
S T R U C T U R E  O F  S T I Z O L I N  - A  S E S Q U I T E R P E N E  

L A C T O N E  F R O M  S t i z o l o p h u s  b a l s a m i t a  

M. N. M u k h a m e t z h a n o v ,  V. I .  S h e i c h e n k o ,  
A. I .  B a n ' k o v s k i i ,  a n d  K.  S. R y b a l k o  UDC 547.913.5+547.473.2 

The epigeal pa r t  of Stizolophus balsamita  (Lain.) Cass.  ex Takht. - Centaurea ba lsami ta  Lain.,  - 
which has been studied repeatedly ,  is  widely used in folk medicine in fever ,  and external ly  in-anginas and 
herpes  [1 ]. F r o m  the epigeal par t  of this plant an alkaloid with the composit ion C1~H23 NO 5, which has been 
called stizolophin [1], and a flavonoid, 5-O-f i -D-glucosyl -3-O-methylquerce t in  [2], have been isolated. .  

F rom the leaves and flower heads 'of  S. ba lsami ta  collected in Central  Asia, we isolated [3] a new 
sesqui terpene lactone - s t i z o l i n -  with the composition C i5H2004, mp 184.5-186.5° C (decomp., f rom ben-  
zene), [ a ] ~  - 30.46 ° (c 2.68; chloroform).  In the p resen t  paper  we descr ibe  the determinat ion of the 
s t ruc ture  of stizolin. 

The IR spec t rum of  stizolin has absorpt ion bands at 3560 cm - i  (OH), and 1757 and 1650 cm -i (ca r -  
bonyl of an a -methylene- 'y - lac tone  ring). The NMR spec t rum ([4], p. 506) has the signals of methyl p ro-  
tons: singlets at 1.12 ppm - CH3 at an epoxide - and 1.57 ppm - CH 3 a t a  double bond; there  a re  also 
signals of an epoxide proton  (doublet at 2.83 ppm), of a lactone proton (triplet  at 4.09 ppm), and a proton in 
the geminal posit ion to a hydroxy group (4.02 ppm); in the 5,13-ppm region is located the signal of a vinyl 
proton, and two quartets  in the 6.4-6.52 region are  the signals of an exocyclic methylene group conjugated 
with the lactone carbonyl.  The sma l l  distance between these signals (0.12 ppm) shows that there  is a 
substituent in the fi posit ion to the double bond [5, 6]. The p re sence  of an ~-methylene-7-1actone r ing is 
also confi rmed by the UV spec t rum (kmax 202 nm, e 12,662). 

Stizolin (I) contains one OH group (Chugaev-Tserevet inov [Zerewitinoff]), which is readi ly  acetylated 
with the format ion  of substance (II) having the composit ion C17H2205. In the NM:R spec t rum (Fig. 1), the 
distance between the signals of the protons  of the exocycl ic  methylene is increased  (doublets at 5.71 and 
6.30 ppm), which shows the p resence  of the OH group in stizolin in the fl position to the exocyclic double 
bond; a sextet  at 4.47 ppm is the signal of a hemiace ty l  proton; a quartet  at 4.19 ppm that of a lactone p ro -  
ton; a singlet at 1.97 ppm that of an acetyl methyl; and singlets at 1.75 ppm and at 1.22 ppm those of a 
vinyl methyl  group and of  an epoxide methyl group, respect ively .  

When st izolin was t rea ted  with CrO 3 in pyridine,  the hydroxyl  was oxidized to an oxo group giving 
compound (III) with the composit ion C~5H1804. 

