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ABSTRACT 

The hydrolysis of vinclozolin, a dicarboximide fungicide, at 35 C 

and pH 4.5-8.3 and its persistence on pea leaves (Pisum sativum L.)  were 

studied under laboratory conditions. 

Three degradation products of hydrolysis were detected. They 

were identified as 2-[(3,5-dichlorophenyl)carbamoyl] oxy-2-methyl-3- 

butenoic acid (MI), 3' ,5'-dichloro-2-hydroxy-2-methylbut-3-enani lide 

(M2), and 3,5-dichloroaniline (M3). The identity of M3 was confirmed 

by gas chromatography-mass spectrometry. M1 and M2 were isolated from 

a 0.1 M phosphate buffer of pH 7.0 after incubation with 500 mg of 

vinclozolin at 35 C for 7 days. After purification their identities 

were confirmed by solid probe mass spectrometry, proton and 13C 

nuclear magnetic resonance. Furthermore, the identity of M1 was con- 

firmed by unambiguous evidence from x-ray crystallography of its ethyl 

ester. 

The disappearance of vinclozolin on hydrolysis at 35 C followed 
b 

simple pseudo-first-order kinetics from pH 4.5-8.3. The -pseudo-first- 

order rate constants, second-order rate constants and half-lives were 

determined. Vinclozolin was much more susceptible to hydrolysis at 

basic than at acidic pH and the pseudo-first-order rate constant was 

directly proportional to the hydroxide ion concentration. Using the 

Arrhenius plot of log rate constants at 13 C, 20 C, 26 C and 35 C vs. 

1/T, the energy of activation for hydrolysis of vinclozolin at pH 7.0 

was calculated to be 97.2 K Joules mol-1, and the frequency factor to be 

3.467 x 1015 h-1. 

i i i  



The conversion of vinclozolin to M1 on hydrolysis was reversible 

and the forward reaction was favored by basic pH whereas the reverse 

reaction was favored by acidic pH. Based on the kinetic data a degra- 

dation pathway was proposed for the hydrolysis of vinclozolin. On 

hydrolysis the 2,4-oxazolidinedione ring opens to yield both M1 and M2 

independently. M3 was a minor degradation product and was detected in 

the hydrolysis mixtures after at least 21 days incubation in buffers 

of pH 4.5-8.3 at 35 C. 

Vinclozolin persisted on pea leaves for 21 to 46 days under labora- 

tory conditions. Its persistence was higher with RonilanB 50 WP, a 

commercial formulation of vinclozolin, than with an acetone solution. 

However, most of the RonilanB deposits were easily dislodged by rinsing 

with water, indicating that RonilanB was susceptible to weathering. The 

dissipa-tion of vinclozol in on le.aves was 1 inear and the calculated 

half-life was 33.1 days for RonilanB and 13.4 days for the acetone 

solution. Translocation of vinclozolin was not detected in pea plants 

after its application to one of the leaflets and the degradation 

products, MI, M2, and M3, were not detected in either treated or 

untreated plant tissues. 
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1. LITERATURE REVIEW 

1.1. Physical  and Chemical P rope r t i es  o f  V i n c l o z o l i n  

V inc lozo l  i n  [3- (3,5-dichlorophenyl)-5-methyl-5-vinyloxazo1 i d i n e -  

2,4-dione] (F ig .  1 )  was in t roduced by  BASF AG o f  Germany i n  1975 under 

the  code number BAS 35204F. I t  i s  a  w h i t e  c r y s t a l  w i t h  a  m e l t i n g  

p o i n t  o f  108 C. A t  20 C i t s  vapor pressure i s  1 x  10-7 mn Hg which i s  

considered n o n - v o l a t i l e  as a  pes t i c i de ;  i t  i s  s l i g h t l y  s o l u b l e  i n  

water (1.0 g/L) and ethanol  (14 g/L), o l i v e  o i l  (15 g/L) and non-polar 

so lvents  such as cyclohexane (9  g/L),  b u t  h i g h l y  so lub le  i n  p o l a r  and 

aromatic so lvents  such as e the r  (63 g/L), e t h y l  acetate (253 g/L),  

ch loroform (319 g/L),  acetone (435 g/L) and benzene (146 g/L)  (Spencer 

1982 ) . 
The f u n g i c i d a l  p r o p e r t i e s  o f  v i n c l o z o l i n  aga ins t  B o t r y t i s  c ine rea  

were f i r s t  repo r ted  by  Pommer and Mangold (1975), and by Hess and 

Locher (1975). Subsequent research showed t h a t  v i n c l o z o l i n  i s  

e f f e c t i v e  i n  t h e  c o n t r o l  o f  diseases i n  grapes, f r u i t s ,  vegetables, 

ornamentals, hops, rapeseed and t u r f g r a s s  caused by B o t r y t i s  spp., 

S c l e r o t i n i a  spp. and Moni 1  i n i a  spp. (Def l o o r  and Schol tens 1976; Hol z 

1977; Moehlen and Scholtens 1979; Lebrun and V iard  1979; Vanachter - e t  

a l .  1979; Van Achter e t  a l .  1980; E n t w i s t l e  and Munasinghe 1981; K i so  - -- 
1981; Kodama 1981; Pearson and Riegel  1983; Jennr ich 1983; Kr i tzman 

1983; Dueck -- e t  a l .  1983; Jones 1986; Lee and Wu 1986). Since i t s  

i n t r o d u c t i o n  v i n c l o z o l i n  has been w i d e l y  used i n  Europe f o r  t h e  

c o n t r o l  o f  funga l  diseases. Th i s  f u n g i c i d e  i s  c u r r e n t l y  r e g i s t e r e d  i n  

t he  U.S. bu t  no t  i n  Canada. 



Figure 1. Structural formulae of vinclozolin and 3,5-dichloroaniline. 





1.2. Tolerance and Resistance Development 

The use history of vinclozolin as a protectant fungicide in 

agriculture is rather short, but isolates of fungal pathogens tolerant 

to vinclozolin have already been developed under laboratory condi- 

tions. Leroux -- et al. (1977) selected strains of Botrytis cinerea 

Pers. tolerant to vinclozolin from spores of a benzimidazole-sensitive 

strain isolated at Versailles on grape. These strains were also 

tolerant to quintozene and dicloran but remained sensitive to 

benzimidazoles and other fungicides. From a benzimidazole-tolerant 

strain isolated at Colmar on vine shoots they selected strains 

resistant to vinclozolin while their tolerance to benzimidazoles 

always remained. The same group selected strains of - B. cinerea 
resistant to vinclozolin by exposing spores to the fungicide at 

sublethal concentrations ranging from 30-100 pg/rnl in the laboratory 

(Leroux -- et al. 1979). Dennis and Davis (1979) isolated some strains 

of - B. cinerea from the fruit of vinclozolin-treated strawberry 

plants. These strains were tolerant to high concentrations of 

vinclozolin. The isolates were able to grow on potato dextrose agar 

containing 1000 ppm vinclozolin. Pappas -- et al. (1979) reported that 

an isolate of - B. cinerea insensitive to vinclozolin was obtained from 
strawberries which had been inoculated with a benomyl-insensitive 

isolate of the pathogen and sprayed with iprodione. This isolate 

remained insensitive to benomyl and was as virulent as a benomyl- 

sensitive isolate. These findings indicate that many of the wide- 

spread benomyl-insensitive isolates may give rise to isolates also 



insensitive to dicarboximides such as vinclozolin and iprodione. - B. 

cinerea strains resistant to vinclozol in were also is01 ated from 

vineyards treated extensively with dicarboximide fungicides in the 

Canton of Geneva (Pezet 1982). After exposure to sublethal concentra- 

tions of vinclozolin in culture under laboratory conditions, other 

pathogenic fungi, namely Sclerotium bataticol a (Buonaurio 1984), 

Monilinia fructicola (Ritchie 1982), Sclerotium cepivorum (Littley and 

Rahe 1984), Aspergi 1 1  us nidul ans, Cl adospori um cucumerinum and 

Penicillium italicum (Fuchs -- et al. 1984) have been found to develop 

resistance. 

Strains of Aspergillus nidulans, Botrytis cinerea, Penicillium 

expansum, and Ustilago maydis resistant to 3,5-dichlorophenyl cyclic 

imide fungicides (dichlorzoline, iprodione, procymidone, and vinclo- 

zolin) showed cross-resistance to other aromatic compounds such as 

acenaphthene, tecnazene and quintozene (Leroux -- et al. 1983). Littley 

and Rahe (1984) suggested th.at cross-resi stance of - S. cepi vorum among 

the dicarboximides and other structurally similar fungicides such as 

dicloran and PCNB may have been due to the - N-substituted 

3,5-dichlorophenyl structural subunit they all share. 

The mechanisms and genetic basis of resistance are still unclear. 

Beever (1983) reported that resistance to di carboximides and aromatic 

hydrocarbons is often accompanied by increased sensitivity to high 

osmotic pressure. Grindle (1983) also observed that mutants with the 

greater resistance to dicarboximides display greater sensitivity to 

osmotic pressure. All this circumstantial evidence po 

. wall-plasma membrane complex as the site of biochemica 

dicarboximide-resistant mutants. 

ints to the cell 

1 lesion in 



In spite of a lack of understanding of the genet'ic basis which 

confers resistance of a fungal strain to various fungicides, many 

researchers use the term cross-resistance to describe simultaneous 

resistance to various fungicides within one fungal strain. According 

to Georgopoulos (1977), the term should be used only to indicate 

resistance to two or more fungicides mediated by a single gene. 

Otherwise, the term multiple resistance should be used to indicate 

resistance mediated by two or more genes in the same fungal strain, 

each of which confers resistance to one compound. 

