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The p resen t  pape r  d e s c r i b e s  the resu l t s  of a study of a halogen-containing compound isolated f rom the 
neut ra l  f rac t ion  of the lipids of Ver t ic i l l ium dahliae Kleb. [1]. According to the resu l t s  of neutron-act ivat ion 
analysis ,  the amount of chlorine in the total  l ipid f rac t ion  of V. dahliae was 0.012 g/g. 

A mix tu re  of the methyl  e s t e r s  (ME's) of the fatty acids obtained by the acid methanolysis  of the total  
neutra l  lipids was separa ted  with the aid of u rea  into four f ract ions .  A prec ip i ta te  giving a posi t ive Bei l s te in  
tes t  was isolated by f ract ional  c rys ta l l i za t ion  f rom acetone at  -60°C f rom the f rac t ion  not forming a c la thra te  
with urea.  T h i n - l a y e r  chromatography (TLC) on s i l ica  gel with the additions of AgNOa in sys tem 1 showed 
that  the prec ip i ta te  contained components cor responding  in chromatographic  behavior  to the ME's  of a C1~:2 
acid (Rf 0.54) and of a C18:1 acid (Rf 0.67) and to an unknown component with Rf 0.83 (1). 

The compound with Rf 0.83 was isolated by column chromatography (CC) on Al2Oa, being eluted with 
diethyl e ther ,  and it  was f reed  f rom impuri t ies  by p repara t ive  TLC on A120 ~ in sys tem 2 [2]. After  r e -  
chromatography,  the substance (I) had Rf 0.74 in sys tem 2 and 0.83 in sys tem i and gave a posi t ive Be i l s t e in  
test .  

The NMR spec t rum of (I) showed a complex signal in the 3.9 ppm region re la t ing to a - C H C 1 - C H C 1 -  
group s imi l a r  in form to the signal at 4.08 ppm for  the ME of 9 ,10-d ib remos tea r i c  acid [2]. According to the 
mass  spec t rum,  the molecu la r  weight M + is 366/368/370, which cor responds  to an empi r i ca l  formula  for  (i) 
of C~9H~C1202. 

The IR spec t rum contains,  in addition to the absorpt ion bands that a re  usual for  the spec t ra  of ME's  of 
sa tura ted  fatty acids ,  bands at  650 and 1320 cm -1 which a re  cha rac t e r i s t i c  fo r  the - C H C I - C H C I - g r o u p  [4a, 
b]. On the basis  of the identity of the IR, iH and i~c NMR, and mass  spec t ra  of (I) and those o f  its synthetic 
analog, the s t ruc tu re  of (I) has been  de te rmined  as the ME of 9 ,10-d ich lores tea r ic  acid: 

CHa(CHe):CHCICHCI(CH2):COOC~-~:, (I) 

In the I~C NMR spec t rum of (I) in CC14 solution at a f requency of 25.2 MHz (Fig. 1), 16 individual s ig-  
nals of 13C nuclei  a r e  observed  with the following chemical  shifts (ppm re la t ive  to TMS): 172.1 (C- l ) ,  64.9 
(C-9, C-10), 50.7 (OMe), 33.8 (C-8, C-11), 33.6 (C-2), 31.8 (C-16), 29.6 (C-15), 29.3 (C-5), 29.2 (C-4), 29.0 
(C-6), 28.8 (C-14), 28.7 (C-13), 26.7 (C-7,  C-12), 24.7 (C-3) 22.6 (C-17), 14.2 (C-18). 

In compar i son  with the corresponding values in the spec t rum of the ME of 9 ,10-d ibromos tea r ic  acid [3] 
in this case  the signals of the C-9 and C-10 atoms a r e  shifted downfield by 6.1 ppm, the signals of the C-8 and 
C-11 atoms upfield by 0.5 ppm, and the signals of the C-7 and C-12 atoms upfield by 1.1 ppm. In addition, the 
carbon atom of the earbonyl  group has undergone an appreciable  shift in the low-field di rect ion (by 0.3 ppm). 
The values o f  the chemical  shifts of the o ther  signals do not differ  f rom these  in the spec t rum of the ME of 
9 ,10-d ib remos tea r i c  acid within the l imi ts  of the accuracy  of the measu remen t s  (0.1 ppm) [3]. In the region 
of high masse s  in the mass  spec t rum of I t he re  a re  the peaks of ions with m / e :  M + 366/368/370, 335/337/339 
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Fig. 1. 18C N1VIR spec t rum of a solution in CC14 
of methyl  9 ,10-d ichloros teara te .  