The hydrogenation of (I) over  a Pt  catalyst  in ethanol, in which 1 mole  of hydrogen was consumed, 
formed dthydrost izol in (IV), C~H2204, and, f rom this, acetyldihydrost izolin (V), C~7H2405, and dehydro-  
dihydrost izol in (VI), C15H2004, were obtained. IR spect rum:  Xma x 226, 302 nm (e 1251, 276). The maxi-  
mum at 226 nm (e 1251) cannot be ascr ibed to an a , f i -unsaturated ketone, in the f i r s t  place because  (VI) 
gives a posi t ive Z immerman  react ion for  CO-CH 2 and in the second place because,  according to the NMR 
spect rum,  in the neighborhood of the vinyl proton there  a re  not two but three  protons (see below). 

Substances containing no conjugated systems of double bonds have been descr ibed  in the l i t e ra ture ,  
but in the UV spec t rum they give a low-intensity absorption maximum charac te r i s t i c  fo r  an ethylene or  a 
carbonyl group [7, 8]. 
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Fig. 1. NMR spectrum of acetylstizolin (100 MHz, 
CDC13 ). 

DihydrostizoUn (IV) was obtained by the reduct ion of s t izol tn  with NaBH 4, which is again in a g r e e -  
ment  with l i t e r a tu r e  informat ion on the reduct ion of an exocycl ic  methylene conjugated with a lactone c a r -  
bonyl [9]. 

The hydrogenat ion of st izolin ove r  a Pt  ca ta lys t  in glacia l  acet ic  acid took place  with the consump-  
tion of two moles  of hydrogen and the fo rmat ion  of the te t rahydro  der iva t ive  (VII), C~H2404, and the acetyl  
de r iva t ive  (VIII), C 27 H2605. 

The oxidation of t e t rahydros t izo l in  with chromic  anhydride in acet ic  acid led to dehydro t e t r ahydro -  
s t izol in (IX), C~H220 4. The NM:R s pec t r a  of te t rahydros t izo l in  and i ts  de r iva t ives  lack the s ignals  of the 
pro tons  of a methyl  group at  a double bond and of a vinyl proton,  In addition to which an additional s ignal  of 
the CH 3 - C H  protons  appea r s  (doublet at 1.06 ppm).  

The four th  oxygen a tom is in the epoxide function. Attempts  to open the epoxide rIng with BF 3 and 
NaOH according to l i t e r a tu r e  methods [7, 10] did not give the des i r ed  resu l t s ;  res in i f ied  products  were  
fo rmed .  When (IX) was t rea ted  with 1% H2SO 4 solution [11] with subsequent  ve ry  careful  neut ra l iza t ion  of 
the reac t ion  products  with NaHCO 3 , we obtained a c rys ta l l ine  produc t  - the sodium sal t  of  a t r ihydroxy 
acid (X) with the composi t ion  C~H~O6Na. 

When (IX) was t rea ted  with 0.5% in NaHCO 3 solution, a c rys ta l l ine  product  with mp 170-173 ° C 
deposited,  the composi t ion and IR spec t rum of which were  identical  with those of the s ta r t ing  ma te r i a l .  Ac-  
cording to the NMR spec t rum,  this substance  is a mix tu re  of (IX) and i ts  e p i m e r  at C ~ .  