Tolerance or resistance is defined as a stable and inheritable 

adjustment by a cell to external or endogenous toxic or inhibitory 

agents (Sevag -- et al. 1955). Any unstable, noninheritable changes 

resulting from exposure to a toxicant are considered as phenotypic 

adaptations (Georgopoulos and Zaracovi tis 1967). Resistance to 

vinclozolin, which showed up in fungi grown under optimal condition in 

the laboratory by continuous exposure, may not necessarily occur in 

the field. In field trials on strawberries treated 5 times with 

vinclozol in during 1977 to 1979, Marai te -- et al. (1980) detected 

resistance of - 8. cinerea in only 3 of' 799 samples. However, in 

September 1979, a decrease of vinclozolin efficacy was observed in 

strawberries after 11 sprays with the fungicide. Resistance to 

vinclozolin was detected in up to 100% of the B. cinerea samples 
collected in the treated plots. The resistance spread to untreated 

plots or to those treated with unrelated fungicides, and resistant - B. 

cinerea was detected in 12 of 23 samples collected in 1980. 



D e c l i n i n g  e f f i c a c y  aga ins t  - B. c inerea  o f  v i n c l o z o l i n  and o t h e r  d i c a r -  

boximides has a l so  been observed i n  Greece (Panayotakou and 

Ma la th rak i s  1983) bu t  n o t  i n  I t a l y  ( G u l l i n o  e t  a l .  1986; Antonacci - e t  

a l .  1986; F a r e t r a  e t  a l .  1986). I n  surveys c a r r i e d  ou t  on Crete, i n  - -- 
1980 and 1981, a  cons iderab le  p r o p o r t i o n  o f  t h e  r e s i s t a n t  s t r a i n s  were 

found i n  p l a s t i c  houses where tomatoes, eggplants and cucumbers were 

grown. From each o f  t h e  p l a s t i c  houses sampled, u s u a l l y  o n l y  

r e s i  s t a n t  o r  o n l y  suscep t i b le  s t r a i n s  were i s o l a t e d .  There were acute 

d isease c o n t r o l  d i f f i c u l t i e s  i n  t h ree  o f  t h e  p l a s t i c  houses w i t h  

r e s i s t a n t  s t r a i n s .  M o n i t o r i n g  i n  v ineyards o f  no r the rn  I t a l y  f rom 

1981-1985 revealed r e s i s t a n c e  i n  - B. c i n e r e a  i n  27-50% o f  t h e  v ineyards 

surveyed each year.  However, t he  number o f  bunches w i t h  r e s i s t a n t  

c o n i d i a  was o n l y  0.13-0.65% and o n l y  moderate r e s i s t a n c e  t o  v i nc lozo -  

l i n  was recorded i n d i c a t i n g  t h a t  v i n c l o z o l i n  r e s i s t a n c e  i s  n o t  o f  

major  importance i n  t h i s  reg ion .  I n  Apu l ia ,  annual t reatments w i t h  

3-4 sprays o f  v i n c l o z o l i n  were app l ied  f o r  g ray  mold c o n t r o l  f rom 

1981-1985. There was no evidence o f  decrease i n  e f f e c t i v e n e s s  w i t h  

pro longed use. Based on t h e  r e s u l t s  ob ta ined i n  a  2-year i n v e s t i g a -  

t i o n  on d i s t r i b u t i o n  o f  benzimidazole- and d i ca rbox im ide - res i s tan t  

s t r a i n s ,  benomyl - r e s i  s t a n t  s t r a i n s  were found i n  50% o f  t h e  v ineyards 

surveyed i n  1983 and 70.4% o f  t he  v ineyards surveyed i n  1984. No 

v i n c l o z o l i n - r e s i s t a n t  s t r a i n s  were found. 

S t r a i n s  o f  M o n i l i n i a  f r u c t i c o l a ,  t h e  causal agent o f  brown r o t ,  

r e s i s t a n t  t o  v i n c l o z o l i n  have been i s o l a t e d  f rom peach orchards i n  

A u s t r a l i a  (Penrose -- e t  a l .  1985), New Zealand (Elmer and Gaunt 1986), 

and t h e  Un i ted  S ta tes  (Sz te jnberg  and Jones 1978). The i s o l a t e s  



r e s i s t a n t  t o  v i n c l o z o l i n  were r e s i s t a n t  -- i n  v i t r o  t o  i p rod ione  and 

procymidone as we1 1. I n  New Zealand, 19% o f  1292 i s o l a t e s  surveyed 

were i n s e n s i t i v e  t o  dicarboximides. Some i s o l a t e s  grown i n  media 

amended w i t h  1000 mg/L o f  v i n c l o z o l i n  showed no growth reduct ion .  One 

o f  these i s o l a t e s  was pathogenic t o  peach f l o w e r s  and nec ta r i ne  f r u i t  

desp i te  appl i c a t i o n  o f  500 mg/L v i n c l o z o l  i n  be fo re  i nocu l  a t i  on. 

1.3. Mode o f  A c t i o n  

V i n c l o z o l i n  i s  a r e l a t i v e l y  new a d d i t i o n  t o  t h e  group o f  

p r o t e c t a n t  fung ic ides ,  t he  dicarboximides. The f i r s t  d icarboximide 

fung ic ide ,  d i c h l o z o l  i n e  [3-(3 ' ,5'-dichloropheny1)-5,5-dimethyl- 

oxazol i d i  ne-2,4-dione], was developed i n  1971 by the  Sumi tomo Chemical 

Company L im i ted  of Japan bu t  was withdrawn f rom t h e  market soon a f t e r  

i t s  i n t r o d u c t i o n .  Three o the r  fung ic ides ,  i p rod ione  

[3-(3,5-dichlorophenyl ) -N-(1-methylethy l  - )-2,4-dioxo-1-imidazol i n e  

carboximide], procymidone [N- - (3,5-dichloropheny1)-1,2- 

dimethylcyclopropane-1,2-dicarboximide], and myclozol i n  [3- (3,5- 

d i  chloropheny1)-5- (methoxy-methyl ) -5-methyl 2 4-oxazol i d  nedione] are 

a l so  c l a s s i f i e d  i n  t h i s  group. 

The mode o f  a c t i o n  o f  t he  d icarboximides i s  n o t  y e t  c l e a r .  

Buchenauer (1976) d i d  some p r e l i m i n a r y  s tud ies  on t h e  mode o f  a c t i o n  

of v i n c l o z o l i n .  He found t h a t  i t  was h i g h l y  e f f e c t i v e  aga ins t  - 0 .  

c ine rea  and S c l e r o t i n i a  sc le ro t io rum.  I t  was as t o x i c  t o  a 

benomyl- res is tant  s t r a i n  o f  - 0 .  c ine rea  as t o  a benomyl-sensi t ive 



s t r a i n .  V i n c l o z o l i n  was more i n h i b i t o r y  t o  myce l i a l  growth than t o  

spore germinat ion. Free f a t t y  ac ids were accumulated i n  

v i n c l o z o l  i n - t r e a t e d  s p o r i d i a  o f  U s t i  lago 

syn thes is  was i n h i b i t e d .  V i n c l o z o l i n  a l s o  

m u l t i p l i c a t i o n  o f  - U. avenae. F r i t z  -- e t  a l .  

mechanism o f  t he  a n t i f u n g a l  a c t i o n  o f  v i n c l  

t h a t  v i n c l o z o l  i n  i n h i b i t e d  mycel i a l  growth 

enae - whereas t r i g l y c e r i d e  

s t r o n g l y  i n h i b i t e d  

(1977) i n v e s t i g a t e d  t h e  

ozo l  i n .  They a l so  repor ted  

and spore germinat ion o f  

B. c inerea.  A t  1 ppm i t  d i d  no t  i n h i b i t  spore r e s p i r a t i o n  and p r o t e i n  - 
synthes is  bu t  DNA and RNA syntheses were depressed, and t h e r e  was 

accumulation o f  f a t t y  ac ids  and t r i g l y c e r i d e s  which con t rad i c ted  t h e  

f i n d i n g s  o f  Buchenauer (1976). A1 b e r t  (1978) observed a  

c h a r a c t e r i s t i c  s w e l l i n g  o f  hyphal c e l l s  grown i n  nutr ient-medium 

amended w i t h  about 1 ppm v i n c l o z o l i n  and t h e  c o n i d i a  b u r s t  a f t e r  '6 h  

i n  t h e  amended s o l u t i o n .  The b u r s t i n g  o f  c o n i d i a  was pH-dependent 

whereas b u r s t i n g  o f  mycelium was n o t  pH-dependent. He hypothesized 

t h a t  c e l l  w a l l  syn thes is  i s  i n h i b i t e d  by  v i n c l o z o l i n  and suggested 

t h a t  t h i s  hypothesis  would p r e d i c t  t h e  p roduc t i on  o f  spheroplasts i n  

c e r t a i n  osmotic s o l u t i o n s .  The convers ion o f  - 0 .  c ine rea  c o n i d i a  i n t o  

spheroplasts i n  i s o t o n i c  n u t r i e n t  s o l u t i o n s  i n  t h e  presence o f  

v i n c l o z o l  i n  was subsequently conf irmed (A1 b e r t  1981). 

I n h i b i t i o n  o f  m y c e l i a l  growth and spore germinat ion b y  v i n c l o z o l i n  

was f u r t h e r  demonstrated by  Eichhorn and Lorenz (1978). They showed 

t h a t  v i n c l o z o l i n  acted as a  contac t  f u n g i c i d e .  It was f u n g i c i d a l  i n  

so l  i d  as w e l l  as 1  i q u i d  media aga ins t  germ tubes. However, i t  was 

f u n g i c i d a l  aga ins t  spores and mycelium i n  l i q u i d  media on ly .  I n  s o l i d  

media i t  was f u n g i s t a t i c  against  spores and mycelium. Pappas and 



Fisher (1979) compared the mechanisms of action of vinclozol in, 

procymidone, iprodione and prochloraz against B. cinerea. They did 

not observe any significant inhibitory effects of vinclozolin on DNA 

and RNA synthesis as reported previously by Fritz et al. (1977). 

Contrary to the findings of the effects of vinclozolin on cell wall 

formation by Albert (l978), their results showed that vinclozol in 

inhibited chitin synthesis only at concentrations in excess of the 

ED50 value for mycel ial growth. Incorporation of labelled chitin 

precursors into cell walls was barely affected, suggesting that it is 

unlikely that inhibition of chitin production is the primary site of 

action of vinclozolin. The cause of changes in fungal triglycerides 

and fatty acid concentrations have been attributed to dicarboximides. 

