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The s t ruc tu re  of s tachysolone - a di terpenoid f r o m  Stachys annua L. - has been shown prev ious ly  [1]. 
On the bas i s  of spec t r a l  and chemica l  data it was es tab l i shed  that s tachysolone belongs to the di terpenoids  
with a r e a r r a n g e d  labdane ca rbon  skele ton and is r ep resen ted  by formula  (I), without taking the spat ia l  a r -  
r angement  into account.  We have now studied the s t e r e o c h e m i s t r y  of this compound. 

Among di terpenoids  with a r ea r r anged  labdane skeleton,  compounds are  known with the t rans  [2, 3] 
and cis  [4] l inkages of the A/B r ings.  In o r d e r  to de te rmine  to which s e r i e s  s tachysolone belongs, we de-  
cided to c o r r e l a t e  it with the known ketone (II) obtained [5] f rom plathyterpol ,  for  which the cis  (5fl) linkage 
of the r ings has been es tab l i shed  [4]. However,  a f t e r  s tachysolone had been oxidized with the Jones  reagent  
to the t r iketone (III), this had been reduced by the W o l f f - K i s h n e r  method to the hydrocarbon  (IV), and the 
l a t t e r  had been oxidized with sodium d ichromate  in acet ic  acid, the a,  f l -unsaturated ketone (V) was obtained, 
which differed f rom compound (II) in its mel t ing  point and optical  p rope r t i e s .  

The c i r c u l a r  d ich ro i sm curve  of the ketone (V) (Fig. 1) co r r e sponds  comple te ly  in the sign of the 
Cotton effect  (CE) and in the fine s t ruc tu re  of the R band to that desc r ibed  in the l i t e ra tu re  [6, 7] as c h a r -  
a c t e r i s t i c s  fo r  A1-5~-3-oxos tero ids  (andalso A3-5a-2-oxos te ro ids)  and dif fers  sharp ly  f rom that of the 
A1-5f l - i somers .  This gave grounds for  a s suming  that compound (V), unlike (II), belongs to the t rans  s e r i e s  
and, consequently,  the ca rbon  skeletons of p la thyterpol  and s tachysolone l ikewise d i f fer  by the conf igura-  
tion at C s. A final conclusion was drawn a f te r  a compar i son  of the optical  ro ta to ry  d i spe r s ion  (ORD)curves  
of s tachysolone and te t rahydros tachyso lone  (Fig. 2) with the curves  given in the l i t e ra tu re  for  de r iva t ives  
of t r a n s -  and c i s -deca l in s  and of some s te ro ids  and te rpenes  with a known s t e r e o c h e m i s t r y .  Thus, the 
ORD curve  of s tachysolone is ve ry  s i m i l a r  in shape,  in the sign of the CE, and in the posit ion of the e x t r e m a  
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Fig. 1. C i r c u l a r  d i ch ro i sm curves :  1) 17f l -hydroxy-5f l -androst -  
1 -en -3 -one  acetate;  2) 17 f l -hyd roxy -5~-and ros t - l - en -3 -one ;  3) 
the ketone (V). 

Fig. 2. ORD curves :  1) s tachysolone;  2) t e t rahydros tachyso lone .  
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to the cu rve  of ( - ) - t r a n s - 9 - m e t h y l - 3 - o x o - 2 , 3 , 4 , 5 , 7 , 8 - h e x a h y d r o n a p h t h a l e n e  [8] and has the opposi te  sign 
of the CE to the cu rve  of ( + ) - A l - t r a n s - m e t h y l o c t a l - 3 - o n e  [9]. 

T e t r a h y d r o s t a c h y s o l o n e  has a CE of the opposi te  s ign to s t achyso lone ,  as  is the c a s e  f o r  the p roduc t s  
of the hydrogena t ion  of the t r a n s - h e x a h y d r o n a p h t h a l e n e s  [8, 10]. The ORD curve  of t e t r a h y d r o s t a c h y s o l o n e  
is v e r y  s i m i l a r  in shape and s ign of the CE to the c u r v e s  of c h o l e s t a n - 3 - o n e  [11], c h o l e s t a n - 2 - o n e  [12], o~- 
t e t r ahydrosan ton in  [13] and o the r  t r ans  (5(~,10fl) 2 -oxo  de r iva t ives  and is opposi te  to the s ign of compounds  
with the r e v e r s e d  s t e r e o c h e m i s t r y  at the c e n t e r s  such as, f o r  example ,  t r ans -10e~-methy ldeca l -2 -one  [13]. 
This g ives  grounds  fo r  r e g a r d i n g  s t achyso lone  as a de r iva t ive  of a r e a r r a n g e d  labdane of the type of kola-  
vane with the t r ans  (5(~,10fl) l inkage of the A/B r ings .  

The conf igura t ion  at C 7 b e c o m e s  c l e a r  f ro th  a s tudy of the NMR s p e c t r u m  [1]. The hal f -width  of the 
H 7 s ignal  is 9 Hz, which shows the equa to r ia l  o r ien ta t ion  of the p ro ton  and, consequent ly ,  the hydroxyl  is 
p r e s e n t  in the axial  posi t ion.  This is a l so  c o n f i r m e d  by the diff iculty of its ace ty la t ion ,  which takes place 
only on heat ing.  

The side chain  at C 9 mus t  be p resen t ,  as in all b icyc l ic  d i te rpenoids ,  in the m o s t  e n e r g e t i c a l l y  f a v o r -  
able equa to r i a l  posi t ion.  The conf igura t ion  at the C 8 and C13 a toms  is st i l l  unde te rmined ,  and will  be d i s -  
c u s s e d  s epa ra t e ly .  

