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One of the m e c h a n i s m s  of the immunity  of plants  to phYtopathogenic m i c r o o r g a n i s m s  is the capaci ty  of 
the host plant  for  forming,  in response  to infection, antibiotic subs tances  that a r e  p rac t ica l ly  absent  f rom the 
intact t i s sues  - phytoalexlns [1]. In the s t e m s  of the cotton plant  affected by ver t i c i l los i s  a number  of gossypol -  
l ike compounds phytotoxic to the conidia of the causa t ive  fungus of the wilt have been found which have been 
ass igned to the phytoalexins [2, 3]. 

Bell et  al. ,  have shown the s t ruc tu re  of th ree  phytoalexins of the cotton plant  - hemigossypol ,  6 -methoxy-  
hemigossypol ,  and 6 -de t royhemigossypo l  [4]. We have prev ious ly  repor ted  on the isolat ion of two phytoalexins 
f r o m  the xy lem t i s sue  of a cotton plant  infected with the fungus Ver t icUl ium dahliae Kleb. and have demon-  
s t ra ted  the i r  s t ruc tu re  - i sohemigossypol  and gossyve r t i n  [5, 6]. In addition to these  compounds,  s eve ra l  
o ther  polyphenols absent  f rom healthy plants  have been found in the s t ems  of a d iseased  plant.  In this p a p e r  
we give the r e su l t s  of the isolat ion of one of the gossypol - l ike  subs tances  of the cotton plant  that  have been 
mentioned above and of a study of its s t ruc tu re .  

F r o m  a ch lo ro fo rm ex t rac t  of the s t e m s  of a cotton plant  affected with wilt a f t e r  separa t ion  and c h r o m a -  
tography we succeeded in isolat ing a c rys ta l l ine  substance  with mp 160-162°C, ~max {chloroform) 242, 270, 
313, and 408 nm. Its m a s s  spec t rum contains the intense peak of the mo lecu l a r  ion with m / e  274 (M+). The 
PMR spec t rum of the substance  (in CDC13) (Fig. 1) shows the following s ignals :  Intense doublet at 1.36 ppm, 
which co r r e sponds  to the six protons  belonging to the methyl  groups of an isopropyl  radica l  ( J=7 Hz); a t h ree -  
p ro ton  doublet at 2.07 ppm (J= 2 Hz), belonging to the protons  of a methyl  group; a signal consis t ing of seven  
l ines with the i r  cen te r  at 4.1 ppm, asc r ibed  to the methine proton of the isopropyl  radical ;  two broad  signals  
at 6.46 and 12.9 ppm which d i sappear  on exchange with deuter ium,  showing that they belong to OH groups;  and 
a signal at 10.66 ppm, ass igned to the pro ton  of an aldehyde group. Also cha rac t e r i s t i c  for  this compound is 
the p r e s e n c e  of a one-pro ton  quar te t  at 6.78 ppm with a coupling constant  of 2 Hz. Double- resonance  expe r i -  
ments  showed that the p r e s e n c e  of the quar te t  is due to s p i n - s p i n  coupling of this p ro ton  with the protons  of 
the methyl  group resonat ing at 2.07 ppm. This  fact  shows that this pro ton  and the methyl  group a re  in the 
ortho pos i t ion  with r e spec t  to one another .  

In view of the m o l e c u l a r  weight (274), the p r e sence  of a chelate  in t r amolecu la r  hydrogen bond, and the 
change in the chemica l  shift  of the aldehyde proton compar i son  with its posi t ion in the spec t r a  of gossypol  and 
other  der iva t ives  studied previous ly ,  and a lso  on the bas i s  of biogenetic cons idera t ions ,  l i t e r a tu re  information,  
and the UV, PMR, and m a s s  spec t ra ,  and the resu l t s  of a study of some phys icochemica l  p rope r t i e s ,  the mos t  
p robab le  s t ruc tu re  for  the substance isolated,  which  we have cal led hemigossypolone,  is 8 - fo rmy l -6 ,7 -d ihy -  
droxy-  5- isop ropyl -  3 -methy l -  1,4-naphthoquinone. 

• Informat ion exis ts  showing the higher  fungitoxicity of oxidized polyphenols than of the i r  reduced fo rms  
[1, 7-10]. This leads to the assumpt ion  that in the at tack of plants  polypheuols a r e  oxidized by oxidizing en- 
zymes ,  especia l ly  polyphenol oxidase,  with the format ion  of highly toxic subs tances  m o r e  act ively suppress ing  
the development  of the pathogen and of enzymes  inhibiting it. Consequently, some phenols may act  on the p a r a -  
si te through the quinone f o r m s .  
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Fig. 1. PMR spect rum of hemigossypolone. 