Buchenauer (1976) observed that vinclozol in reduced triglyceride 

synthesis in Usti lago avenae whilst Fritz -- et al. (1977) reported that 

vinclozol in caused accumulation of trig1 ycerides and fatty acids in 

B. cinerea. Pappas and Fisher (1979) showed that vinclozolin - 
inhibited triglyceride production whereas iprodione did not. Thus, no 

general mechanism for vi nclozol in against various fungal pathogens or 

for dicarboximides as a group could be established. 

The dicarboximides (vinclozol in, iprodione, procymidone and 

myclozol in) and the substituted aromatics (hexachlorobenzene, 

quintozene, chloroneb and dicloran) are remarkably similar in their 

action against pathogenic fungi and numerous examples of 

cross-resi stance have been observed for these fungicides (Leroux - et 

al. 1977; Leroux et al. 1979; Leroux et al. 1983). All these - -- -- 
compounds interfere with mitotic division and cause mitotic 



instability in Aspergillus nidulans resulting in increased frequency 

of mitotic recombination of diploid colonies (Georgopoulus et a1 . 
1979). Georgopoulos -- et al. concluded that the effects of 

dicarboximides on the chromosomes, and possibly on the mitotic 

spindle, is a main reason for their fungitoxicity. However, this 

conclusion seems premature because such effects could be secondary, or 

reflect action at only one of a number of sites. 

While this survey provides some leads on the mechanism of 

action of vinclozolin toxicity against pathogenic fungi, no metabolic 

step has yet been identified that can be unequivocally proposed as the 

primary target of its mode of action. 

1.4. Effect on Non Target Organisms 

Vinclozolin is of low mammalian toxicity. Some acute oral LD50s 

are as follows: to rat 6400 mglkg for the pure compound and 10000 

mglkg for technical vinclozol in; to guinea pig approximately 8000 

mglkg for technical compound; acute i nterperi toneal to mouse 

approximately 5000 mglkg and to guinea pig 3000 mglkg; acute dermal to 

rabbit 2000 mglkg. It is slightly toxic to fish with LC50 (96 h) to 

trout 85 ppm, and to orfe 63 ppm. It is not toxic to bees or 

earthworms when used according to the label (Spencer 1982). 

Chiesara -- et al. (1982) evaluated vinclozolin and its epoxide for 

mutagenicity. Their results showed that vinclozolin without metabolic 

activation was not mutagenic according to -- in vitro test with five 

strains of Salmonella typhimurium and one strain of Schizosaccharo- 



myces pombe. The same test organisms showed mutagenicity with 

vinclozolin epoxide and with the parent compound after metabolic 

activation with liver microsomes prepared from rats induced with 

Aroclor 1254. However, when they tested urine samples collected from 

rats fed with 100 mglkg of vinclozol in, no mutagenicity was observed. 

Vinclozolin is generally considered to be non-phytotoxic but some 

adverse effects on plants have been demonstrated. Seed treatment of 

white Spanish and Goldberg onions with vinclozolin at 100 glkg of seed 

reduced germination by at least 40% and severely stunted the growth of 

seedlings germinated on moistened filter paper. Similar rates of 

vinclozolin severely reduced field emergence and retarded growth of 

onions (Wicks and Philp 1985). At the cellular level, vinclozolin 

showed cytogenetic effects -- in vitro on meristematic cells of Allium 

cepa (Escalza -- et al. 1983). At 10-3 M, vinclozolin inhibited cell 

division and induced morphological alteration in the development of 

mitosis, but no such effects were observed at 10-4 M. The 

morphological alterations mainly affected the arrangement of 

chromosomes in forming the equatorial plate in the metaphase and 

subsequent migration to the poles. At 10-4 M, vinclozol in strongly 

induced chromosomal aberrations but only slightly increased the 

frequency of sister chromatid exchange. Escalza -- et al. hypothesized 

that the cytogenetic effects observed could have resulted from 

reactions between vinclozolin and chromosomal and spindle proteins 

without a damaging effect on DNA. 

Since vinclozolin is extensively used in Europe for disease 

control in strawberries and grapes, its effects on fruit quality have 



been evaluated. Davidek -- et al. (1981) compared strawberries with or 

without vinclozolin treatment. The flavor of untreated fruit was 

preferred to that of fruit treated with the fungicide. There were 

differences in the content of reducing sugars, volatile fatty acids 

and ti tratable acidity in individual samples; and gas chromatographic 

profiles of volatile substances isolated from treated and untreated 

berries also differed. In grapes, it appeared that vinclozolin did 

not affect the wine making process. Sapis-Domercq -- et al. (1977) 

observed that there was no difference in the yeast development during 

fermentation between juice from treated and untreated grapes; and the 

contents of alcohol, sugar and acid were similar in the resulting 

wines. However, some effect on flavor congeners was observed. 

Subsequent studies by Barbero and Gaia (1979) further confirmed that 

neither the fermentation of musts of grapes treated with vinclozolin 

nor the yeast population were affected by as many as four vinclozol in 

treatments. 

1.5. Residues of Vinclozolin 

Methodology has been developed for the determination of vinclozo- 

lin residues after its application. Crop samples such as strawber- 

ries, grapes, apples, pears, and samples of soil were extracted with 

organic sol vent (hexane, acetone chl orof orm, di chl oromethane, acetoni - 
tri le or benzene) (Zanini -- et al. 1980; Leone et al. 1981; Lemperle et -- - 
al. 1982; Bocce1 l i  et al. 1982; Taccheo et al. 1984). The crude - -- -- 
extracts were cleaned on either alumina or Florisil and vinclozolin 



was determined with a gas chromatograph equipped with an electron 

capture detector. All these methods provided satisfactory recovery of 

the parent compound ranging from 71% to 116%, but none was applicable 

to determine the degradation products derived from vinclozolin. Loss 

of vinclozolin in silver ion-loaded alumina for cleanup was frequently 

experienced (Lokke 1979). To reduce the loss the eluting solvent must 

be cooled to 0 C and the rate of elution increased to 10-20 mllrnin by 

applying light pressure with nitrogen at the top of the column. The 

modified procedure improved the recovery of vinclozolin to better than 

90%. Pietrogrande -- et al. (1983) used a cleanup column comprised of a 

mixture of sodium sulfate (10 g), Florsil (10 g), Celite (8 g), 

attaclay (4 g), and activated carbon (1 g) to improve purification. 

Their method was successfully applied to residue determination in 78 

apple samples and 38 strawberry samples. Thin layer chromatography 

was used in detecting vinclozolin extracted from water, soil and 

sunflower seed (Krasnykh -- et a1 . 1982). For conf i rmat i on, capi 11 ary 

GCIMS was used to identify vinclozolin and its metabolite on kiwi 

fruit (Holland -- et al. 1983). 

High pressure liquid chromatography was used in the analysis of 

vinclozolin in must and wine. Residues were extracted from wine by 

liquid/liquid partition with isooctane (A1 lende 1981), dichloromethane 

(Lemperle -- et al. 1982), light petroleum (Cabras 1983), or by 

adsorption column chromatography with Amberi te XAD-2 (Spi tzer and 

Nickless 1981). The method of Cabras (1983) was capable of 

determining the degradation product of vinclozolin, and 3,5- 

dichloroaniline. However, results of analysis of wine samples were 



not included in his paper and there was no mention if 3,5- 

dichloroaniline had been detected in wine. The sensitivity of high 

pressure liquid chromatographic methods was adequate for analyzing 

vinclozolin in wine, and residues could be detected at concentration 

as low as 0.01 ppm. 

Vinclozolin has been used extensively in Europe to control patho- 

genic fungi in small fruits, vegetables and grapes since the late 

1970's. Residues of vinclozolin have been detected in various 

commodities. When this fungicide was applied at rates from 125-750 g 

AI/ha to strawberry plants, residues on fruits were proportional to 

the application rate. The half-life varied from year to year. It was 

12 to 13 days in one year and 22 days for the following year and the 

residues in fruits ranged from 1.5 to 5 pprn (Zenon-Roland and Gilles 

1978). Van Wambeke -- et al. (1980) studied residues on greenhouse 

tomato fruits after 1 to 3 applications at 2-week intervals with 

vinclozolin at 500-2000 g AI/ha. Residues ranging from 0.11 pprn to 

8.60 pprn were detected 13 days after the last application and the 

cumulative effect due to repeated application was clearly demon- 

strated. Since the tolerance of vinclozolin in vegetables is 2 pprn in 

most countries of the European Economic Community, it is imperative to 

revise the 14-day preharvest interval for tomatoes grown under green- 

house conditions. Similar residue problems in greenhouse tomatoes 

were also reported by Cabras -- et al. (1985). They. detected 2 ppm of 

vinclozolin on tomato fruits 21 days after the last application at 

1500 g AI/ha, which exceeded the legal tolerance of 1.5 pprn set by 

Italian law. They suggested that revision of the preharvest interval 



of 21 days currently establ ished in Italy may be necessary. Depending 

on the number of applications and application rate, residues in green- 

house lettuce may exceed the tolerance of 2 ppm. Me1 kebeke -- et a1 . 
(1980) reported that residues ranging from 0.2 ppm to 1.3 ppm were 

found 61 days after the last of three applications of vinclozolin at 

1500 g AI/ha. Preplanting soil treatment with vinclozolin at 4000 g 

AI/ha resulted in low levels of residues. However, soil treatment at 

4000 g AI/ha before planting followed by two foliar treatments at 3000 

g AI/ha resulted in residues exceeding the legal tolerance of 2 ppm 

with a 4-week preharvest interval. The influence of application 

methods, application rates and different formulations on vinclozolin 

residues of lettuce was further evaluated by Van Wambeke et al. (1980) 

and Me1 kebeke -- et al. (1985). No residue problem was indicated when 

the recommended application rate and preharvest interval were 

followed. Indeed, only a few residue violations were detected in 

lettuce based on the survey conducted in Belgium from 1980 to 1981 

(Galoux 1981). One hundred lettuce samples were analyzed in Dec. 

1980, and January-March in 1981. Only three samples contained 

vinclozolin residues that exceeded the tolerance of 2 ppm. 

