
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 

P ,  I .  Z a k h a r o v ,  P .  B.  T e r e n t ' e v ,  
O. A.  K o n o v a l o v a ,  a n d  K .  S. R y b a l k o  

UDC 543.51 +547.985 

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.  

0 CH: 0 CHo 
~ ~ O R  1. R=-H 

zz. R = - 3  

rnnq CH a 
Ill. ~------ ~uu , .  3 IV 

JI 
0 

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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The fac t  t ha t  the  ion (M - CH3) + is  sh i f t ed  by one m a s s  unit  in the  d i r e c t i o n  of h i g h e r  m a s s e s  in the  m a s s  s p e c -  
t r u m  of [ O - - D ] g r o s s m i s i n  (II) and the a b s e n c e  of the  sh i f t  f o r  the  ions  (IV[ - H20) +, (IV[ - OH) +, (M - H20 - C O }  +, 
and (lVl - H20 - CH3) + confirlTlS the  r o u t e  of t h e i r  f o r m a t i o n  shown in the  s c h e m e .  The  a p p e a r a n c e  of a low-  
i n t ens i t y  ion wi th  m / e  226 shows the l o s s  of a s econd  m o l e c u l e  of H20 by  the  M + ion, which  is  due to the  p e r i  
p o s i t i o n  of  t he  e x o c y c l i c  oxygen  a t o m  of the  a , f l - c y c l o p e n t a n o n e  r ing  and the  CH 3 g roup  in p o s i t i o n  8 of the  
s e v e n - m e m b e r e d  r i n g  (B). The  p r e s e n c e  of the m e t a s t a b l e  p e a k  m *  = 178, c o r r e s p o n d i n g  to  the t r a n s i t i o n  
m / e  262 ~ m / e  216, shows  tha t  the  f o r m a t i o n  of the  f r a g m e n t  (M - H ~ O - C O )  + in the m a s s  s p e c t r u m  of  (I} 
t a k e s  p l a c e  not  only t h rough  the  e l i m i n a t i o n  of  a CO g roup  by  the  (IV[ - H 2 0 ) ÷ [ o n  (m* = 199) but  a l s o  a s  the  
r e s u l t  of the s i m u l t a n e o u s  e l i m i n a t i o n  f r o m  the  ion M + of the  n e u t r a l  p a r t i c l e s  CO and H2Oo A s i m i l a r  l o s s  
of t h e s e  p a r t i c l e s  is  u n d e r g o n e  by the  (M - H20) + f r a g m e n t ,  a s  is  shown by a m e t a s t a b l e  ion wi th  m *  = 161 
c o r r e s p o n d i n g  to  the  t r a n s i t i o n  m / e  244 ~ m / e  198. 
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m!e 17~ 
The appearance of ions with m/e 246, 229, 215, and 201 in the mass spectrum of grossmisin (I) is due 

to the loss of a hydrogen atom or a CH 3 group, respectively from mother ions with m/e 247, 244, and 216, 
w h i c h  l e a d s  to t h e i r  p a r t i a l  a r o m a t i z a t i o n .  Th i s  p r o c e s s  is  one of the  m a i n  c a u s e s  fo r  the  d e t a c h m e n t  of H and 
CH 3 r a d i c a l s  in  the  s u b s e q u e n t  (a f te r  the  f i r s t )  s t a g e  of the  d e c o m p o s i t i o n  of the m o l e c u l a r  ion ([) and e x p l a i n s  
the  a b s e n c e  of the  l o s s  of a CH3 r a d i c a l  by  the ion wi th  m / e  217 (M - OH - CO) +. 