(M-OCH~),  331/333 (M-C1) ,  299/301 (~I -HC1-OCHs)  , 295 ( M - C I - H C 1 ) ,  294 (M-2HCI),  264, 263. On the 
bas is  of the resu l t s  obtained, it can be s ta ted that  the pathogenic fungus V. dahliae of the Yangiyul'  population 
produces  a chlor ine-conta in ing fatty acid, naxnely: 9 ,10-d ich loros tear ic  acid (I).  

When a f rac t ion  of the ME's  of the fatty acids enr iched  with the ME of d ich loros tear ic  acid was ch roma-  
tographed by the TLC method on s i l ica  gel in sys tems  3 and 4, which a re  usual ly used for  the separa t ion  of 
lipids into c lasses ,  secondary  products  of different  polar i t ies  were  observecL When the ch romatograms  were  
t r e a t e d  with 50% H2SO 4 and we re  then heated to 130-150°C, some of these  compounds were  co lored  pink, 
s imi la r ly  to the ME of d ich loros toar ic  acid,  and some of them li lac,  s imi l a r ly  to d i -2-e thylhexyl  phthalate [5]. 
The PMR spec t ra  of the compounds isolated (PTLC,  s i l ica  geI) showed that  the secondary  products  have an 
a romat ic  nature.  Assuming that these  products  can be fo rmed  f rom the ME of 9 ,10-d ich loros tea r ic  acid in 
the p r o c e s s  of separat ion,  we studied the behavior  of halogen-containing acids during the i r  separat ion under  
the given conditions. 

The to ta l  ME's  of the acids of cot tonseed oil with the addition of 5% of the ME of synthetic  9 ,10-d ieh lor -  
o s t ea r i c  acid (sample  A), 5% of the ME of 9 ,10-d ib romos tea r i c  acid, and 5% of t e t r a b r e m o s t e a r i c  acid ( sam-  
ple B ) ,  and the ME of synthet ic  9 ,10-d ich loros tea r ic  acid (80%: sample C) we re  separa ted  by PTLC and CC 
on si l ica gel in sys tem 3. In the products  of the separa t ion  of sample A both by PTLC and by CC, in addition 
to the usual  ME's  we i so la ted  a f rac t ion  of a romat ic  der iva t ives  (Rf 0.96), e s t e r s  of phthalic acid (Rf 0.76), 
and the ME's  of methoxy (Rf 0.45) and hydroxy (Rf 0.28; sys tem 3) der iva t ives  of fatty acids.  No methyl  9 ,10-  
d ich loros tea ra te  was detected in the f rac t ions  isola ted (IqMR). When sample  B was chromatographed,  f r a c -  
t ions of a romat i c  der iva t ives ,  e s t e r s  of pt~halic acid~ the ME's  of  the fatty acids of the cot tonseed oil ,  all  t o -  
ge ther  with the ME of t e t r a b r o m o s t e a r i c  acid and with t r a c e s  of the ME of d ib romos tea r i c  acid, were  i so -  
lated. The separa t ion  of sample  C gave a main  product  in low yie ld  (12%), a mix tu re  of products  of a romat ic  
na ture ,  and e s t e r  der iva t ives  of phthalie acid. 

On the bas is  of the resu l t s  obtained, it may  be cons idered  that under  the conditions used s i l ica  gel is 
capable of catalyzing the cycl izat ion and polymer iza t ion  of the ME's  of halogen-containing fatty acids.  It must  
be obse rved  that  when these  samples  were  chromatographed  in sys tem 4 the amount  and d ivers i ty  of the 
secondary  products  was h igher  than with the o the r  sys t ems ,  which may be due to the p resence  of methyl  
ethyl ketone in the sys tem [6]. One of the main  secondary  products  was identif ied as d i -2-e thylhexyl  phthalate. 
We have previous ly  isola ted this compound f rom the exCracellular lipids of a cul ture  liquid of V, dahliae [5]. 
Its p r e sence  in the products  of the vi tal  act ivi ty of the ftmgus was conf i rmed by isolat ing the pl~halate by 
methods excluding contact  with s i / ica  gel (gel chromatography) .  The use of neut ra l  A120~ as adsorbant  for  
the isolat ion of  halogen-containi~4~ fatty acids pe rmi t s  the format ion  of these  secondary  products  to be ex -  
cluded~ but they a re  fo rmed  in v e r y  smal l  amount when halogen-containing acids a r e  chrematographed  on 
alkaline A12 O:~ 

