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In Stachys annua L., family Labiatae (hedgenettle betony) we have previously  found stachysolone and 
its acetates  [1]. The resul t  of an investigation of saponified ex t rac t s  f rom this plant has enabled us to iso-  
late and cha rac t e r i ze  three  new auxil l iary diterpenoids (Table 1). 

The p resen t  paper  gives a proof  of the s t ruc ture  and s t e r e o c h e m i s t r y o f t h e  c h i e f o f t h e s e e o m p o u n d s -  
the keto diol annuanone (I). On the basis  of its e lementary  analysis  and IR, mass ,  and NMR spect roscopy 
it has been concluded that the s t ruc ture  of annuanone is s imi la r  to that of stachysolone,  which has been 
demonst ra ted  [2]. It, too, is an a ,f l -unsaturated ketone containing t r isubst i tuted and vinyl double bonds, and 
one axial secondary and one t e r t i a ry  hydroxy groups.  

Annuanone, just  like staehysolone, is acetylated by acetic anhydride in pyridine only with heating to 
60°C to form a mixture  of mono- and diacetates.  On oxidation with chromium trioxide it is readily con- 
ver ted  into ketoannuanone (II), and on hydrogenation as a catalyst  it gives a te t rahydro  derivat ive (III). 

In the NMR spec t rum of (I) there  are  the signals of the same protons as inthe spec t rumofs tachyso lone . ,  
The mass  spec t ra  of these two diterpenoids are  also largely  s imi lar .  In the region of high mass  numbers ,  
apart  f rom the peak of the molecular  ion with m / e  320 (10%)-both have peaks corresponding to the f ragments  
[M-CH3] +, [M-H20] +, [M-(CH=CH2)] +, [M-(CH3 +H20)] + and [.M- (2H20+CH3)] +. This conf i rms the com- 
mon nature of the decomposit ion of the molecules  of these substances.  However, the mass  spec t rum of 
annuanone also has some differences.  Thus, the peak corresponding to the f ragment  [M-2I-I20] (m/e 284) 
is far  s t ronger  than the analogous peak in the spec t rum of staehysolone and, conversely ,  the peaks relat ing 
to the res idues  f rom the success ive  detachment of side chains [M-70] ,  [M-85] ,  and [M-99]and  the peaks 
with m/e  217 are  weaker  (2, 1, 35, and 5% of the maximum) as compared with the corresponding peaks in 
s tachysolone (24, 28, 76, and 40%). The mass spec t rum of annuanone differs most  considerably by the fact 
that it shows a strong peak with m / e  219 which is pract ica l ly  absent f rom the spec t rum of stachysolone.  

The facts p resen ted  permi t  the assumption that the s t ruc ture  of annuanone differs  f rom that of s tachy- 
solone by its configuration and that this is the reason for the change in the nature of the fragmentat ion of 
the side chain of the diterpenoid (I). 

In the region of mass  numbers  below m/e  217, the spec t ra  of annuanone and stachysolone differ  only 
in the intensi t ies  of the individual peaks.  

In the spec t rum of the thioketal of tetrahydroannuanone (IV) and the corresponding derivat ive o f t e t r a -  
hydrostachysolone [2], there  is the peak of a f ragment  (VII) with m/e  145, which conf i rms that the keto 
groups have the same posit ion in the two diterpenoids.  This is also in harmony with the displacement of 

the peak of the molecular  ion of the deutero derivat ive of 
TABLE 1. Minor Diterpenoids of Staehys annuanone {by 6 ainu), which is possible only if the keto 
Annua L. group is located at C 2. 

Empirical I Compound formula rap, "C 

Annuanone(I)[ C.,,H~.,Oa 1171--172 
"Stachylone C.~,,H.~]O~ 140--141 
Staehone C:,,H:~,~O:, 146-147 

deg 

1 :25 320 
-4-32,4 322 
--' 20 324 

The replacement  of three hydrogen atoms by deute- 
r ium in the ketothioketal (V) when it was heated with deu- 
t e r ium oxide in an alkaline medium shows the location of 
the secondary hydroxyl at Cz. 