Residue studies in rape were conducted in Germany (Rexilius 

1983). Treatment with vinclozol in at 750 g/ha at the end of May 

resulted in 0.1 ppm residues in seeds and 0.5 ppm in straw at 

harvest. A 56-day preharvest interval was therefore recommended to 

allow the residues to fall below tolerance levels (<0.1 ppm) in the 

seeds. 



Vinclozolin residues dissipate rapidly from grapes. Del Re - et 

al. (1980) determined the rate of dissipation after the last of 7 - 
treatments, each at 700 to 1400 g AI/ha and reported a half-life of 

7.5 to 9 days. Shorter half-lives were reported by Gennari -- et al. 

(1985). The calculated half-life ranged from 1.2 days to 4.6 days 

after spraying with the recommended rate and from 2.0 days to 4.9 days 

with double the recommended rate. Musts and wine produced from 

vinclozolin-treated grapes contained residues. The concentrations 

varied greatly between studies. According to A1 lende (1981) the 

concentration of vinclozolin in must from treated grapes decreased 

during fermentation from 0.5 ppm to 0.01 ppm. Lemperle -- et al. (1982) 

surveyed the Rilander, ~ i l  ler-Thurgau, and White Burgundy varieties 

grown in Germany during 1976, 1979 and 1980 growing seasons. At 

vintage, the residues ranged from 0.3 to 4.4 ppm, and in the wine from 

none detected to 0.8 ppm, which all fell within the tolerance. Studies 

conducted in Austria also showed residues in musts and wines below the 

legal tolerance (Fida and Womastek 1983). 

Vinclozolin underwent photolysis when irradiated for 14 days with 

a medi um pressure mercury vapor lamp (400 W) in a borosi 1 icate glass 

system (Clark and Watkins 1984). Five photolytic products had been 

isolated from a methanolic solution and identified, namely 3,5- 

diclorophenyl isocyanate; 3,5-dichloroani 1 ine; methyl 3,5- 

di chlorophenyl carbamate; 3- (3-chl oropheny1)-5-methyl-5-vinyl- 

oxazol idine-2,4-dione; and methyl (3,5-dichlorophenyl ) (2-hydroxy-2- 

methyl-1-0x0-buten-3-yl) carbamate. The major photolytic product 

obtained from a benzene solution was 3-(3-chlorobipheny1)-5-methyl-5- 



vinyl-oxazolidine-2,4-dione. However, i t  i s  n o t  y e t  known t o  what 

extent ,  o r  if, any of these p h o t o l y t i c  products are formed i n  t h e  

environment. Des-v iny l  v i n c l o z o l i n  had been detected on k i w i  f r u i t  

t r e a t e d  w i t h  v i n c l o z o l i n  (Hol land -- e t  a l .  1983) a t  a  concent ra t ion  

(0.16 ppm) o f  approximate ly  10% o f  t h e  l e v e l  o f  t h e  parent  compound 

(1.6 ppm). However, t h i s  me tabo l i t e  has n o t  been observed a t  more 

than 0.01 ppm on a  number o f  o ther  t r e a t e d  f r u i t s  i n c l u d i n g  

b lueber r i es  and s t rawber r ies .  Since the re  i s  s i g n i f i c a n t  d i f f e rence  

among p l a n t  species i n  t h e  fo rmat ion  o f  des -v iny l  v i n c l o z o l i n ,  i t  

suggests t h a t  t h i s  me tabo l i t e  i s  more l i k e l y  t o  be produced 

b i o l o g i c a l l y  than photochemical ly  i n  t he  p l a n t .  

The phenomenon o f  enhanced degradat ion o f  p e s t i c i d e s  f o l l o w i n g  

repeated app l ' i ca t ion  was observed as e a r l y  as t h e  l a t e  1940's f o r  

2,4-D, MCPA and 2,4,5-T, bu t  i t  i s  o n l y  r e c e n t l y  t h a t  t he  consequences 

o f  t h i s  phenomenon t o  a g r i c u l t u r e  have become apparent. For example, 

the  a c t i v i t y  o f  t h e  h e r b i c i d e  EPTC decreased i n  some s o i l s  r e c e i v i n g  

annual treatments, and more r a p i d  degradat ion o f  t h i s  h e r b i c i d e  i n  t h e  

p rev ious l y - t rea ted  than t h e  prev ious ly -un t rea ted  s o i l s  was demon- 

s t r a t e d  (Rahman -- e t  a l .  1979; Obr igawi tch -- e t  a l .  1982; Obr igawi tch - e t  

a1 . 1983). S i m i l a r l y  reduced e f f i c a c y  a f t e r  repeated a p p l i c a t i o n s  was - 
observed w i t h  t h e  i n s e c t i c i d e  carbof  uran (Fe l  s o t  -- e t  a1 . 1981; Fe l  s o t  

e t  a l .  1982) and w i t h  t h e  f u n g i c i d e  i p rod ione  ( E n t w i s t l e  1983). I n  -- 
order  t o  con f i rm  t h e  p o s s i b i l i t y  o f  enhanced degradat ion o f  i p rod ione  

i n  s o i l ,  Walker -- e t  a l .  (1986) s tud ied  the  degradat ion o f  i p rod ione  and 

v i n c l o z o l i n  i n  s o i l .  They found t h a t  t h e r e  was a  progress ive  increase 

i n  degradat ion r a t e s  w i t h  successive t reatments f o r  both fung ic ides .  



The times for 50% loss for the first and second applications wePe 

approximately 23 and 5 days, respectively. However, in a soil which 

had re1 ati vely low pH (5 .O) degradation of both compounds occurred 

only slowly and the rate of degradation of a second application was 

the same as that of the first. This observation suggests that soil pH 

has a profound effect on the degradation of vinclozolin. 

Little was known about the degradation of vinclozolin in the 

environment when these thesis studies on hydrolysis were undertaken in 

1983. Two degradation products were detected and isolated in late 

1983. At about the same time Clark (1983) reported that the oxazoli- 

dine ring of vinclozolin was opened in ethanolic and methanolic 

solutions and water suspension. The reaction products in ethanol and 

methanol were ethyl - and methyl-N- - (2-hydroxy-2-methyl-1-0x0-buten- 

3-y1)-3,5-dichlorophenyl carbamates, respectively (Fig. 2A and Fig. 

2B). Two products were identified from water suspension, - N-(2- 
hydroxy-2-methyl-1-0x0-buten-3-yl ) -3,5-d 1 orophenyl 1-carbamic acid 

(Fig. 2C) and its decarboxylation product - N-3,5-dichlorophenyl- 
2-hydroxy-2-methyl but-3-enamide (Fig. 2D). Clark synthesized these 

two products and tested them -- in vitro against - B: cinerea. He found 

that these two compounds were non-inhibitory against mycelial growth. 

Cabras -- et al. (1984) studied the degradation of dicarboximide fungic- 

ides in wine and reported that the disappearance of vinclozolin 

showed pseudo first-order kinetics at 30 C. The rate constant was 

higher at pH 4.0 than pH 3.0. Two products were detected in the wine 

treated with vinclozolin, but 3,5-dichloroaniline was not found in any 

of the treated wine after incubation at 39 C for 92 days. They 



hypothesized that the two products were the same ones reported 

previously by Clark (1983) which resulted from opening of the 

oxazolidine ring and decarboxylation. Their subsequent studies 

(Pirisi -- et al. 1986) succeeded in isolation and identification of one 

of the two products, namely - N-3,5-dichlorophenyl-2-hydroxy-2- 
methyl but-3-enamide but fai led to is01 ate lj-(2-hydroxy-2-methyl-1- 

0x0-buten-3-y1)-3,5-dichlorophenyl-1-carbac acid which they 

hypothesized previously as an "intermediate" for the formation of the 

enamide (Cabras -- et al. 1984). The authors did not offer any 

explanation as to why they were able to detect both products by 

reverse phase high pressure liquid chromatography in their previous 

studies but failed to isolate the "intermediate" in their subsequent 

studies. 

Melkebeke -- et al. (1986) studied the chemical hydrolysis of 

vinclozolin between pH 3.0 and pH 11.0 and reported the half-lives and 

rate constants for the disappearance of the parent compound. However, 

they did not mention if any degradation products were detected. It is 

apparent that a comprehensive hydrolysis study is required to 

investigate not only the disappearance of vinclozolin but also the 

isolation and identification of any degradation products, so that the 

mechanism of hydrolytic degradation can be better understood. 

Since the molecular structure of vinclozolin consists of a 

2,4-oxazolidinedione and a 3,5-dichlorophenyl moiety it was hypothe- 

sized that on hydrolysis the oxazolidinedione ring may open and 

3,5-dichloroaniline (Fig. 1) could be produced. 3,5-dichloroaniline 



Figure 2. Structural formulae of ethyl-N- - (Z-hydr- 
oxy-2-methyl-1-0x0-buten-3-yl ) -3,5- 

dichl orophenyl carbamate (A) ; methyl - 
N- ( 2-hydroxy-2-methyl-1-0x0-buten-3-yl ) - - 
3,5-dichlorophenyl-1-carbamate ( B )  ; 

N- ( (2-hydroxy-2-methyl-1-0x0-buten-3-yl ) - 
-3,5-di chlorophenyl-1-carbamic acid (C); 

and - N-3,5-dichlorophenyl-2-hydroxy-2- 
methylbut-3-enamide (D). 





is a chlorinated aromatic mine which may be toxic to higher animals 

and its possible formation on hydrolysis is important to environmental 

toxicologists. There is little information on the toxicity of 

3,5-dichloroaniline but some of the chlorinated aromatic amines such 

as 4-chloro-2-methylaniline, 2,4,6-trimethylaniline and 2,4,5- 

trimethylaniline are known to cause tumors in experimental animals 

(Hill -- et al. 1979; Weisburger -- et al. 1978). Furthermore, vinclozolin, 

as a protectant fungicide, must be applied on the host plants before 

inoculation to prevent infection, or be applied periodically to reduce 

the rate of epidemic development. The primary goal is to reduce the 

number of successful infections by applying just enough fungicides so 

that the epidemic does not progress at a rate which will result in a 
9 

yield-reducing level of disease. For vinclozolin to be an effective 

protectant fungicide it must be persistent enough on the host plants. 