Since hemigossypolone is a quinone, it possesses  a high fungitoxicity. According to the resul ts  of a 
determinat ion of its fungitoxicity with respec t  to the fungus V. dahliae at  a concentrat ion of 6/~g/ml, hemi-  
gossypolone is capable of completely suppressing the growth of the fungal spores .  EDs0 for  hemigossypolone 
is 1.5 /~g/ml. 

A compara t ive  study of the fungitoxicity of gossypol and other gossypol- l ike compounds isolated f rom 
the s tems of the cotton plant infected with wilt - isohemigossypol  and gossyver t in  - has shown that hemi-  
gossypolone has the highest fungitoxicity for the causat ive agent of ver t ic i l l iaceous wilt of the cotton plant. 
The s trong inhibiting action of the quinone once again confirms the protect ive role of the polyphenol - poly-  
phenol oxidase sys tem.  

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

The stems,  freed f rom bark, of diseased and healthy cotton plants of variety 108-F gathered ~n the ex- 
per imental  plot of the Institute of Experimental  Plant Biology in the phase of mass  flowering and fruit  bea r -  
ing were investigated. 

For  column chromatography we used si l ica gel of types KSK and Silpearl, and for  th in- layer  chroma-  
tography Silufol plates,  and the following solvent sys t ems :  1) petroleum e the r -d i e thy l  e ther  (95 : 5); 2) pe t ro-  
leum e t h e r - d i e t h y l  e ther  (90 : 10); 3) benzene -me thano l  (95 : 5); 4) benzene -me thano l  {90 : 10), 5) pet roleum 
e t h e r - d i e t h y l  e t h e r - c o n c e n t r a t e d  HC1 (70 : 30 : 0.3); 6) b e n z e n e - p e t r o l e u m  e t h e r - e t h y l  acetate (40 : 40 : 20). 

The substances on the ch roma tog ram were  revealed with a 170 ethanolic solution of phloroglucinol in 
2 N hydrochlor ic  acid, with 1% fe r r i c  chloride solution, and with concentrated sulfuric acid. 

The UV spec t ra  were  taken on a Beckman model 25 spect rometer ,  the PMR spect ra  on a Varian XL- 
100 spec t rometer ,  and the mass  spec t ra  on a Varian MAT-3011 instrument.  

Isolation of Hemigossypolone.  The sum of the gossypol- l ike compounds was obtained by the method used 
previously [5, 6]. An ethereal  solution of this mater ia l  was treated severa l  t imes with 2~ borax solution. 
The result ing aqueous solution was acidified with HC1 to pH 3 and was exhaustively extracted with ether.  The 
purified total mate r ia l  a f ter  evaporat ion of the solvent was t r ans fe r red  to a column (3.5 × 130 cm) filled with 
type KSK si l ica gel and was eluted success ively  with sys tems  1 and 2. Fract ions of 100-120 ml were collected. 
A number  of f ract ions containing mainly hemigossypolone was obtained, and these were combined, evaporated, 
and chromatographed on a column of Silpearl si l ica gel in o rder  to eliminate impurit ies completely.  The 
column was eluted f i r s t  with pure petroleum ether  and then with sys tem 1. This gave a ser ies  of fract ions 
containing only hemigossypolone.  On th in - layer  chromatography in solvent sys tems  3, 4, 5, and 6 the sub- 
stance gave a single spot in each case  with Rf 0.68, 0.69, 0.56, and 0.70, respect ively.  

After evaporat ion of the solvent and recrys ta l l iza t ion  f rom ether, 120 mg of hemigossypolone was ob- 
tained in the form of dark yellow acicular  c rys ta l s  with mp 160-162°C (decomp.). It dissolves readily in ace-  
tone and diethyl ether,  sparingly in benzene and petroleum ether,  and does not dissolve in water.  