Order  of the lted Banner 
SSR. Trans la ted  f rom Khimiya 
submitted March 13, 1973. 

of Labor ' Inst i tute  of Chemis t ry  of the Academy of Sciences of-thelVfoictavian 
Pr i rodnykh Soedinenii, No. 3, pp. 324-330, May-June, 1974. Original ar t ic le  

© 1975 Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without wriiten permission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

331 



What has been said above shows that annuanone, just  like s tachysolone belongs to the group of d i t e r -  
penoids with a r e a r r a n g e d  labdane skeleton and has an a r r angemen t  of the functional groups  s i m i l a r  to it 
(see Scheme 1). 

Consequently,  it may be cons idered  that annuanone is a s t e r e o i s o m e r  of s tachysolone consis t ing of a 
di terpenoid with the t rans(5~,  10fl) l inkage of the r ings [3], all the more  since the i r  specif ic  rotat ions differ  
in sign. 

The Jones  oxidation of annuanone gave a t r iketone WI) not identical with the s i m i l a r  der ivat ive  of 
s tachysolone.  This  means  that  the molecules  of these two di terpenoids differ  by the configurat ion of other  
a s y m m e t r i c  cen te r s  apar t  f rom C 7 and C13. 

OH 

These may be the C 5, Ci0 or the C 9, C 8 atoms. 
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The resonance  signal of the Cs-methyl  group in ketoannuanone (II), as in ketostachysolone [2] shif ts  
sl ightly upfield (A = 0.08 ppm) on pass ing  f r o m  ch lo ro fo rm to benzene solution. Consequently,  this methyl  
group must  be equator ia l ly  oriented in both di terpenoids [4]. The side chain at C 9 occupies  the energet ica l ly  
mos t  favorable  equator ia l  posi t ion.  Thus, only a difference in the linkage of r ings A/B can be the main 
cause of the i s o m e r i s m  of annuanone. 

A conf i rmat ion  of this is fo rmed  by the optical  ro ta tory  d i spers ion  (ORD) and c i rcu la t  d ichro i sm (CD) 
curves  of annuanone (Fig. 1), which are  very  s i m i l a r  in the shape and sign of the Cotton effect  to the curves  
of A1-5f l -3-ketos teroids  [5]. The CD curve  shows pa r t i cu la r ly  c lea r ly  the cis  (5~, 10~) linkage of r ings A/B 
of annuanone, s ince it is s i m i l a r  to the curve  o f A I - 5 - f l - a n d r o s t - l - e n - 3 - o n e  de r iva t ives .  

Fur the r  support  to the facts  p re sen ted  concerning the c i s - l inkage  of r ings A/B of annuanone is p ro -  
vided by i ts  m a s s  spec t rum,  which has the above-ment ioned  cha rac t e r i s t i c  peak with m / e  219. Its f o r m a -  
tion can be explained if it is a s sumed  that  the split t ing off of the hydroxy group f r o m  the C 13 posi t ion in the 
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ORD (a) and CD (b) curves :  1) armuanone; 2) t e t r a -  
hydroannuanone. 

Fig. 1. 
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f o r m  of wa te r  t akes  place  with the depar ture  of one hydrogen a tom f r o m  the bicycl ic  sys t em.  This  mus t  
be one of the six hydrogen a toms rep laceab le  by deuter ium,  since the m a s s  s p e c t r u m  of deuteroannuanone 
shows a peak  cor responding  to the eject ion of 19 ainu (HDO) instead of 18 (H20) in the case  of the initial • 
subs tance .  

A cons idera t ion  of a mo lecu l a r  model of annuanone with the cis  linkage of the r ings readi ly  shows 
that  as a r e su l t  of f ree  rotat ion,  the side chain can become fa i r ly  close only to the hydrogens at C 1. Then 
dehydrat ion under  the conditions of m a s s  s p e c t r o m e t r y  takes place  with the fo rmat ion  of a t r icycl ic  ion 
with m / e  302, the fur ther  f ragmenta t ion  of which gives a stable ion with m / e  219. As shown in the scheme 
below 

• F ~  q " '  % -  

_+ tl 

t L ~ J " 
320 rn/e 302 m/e 28"/ m/e 219 m/e 

the f ragmenta t ion  of annuanone also explains the absence of peaks  of [M-70]  + and [M-85]  +, which a re  cha r -  
ac t e r i s t i c  of s tachysolone,  f r o m  its spec t rum.  Consequently, annuanone belongs to the dicyclic di terpenoids 
with the cis  (5~, 10~) l inkage of r ings A/B,  and two conformat ions  a re  poss ib le  for  it: s t e ro id - l ike  (Ia) and 
nonsteroid  fib). The choice between these was made according to the octant rule as applied to t e t r ahydro -  
annuanone (III). 