Since most fungus infections occur during rainy periods, vinclozolin 

must be resistant to hydrolysis and to physical removal by water 

through erosion or solution, and stable against oxidation and 

photolysis. Therefore it is the objective of this research to study 

under laboratory conditions the hydrolysis of vinclozolin at various 

pHs and temperatures; to isolate and identify the degradation 

products; to determine if 3,5-dichloroaniline would be formed on 

hydrolysis; and to study the persistence of vinclozolin and Ronilana 

50 WP, a commercial formulation of vinclozolin, in garden pea, Pisum 

sativum L. (cv Improved Laxton's Progress). 



2. MATERIALS AND METHODS 

2.1. Preparation of Vinclozolin 

2.1.1. Isolation 

Two g of RonilanB 50 WP were divided into four aliquots of 

approximately 500 mg each in 50-ml centrifuge tubes. Each aliquot was 

extracted with 25 ml of glass-distil led acetone for one h in an ultra- 

sonic water bath. After extraction the acetone suspensions were 

centrifuged at about 2000 rpm in a bench-top centrifuge for 10 min and 

the supernatants were passed through glass fibre filter paper. The 

combined filtrates were again centrifuged and filtered until the 

acetone solution was clear. The acetone solution was concentrated to 

about 50 ml in a flash evaporator at 38 C followed by the addition of 

450 ml of glass distilled water. At 4 C vinclozolin crystals were 

allowed to precipitate from the aqueous solution, which contained 10% 

of acetone. The precipitates were filtered through glass fibre filter 

paper and recrystalized in hexane at 4 C. Crystals of vinclozol in 

were harvested by filtering through glass fibre filter paper, and 

dried under a gentle stream of nitrogen over-night at room tempera- 

ture. The purity of the crystals was determined by high pressure 

1 iquid chrornatogrphy (HPLC) and gas 1 iquid chromatography (GLC). 



2.1.2. Determinat ion o f  P u r i t y  

An a n a l y t i c a l  standard o f  v i n c l o z o l i n  w i t h  p u r i t y  o f  

obta ined 

Research 

v inc lozo  

HPLC and 

99.7% was 

as a re ference f rom t h e  US Environmental P r o t e c t i o n  Agency a 

T r i a n g l e  Park, NC 27711, U.S.A. The p u r i t y  o f  t h e  

1 i n  prepared f rom Roni lan@ 50 WP was assayed by  reverse  phase 

GLC. 3 ,5 -d i ch lo roan i l i ne  w i t h  p u r i t y  o f  98% was obta ined as 

a re ference f rom t h e  A l d r i c h  Chemical Co. a t  Milwaukee, W I  53201, 

U.S.A. 

2.1.2.1. High Pressure L i q u i d  Chromatography 

A s o l u t i o n  c o n t a i n i n g  v i n c l o z o l  i n  a t  5 pglml' and 3,5-d ich loro-  

a n i l i n e  a t  1.5 ~ g l m l  i n  g l a s s - d i s t i l l e d  methanol was analyzed w i t h  a 

Var ian model 5000 h igh  pressure l i q u i d  chromatograph equipped w i t h  a 

Hewle t t  Packard Model 1040 A h igh  speed spectrophotometr ic  de tec to r .  

The ope ra t i ng  parameters were as f o l l o w s :  

Column Var ian M ic ro  Pak MCH-10, 30 cm x 4 mm i.d. 

mobi le  so lvent  system 72% methanol and 28% water, i s o c r a t i c  

a t  1 ml lmin  

UV de tec to r  wavelength 212 nm f 2 nm 

UV-v i s ib le  absorp t ion  spec t ra  were measured a t  up-slope, apex and 

down-slope o f  each chromatographic peak. 



Under the conditions described, the absolute retention times of 

vinclozolin and the degradation product, 3,5-dichloroaniline, were 

8.82 min and 6.32 min respectively. 

2.1.2.2. Gas Liquid Chromatography 

A solution of vinclozolin at 0.02 pg/ml in glass distilled hexane 

was analyzed with a Hewlett Packard Model 5890 gas 1 iquid chroma- 

tograph equipped with a Ni-63 electron capture detector. The 

operating parameters were as follows: 

Column DB-17 fused silica capillary column, 30 m x 0.253 mm i.d. 

from J & W Scientific, Inc. 

Column head pressure 140 kPa with a total flow of 40 ml he1 ium/min. 

Column temperature programmed from 70 C to 225 C at 20 Clmin with the 

final temperature held for 15 min. 

Injector temperature 225 C; detector temperature 300 C. 

Make-up gas 5% methane in argon at 20 ml/min. Injection splitless. 

Under the conditions described, the absolute retention times of 

vinclozolin and 3,5-dichloroaniline were 10.37 rnin and 7.04 rnin 

respect i vel y. 



2.2. Hydrolysis of Vinclozolin 

2.2.1. Incubation in Phos~hate Buffers 

Three phosphate buffers were prepared by adjusting the pHs of two 

100-ml solutions of 0.1 M NaH2P04, using 0.1 M Na2HP04 to bring them 

to pH 5.0 and pH 7.0, and by adjusting the pH of a 100-ml solution of 

0.1 PI Na2HP04 with 0.1 M NaOH to pH 9.0. A stock solution of 

vinclozolin at 1000 pg/ml was prepared in glass-distilled methanol. 

Aliquots of 1 ml of the stock solution were thoroughly mixed with the 

buffers in 100-ml volumetric flasks to give concentrations of 10 pg of 

vinclozolin/ml. These three solutions were incubated at 20 C in a 

water bath (Lab-Line Instruments, Inc., Melrose Park, I1 1 inois, 

U.S.A.). The volumetric flasks were wrapped in aluminum foil to 

shield them from light. 

2.2.2. Degradation Products 

After incubation at 20 C for 7 and 30 days, an a1 iquot of 20 pl of 

each incubated solution was injected directly into a high pressure 

liquid chromatograph for the determination of vinclozolin and any 

degradation products formed in the aqueous sol utions, including 

3,5-dichloroaniline. The procedures were as described under 2.1.2.1. 

The degradation product, 3,5-dichloroaniline was detected by GLC 

after incubation at 20 C for 30 days. Aliquots of 50 ml of each 

solution were extracted three times with 10 ml of glass-disti 1 led 



dichloromethane. Each combined e x t r a c t  was d r i e d  w i t h  anydrous Na2S04 

which had been heated a t  120 C i n  an oven ove r -n igh t  p r i o r  t o  use. 

The d r i e d  e x t r a c t s  were concentrated t o  1 m l  i n  a f l a s h  evaporator  a t  

38 C and then analyzed by  gas chromatography-electron capture  (GC-ECY 

as descr ibed under 2.1.2.2. and by gas chromatography-mass 

spectrometry (GC-MS) . 
The GC-MS ana lys i s  was performed w i t h  a Hewle t t  Packard Model 5890 

gas chromatograph equipped w i t h  a Model 5970 mass s e l e c t i v e  de tec to r .  

The opera t ing  parameters o f  t h e  gas chromatograph were as descr ibed 

under 2.1.2.2. The mass s e l e c t i v e  de tec to r  temperature was 250 C and 

t h e  scanning mass range was from 40 arnu t o  450 amu. 

2.3. I s o l a t i o n  o f  Degradat ion Products M 1  and M2 

2.3.1. I ncuba t i on  

A 0.1 M phosphate b u f f e r  o f  pH 7.0 was prepared b y  adding 0.1 M 

NaH2P04 s o l u t i o n  t o  0.1 M Na2HP04 s o l u t i o n  u n t i l  pH 7.0 was obtained. 

F i v e  hundred mg o f  c r y s t a l l i n e  v i n c l o z o l i n  were added t o  one L o f  0.1 

M buffer o f  pH 7.0 and heated t o  about 60 C u n t i l  d isso lved.  The 

bu f fe red  v i n c l o z o l i n  s o l u t i o n  was incubated a t  35 C i n  a water bath 

f o r  7 days. 

A t  t h e  end o f  t h e  incubat ion,  t h e  amount o f  v i n c l o z o l i n  remaining 

i n  t he  bu f fe red  s o l u t i o n  was determined by  HPLC as descr ibed under 

2.1.2.1. When degradat ion o f  more than 90% o f  t h e  added v i n c l o z o l i n  



was ind ica ted ,  t he  two degradat ion products designated as M 1  and M2 

were i s o l a t e d  f rom t h e  bu f fe red  s o l u t i o n .  

2.3.2. I s o l a t i o n  

The bu f fe red  s o l u t i o n  was removed f rom t h e  water bath, a l lowed t o  

cool  t o  room temperature and then ex t rac ted  t h r e e  t imes w i t h  250 m l  o f  

g l a s s - d i s t i l l e d  dichloromethane. The combined e x t r a c t s  were d r i e d  

w i t h  anhydrous Na2S04 and the  degradat ion product  so i s o l a t e d  was 

designated as M2. 

A f t e r  i s o l a t i o n  o f  M2, t h e  aqueous s o l u t i o n  was a c i d i f i e d  t o  about 

pH 1.0 w i t h  conc. HC1. The a c i d i f i e d  s o l u t i o n  was ex t rac ted  th ree  

t imes w i t h  250 m l  o f  g l a s s - d i s t i l l e d  dichloromethane. The combined . 

e x t r a c t s  were d r i e d  w i t h  a c i d i f i e d  anhydrous Na2S04 and the  

degradat ion product  so i s o l a t e d  was designated as M I .  The a c i d i f i e d  

anhydrous Na2S04 was prepared by washing anhydrous Na2S04 w i t h  g lass-  

d i s t i l l e d  acetone sa tura ted  w i t h  conc. H2SO4 and then d r y i n g  a t  120 C 

i n  an oven over -n igh t .  The dichloromethane s o l u t i o n  c o n t a i n i n g  M 1  was 

concentrated t o  dryness i n  a  f l a s h  evaporator  a t  38 C and M 1  was 

c r y s t a l i z e d  tw ice  i n  chloroform. The c r y s t a l s  were harvested by 

f i l t e r i n g  through g lass  f i b r e  f i l t e r  paper, d r i e d  under a  g e n t l e  

stream o f  n i t r o g e n  f o r  2  h, and then s to red  i n  a  des i cca to r  be fore  the  

m e l t i n g  p o i n t  was determined and t h e  s t r u c t u r e  i d e n t i f i e d .  