A chlor ine-conta in ing metabol i te  has been  detected previous ly  in the cul ture  liquid of a fungus of the 
genus Fusa r i um [7]. We a re  the f i r s t  to have found a chlorine-coI~caining fatty acid in the lipids of V. dahliae. 
The p r e sence  of a chlor ine-containing compound in V. dahliae indicates  that it contains the active ch lo roper -  
oxidase that has been detected in fungi and other  mic roorgan i sms  [8] where it p e r f o r m s  halogenation. 
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E X P E R I M E N T A L  

The conditions for  r ecord ing  the UV, IR, and 1H and 13C NMR s p e c t r a  have been  desc r ibed  p rev ious ly  
[9, 10]. The m a s s  s p e c t r a  we re  r e c o r d e d  on a MAT-311 m a s s  s p e c t r o m e t e r .  The fungus V. dahliae of the 
Yangiyul,  population, s t r a i n  L - l ,  was grown under  s t a t ionary  conditions in the da rk  at  26-28°C for  15 days.  
We have desc r ibed  the t r e a t m e n t  of the myce l ium,  the i sola t ion of the l ipid f rac t ion  and of the fat ty  ac ids ,  
and the i r  pa r t i a l  composi t ion  p rev ious ly  [10]. The acid  methano lys i s  of the t r i g lyce r ide  was  p e r f o r m e d  by  a 
method  given by Chr i s t ie  [11]. 

N e u t r o n - A c t i v a t i o n  Analys is .  A sample,  under  invest igat ion with a volume of 0.5-2 m l  was  deposi ted on 
an a s h - f r e e  f i l t e r  p a p e r  with d imensions  of 2 × 3 cm which was packed  into a polyethylene bag  and was then 
i r r a d i a t e d  in the channel of a nuc lea r  r eac to r .  Samples  and the app rop r i a t e  s tandards  were  i r r ad i a t ed  in a 
through ve r t i c a l  channel with a flux of ~10 is n e u t r o n s / c m  2- s ec  for  5-10 min.  The induced ac t iv i t ies  of the 
sample  and of the s tandards  w e r e  m e a s u r e d  by m e a n s  of a semiconduct ing  CTE (Li)  de tec to r  in combinat ion 
with a mul t ichannel  ampli tude ana lyze r  of type NTA-512B.  The ene rgy  reso lu t ion  of the s p e c t r o m e t r i c  chan-  
nel with r e s p e c t  to the 7 line of 6°Co (1.33 Mev) was 4.5 keY. The chlor ine  was de te rmined  f rom the 38C1 
radio iso tope  (Tl/2 = 38 rain, E T = 1.60 and 2.16 MeV) which is f o r m e d  by reac t ion  with t h e r m a l  neutrons .  
The amount  of chlor ine was  ca lcula ted  f rom the c l ea r ly  r e so lved  1.6 MeV photocurren t  by  a s impl i f ied  
me thod  [15]. The sens i t iv i ty  of the de te rmina t ion  of chlor ine  for  this type of solution is 0.012 g /g  at a s tand-  
a r d  deviat ion of 10-15%. 

The f rac t ionat ion  of the to ta l  ME ' s  (20.6 g) with the aid of u r ea  was c a r r i e d  out at  a ra t io  of s amp le  to 
u r ea  to absolute  methanol  of 1 : 1 : 6. The mix tu r e  of r eac t an t s  was heated  until the u r ea  had d i sso lved  c o m -  
ple te ly  and was al lowed to s tand f i r s t  at r oom t e m p e r a t u r e  until it was  cool and then in the r e f r i g e r a t o r  for  
2 h. The fu r t he r  t r e a t m e n t  of the  p rec ip i t a t e s  and f i l t r a tes  was s i m i l a r  to that desc r ibed  by Tvensan  et  al. 
[12]. 

The f rac t iona l  c rys t a l l i za t ion  of a 5% solution of the ME ' s  in absolute  acetone  was p e r f o r m e d  with r e -  
duction of the t e m p e r a t u r e  f rom - 5 ° C  to -70°C at  in te rva l s  of f ive degrees .  