The  a p p e a r a n c e  of the  m a i n  f r a g m e n t s  in the  r e g i o n  of m e d i u m  m a s s e s  in the d e c o m p o s i t i o n  of (I) is  con-  
nec ted  wi th  the  e l i m i n a t i o n  by  the ions  (M - H20 - CO) + and {1Vl - OH - CO) + of a CO g roup  and a CH3 r a d i c a l .  
An  e x c e p t i o n  is the  f o r m a t i o n  of f r a g m e n t s  wi th  m / e  175 and 136, which p r o b a b l y  t a k e s  p l a c e  t h rough  r e a r -  
r a u g e m e n t  p r o c e s s e s .  The  r o u t e s  of o r i g i n  of t h e s e  f r a g m e n t s  a r e  c o n f i r m e d  by  t h e i r  e m p i r i c a l  f o r m u l a s  
C l l H l l O  2 and C9H120 ob ta ined  f r o m  the h i g h - r e s o l u t i o n  m a s s  s p e c t r u m  of (I) (175.0762 and 136.0877 amu,  r e -  
s p e c t i v e l y ) ,  and a l s o  by  the  d i s s o c i a t i v e  i o n i z a t i o n  of [ O - - D ] g r o s s m i s i n  ([I), in  t he  m a s s  s p e c t r u m  of which  
the  f r a g m e n t  wi th  m / e  i75  does  not  u n d e r g o  a sh i f t  and the  ion wi th  m / e  136 i s  sh i f t ed  p a r t i a l l y  by one uni t  
in  the  d i r e c t i o n  of h i g h e r  m a s s e s .  The i n t e n s e  f r a g m e n t  wi th  m / e  91 in t he  m a s s  s p e c t r u m  of (I) has  the  e m -  
p i r i c a l  f o r m u l a  C7H7 (91.0567 amu)  and e v i d e n t l y  r e p r e s e n t s  an  ion wi th  a t r o p y l i u m  s t r u c t u r e  [2]. 

B e c a u s e  of the  a b s e n c e  of the OH g roup  f r o m  the  m o l e c u l e  of a n h y d r o g r o s s m i s i n  ~V), i t s  the  m a s s  s p e c -  
t r u m  does  not  show the p r e s e n c e  of ions  wi th  m / e  217, 189, and 161, which  c o n f i r m s  the r o u t e  of t h e i r  o r i g i n  
f r o m  the  ion wi th  m / e  245 in the  m a s s  s p e c t r u m  of  (I), a s  shown i n t h e  S c h e m e .  The  m a s s  n u m b e r s  of the 
o t h e r  f r a g m e n t s ,  beg inn ing  wi th  the ion having  m / e  244 in the  m a s s  s p e c t r a  of g r o s s m i s i n  (I) and arLhydro- 
g r o s s m i s i n  (IV) c o i n c i d e ,  which  i s  due to the  l o s s  of the  s a m e  n e u t r a l  p a r t i c l e s  by th i s  ion in the  d e c o m p o s i t i o n  
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Fig .  1. M a s s  s p e c t r a  of g r o s s m i s i n  (T), [ D ] g r o s s m i s i n  
(iI), a c e t y l g r o s s m i s i n  (liT), and a n h y d r o g r o s s m i s i n  (IV). 

T A B L E  1. H i g h - R e s o l u t i o n  M a s s  S p e c t r u m  
of  G r o s s m i s i n  (i) in the  Reg ion  of High and 
M o d e r a t e  M a s s e s *  

Mass 
measured 

262.1191 
247.0974 
246.0889 
244.1113 
226.0815 
217.1135 
216.1t23 
215.1069 
201.0910 
199.1109 
198,1050 
189.0891 
188.0847 
187.07~5 
175.076] 
174.0676 
173.0961 
17t.0802 
161.0916 
160,0880 
159.0824 
147,080.3 
146.0733 
145,0657 
136.0877 

calc. 

262.1204 
247.0969 
246.0891 
244.1098 
229.08.q3 
217.1128 
2t6.1149 
215.1071 
201,0914 
199,1122 
198,1044 
189,0915 
188,0837 
187,0759 
175,0759 
174.0680 
173,0966 
171,0809 
161,0966 
160,0888 
159,0809 
147,0809 
146.0731 
145.0653 
136,0888 

Error of I Composition 
measure~ of the ion 
m e n t ]  

--I  .3 
+0,5 
--2,2 
+1.5 
--4,8 
+0,7 
--2.6 
--0,2 
--0,4 
--1.3 
+0.6 
--2.4 
+1,0 
--0,4 
+0.3 
--0,4 
--0,5 
~0,7 
--5.0 
--0.8 
+1,5 
--0,6 
+0.2 
+0,4 
--1,1 