A chromatographic column (30 cm x 2.5 cm i .d . )  was prepared by  

packing from t h e  bottom w i t h  a  g lass  wool p lug,  2  cm o f  anhydrous 

Na2S04, 8 cm o f  F l o r i s i l  deac t iva ted  w i t h  2% water, 2  cm o f  anhydrous 



Na2S04, and another g lass wool p lug .  The packed column was prewashed 

w i t h  25 m l  o f  40% dichloromethane i n  hexane. The dichloromethane 

s o l u t i o n  con ta in ing  M2 was concentrated t o  about 8 m l  i n  a f l a s h  

evaporator a t  38 C, f o l  lowed by  t h e  a d d i t i o n  o f  12 m l  o f  g lass-  

d i s t i l l e d  hexane. The r e s u l t a n t  s o l u t i o n  was t r a n s f e r r e d  q u a n t i t a -  

t i v e l y  t o  t he  prewashed column and then e l u t e d  t h r e e  t imes w i t h  100 

m l ,  50 m l  and 25 m l  o f  40% dichloromethane i n  hexane. The t h i r d  

e l u a t e  was concentrated j u s t  t o  dryness i n  a f l a s h  evaporator  a t  38 C; 

t h e  res idues were d isso lved i n  acetone and analyzed b y  GC-EC. When 

t h e  presence o f  degradat ion product  M2 was ind ica ted ,  t he  column was 

e l u t e d  w i t h  125 m l  o f  10% acetone i n  dichloromethane. The e l u a t e  

con ta in ing  degradat ion product  M2 was concentrated j u s t  t o  dryness i n  

a f 1 ash evaporator and t h e  M2 was c r y s t a l  1  i zed  ' tw ice  i n  5% benzene i n  

hexane. The c r y s t a l s  were harvested by f i l t e r i n g  through g lass f i b r e  

f i l t e r  paper, d r i e d  under a gen t l e  stream o f  n i t r o g e n  f o r  2 h, and 

then s tored i n  a des i cca to r  be fore  de terminat ion  o f  t h e  m e l t i n g  p o i n t  

and i d e n t i f i c a t i o n  o f  t h e  s t r u c t u r e .  

2.3.3. P r e ~ a r a t i o n  o f  E thv la ted  M1 

2.3.3.1. Generat ion o f  Diazoethane 

Diazoethane was prepared f rom i t s  precursor ,  - N-ethy l -N1-n i t ro -N-  - - 
ni t rosoguan id ine ,  obta ined f rom t h e  A l d r i c h  Chemical Co. a t  Milwaukee, 

W I  53201, U.S.A. Three huhndred mg o f  t h e  precursor  i n  5 m l  o f  

g l a s s - d i s t i l l e d  e the r  reac ted  a t  room temperature w i t h  2 m l  o f  5N NaOH 



s o l u t i o n  i n  a  gas bubbler .  One o f  t he  two s ide  arms o f  t h e  gas 

bubbler was connected t o  a  gen t l e  f l o w  o f  n i t r o g e n  and the  o the r  arm 

connected w i t h  TygonB t u b i n g  t o  a  Pasteur p i p e t  f o r  d ispensing d iazo-  

ethane. Since diazoethane i s  h i g h l y  t ox i c ,  mutagenic, carc inogenic,  

and p o t e n t i a l  l y  exp los ive ,  a1 1  reac t i ons  i n v o l v i n g  t h e  p repa ra t i on  and 

use o f  diazoethane were c a r r i e d  ou t  i n  an e f f i c i e n t  fumehood and 

behind a  s a f e t y  sh ie ld .  

2.3.3.2. E t h y l a t i o n  

One hundred mg o f  M 1  were d i sso l ved  i n  5 m l  o f  g l a s s - d i s t i l l e d  

dichloromethane i n  a  graduated, glass-stoppered r e a c t i o n  tube and 

cooled t o  about 4 C i n  an ice-water  bath. F r e s h l y  generated d iazo-  

ethane was g e n t l y  purged w+th n i t r o g e n  i n t o  t h e  dichloromethane 

s o l u t i o n  u n t i l  a  pa le  y e l l o w  c o l o r  appeared, i n d i c a t i n g  t h e  presence 

o f  excess diazoethane. The r e a c t i o n  m ix tu re  was evaporated j u s t  t o  

dryness under a  g e n t l e  stream o f  n i t r o g e n  i n  a  hea t i ng  b lock  a t  40 C. 

The e t t i y l a ted  product  was c r y s t a l l i z e d  t w i c e  i n  5% benzene i n  hexane. 

The c r y s t a l s  were harvested by  f i l t e r i n g  through g lass  f i b r e  f i l t e r  

paper, d r i e d  under a  g e n t l e  stream o f  n i t r o g e n  f o r  2  h, and then 

s tored i n  a  des i cca to r  be fo re  de terminat ion  o f  t he  m e l t i n g  p o i n t  and 

i d e n t i f i c a t i o n  o f  t he  s t r u c t u r e .  



2.3.4. P u r i t y  Determinat ions 

2.3.4.1. M e l t i n g  P o i n t  Determinat ion 

M e l t i n g  p o i n t s  o f  M 1  and i t s  e t h y l a t i o n  product, and M2 were 

determined w i t h  a Dynamic Opt ics  Model AAHT m e l t i n g  p o i n t  apparatus. 

2.3.4.2. HPLC o f  M I ,  E thy la ted  M 1  and M2 

The p u r i t y  o f  t h e  'degradation products M 1  and M2, and e thy la ted  M 1  

was determined by  h igh  pressure l i q u i d  chromatography. A methanol ic 

s o l u t i o n  of each compound a t  100 pg/ml was prepared and an a1 i q u o t  o f  

20 ~1 was i n j e c t e d  f o r  analys is .  The opera t ing  parameters were as 

described under 2.1.2.1. w i t h  minor m o d i f i c a t i o n  i n  the  mobi le solvent  

system. The mobi le phase consisted of 72% methanol and 28% 0.05 M 

phosphate b u f f e r  o f  pH 3.3 ins tead o f  72% methanol and 28% water. 

UV-v is ib le  absorpt ion spect ra  were measured a t  up-slope, apex and 

down-slope o f  each chromatographic peak. 

2.3.4.3. GC-MS o f  M2 

A s o l u t i o n  o f  M2 a t  10 pg/ml i n  acetone and an a l i q u o t  o f  2 ~1 was 

analyzed by GC-MS w i t h  a Hewlet t  Packard Model 5890 gas chromatograph 

equipped w i t h  a Model 5970 mass s e l e c t i v e  detec tor .  The de tec to r  

temperature was 250 C and the  scanning mass range was f rom 40 arnu t o  

450 amu. The opera t ing  parameters of t h e  gas chromatograph were as 

described under 2.1.2.2.- 



2.3.5. I d e n t i f i c a t i o n  of Degradat ion Products 

The s t r u c t u r e s  o f  h y d r o l y t i c  degradat ion products M 1  and M2 were 

e luc ida ted  by  ana lyz ing  da ta  obta ined f rom s o l i d  probe mass spectro-  

metry, p ro ton  and 1% NMR spectrometry and X-ray c r y s t a l l o g r a p h y  o f  

t he  e t h y l a t i o n  product  o f  M I .  

2.3.5.1. Mass Spectrometry 

A Kra tos  Model MS 50 mass spectr.ometer was used t o  o b t a i n  mass 

spec t ra  f o r  v i n c l o z o l i n ,  M 1  and i t s  e t h y l a t i o n  product,  and M2. The 

temperature o f  t he  s o l i d  probe was 120 C. A Hewle t t  Packard Model 

5890 gas chromatograph equipped w i t h  a Model 5970 mass s e l e c t i v e  

de tec to r  was a l so  used t o  o b t a i n  mass spec t ra  f o r  t h e  same compounds. 

The opera t ing  parameters o f  t h e  GC-MS were as descr ibed under 2.3.4.3. 

2.3.5.2. Nuclear Magnetic Resonance (NMR) Spectrometry 

Proton and 1% NMR spect ra  o f  v i n c l o z o l i n ,  M 1  and i t s  e t h y l a t i o n  

product,  and M2 were obta ined r e s p e c t i v e l y  on a Bruker Model WP-400 

spectrometer ope ra t i ng  a t  400 MHz and a Var ian Model XL-300 spectro-  

meter ope ra t i ng  a t  75 MHz. A 5 - m  broadband probe was used i n  both 

spectrometers. So lu t i ons  o f  each compound were prepared i n  d -d ich lo -  

romethane o r  d-chloroform, t o  which a smal l  amount o f  t e t ramethy l -  

s i  1 ane (TMS) was added f o r  reference.  



2.3.5.3. X-Ray Crystal lography 

A c r ys ta l  o f  the e thy l a t i on  product o f  M 1  was selected f o r  

c r y s t a l  s t r uc tu re  determinat ion a t  22 C. The X-ray c rys ta l l og raph ic  

analysis was done i n  the Chemistry Department o f  the Un i ve r s i t y  o f  

B r i t i s h  Columbia by D r .  J. T ro t t e r .  