To es tabl ish  the carbon skeleton of stizolin, we used the dehydrogenat ion method.  Fo r  this purpose ,  
dihydrost izol in  (IV) was reduced with l i thium te t rahydroa luminate ,  and the liquid glycol (XI) formed,  with 
the composi t ion C~sH2sO 4, was dehydrogenated in the p r e s e n c e  of se lenium at 290-310 ° C fo r  30 min. Cha-  
mazulene  (XII) and l inderazulene  (XIII) were  isola ted f r o m  the reac t ion  products .  I t  is known that azulenes 
can be obtained not only by the dehydrogenation of b icycl ic  sesqu i t e rpenes  (of the type of guaiane and a m -  
brosane)  but also by the dehydrogenation of s o m e  g e r m a c r a n o l i d e s -  monocycl ic  compounds [7, 11, 12]. 
With the composi t ion of st izolin C~H200 4, tool. wt. 264 (by m a s s  spec t romet ry ) ,  only a monocycl ic  s t r u c -  
ture  will be cha rac t e r i s t i c  of the p r e s ence  of two double bonds and one epoxy group for  st izolin.  Conse-  
quently, s t izol in has  a g e r m a c r a n e  carbon ring. Thus,  the chemica l  and spec t roscop ic  fac ts  given above 
p e r m i t  two s t ruc tu ra l  f o rm u l a s  to be  p roposed  fo r  st izolin (D and (In) - which a r e  in ha rmony  with the NMR 
s p e c t r a  of  st izolin and i ts  de r iva t ives  that have been obtained (Table 1). In pa r t i cu la r ,  in the NMR spec-  
t r um of st izolin and ace ty ls t izo l in  (see Fig. 1), the signal of the  lactone pro ton  f o r m s  a t r ip le t  with n a r r o w  
components  at 4.09 ppm (J8,8 = 8 Hz; 38,7 = 7 Hz) and a quartet  at 4.19 ppm (J8,9 = 9 Hz; J8,7 = 7 Hz), r e -  
spect ively .  It follows f r o m  this that there  a re  only two protons  (at C7 and C 9) in the vicinal  posit ion to the 
lactone pro ton  (at C8 }. This  conclusion is in ha rmony  with the exis tence  of a doublet  of one proton unit at 
2.58 ppm (J = 9 Hz) in acetyls t izol in  and 2.83 ppm in s t izol in cha rac t e r i z ing  an epoxide pro ton  (at C9). A 
quar te t  with broadened components  at 5.13 p p m  (J = 11 and 4 Hz) in s t izol in and at 5.24 ppm in ace ty l -  
st izolin r e l a t e  to the signal of a vinyl proton. This  is located at  C 3-C 4, since the signal of this proton is a 
quartet;  f u r t h e r m o r e ,  the s ignal  of the hemiace ty l  proton in (II) is a sextet  at 4.47 ppm (J6,7 = 4 Hz; J6,5 = 
9.5 Hz; J6,5 = 4 Hz). Consequently,  in the envi ronment  of this pro ton  there  a r e  not two but three  protons .  
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In favor  of the assumption that the double bond Is located at C~ -C~ is also the absence of equidistant 
spacings between the lines in the spec t rum of the signals of the vinyl and hemiace ty l  protons.  

The ease  of format ion  of azulene in the dehydrogenation of (I) and (XI) is in favor of s t ruc tu re  (In), 
but in this case,  a r temazulene  or  a mixture  of a r temazulene  and l inderazulene could be obtained in the 
dehydrat ion of (XI) if the neighboring, nonlactone hydroxyl  took par t  in the c losure  of the r ing [13]. We 
obtained only l inderazulene,  which excludes the par t ic ipat ion of the neighboring hydroxyl  in the appearance 
of the furan ring and shows the position of the lactone ring at C~-C s . Thus, we propose  s t ruc tu re  (I) for  
stizoltn. 

When stizolin was t rea ted  with conc. NH~OH, a glassy product  containing ni t rogen and giving a pos i -  
tive react ion with alkaloid reagents  was obtained. It is known [14] that sesqui terpene lactones containing 
an o~-methylene-~/-lactone r ing give adducts with ammonia. 

When chromatographed on neutral  A1203 (activity grade IV), the r e s ins  af ter  the extract ion of st izolin 
f rom the e t h e r - e t h a n o l  (1: 1) f ract ion yielded a second lactone with the composi t ion C20H2607, mp 152- 
153.5 ° C (from ethanol), identical with s t izol icin - a sesqui terpene lactone f rom St. coronopifolius (Lam.) 
Cass. [15]. 

