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The selective dehydrogenation of the eudesmanolide ~-santonin and its alkyla- 
tion with the introduction of an allyl fragment into its y-lactone ring are 
described• It has been established .... un=u these reactions are regio- and stereo- 
selective. Tlle structures of the compounds obtained were determined from their 
IR, b~', P~-~, and mass spectra. 

From its type of carbon skeleton, ~-santonin (I) belongs to the eudesmanolides, in 

wn~cn the six-membered rings of the basic carbon skeleton are trans-condensed. The nature 
of the attacl~ment of the lactone ring shows that ~-santonin belongs to the nonlinear eudes- 
manolides with a saturated trans-y-lactone ring in the C6-C7 position. 

Tile presence of such types of biological activity as antheLminthic, cytotoxic, and 
growth-regulating for the ~-santonin molecule (~ \ ±~ is connected with the presence of a cy- 

[ --3 ]. ~nem-ca± transformations clohexadiene fragment in the structure of this compound r, ~ .... 
of ~-santonin have been mainly connected with this fragment of the molecule r, 5] L ~ ,  

Another reaction center in the ~-santonin molecule is the ~-carbon atom of the y-lactone 

ring. In view of its potential possibility as a biologically active center, we have studied 
selective dehydrogenation reactions with the aim of obtaining molecules with an exomethylene 
group conjugated with the carbonyl of the y-lactone system~. 
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As the dehydrogenating agent we selected diphenyl diselenide [6, 7] . Dehydrogenation 

was carried out in two main stages ' ' ~ . . . .  = ~scneme~. In u~,e first stage, on the interaction o- 
~-santonin ~; w±u~ -~un±~ diisopropylamide ~'~ k~] and U~ of the £~--u±n M enolate ion 
w~u:~ u~p~eny- diselenide, derivative c~ k~ was obtained in the form of a colorless crystal- 
lille substance with mp ~3-~5 ~, t~j D --Or u. Its yield ~mounted to ~/o. Tile IE spec- 
tr~n~ of (~ ' . . . . . .  -'- = ~ ~ '' =; cnarauu~z±~eu the presence of an aromatic ring in its molecule (±5au, .~8u, 

~ab-e where the signals of the pro- -~Ov'''̂  cm-i). ~'±n-~: - was confirmed by its ~'r~.~ spectrum z ~  , ±]" 
tons of an aromatic residue were observed: a multiplet (5 "'~ n] with its center at 7.36 ppm. 
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InDu~ 1 Con- • ~,~a~c~ S . ± z ~  <ppm: and Spin-Spin ~oup~lng . . . . . .  

stants (in parentheses, Hz) for e-Santonin and its Deriva- 
tives 
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In addition there were the signals of the protons of a methyl group at CII in the form of 
a singlet shifted down, field by 0.3 ppm in comparison with that of a-santonin (I) through 
the influence of ~'~ L,e geminal phenyl selenide residue• This fragment also exerted an effec- 
tive descreening action on the proton at C6 : ..... <p-orienue,. lactone proton), shifting its PD~ 

uow,~e±u by 0.39 ppm in comparison with that of molecule :~ signal = -'=: ~ = <±). A similar shift may 
take place when these two fragments have the cis- orientation• i.e., when the phenyl selen- 
<de residue has the $-conformation. Thus• according to the spectral characteristics found, 
c o m p o u n d  : ~ ~ '-~ = ~- ' ~ - ' - "  < ~ :  . = u  L . e  s t r u c t u r e  o f  3 - o x o -  11 ~ - p h e n y l s e l e n o e u d e s m a - I  • 4 - d i e n - 6  • ~ = - u . . d e .  

I n  t h e  x o ~ - o ~ - n g  = . . . . . . .  s t a g e ,  by- t r e a t i n g  t h e  p h e n y l s e l e n o  d e r i v a t i v e  ~=::~ w i t h  a aU/o"̂ ~ s o l u -  
<3: with mp 145- tion of hydrogen peroxide we obtained the colorless crystalline substance / \ 

±4~ u, ['~JD:tS --~v.~ . . . .  (c I.-~;'~ chloroform). The yield of <32 amounted to OU/o,~ ca±cuxaued 
o n  compound : ~ ~ %,/--7 • 

<3/ - in contrast to those of santonin :' ~ :~ The P~-,q[ spectrum of : ~ <-: and derivative 
showed the signals of methylene protons in the form of doublets at 5.57 and 6.24 ppm : ' keacn 
1 H with an Souu of 3 Hz) ...... • w,zcn are characteristic for an exomethylene group at u~ (see 
~bxe ~ne presence of a conjugated a-methylene-y-lactoi-,e fragment in the structure 
of compound (3) was also confirmed by a maximum in the bW spectr~-,i at ~3v ~m <= ~uv~ 
• ,,e results obtained pe~m~u~eu us to propose for (3) the structure of 3-oxoeudesma-l,~,~- 