2.4. K i n e t i c  Studies on the Hydro lys is  o f  V i nc l ozo l i n  

2.4.1. Preparat ion o f  Buf fered So lu t ions -- 

Buffered so lu t ions  o f  0.01M were prepared w i t h  s t e r i l i z e d  deion- 

ized water as f o l  lows: 

0.01 M NaH2P04 adjusted t o  pH 4.5 w i t h  0.01 M H3P04 

0.01 M NaOAc adjusted t o  pH 4.5 w i th  0.01 M HOAc 

0.01 M NaH2P04 adjusted t o  pH 5;5 w i t h  0.01 M Na2HP04 

0.01 M NaOAc adjusted t o  pH 5.5 w i th  0.01 M HOAc 

0.01 M NaH2P04 adjusted t o  pH 6.5 w i t h  0.01 M Na2HP04 

0.01 M NaOAc adjusted t o  pH 6.5 w i t h  0.01 M HOAc 

0.01 M Na2HP04 adjusted t o  pH 7.0 w i t h  0.01 M NaH2P04 

0.01 M Na2B407 adjusted t o  pH 7.0 w i th  0.01 M HC1 

0.01 M Na2HP04 adjusted t o  pH 7.5 w i t h  0.01 M NaH2P04 

0.01 M NazB407 adjusted t o  pH 7.3 w i th  0.01 M HC1 

0.01 M Na2HP04 adjusted t o  pH 8.0 w i t h  0.01 M NaH2PO 

0.01 M Na2B407 adjusted t o  pH 8.3 w i th  0.01 M HC1 



2.4.2. I ncuba t i on  o f  V i n c l o z o l i n  i n  Bu f fe red  S o l u t i o n s  - 

A l i q u o t s  o f  1 m l  o f  t h e  stock s o l u t i o n  o f  v i n c l o z o l i n  a t  1000 

pg/ml i n  methanol were thorough ly  mixed w i t h  t h e  bu f fe red  s o l u t i o n s  

prepared as descr ibed under 2.4.1. The f i n a l  concen t ra t i on  o f  v i n c l o -  

z o l i n  i n  t h e  bu f fe red  s o l u t i o n  was 10 pg/ml. The c o n t r o l s  were s im i -  

l a r l y  prepared w i t h  methanol alone. A l i q u o t s  o f  approximate ly  2  m l  o f  

t h e  bu f fe red  s o l u t i o n s  were t r a n s f e r r e d  t o  2-ml brown ampules which 

were then sealed under n i t rogen .  A1 1  sealed ampules were incubated a t  

35 C i n  a  water bath i n  darkness, except those o f  pH 7.0 which were 

incubated separa te ly  a t  13 C, 20 C and 26 C i n  an environmental 

chamber and a t  35 C i n  a  water ba th  i n  darkness. 

2.4.3. I ncuba t i on  o f  M 1  i n  Buf fe red  So lu t i ons  

A l i q u o t s  o f  1 m l  o f  t h e  stock s o l u t i o n  o f  M 1  a t  1000 pg/ml i n  

methanol were thorough ly  mixed w i t h  the  bu f fe red  s o l u t i o n s  a t  pH 4.5 

and 8.0, prepared as descr ibed under 2.4.1. The f i n a l  concent ra t ion  

was 10 ~ .~g/ml ,  and t h e  c o n t r o l s  were s i m i l a r l y  prepared w i t h  methanol 

alone. A l i q u o t s  o f  approximate ly  2  m l  o f  t h e  bu f fe red  s o l u t i o n s  were 

t r a n s f e r r e d  t o  2-ml brown ampules which were then sealed under 

n i t rogen .  The sealed ampules were incubated a t  35 C i n  a  water bath 

i n  darkness. 

A separate i ncuba t i on  experiment a t  pH 8.0 was s i m i l a r .  A f t e r  

i ncuba t i on  a t  35 C f o r  24 h, one h a l f  o f  t h e  samples were a c i d i f i e d  

w i t h  0.01 M H3P04 t o  pH 4.5 and then incubated a t  35 C i n  a  water bath 

i n  darkness. 



2.4.4. High Pressure L i q u i d  Chromatography 

A f t e r  i ncuba t i on  f o r  var ious  per iods  the  concent ra t ions  o f  

v i n c l o z o l i n ,  M I ,  M2 and 3 ,5-d ich lo roan i l ine  were determined b y  HPLC. 

A l i q u o t s  o f  t he  i ncuba t i on  mix tures  were d i r e c t l y  i n j e c t e d  i n t o  the  

h i g h  pressure l i q u i d  chromatograph w i t h o u t  e x t r a c t i o n  and cleanup. 

The ope ra t i ng  parameters o f  t h e  h igh  pressure l i q u i d  chromatograph 

were as descr ibed under 2.3.4.2. w i t h  minor m o d i f i c a t i o n  t h a t  0.05 M 

phosphate b u f f e r  o f  pH 3.3. was used ins tead o f  water i n  t h e  mobi le  

so lvent  system. 

Q u a n t i f i c a t i o n  was based on an ex te rna l  standard. Detec tor  

response was c a l  i b r a t e d  d a i l y  w i t h  a n a l y t i c a l  standards. C a l c u l a t i o n  

was based on average peak areas o f  these ex te rna l  standards, which 

were i n j e c t e d  before  and a f t e r  t he  sample. 

2.5. Pers is tence i n  Pea P l a n t s  

2.5.1. Growing P l a n t s  

Garden pea, Pisum sat ivum L. (cv. Improved Lax ton 's  Progress) were 

seeded i n  square po ts  (10 cm x 10 cm x 9 cm deep) and grown i n  a  

greenhouse. Twelve days a f t e r  seeding t h e  p l a n t s  were used t o  s tudy  

t h e  pers is tence o f  v i n c l o z o l i n  and Ronilan" 50 WP. 



2.5.2. Treatment o f  Pea L e a f l e t s  

A s o l u t i o n  o f  v i n c l o z o l i n  a t  2500 pglml was prepared i n  acetone 

and a  s i m i l a r  s o l u t i o n  o f  Roni lanQ 50 WP con ta in ing  2500 pg/ml o f  

v i n c l o z o l i n  was prepared b y  suspending 0.5 g o f  t h e  f o r m u l a t i o n  i n  100 

m l  o f  water. A f t e r  thorough mixing, four  5 - ~ 1  a l i q u o t s  were d i l u t e d  

i n d i v i d u a l l y  w i t h  2 m l  methanol and t h e  ac tua l  concen t ra t i on  o f  

v i n c l o z o l i n  was determined by  HPLC as descr ibed under 2 . 3 . 4 . 2 .  The 

mean concent ra t ion  of v i n c l o z o l  i n  was 2.60 pg/ml which was comparable 

t o  the  t h e o r e t i c a l  concen t ra t i on  o f  2.50 pg lml .  The standard 

d e v i a t i o n  among the  f o u r  a l i q u o t s  was 0.21 pg lml  . 
Twelve-day-old pea p lan ts ,  each w i t h  o n l y  one p a i r  o f  l e a f l e t s  

were used t o  s tudy  t h e  pers is tence of t h e  compounds. F i f t e e n  5-p l  

a l i q u o t s  o f  t he  t rea tment  s o l u t i o n  were app l i ed  t o  one o f  t he  pa i red  

l e a f l e t s  i n  each p l a n t .  A l l  t r e a t e d  p l a n t s  were mainta ined i n  an 

environmental chamber i n  which the  temperature v a r i e d  f rom 24 t o  27 C 

and the  RH f rom 40% t o  70%. The photoper iod was 12 h  each o f  l i g h t  

and darkness. 

A t  var ious  i n t e r v a l s  a f t e r  treatment,  bo th  the  t r e a t e d  and un- 

t r e a t e d  l e a f l e t s  were removed f rom t h e  p l a n t .  The sur face o f  the  

t r e a t e d  l e a f l e t  was r i n s e d  w i t h  10 m l  o f  water which was app l i ed  

dropwise w i t h  a  d isposable Pasteur p i p e t .  Both the  t r e a t e d  and 

unt rea ted  l e a f l e t s  and the  r i n s i n g  were analyzed f o r  v i n c l o z o l i n  and 

i t s  degradat ion products M I ,  M2 and 3,5-dichloroani 1  ine. 



2.5.3. Analysis of Rinsings 

Leaflet rinsings were acidified to approximately pH 1.0 with a 

few drops of 2.5% H3PO4 and then extracted three times with 10 ml 

glass-distilled dichloromethane in a 125-ml separatory funnel. The 

combined extracts were dried with acidified anhydrous Na2.504, 

concentrated just to dryness in a flash evaporator at 38 C, and the 

residues were dissolved in 1 ml methanol for HPLC analysis as 

described under 2.4.4. 

2.5.4. Analysis of Leaf lets 

2.5.4.1. Extraction of Leaflet 

Each untreated leaflet and treated leaflet after rinsing from the 

vinclozolin-treated plant, and the leaflet of the untreated plant 

which served as the control, were extracted separately in a Polytron 

homogenizer with 50 ml of glass-distilled acetone for 1 min. Ten g of 

acidified anhydrous Na2.504 were added to the mixture for extraction. 

The extracts were filtered through a ~Tchner funnel lined with Whatman 

glass fibre filter paper. The filter cake was extracted once more 

with 25 ml glass-distilled acetone and the combined extracts were eva- 

porated just to dryness in a flash evaporator at 38 C. The residues 

were dissolved in 5 ml of 1:l ( V : V )  mixture of dichloromethane and 

cyclohexane for cleanup by gel filtration column chromatography. 



2.5.4.2. Gel F i l t r a t i o n  Column Chromatography 

A Pharmacia Column Model SR 25 (Pharmacia F i n e  Chemicals, Sweden) 

(45 cm x 2.5 cm i .d.) was packed w i t h  Bio-Beads S-XI2 (Bio-Rad Labor- 

a to r i es ,  CA 94804, U.S.A.). The beads were swel led i n  a 1:l (V:V) 

m ix tu re  o f  dichloromethane and cyclohexane over -n igh t  be fore  packing 

the  column. An Eldex Model B-100-S h igh  pressure pump (Eldex Labora- 

t o r i e s ,  Inc., San Carlos, CA 94070, U.S.A.) was used f o r  so l ven t  

d e l i v e r y  and a Valco sample i n j e c t i o n  va lve  (Valco Inst ruments Co., 

Houston, TX 77024, U.S.A. ) equipped w i t h  a 5-ml i n j e c t i o n  loop was 

used t o  i n j e c t  samples onto t h e  column. A f t e r  i n t r o d u c t i o n  o f  a 

sample the  column was e l u t e d  w i t h  t h e  1:l (V:V) m ix tu re  o f  d i c h l o r o -  

methane and cyclohexane. F r a c t i o n  1, c o n s i s t i n g  o f  t h e  f i r s t  68 m l ,  

was d iscarded and f r a c t i o n  2, c o n s i s t i n g  o f  t h e  nex t  150 m l  , was 

co l l ec ted .  It conta ined the  v i n c l o z o l i n  and i t s  degradat ion products. 