On the bas i s  of octant d i ag rams  [6], for the s te ro id - l ike  conformat ion  a curve  was predic ted  with a 
weakly posi t ive  Cotton effect,  and for  the nonsteroid  conformation,  one with a negative effect .  As can be 
seen  f r o m  Fig. 1, the m e a s u r e d  ORD curve  of tetrahydroannuanone with a posi t ive  Cotton effect  co r r e sponds  
to the s te ro id  conformat ion  (III), and, consequently,  to the same conformat ion  for  annuanone (Ia). 

E X P E R I M E  NTA L 

The UV s p e c t r a  were  taken on a UR-10 spec t rome te r ,  the UV spec t r a  on a Specord UV-Vis,  the NMR 
s p e c t r a  on RS-60 and Var i an -A-56 /60  A ins t ruments  (with I'MS as internal  standard),  and the m a s s  spec t r a  
on an MKh-1303 ins t rument  fitted with a s y s t e m  for  the d i rec t  introduction of the sample  into the ion source  
at an e v a p o r a t o r  t e m p e r a t u r e  of l l0°C and an ionizing voltage of 70 V. The ORD and CD curves  were  ob- 
tained on a Spectropol  ins t rument  by V. A. Babkin (Institute of Organic Chemis t ry ,  Novosibirsk) .  The me l t -  
ing points of the subs tances  were  de te rmined  on a Kofler  block. The analyses  of all  the compounds c o r r e -  
sponded to the calcula ted f igures .  

Isola t ion of the Minor Diterpenoids.  An acetone ex t rac t  of the plant f reed f rom waxes and ac id i cp rod -  
ucts  [1] (150 g) was dissolved in 600 ml of methanol containing 10% KOH. The solution was boiled for  2 h 
under  reflux.  The methanol was dist i l led off, the residue was  t rea ted  with 200 ml of wa te r  and ex t rac ted  
with e ther .  The e the rea l  solution was washed to neutral i ty  with water ,  dried with sodium sulfate, and dis-  
t i l led.  The combined neutra l  sub.stances obtained (24 g) were  chromatographed  on 1150 g of a lumina (ac- 
t ivity grade  III). 

P e t r o l e u m  e the r  eluted 1.5 g of waxes,  and benzene 10 g of a yel low liquid containing mainly phytol 
(identified by its rap, by TLC, and by IR spec t roscopy  with an authentic sample) .  A mixture  of benzene and 
5% of e the r  eluted 9.5 g of f l - s i tos te ro l .  Benzene containing 15% of e the r  eluted 60 mg of stachone with mp 
146-147°C (pe t ro leum e the r -benzene} ,  [ a ] ~ - 2 0  ° (c 0.06; methanol) .  The IR s p e c t r u m  (KBr) was identical  
with the s p e c t r u m  of t e t rahydros tachyso lone  [1]. 

A mix ture  of benzene with 20% of e the r  eluted 150 mg of c rys ta l l ine  stachylone,  C20H3403, mp 140- 
141°C (from pe t ro l eum e t h e r - b e n z e n e ) ,  [a]~+32.4°(c 1.85; ch loroform) .  UV spec t ra :  X m a  x (ethanol) 204 
nm (~ 710). IR s p e c t r u m  (KBr), cm-~: 1640, 3050 (double bond), 1700 (ketone), and 3500 (hydroxyl). 