The mechanism of the format ion of the dehydro d e r i v a t i v e  (3) from : ~  ~: is sho~T~ i~'~ the 
scheme. As can be seen, in the ......... of :~ ux~u~u~on <~) by hydrogen peroxide the phenyl selenide 
oxide (4) is .... the cleavage of ...... leads to derivative : ~ ~'- <3:. ~,e cleavage reaction - o~meu) w i9.J. C~l 

is stereospecific and takes place as a s~n-e~±ml,au~on in accordance with the Hofmann rule, 
forming an exomethylene group at ~"' 

In . . . . . .  <-: at the ~' atom, its molecule oruer to obtain an ax-y~ derivative of ~-santonin :' x ',..,X..L 

was treated with " ~ "  in Th~ . . . . . . . . .  ~u~ at -,o u, and a-~y- bromide was added to the resulting enolate 
ion. ~"-" ~,~ ~tto~ r ~  2 1  5 ~ no ~ ~ -~5.~ (c. ~.uu~3; ~5:, with mp • ,~s gave a crystalline substance : ~ ~-'~ ~ ~ Ju  

5£.z~. . L U ~  <5~ showed the presence in its molecule of a c,zoro-orm/, yield ~ "~'- IR spectr',~,-n of : ~ 
y-lactone caz'bonyl (1790 cm -~) and of a cyclodienone system : .... <~vov, 1650, ~u=v'#-~ cm-Z). Its 
elementary composition corresponded to the empirical formula CzsH:aO s. Its P~:~ spectru~'s 
(see ~b-~ included the signals of the protons of the ....... group at u±± in the .... z 0 rm 
of a singlet at 1.25 ppm and additional ~zgna-s characteristic of the protons of the a~xy- ..... 
fragment: a ,uu±u~p~eu at 5.85 ppm : '  n:~'x <± was assigned to n~, and a broadened singlet at 
5.-~ ppm and a broadened doublet at 5. ~/_z. ppm (I E, ~ Hz ~ n /  So~ 4 ) were characteristic 
for the protons of the methylene group, nmSa and n~Su. To determine the relative configura- 
tion of tlle ..... residue of tlie : ~ <5: molecule, we made use of the i'.uclear uv~nau=e~ . . . . . . . . . . . .  effect a~..~y ~. 

~mum When the signal of tl~e protons of the an~u~ar . . . . . . .  methyl group at u ~ u  (1.30 ppm) was 
suppressed, positive nuclear 0verhauser effects were observed for the protons at um~ <o.~v 
ppm) and C6 (5.05 ppm). Suppression of the signal of the protons of the methyl group at 
~.I ~.25 ppm) revealed n, 95 ppm) in the form of a triplet of uu, ,b . , .e~ .~  . . . . . . .  with oS~ .... of 
11.5 and 5.5 Hz and also the signals of the protons of the methylene group of the allyl 
residue, thus showing the axial positions of the protons at .... , and C8 in .......... 
k51 • 
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Consequently, compound (5) had the structure of . . . . . . .  : . . . . . . . . . . . . . . .  ± ~ p - a ~ ± - 3 - o x o e u d e ~ m a - ~ , ~ - u ± e n - o , , ~ -  

olide. 

• o.-~,-c~.r~ w-.L r n , i ~ - e T ,  a "c EX r  ~ n-~.,~.,~ , , ~  

For column chromatography we used silica gel ~vu-~ou ~ ...... -~n) of type ~T,.,~ ~nemapo±/,r~ ~ ~ the 

ratio of the total material to the support being 1:30, and the eluent hexane with increasing 

concentrations (from 0 to -VU/o/ of eu,y- acetate. The individuality of the compounds was 

checked by thin-layer chromatography f~,~ ..... = k~,,u/ on o--u~o- plates. The chromatogran~s were visual- 

ized ---" ~- ~ "'~-" ........ w.-n a saturated so.-uxO~, of ~qnv 4 • 

,P-~vu SY ~ ....... P~'~ spectra were taken on a Bruker ...... <.uu. 13 cmzj instruanent for solutions 

~wu±s, the chemical being given in ppm (~ ~-~ sca±~/ relative to ~nS, and ~S~u~ in 
T ~r% Hz. IR spectra were taken on a 5~R-~u instrument for solutions of the compounds in ~nux s ..... 

and for tablets with KBr; and L%' spectra on an Sz-~u instr~-~ent in ethanol. ~ne elementary 

compositions of the compounds obtained were detezTsined with the aid of calculation on a 

computer z .... : ~\ va-u~ of the mass numbers of the molecular ions, --~-" ' k~a±r~-.~ from the accurate -- ~ .... ~lcn 
were determined by high-resolution mass spectrometry on a Finnigan ~'-iAT-8200 (direct intro- 

duction at 120~C, at m% energy of the ionizing electrons of 70 eV). The mass spectra of 

the compounds obtained were taken on the s~.ae instrument. 