Thus, when the conf igura t ions  of four  of the a s y m m e t r i c  c e n t e r s  out of the s ix  a r e  cons ide red ,  
s t achyso lone  can be r e p r e s e n t e d  by fo rm u la  (I). 

0H 

I g m. ,v. 
V. %-0, 

E X P E R I M E N T A L  

The IR s p e c t r a  were  taken on a UR-10 s p e c t r o m e t e r .  The ORD c u r v e s  were  de t e rmined  on a J a s c o  
ORD/UV-5 s p e c t r o p o l a r i m e t e r  at 27°C. The c i r c u l a r  d i c h r o i s m  c u r v e s  were  obtained on a Spect ropol  B 
ins t rumen t  by V. A. Babkin (Institute of Organ ic  C h e m i s t r y ,  Novos ib i r sk) .  The me l t ing  points w e r e  m e a -  
su red  on a Kof ler  block.  

S tachysolone .  ORD: [ (~ ]D-25° ,  [c~]450-99°, [c~]390 -277° ,  [c~]352 -915° ,  [c~]330-199°, [c~]2s8 + 1542°, 
[c~]2s 5 + 1472 ° (c 0.119; methanol) .  

T e t r a h y d r o s t a c h y s o l o n e .  ORD: [(~]D + 15°, [a]450 + 22°, [a]360 + 79°, [c~]330 + 193°, [c~]305 + 508°, 
[(~]2~4-700 °, [c~]250-607 ° (c 0.28; methanol) .  

Oxidation of S tachysolone .  With s t i r r i n g  at 0°C, the Jones  r eagen t  [14] was added dropwise  to 500 mg 
of the subs tance  in 10 ml  of ace tone  until a brown c o l o r  p e r s i s t i n g  fo r  30 min  appeared .  Then the mix tu re  
was  diluted with wa te r  and ex t r ac t ed  with c h l o r o f o r m ,  and the e x t r a c t  was washed with a 2% solut ion of a l -  
kali  and with water ,  and dr ied,  and the c h l o r o f o r m  was dis t i l led  off. The res idue  was c h r o m a t o g r a p h e d  on 
a lumina  (act ivi ty g r ade  III). A mix tu re  of benzene and 5% of ethanol  eluted 300 mg  of the t r ike tone  (III), 
mp 145-146°C (from p e t r o l e u m  e t h e r - b e n z e n e ) .  IR s p e c t r u m  (KBr), c m  -1 : 1710, 1660, 1620, 845. 

Found %: C 74.37, 74.39; H 8.95; 8.93 "C18H260 3. Calcula ted  %: C 74.44; H 9.03. 

W o l f f - K i s h n e r  Reduct ion of the Ketone (III). To 150 m g  of compound (III) were  added 15 ml of d i -  
e thy leneg lyco l  and 4 ml of 85% hydraz ine  hydra te .  The mix tu re  was heated at 125°C f o r  3 h, and then the 
t e m p e r a t u r e  was  r a i sed  to 210°C and 200 mg  of KOH was added. Heat ing was  cont inued at 245°C f o r  8 h. 
Then the mix tu re  was poured  into w a t e r  and ex t r ac t ed  with e the r .  The res idue  (100 rag) was  c h r o m a t o -  
graphed on 6 g}of a lumina .  P e t r o l e u m  e t h e r  eluted 50 mg  of the h y d r o c a r b o n  (IV). 

Found %: C 87.22, 87.17; H 12.88, 12.96. Mol. wt. 248 (mass  s p e c t r u m ) :  ClsH32. Ca lcu la ted  %: 
C 87.01; H 12.98. Mol. wt. 248.44. 

Oxidation of the H y d r o c a r b o n  (IV) with Sodium Dich roma te .  To a cooled solut ion of 50 mg  of the sub-  
s tance  in a mix tu re  of benzene and ace t ic  acid was  added a s a tu ra t ed  s o l u t i o n o f 6 0 m g o f s o d i u m d i c h r o m a t e  
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in acetic acid. The mixture  was left at 0°C for  24 h. Then it was diluted with water  and ex t rac ted  with 
e ther ,  the ex t rac t  was washed with sodium bicarbonate  solution and with water  and was dried, and the e the r  
was disti l led off. The residue was chromatographed on alumina. A mixture  of pe t ro leum e ther  and benzene 
(1 : 1) eluted 20 mg of a crys ta l l ine  substance with mp 110-1120C (from pet ro leum ether) .  IR spec t rum 
(KBr), cm-l: 1660 (c~,fl-unsaturated ketone), 1620, 850 (double bond). UV spec t rum (in ethanol): 240 nm 
(s 11,000). C i rcu la r  d ichroism,  ~nm (As): 400 (--0.12), 385 (--0.14), 371 (--0.94), 365 (--0.82), 354 (--1.88), 
347 ( -1 .59) ,  340 ( -1 .98) ,  331 ( -1 .30) ,  328 ( -1 .45) ,  318 ( -0 .77) ,  315 ( -0 .75) ,  305 ( -0 .27) ,  290 (0), 267 
(+ 0.09) (c 0.096; heptane). 

Found %: C 82.32, 82.05, H 11.61, 11.50. Mol. wt. 262 (mass spect rum).  C18H30 O. Calculated %: 
C 82.38; H 11.52. Mol. wt. 262.42 

S U M M A R Y  

The configurations of four  of the six a symmet r i c  cen te rs  of s tachysolone have been establ ished.  This 
diterpenoid belongs to compounds with the t rans  (5(~,10fl) linkage of the A/B rings.  
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