Determination of the Fungitoxicity of Hemigossypolone. To determine its fungitoxicity, hemigossypolene 
was dissolved in ethanol, and then a ser ies  of dilutions with definite concentrat ions was prepared  using a 1% 
solution of glucose in 0.04 M K phosphate buffer, pH 6.2. Each dilution was mixed with the same volume of a 
growth medium containing 0 .04MKphosphate  buffer (pH 6.2), 17o of glucose, and 3% of agar  at 50°C and the 
mixture was poured into Petr i  dishes.  An aqueous suspension of spores  of the fungus V_~. dahl iae obtained 
af ter  its growth on a potato medium for 10-14 days was deposited by means of a pipet on the surface of the 
agar  medium. The spores  were  incubated at 26°C for 18 h. Spores having a ge rm tube longer  than the diam- 
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e t e r  were  r ega rded  as having germina ted .  The exper imen t s  were  p e r f o r m e d  in duplicate,  and 200 spores  
we re  recorded  in each  P e t r i  dish. 

SUMMARY 

F r o m  the s t e m s  of the cotton plant  infected with the fungus Ver t ic i l l ium dahliae Kleb. has been isolated 
a quinone der iva t ive  of hemigossypol  - hemigossypolone  - for  which the s t ruc tu re  8 - fo rmy l -6 ,7 -d ihyd roxy-5 -  
[ sopropy l -3 -methy l - l ,4 -naph thoquinone  is proposed,  and its fungitoxicity has been  de termined.  

L I T E R A T U R E  C I T E D  

1. 
2. 
3. 
4. 
5. 

6. 

7. 
8. 
9. 

10. 

L. V. Metl i tski i  and O. L. Ozere t skovskaya ,  Phytoalexins [in Russian],  Moscow (1974). 
A. A. Bell, Phytopathol. ,  5_7.7, 759 (1971). 
A. A. Bell, Phytopathol. ,  5__7.7, No. 8, 1119 (1969). 
A. A. Bell, R. D. Stipanovic, C. R. Howell, and P. Fryxel l ,  Phytochem.,  1._~4, 225 (1975). 
A. S. Sadykov, L. V. Metl i tski i ,  A. K. Kar imdzhanov,  A. I. I smai lov,  R. A. Mukhamedova,  M. Kh. Avazk-  
hodzhaev, and F. G. Kamaev,  Dokl. Akad. Nauk SSSR, 218, No. 6, 1472 (1974). 
A. K. Kar imdzhanov,  A. I. I smai lov,  Z. S. Abdullaev, Sh. Yu. Is lambekov,  F. G. Kamaev,  and A. S. Sady- 
kov, Khim. Pr i rodn .  Soedin., 238 (1976). 
D. Le Tourneau,  J .  G. McLean and J .  W. Guthrie,  Phytopathol. ,  4.~7, 602 (1957). 
F. Grossman ,  Phytopathol.  Z., 44, No. 4, 361 (1962). 
H. C~m, Phytopathol. ,  3_.88, 342 (1960). 
A. M. Mayer ,  Physiol .  P lan ta rum,  14, 322 (1961). 

MASS-SPECTROMETRIC STUDY OF THE SESQUITERPENE 

LACTONE GROSSMISIN AND ITS DERIVATIVES 
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The s t r u c t u r e  of g r o s s m i s i n  isolated f rom the epigeal  p a r t  of A r t e m i s i a  caucas ica  Wiltd. ~A~ g ros she imi i  
Kra sch .  ex Poljak) (Caucasian wormwood) has been establ ished prev ious ly  [1]. We have studied the f r agmen ta -  
tion under  e l ec t ron  impact  of g r o s s m i s i n  (D, its deuter ium analog (II), and its de r iva t ives  a c e t y l g r o s s s m i s i n  
(III) and anhydrog ros smi s in  (IV) in o rde r  to es tabl i sh  the main  laws of the d issocia t ive  ionization of these c o m -  
pounds due to the p r e sence  of the s t ruc tu ra l  e lements  cha r ac t e r i s t i c  for  them.  
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The m a s s  spec t r a  of compounds (I-IV) areshown in Fig. 1. The appearance  of ions in the m a s s  spec t rum 
of g r o s s m i s i n  {I) in the region of high m a s s e s  and of the ma in  ions in the region of modera t e  m a s s e s  is shown 
in the scheme,  and the i r  accura te  m a s s e s  and e l emen ta ry  composi t ions  a r e  given in Table 1. The main  d i r ec -  
tion of f ragmenta t ion  of (I) is the e l iminat ion by the ion M + of an H20 molecule  (m/e  244) followed by the e jec -  
t ion of a CO group (m/e  216) or  a CH 3 rad ica l  (m/e  229). A side d i rec t ion of the decomposi t ion of (I) is a s -  
sociated with the loss  by the mo lecu l a r  ion of (I) of CH 3 and OH rad ica l s  (m/e  247 and 245, respect ive ly) .  
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