Angles of optical rotation were determined on a SM-2 polarimeter for solutions in 

CHCI~ . . . . .  . ne~uzng points were determined on a Boetius instrument. 

~-Santonin (I) - colorless crystalline substance with the composition C~H~O~, mp 
-~--~,3 ~ (from ~ , ~ r ~ ~0 ~ o ..... ~ a~cono-~, ~D --,3 (c 0.2; me-,~ano-~. ±u has been isolated from more 

than ~ ~u species of wormwood (Artemisia L.) LS--u]r ~ 

-~-o--de A solution of 5v~ mg ~m~ole) 3-uxo- ~--pneny±~e-enoeudesm~-~ ~ ~-dlen-o, ~ ~ ~ .. ~ \ ~ k& ~÷~- 

of santonin ~ ~ ~-~ in 15 ml of T'nIF was added dropwise in an atmosphere of argon at -78°C to 

a stirred solution of lithium diisopropylamide z'~* ~u~, 8 n~mole; prepared from 0.6 ml of di- 

isopropylamine and ~., ~ ~ ml of a 1.47 molar solution of =u.~ .... in hexane). After the resulting 
mixture had been stirred for 20 min at the same temperature, a solution of 1.3 g (4 ~mole) 

of diphenyl selenide in -u'~ ml of -n~ containing 0.67 ml of nexame~ny-pnospnoramiue ~ ~m.~r~ 

was added. The reaction mixture was stirred for 1 h and then its temperature was raised 

to ~°~ " ~ v u and 3 ml of a ~u/o solution of hum .... and, after that, 25 ml of a saturated aqueous solu- 

tion of "' . . . . . .  ~^ -'~ ~ ~anuu s were added, and the product was extracted with diethyl ether (3 × .vu mx~. 
The extract was dried over MgSO~, and the solvent was eliminated. The total residue (750 
mg) was chromatographed on a col-nmn containing ~.~ 5 g of s---ca-'": gel. =±uulon= .... " with hexane- 

e-n~± acetate t~:3) led to the zso-a--on .... of a colorless crystalline substance z~ . . . . .  k~2 w . ~ L n  the 
composition ~n~sSe , mp i~3-~5 ~ ~±rom ether) ~Dr ~ ~0 -uv (c 0.~-~, Rf 0.63 ~/e~'uner~\ 

e% ¢% ~ ~ '~ ~'" cm-~): 3v3v, ~5~', ~8~v,~ "~ 1665, ~v35,'" The yield was ~,u mg ~3~/o~. IR spectrum ~Vmax, ~,o~, 
~O=v, ~53v, ~48v, ~5v. 

. . . . .  ' '~z~"~ ~ " " -~-o~-de ~3;. "':~',.un stirring at ^°~ a solution of 3-uxoeude~ma- ~ ~ ~ ~.. t.@ 7- urlen-o ~ ,~ ~: / %2 %~, 

~v~^ mg (0. 67 n~mole) of derivative ~ .I . . . . . . . .  ~^ <~ and 0 ml of ~cun in ±u ml of .nz was treated with 

0.5 ml of a 3U,o sol'ntion of hydrogen peroxide. ~.e mixture was kept at the same tempera- 

ture for 30 min, and then I0 ml of a saturated aqueous solution of sodi'n.m carbonate was 
added, and the product was ext-racted with chloroform (3 x 50 ml). ~e extract was ~±e~ 

with MgSO~, the solvent was evaporated off in vacuu~-,',, and the residue z~ ~uu mg) was chromato- 
graphed on a colua~-~ containing 6 g of silica gel. Elution of the columm with hexane-ethyl 

/ ' 1  / ' *  L3), ~un tile com- acetate t-:~/ led to the isolation of a colorless crystalline substance z ~ ...... 

p o s i t i o n  C ~ s n ~ ,  mp ~ < 5 - ~ ,  ~ (f-~'om e t h y l  a c e t a t e ) ,  , ~ u ~ - ~  - ~ . ~  . . . .  ( c  I . ~ , ' ~  R f  0 .~ '~  ~ e ~ n e r / . Z  ~' 
Yield 133 m g  zo^~ . . . .  ~ ^ z . . . . .  "~ IR z ) .  ,, <OV/o/. vv spectra-n: ^max ~3v lu-n t~. ~vv~,) spectrum z.. . < Vmax, cm- . 3u3u, 