After  s tachylone,  the same  solvent eluted f rom the column a f rac t ion  (4.5 g) consis t ing mainly of two 
subs tances .  When it was r ech roma tog raphed  on 170 g of s i l ica  gel, a mixture  of benzene with 20% of e the r  
eluted 250 mg of annuanone, C20H3203, tool. wt. 320 (mass spec t rum) .  After  c rys ta l l i za t ion  f r o m  methylene 
chlor ide with the addition of p e t r o l e u m  ether ,  mp 171-172°C, [oz]~+25 ° (c 8; ch loroform) .  UV spec t rum:  
kma x (ethanol) 235 nm (£ 11,800). IR s p e c t r u m  (KBr), cm- l :  3440, 3480 (hydroxyl), 1655 (o~,fl-unsaturated 
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ketone), 3100, 905, 860, 1610 (double bonds). NMR spec t rum {pyridine): 1.15 ppm (3H, doublet, J = 6 Hz, 
methyl  at Cs): 1.21, 1.35, 1.44, and 1.67 (singlets, 3H each, methyls  at C 9, C 5, C13, and C 4, respect ive ly) :  
4.05 (HT); 4.94 (1H, doublet of doublets,  J1 =10.5, J2=2.5 Hz, Hi5); 5.28 (1H, doublet of doublets.  
J1=17, J2=2.5,  H15,); 5.60 (H3); and 5.87 ppm (1H, t r iplet ,  Hi4 ). Mass spec t rum,  m / e  (intensity as% of the 
m a x i m u m  peak in pa ren theses ) :  320, (10), 305 (2.5), 302 (11.5), 292 (2), 287 (6), 284 (7), 269 (6), 250 (2), 
235 (1), 221 (35), 220 (7), 219 (29), 217 (5), 203 (26), 201 (12), 185 (10), 175 (20), 165 (31), 164 (27), 147 (33), 
137 (31), 123 (39), 121 (30), 109 (26), 96 (35), 82 (31), 71 (60), 55 (58), 43 (100), ORD: [(~]500 +32 °, [~]370+70 °, 
[a]350 0°, [a]s50--305 °, [~]315 0 °, [c~]290+387 °, [~]265 0°, [~]260-210 ° (c 0.126 methanol);  CD: k nm (A~):  370 
(+0.06), 348 (+0.41), 334 (0), 320 ( -0 .68) ,  312 ( -0 .98) ,  300 ( -0 .70) ,  278 ( -0 .12) .  

Fu r the r  elution with the same  solvent yielded 1.3 g of s tachysolone with m p  153-155°C [1]. NMR 
spec t rum {pyridine): 1.3 ppm (doublet, J = 6); 1.20, 1.38, 1.47, and 1.71 ppm (methyl groups);  4.02 ppm 
(HT); 5.61 p p m  (H3); and 4.98, 5.28, and 5.86 ppm (vinyl protons) .  

Deuterat ion of Annuanone. Annuanone (20 mg) was dissolved in 1 ml of dry dioxane containing 0.2 
ml of deuter ium oxide and 10 mg of meta l l ic  sodium. The mixture  was boiled for  10 rain and was evapo-  
rated to d ryness .  The res idue  was t rea ted  with 0.2 ml of dioxane and 0.1 ml of deuter ium oxide and the 
mixture  was heated again. The expe r imen t  was repeated four  t imes .  The res idue  a f te r  final evaporat ion 
was dissolved in absolute e ther ,  and was washed f ree  f rom alkali with deuter ium oxide (2 × 0.1 re_l), and 
then with water .  The e the rea l  solution was dried and the e the r  was dist i l led off, giving 20 mg of deutero-  
annuanone, C20H26DeO 3 with mp 168-170°C, M + (main peak) 326. 

Oxidation of Annuanone. A. To the complex obtained f rom 150 mg of ch romium tr ioxide and 1.5 ml 
of anhydrous pyr idine was added a soltuion of 80 mg of armuanone in 1.5 ml  of pyridine,  and the mixture  
was left at r oom t e m p e r a t u r e  for  5 h. After  the usual working up and chromatography  (benzene containing 
15°~ of e ther)  on 4 g of a lumina (activity grade  III), a f rac t ion  enr iched in ketoannuanone was obtained. By 
p repa ra t i ve  TLC on alumina,  it yielded 70 mg of pure  c rys ta l l ine  keto annuanone, C 20H3003 (II), mol.  wt. 
318 (mass  spec t rum) ,  mp 61 °. IR s p e c t r u m  (CHC13), cm-~: 3610, 3500 (hydroxyl), 1710 (ketone), 1670 (~,fl- 
unsa tura ted  ketone), 1640, 905, 860, 3100 (double bonds). 