ClsHtsO, 
C.H150~ 
C.Ht,O~ 
C15OtTL's 
C.H1303 
C.Ot;O2 
CI,HI~O~ 
C1~H~502 
Cl3H,30~ 
CI~HI~O 
C~O~40 
C12H130~ 
C,~O1.~O2 
CI2HtlO2 
CIlHI102 
CttHloO2 
C12H130 
C12OllO 
CItH130 
ClIH120 
CnHnO 
Cv~HnO 
CI,,Hv,O 
CloH.qO 
C9H~20 

*The  t a b l e  g i v e s  ions  of the  g r e a t e s t  i n t ens i t y ,  
the  f o r m a t i o n  of which  is  shown in the  s c h e m e .  
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of compounds (I) and (IV). However, the relat ive intensities of some of the ions in the mass  spec t ra  of (I) and 
(IV) (for example, the ions lvith m / e  244, 229, 198, 187, 173, 171, 147, and 145) differ appreciably,  which can 
be explained by the different positions of the lactone ring (C) in compounds (I) and (IV). Conversely,  the dis-  
sociative ionization of anhydrogrossmis in  (IV) and of ace ty lgrossmis in  (III), beginning with the fragment  having 
m / e  244, leads to ions not only of the same mass  but also of pract ical ly  the same intensity. This fact can be 
explained by the assumption that on the elimination of a molecule of acetic acid by the M + ion of compound 
(III) the r ea r r angemen t  of the laetone ring (C) from the C 4 to C 6 carbon atom of the seven-membered  ring B 
takes place. As a result ,  the ion (M - CH3COOH) +, to which a metastable peak with m* = 196 corresponds,  in 
the mass  spec t rum of (III) has the same s t ruc ture  as the molecular  ion of compound (IV). This explains the 
identity of their  subsequent decomposit ions.  In the decomposit ion process ,  the molecular  ion of aee ty lg ross -  
raisin (fir) also el iminates a ketene molecule,  giving a f ragment  (1VI - CH2CO)+with m / e  262 (m*=226), i.e., 
it shows the fragmentat ion typical for acyl derivat ives of other c lasses  of compounds [3, 4]. We must  also 
mention the multiline nature of the mass  spec t ra  of g rossmis in  (I) and its derivat ives (H-IV), which is a dis-  
tinguishing feature of the decomposi t ion of other sesquiterpene lactones [5]. 

Thus, the mass  spec t ra  of g ros smis in  (i) and its derivatives do not contradict  the s t ruc tures  adopted 
for  these compounds.  The main ions ar is ing in the p rocess  of their  f ragmentat ion are  due to the presence  in 
the molecules  of an alcoholic hydroxy group and carbonyls  of lactone and of c~,fl-unsaturated cyclopentanone 
rings,  and also of methyl groups present  in the ~ and peri  positions to the carbonyl groups of these r ings.  

EXPERIMENTA L 

The mass  spec t ra  of the compounds were obtained on a standard MKh-1303 instrument  fitted with a sys-  
tem for  the direct  introduction of the sample into the ion source at an ionizing voltage U = 70 V and recording 
t empera tu res  of 90°C (I, II), 25°C (III), and 50°C (IV). The high-resolut ion mass  spect rum of (I) was taken on 
a IMS-01 1G-2 instrument.  The deuterium analog of g ros smis in  (II) was obtained by the method of Shipchandler 
and Joine [6]. The deuterat ion of (I) took place to the extent of 50% (from the mass  spectrum).  

SUMMARY 

The dissociat ive ionization of g ros smis in  [O-D]grossmis in ,  and two of its derivat ives have been studied. 
The appearance of the main f ragments  in the mass  spect rum of g rossmis in  is due to the elimination by the M + 
ion of H20 and CO molecules  and CH 3 and OH radicals  in various sequences.  The hypothesis has been put for-  
ward that in the splitting off of a CH3COOH molecule by the M +° ion of ace ty lg rossmis in  a r ea r rangement  of 
the lactone ring takes place with its rec losure  at the C G carbon atom of the seven-membered  ring. 
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