T h i n - l a y e r  ch roma tog raphy  (TLC) was c a r r i e d  out on L 5/40 s i l ica  gel (Chemapol)  with the addition of 
10% of gypsum and 3-5% of AgNOs (of the weight  of the s i l ica  gel)  in benzene  ( sy s t em 1); on A1203 (basic ,  
Woelm) with the addit ion of 1% of gypsum in the p e t r o l e u m  e ther  (up to 50°C) - d i e t h y l  e the r  (9 : 1) s y s t e m  
( s y s t e m  2) ; and on s i l ica  gel with 1% of gypsum in the h e x a n e - d i e t h y l  e t h e r - 9 8 %  ace t ic  ac id  (70 : 30 : 1) s y s -  
t em ( sy s t em 3) and in the h e p t a n e - m e t h y l  ethyl  k e t e n e - a c e t i c  acid  (41 : 9 : 0.5) s y s t e m  ( s y s t e m  4) [13]. 

In the case  of TLC on A1203 the subs tances  we re  r evea l ed  with a solution of 12 in MeOH, and on s i l ica  
gel  with 50% H2SO 4 followed by heating. The spots  w e r e  identif ied by c o m p a r i s o n  with m a r k e r s .  

The to ta l  M E ' s  (250 mg)  were  s e p a r a t e d  by CC on neut ra l  A1203 (Reanal ,  B r o c k m a n n  act iv i ty  grade  II) ,  
the d imensions  of the column being 1.5 × 0.9 cm. Elution with diethyl e the r  (80 ml )  yie lded methy l  d ich lo re -  
s t ea ra te .  

Methyl 9 ,10 -d ich lo ros tea ra t e  (I) (105 mg)  f o r m e d  a l ight yel low oil with M + 366/368/370.  rl~ spec t rum 
(fi lm, cm - t ) :  2960, 2870, 1740, 1440, 1370, 1320, 1255, 1200, 1180, 1100, 1025, 780, 650, 360, 630, 1H NMR 
spec t rum,  ppm: 3.9 (2H, mul t ip le t ,  CHC1--CHC1); 3.5 (3H, OCH~ s ingle t ) ;  2.15 (2H, CH2-CO2,  t r i p l e t ) ;  1 .4 -  
1.1 (26 H, (CH2)l~  b roadened  s ingle t ) ;  and 0.8 (3H, CH~ t r ip le t ) .  

The methyl  e s t e r s  of synthet ic  9 ,10 -d ich lo ros t ea r i c  acid  w e r e  obtained by  chlor inat ing the to ta l  ME ' s  
of cot tonseed off [14] and sepa ra t ing  the reac t ion  products  as descr ibed .  The total  ME ' s  of the chlor ine  de-  
r iva t ives  w e r e  s e p a r a t e d  by TLC on a lumina in s y s t e m  2. 

S U M M A R Y  

9 ,10-Dich lo ros t ea r i c  acid  has been  iso la ted  f r o m  the l ipid f rac t ion  of the myce l i um of Ver t i c i l l ium 
dahliae Kleb. and i ts  s t r u c t u r e  has been  de te rmined  on the bas i s  of IR, 1H and 13C NMR, and m a s s  spec t r a ,  
and a lso  by c o m p a r i s o n  with the s p e c t r a l  c h a r a c t e r i s t i c s  of  its synthet ic  analog. 

It has been  es tab l i shed  that under  the conditions of the methods  of isolat ion and sepa ra t ion  usual ly  
secondary  products  can be  f o r m e d  f rom halogen-containing acids  p r e sen t  in a m ix tu r e  of acids .  
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We have previously reported the isolation of phytotoxic metabolites and their  action on isolated pea 
chloroplasts and on the permeabili ty of synthetic phospholipid membranes [1-3] and also the composition of 
the extracel lular  (EL's) and intracellular  (ILTs) lipids of the fungus Verticillium dahliae Kleb. [4, 5]. In the 
present  paper we give the results of a comparative study of the relative amounts of phytotoxic pigment from 
the culture liquid (PKZh-1) and the EL's  and IL's in five strains and mutants of V. dahliae differing in 
virulence and in the nonpathogenic fungus V. lateri t ium when they are  grown under stationary conditions. 

We investigated the KhL-1,3 and KhL-1,7 strains of V_. dahliae~ the mutants R-196, R-101, and S-1, and 
V. lateri t ium [6] ; for comparison we used information on the amounts of PkZh-1, EL's ,  and IL's in the wild 
Yangiyul' s t rain L-1: (see Table on following page} 

As was found, PKZh-1 was present  in the culture liquid of all the virulent strains,  its amount being a 
maximum in KhL-1,3. This phytotoxic metabolite was not present  in the nonpathogenic species, V. lateritiun~ 
and the avirulent mutants, which shows a definite correlat ion between virulence and the amount of PKZh-1 
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