• ' - - -  - e.o ho 
It " z  \ ~ cH~ .a~ u I ,  ~ O00OHa.~." 
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I s ~  _ CH 2 H~C ]OH I o ~" 

" "3 . . . . . .  3cHW-LLL ~[ L;"3 - -  CH~ H,C OH T -  
~ ,~ _ CH 3 '~  

,,e ;2dC o L. - '\ 

Scheme of the reactions of  st izol in a El! ~'~ 

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

Isolation of Stizolin. The epigeal pa r t  of St. ba lsami ta  (Lain.) collected on June 28, 1967 in the r e -  
gion of the Kurdal mountains (Kazakhstan) (5 kg) was steeped in dist i l led water  (75 ° C) for  1 h three  t imes .  
The aqueous ex t rac t  was t rea ted  with ch loroform three  t imes,  and the solvent was dis t i l led off. The dark  
viscous mass  obtained was dissolved in 3 ml of ethanol, and then ether  was added in port ions of 5-10 mL 
F i r s t  the res in  dissolved, but on the subsequent addition of e ther  a c r e a m - c o l o r e d  c rys ta l l ine  prec ip i ta te  
deposited (yield 0.01%). TLC on neutral  A1203 (activity grade IV) in the b en zen e -e th an o l  (9:1) sys tem 
showed two spots with Rf 0.44 and 0.29 (the reveal ing  agent was a 0.5% solution of KMnO 4 in 0.5% H2SO4). 
The combined lactones were  washed with ethyl acetate  five t imes,  stizolin being obtained in the fo rm of a 
white c rys ta l l ine  powder with mp 179-183° C giving, on TLC, a single spot with R f  0.51 [benzene-e thano l  
sys tem,  (9 ." 1)]. It was then r ec rys t a l l i zed  three  t imes  f rom benzene,  mp 184.5-186.5 ° C (decomp. [o~]~ 
- 3 0 . 4 6  ° (c 2.68; chloroform).  

Found %: C 68.35; 68.33; H 7.69; 7.62. ClsH2004. Mol. wt. 276 (c~oscop ica l ly ) ,  264 (mass spee-  
t rometr ica l ly) .  Mla b 0.34, 0.36. Calculated%: C 68.16; H 7.63. Mol. wt. 264.31. Mla b 0.38. 

IR spectrum: Vma x 3560 (OH), 1757 and 1650 cm -I (carbonyl of  an cl-methylene-7-1actone).  

389 



Acetylst izolin (II). A solution of 0.5 g of stizolin in 10 ml of pyridine was treated with 5 ml of acetic 
anhydride and heated in the water bath at 50-60 ° C for 1 h. After cooling, a 15-fold amount of water  was 
added and the react ion product  was extracted with chloroform.  The chloroform extract  was washed with 
3%HC1 solution and then with water to neutrality, and the chloroform was distilled off. A liquid product 
with the composit ion C ~H220~ was obtained which crys ta l l ized on being washed with ether. It was r e c r y s -  
tallized f rom ethanol; it underwent a change at 157°C but did not mel t  below 300 ° C. 

The microanalyt ical  f igures  for  acetylst izolin and the subsequent derivatives correspond with the 
calculated values. 

IR spectrum: Vma x 1768 cm -1 (7-1actone), 1740 cm -1 (OCOCH3), and 1655 cm -t  (C = C). 

Dehydrostizolin (III). A mixture of 0.1 g of stizolin, 5 ml of pyridine, and 0.1 g of C r Q  was left at 
0 ° C for  18 h and was then diluted with water,  and the react ion product was extracted six t imes with benzene 
- e t h e r  (1 : 1). The extract  was washed with 3% HC1 and with water;  disti l lation of the solvent yielded 
color less  c rys ta ls  of (HI), CuHt804, mp 219-221°C (deeomp.; f rom ethanol). IR spectrum: Vma x 1775 
cm -~ (?-lactone), 1712 c m  -~ (C = O~, and 1665 cm -1 (C = C). UV spectrum: Xma x 205,303 nm (e 11,864, 
521). 