B__.~. The Jones  reagent  was added dropwise ove r  5 h at 0°C to 100 mg of annuanone in 5 ml of acetone, 
until the mix ture  had acquired  a pe rmanen t  yel low color .  Then 50 ml of wa te r  were  added andthe mixture  
was ex t rac ted  with ch lo roform.  The ch lo ro fo rm ex t r ac t s  were  combined, washed with 1% aqueous alkali,  
and with water ,  and dried with sodium sulfate.  After  dist i l lat ion of the solvent and chromatography  of the 
res idue in benzene on 2 g of a lumina (activity grade  III), 50 mg of c rys ta l l ine  substance (VI) was obtained 
with the composi t ion  C18H2603, mol.  wt. 290 (mass spec t rum) ,  mp 128-130°C {petroleum e t h e r - b e n z e n e ) .  IR 
spec t rum (KBr), cm- l :  1710 (ketone), 1665 (~,fl-unsaturated ketone). A mix ture  with the analogous product  
obtained f r o m  stachysolone (mp 144-146°C) mel ted at 119-123°C. 

Hydrogenation of Annuanone. In 10 m_l of ethyl aceta te  in the p r e sence  of 5% Pd/SrCO3, 200 m-g of 
annuanone was sa tu ra ted  with hydrogen. At 26°C and 753 ram, 33 ml of hydrogen was absorbed,  which c o r r e -  
sponds to 2.13 equivalents .  Af ter  the usual working up and c rys ta l l i za t ion  f rom pe t ro l eum e the r  containing 
benzene,  150 mg of te t rahydroannuanone (III) were  lsolated with the composi t ion C20H360 3 (IH), mol.  wt. 324 
(mass spect rum),  mp 128-129.5°C, IR s p e c t r u m  (KBr), cm- l :  3410, 3450 (hydroxyl), 1695 (ketone); ORD: 
[~]500 + 13°, [~]350 + 100°, [~]311 + 265°, [0l]282 0°, [(~]270 -53° ,  [0~]250 0° (C 0.241, methanol).  

Thioketal  of Tetrahydroannuanone (IV). A mix ture  of 100 mg of te t rahydroannuanone,  0.5 ml of glacial  
acet ic  acid, 100 mg of ethanedithiol,  and 1 drop of borontr i f luor ide  e thera te  was left  at room t empera tu r e  
for  5 days.  Then it was diluted with water ,  the thioketal  was ex t rac ted  with e ther ,  and the e therea l  ex t r ac t s  
were  washed with 5% caust ic  soda solution and with water ,  dried with sodium sulfate, and evapora ted .  The 
residue (70 mg) was chromatographed  on s i l ica  gel (3.5 g). A mix ture  of benzene and 5% of e the r  eluted 
50 mg of thioketal C22H40S20 2 ~'V), mol.  wt. 400 (mass spect rum),  mp 164-166°C (methylene c h l o r i d e - p e t r o -  
leum ether) .  IR s p e c t r u m  (KBr): 3450-3500 cm -1 (hydroxyls).  

Substance (IV) (40 m_g) was oxidized with ch romium tr ioxide in pyridine at room t e m p e r a t u r e  for  6 h. 
After  the usual working up, 30 mg of the ketothioketal  N),  C22H3802S2 M+ 398 m / e ,  was obtained. 

Compound (V) (20 rng) was deutera ted  as descr ibed  above for  annuanone. This  gave 20 mg of the deu- 
M + t e r i um der iva t ive  C22H35D3S202, (main peak) 401 m / e .  
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C ONC LU S I O N S  

The s t ruc tu re  and s t e r eochemis t ry  of a new diterpenoid annuanone, isolated f rom the plant Stachys 
annua L. has been shown. It has been establ ished that it belongs to the group of compounds with a r e a r -  
ranged labdane carbon skeleton and with the cis  (5a, 10s) linkage of rings A/B. 
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