..p-~.-y.-3-uxoeuue~ma-.~,-uxe,-u,.~-o..de k52. w±uLl stirring in an atmosphere of 
argon at --,o .... u, a solution of 5uu~ mg km/~ mmole) of santonin z~ ...... k-/ in 7 mm of ~nz was added 

to a solution of "~* (6 ' "- ~u~ ~nole, prepared from 0.4 m~-'~ of diisopropyla-nine and ~-u ml of a 
1.8-molar solution of ..... in .... ~ ..... ~u~± ,exane/ in .u m- of "~'~n~. After the resulting mixture had 
been stirred at the same temperature for 30 min, a solution of 0.34 m±--~ ~ f  ....... ~,,.~o±~ of a~-N± . . . .  
bromide in 5 ml of THF was added. The reaction mixture was stir-red for" 1 h, and then, after 
the temperature 'n~u~= been raised to v"o~u, it was treated ..... w~u** 5 ml of ~ ~^~ aqueous ........ 
of .... ~n~s, -v ....... was added, and the product was nu-. After ..... ml of a saturated solution of ,~anuus 
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extracted --=~ =: ~ -~ ' ~  - ~ ~ ~" "" ^ w~un uaeuny~ ether (3 x ~vv ,nx). ~e extract was dried over r, gSv~, tile solvent 

was eveporated off in vacu-m$1, and the residue (700 rag) was chromatographed on a col~el con- 

~ ~&uuion une raining ~ g of silica gel. ~ .... of ~" col~m% with .exane-euuy~ .... acetate (2:3) yielded 

the colorless . . . .  - substance ~ ~ "" ~5), with the composition C~sn~2va, ~,~-~** crys~a~±lne mp ........ (from 
. . . . .  \ r-'D~::s 2 °, 0. Yield 3vv mg IR spectr~n~ eune~2, t ~ . l  --25. (C ~moh ~ / ~ v v o ~ ,  Rf 0.65 (ether). 

kVmax, cm- 3u3v, ~5, ~3~v, ±3~v, ~3v, ~ O / u ,  

~ov, ~v, ~vSv, Mass spectrum ( / ~ 286 /'~+ ~,/~c~ ~,=/~ 

=v±~=8/, , ~/3~o), 6), , , / o ~  • ± 3 5 k o 0 ) ,  ± ~ o k ~ o . o ) ,  , 

. ~J~/~, ~ov.5). 
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From the leaves of Crimean i~-y we have isolated the previously knowT, glyco- 

sides o-u-~-,.-~aD-~O-u- tv-~-,.-~tt~p-k .-,=+]-v-~-u-~-UD-i ---u)-p-~-~CDJne~e~a- 

k-~oT-p-u-~-c~joxean-c aczu and -veuerage,±~, aud n-v-tv-a-,.-Rnap-i~--&l-,,- 

s i d e  K 1 ~ , ,  r , ,  . .  , , ~ ,  ~ r ,  . n ~  ^ . .  • , . .  ~ n o  ^ r , ,  . .  , , , , .  / ,  . , ~  , ,  ~ ~ ,  
~"~+ ] -V- D -~- -- ;-v- ~v-~-, -~n~p- ~ ~ 7 -~-~-, -~ap ~ -~o-u- t v-~-, -~zzap- 

GlCp_ ~, . e ~  . . . .  < ~v)-p-w-~±Cp j echinocystic acid• 

uontluu.mM a study of the leaves of Crimean i~-y Hedera taurica uar~., ±ax.~y Aria- 
I .... 

1 1 1 ~ 1  z Li~l w ill U l l  iaceae, we ,ave isolated glycosides of ......... polarity, ....... have been .... = taurosides 
utle~ G~-G a and H~ and H~. For ...... isolation, tile plant raw material, after enz~-me inactiva- 

tion by ........ , was uo~-~a~ dried and was extracted succ~ss~u-~y" - = ...... with cu~v~o.v~,~= ..... and ...... ~, mix- 

tures of chloroform and . . . . . . .  (6: 3: ~ . . . . . . . . . . . .  euu~,~ox 1 and ~) rue cn±orozoa~u extract contained " "  • cn~oro- 

p~,y~, carotenoids, resins, and other substances of low polarity; the ~ .... "- ~o~ow-~,g extract 

contained ....... -'~-- ±ow-pozm~uy glycosides; and the last extract a mixture of ,neu~u~,-po~ar~:~--uy ~±yo~--- 
cosides. 
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