Dihydrostizolin (IV). The hydrogenation of 0.5643 g of stizolin was per formed in 50 ml of ethanol in 
the presence  of 0.1 g of PrO 2 (according to Adams) until the absorption of hydrogen ceased, 1 mole of hy-  
drogen having been consumed. The catalyst  was fil tered off and the alcohol was evaporated off. Color less  
c rys ta l s  of (IV) deposited; C15H220 4, mp 198-200 ° C (from ethanol). IR spectrum: Vma x 3550 cm -I  (OH), 
1757 cm -~ (7-1actone). 

Treatment  of Stizolin with NaBH 4. In small  portions, 2.5 g of NaBH 4 was added to a solution of 0.5 g 
of st izolin in 50 ml  of CH3OH. After 40 min, the solution was diluted with water (200 ml) and acidified 
with 20% sulfuric acid to pH 1 and was then treated with chloroform; the chloroform extract  was washed 
with water  until it gave aneu t ra l  reaction to universal  indicator. Evaporation of the chloroform yielded a 
crystal l ine product,  which was recrys ta l l ized  f rom benzene (rap 195-198 ° C); it was identical with (IV). 

Acetyldihydrostizolin (V). A mixture of 0.4 g of dihyrostizolin,  4 ml of acetic anhydride, and 8 ml 
of pyridine was heated at 50-60 ° C for  1 h, and after  cooling the reaction mixture was diluted with water. 
Crystals  of (V), C17H2405, mp 180-182 ° C (from ethanol) deposited. IR spectrum: Vma x 1770 cm -~ (7- 
lactone), 1735 and 1250 cm -~ (OCOCH 3). 

Dehydrodihydrost izolin (VI). A solution of 0.7 g of CrO 3 in 10 ml of 90% CH3COOH was added to a 
solution of 0.7 g of dihydrost izolin in 10 ml of 90% CH~COOH, and the mixture was left at +5 ° C for 12 h 
and was then diluted with water  and the reaction product was extracted with chloroform.  The chloroform 
extract  was washed with 5% NaHCO 3 solution and with water to neutrality. After the chloroform had been 
eliminated a liquid was obtained, and on the addition of ether this formed color less  crys ta ls  with mp 187- 
1900 C (from ethanol), C15H2004. IR spec t rum:  Vma x 1780 cm - I  (7-1actone), 1700 cm -1 (C = O in a medium-  
sized ring), and 1640 cm -1 (C = C). UV spectrum: Xtmax 226 nm (e 1251); X2max 302 nm (e 276). 

Tetrahydrost izol in  (VII). The hydrogenation of 0.5046 g of stizolin was per formed in 30 ml of glacial 
acetic acid in the p resence  of 0.101 g of PrO2 (according to Adams), 2 moles of hydrogen being consumed: 
The platinum was f i l tered off, and the mixture was diluted with a fivefold amount of water and treated with 
small  portions of Na2CO3 to give a neutral  react ion.  The hydrogenation product  was extracted with chloro-  
form, and the extract  was washed with water to neutrali ty and the chloroform was distil led off. This gave 
color less  c rys ta ls  with the eompositionCtsH2404, mp 180-182°C (from ethanol). IR spectrum: Vma x 3542 
cm -1 (OH) and 1785 cm - I  (7-1actone). 

Acetyl te t rahydrost izol in  (VIII). A solution of 0.1 g of tetrahydrost izol in was treated with acetic an-  
hydride as descr ibed in the preparat ion of (V). Colorless c rys ta l s  with fihe composition C17H2605, mp 169- 
170.5 ° C (from ethanol) deposited. IR spectrum: Vma x 1780 em -1 (T-lactone), 1725 and 1255 cm -I  
(OCOCH3). 

