silver grains formed per 100 dis- 
integrations occurring in the standard section of infinite thickness 
with reference to tritium (i.e. not less than 5 ~). 