Dehydrotetrahydrostizolin (IX). This was obtained in the same way as (VI). Colorless crystals, 
CI~H2204, mp 199-201.5°C (from ethanol). IR spectrum: Vma x 1785 cm -I (7-1actone) and 1707 cm -i (C = 
O). 
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T r e a t m e n t  of Dehydro te t rahydros t izo l in  (IX) with NaHCO~. A solution of 0.3 g of dehydro te t r ahydro-  
s t izol in in 15 ml  of ethanol was t rea ted  with 0.13 g of NaHCO~ in 10 ml  of water  and was then heated  in the 
water  bath  at  80-90 ° C fo r  30 rain. Af ter  cooling the  mix tu re  was diluted with water  and ex t rac ted  with 
ch loroform,  and the ex t r ac t  was washed with water  to neutral i ty .  After  the solvent had been dr iven off, 
c r y s t a l s  deposited with the composi t ion C~H2204 (IX), and these  were  washed with ether ,  mp 170-173 ° C 
(Kofler). IR  spec t rum:  ~'max 1785 (~/-lactone) and 1707 cm - I  . 

Sodium Salt of the Tr ihydroxy Oxo Acid (X). A solution of 0.3 g of dehydro te t rahydros t izo l in  in 35 ml  
of ethanol was t rea ted  with 17.5 ml  of 1% H2SO 4 and the mix ture  was shaken at  r oom t e m p e r a t u r e  fo r  30 
min. Then it  was neutra l ized with 5% NaHCO 3 solution and the solvent  was dist i l led off. The resu l t ing  
c rys ta l l ine  produc t  was t r ea ted  with hot benzene.  The res idue  was dissolved in ethanol and the solution 
was f i l tered.  The benzene solution deposited c rys t a l s  (0.03 g) with mp 198-200 ° C (the initial compound). 
The ethanolic solution yielded co lo r l e s s  c r y s t a l s  with the composi t ion C~H2506Na, darkening at 148°C. IR 
spec t rum:  Vma x 3400-3200 cm -~ (OH), 1695 cm -~ (C = O), and 1580 and 1410 em -1 (C--O-) .  

II 
0 

The Glycol (XD. A solution of 1.0 g of dihydrost izol in  in 50 ml  of benzene was added by drops  to 1 g 
of lithitun te t rahydroa luminate  in 500 ml  of  e ther ,  and then the mix ture  was boiled fo r  1.5 h; af ter  cooling, 
the l i thium te t rahydroalumina~e that had not r eac ted  was careful ly  des t royed  with water ,  and the p r e c i p i -  
tate was f i l t e red  off. Dist i l lat ion of the solvent yielded a v i t reous  yel low produc t  with the composi t ion 
C~5H~O 4. IR spec t rum:  Vmax 3360-3440 cm - i  (OH) and 1655 cm -1 (C = C}. 

Linderazulene  (XIID and Chamazulene (XII). The glycol (XI) (0.8 g) was dehydrogenated in the p r e s -  
ence of 1 g of se len ium at 290-310 ° C for  30 rain. After  cooling, the reac t ion  product  was ex t rac ted  with 
pe t ro l eum ether ,  ch romatographed  on neut ra l  a lumina (activity grade II) and eluted with pe t ro l eum ether .  
This  gave two f rac t ions  in the f o r m  of b lue-v io le t  v iscous  liquids with R f  0.65 and 0.41 on TLC in p e t r o -  
leum ether .  The f i r s t  f rac t ion  was identical  according  to TLC with chamazulene  taken as m a r k e r .  The 
substance  of the second f rac t ion  was dissolved in 20 m l  of absolute  ethanol and 0.01 g of t r in i t robenzene  
was added. The yel low c ry s t a l s  with the composi t ion  C~HuO • C6H 3 N306 that deposi ted were  r e c r y s t a l -  
l ized  f r o m  ethanol and d r ied  in a vacuum des i cca to r  for  3 days;  mp 154-156.5 ° C. 

S U M M A R Y  

Structure  (5) is proposed for  st izolin - a sesqu l te rpene  lactone f r o m  Stizolophus ba l sami ta .  
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