2.5.4.3. I s o l a t i o n  o f  M 1  

I n  order  t o  i s o l a t e  M I ,  f r a c t i o n  2 was ex t rac ted  th ree  t imes w i t h  

25 m l  o f  0.1 M Na2HP04 s o l u t i o n .  The combined aqueous e x t r a c t s  

con ta in ing  M 1  were back-extracted w i t h  25 m l  o f  dichloromethane. 

A f t e r  a c i d i f i c a t i o n  t o  approximate ly  pH 1.0 w i t h  2.5% H3PO4, t h e  

combined aqueous e x t r a c t s  were ex t rac ted  t h r e e  t imes w i t h  25 m l  o f  

dichloromethane t o  i s o l a t e  MI. The combined dichloromethane e x t r a c t s  

were d r i e d  w i t h  a c i d i f i e d  anhydrous Na2S04, and then evaporated j u s t  

t o  dryness i n  a f l a s h  evaporator a t  38 C. The res idues  o f  M 1  were 



dissolved in 1 ml of methanol for HPLC analysis, which was conducted 

as described under 2.4.4. 

The combined organic extracts which contained vinclozolin, M2 and 

3,5-dichloroaniline were dried with acidified anhydrous Na2S04 and 

then evaporated just to dryness in a flash evaporator at 38 C. The 

residues were dissolved in 1 ml of glass-distilled dichloromethane and 

anal yzed by GC -MS. 

2.5.4.4. Determination by GC-MS 

Vinclozolin, M2 and 3,5-dichloroaniline were detected and 

quantified with a Hewlett Packard Model 5890 gas chromatograph 

equipped with a Model 5970 mass selective detector. The operating 

parameters for the column and the injector were as described under 

2.1.2.2. Qualitative and quantitative analysis were carried out by 

selected ion monitoring. Four specific ions characteristic of each 

compound were selected for monitoring and they were as follows: 

Vinclozol in 198, 212, 285 and 287 amu 

M2 71, 72, 161 and 163 amu 

3,5-dichloroani line 90, 126, 161 and 163 amu 

Response of the mass selective detector was calibrated daily with 

analytical standards. Quantification was based on the average peak 

areas of these external standards, which were injected before and 

after the sample. 



2.5.5. Evaluation of Analytical Methods 

Stock solutions of vinclozolin, MI, M2 and 3,5-dichloroaniline at 

1000 pg/ml, 100 pg/ml and 20 pg/ml were prepared in gl ass-di sti 1 led 

acetone. Two 100-ml aliquots of water were fortified individually 

with one ml of the appropriate stock solution to give fortification 

levels of 10 ppm and 1 ppm for each compound. Four replicates of 10 

ml of each fortified water were extracted and analyzed as described 

under 2.5.3. to determine their recoveries. 

Ten g of pea leaflets were fortified with vinclozolin, M1, M2 and 

3,5-dichloroaniline at concentration levels of 10 ppm, 1 ppm and 0.2 

ppm by adding 0.1 ml of the appropriate solutions in acetone. One h 

after fortification four rep1 icates at each fortification level were 

extracted, cleaned and analyzed as described under 2.5.4. to determine 

the recovery of each compound. 



3. RESULTS AND DISCUSSION 

3.1 Preparation of Vinclozolin 

Approximately 835 mg of vinclozo lin were isolated from 2 g of 

RonilanB 50 WP indicating a yield of slightly over 80%. Two solutions 

of 5 pg/ml in glass-distil led methanol and 0.02 pg/ml in glass- 

disti lled hexane were analyzed by HPLC-UV and GC-EC respectively; a 

single peak resulted, which was vinclozol in. A1 1 three normalized 

UV-visible spectra collected at up-slope, apex and down-slope of the 

peak were identical indicating that pure vinclozolin had been isolated 

from the commercial Ronilana. Furthermore, similar area counts were 

obtained with the vinclozolin prepared as described and the reference 

obtained from the U .S. Environmental Protection Agency (EPA) when 

these materials were analyzed by HPLC-UV or by GC-EC. Since the 

purity of the reference from EPA was known to be 99.7%, the purity of 

the vinclozol in is01 ated was therefore approximately 99%. The 

vinclozolin isolated from Ronilana provided all the materials needed 

for these studies. 

3.2 Hydrolysis of Vinclozolin 

When 10 pg/ml of vinclozolin in three 0.01 M phosphate buffers of 

pH 5.0, 7.0 and 9.0 were incubated at 20 C for various periods the 

concentration decreased steadily with time. The disappearance rate of 

vinclozolin was fastest at pH 9.0, slower at pH 7.0 and slowest at pH 



5.0. At pH 9.0 vinclozolin disappeared so fast that only about 50% 

remained after incubation for 1.5 h and it could not be detected at 

the limit of 0.1 pg/ml after incubation for 3 h. 

Analysis of the incubation mixtures by HPLC showed two new peaks 

(Fig. 3) ,  one with an absolute retention time of approximately 7.24 

min (peak B )  and the other of approximately 3.48 min (peak A) which 

was very close to the retention time of the injected solvent carrier 

for the HPLC analysis. However, the UV-visible spectrum of peak A 

showed an absorption maximum of 214 nm which was slightly above the UV 

cut-off of methanol (205 nm), indicating the presence of a degradation 

product from vinclozolin. Further evidence to support this hypothesis 

was provided by the observations that a longer absolute retention time 

of peak A was obtained by acidifying the water used in the mobile . 

solvent system of the HPLC. Chromatograms of the HPLC analysis of 10 

pg/ml of vinclozolin incubated in 0.01 M phosphate buffers of pH 7.0 

at 20 C for 7 days are given in Figures 3 and 4. Unknown peak A had 

an absolute retention time of 3.84 min when the mobile solvent system 

comprised 72% methanol and 28% water (Figure 3).  This retention time 

changed to 5.04 min when the mobile solvent system comprised 72% 

methanol and 28% 0.05 M phosphate buffer of pH 3.3 (Figure 4 ) .  The 

longer retention obtained for peak A with acidified water in reverse 

phase HPLC suggests that compound A probably has a carboxylic group 

which remains in unionized form at acidic pH, because in reverse phase 

HPLC the non-polar compounds have a much stronger interaction with the 

stationary phase of the column resulting in longer absolute retention 

times. In all subsequent HPLC analyses 0.05 M phosphate buffer of pH 

3.3 was used instead of water in the mobile solvent system. 



F i g u r e  3. Chromatogram o f  HPLC a n a l y s i s  o f  10 

pg/ml o f  v i n c l o z o l i n  incubated a t  20 C 

i n  0.01 M phosphate b u f f e r  o f  pH 7.0 

f o r  7  days (Mobi le  so l ven t  sys t t  

cons i s ted  o f  72% methanol and 28% 

water);  and UV-vi s i  b l e  abso rp t i on  

spec t ra  o f  degradat ion produc ts  

A and B. 





F igu re  4. Chromatogram o f  HPLC a n a l y s i s  o f  10 

~ g l m l  o f  v i n c l o z o l i n  incubated a t  20 C 

i n  0.01 M phosphate b u f f e r  of pH 7.0 

f o r  7  days (Mobi le  s o l v e n t  system 

cons is ted  o f  72% methanol and 28% 0.05 

M phosphate b u f f e r  o f  pH 3.3); and 

UV-v i s i b le  absorp t ion  spec t ra  o f  

degradat ion products A and B. 





A t  t he  th ree  pHs tes ted ,  3 ,5 -d i ch lo roan i l i ne  was detected as a  

minor product  o f  degradat ion. A f t e r  30 days i ncuba t i on  a t  20 C i t s  

concent ra t ion  i n  t h e  i ncuba t i on  m ix tu re  was l e s s  than 0.3 ~ g l m l .  The 

i d e n t i t y  o f  3 ,5 -d i ch lo roan i l i ne  was conf irmed by GC-MS. An au then t i c  

re fe rence standard was obta ined f rom t h e  Labora tory  Serv ices D i v i s i o n  

o f  A g r i c u l t u r e  Canada i n  Ottawa. Under t h e  gas chromatographic condi- 

t i o n s  as described under 2.2.2. o f  t he  M a t e r i a l s  and Methods Sect ion 

t h e  absolute r e t e n t i o n  t ime o f  3 ,5 -d ich lo roan i l ine  was 7.04 min. I t s  

de tec t i on  as a  degradat ion product  was conf irmed by  r e t e n t i o n  t ime o f  

both GC and HPLC, and by i t s  mass spectrum where t h e  presence of t h e  

f o l l o w i n g  c h a r a c t e r i s t i c  major ions  ( i n  a m ) :  62, 63, 90, 99, 125, 

126, 134, 161 (molecular  ion) ,  163 and 165, were observed. 

. 

3.3. I s o l a t i o n  and I d e n t i f i c a t i o n  o f  Degradat ion Products 

3.3.1. I s o l a t i o n  and P u r i t y  Determinat ions -- - 

Two degradat ion products A and B (F igures 3  and 4), detected i n  

t h e  study on t h e  h y d r o l y s i s  o f  v i n c l o z o l i n  were designated as M 1  and 

M2 respec t i ve l y .  

Approximately 250 mg o f  M 1  and 150 mg o f  N2 were obta ined by  

i ncuba t i ng  500 mg o f  v i n c l o z o l  i n  i n  0.1 M phosphate b u f f e r  o f  pH 7.0 

a t  35 C f o r  7  days. About 100 mg o f  M 1  were used i n  t h e  p repa ra t i on  

o f  e thy la ted  M I .  M1, e t h y l a t e d  M 1  and M2 are  s o l  i d s  a t  room tempera- 

t u re .  T h e i r  m e l t i n g  p o i n t s  are 131.5-132 C, 112.5-113 C and 113.5-114 

C, r e s p e c t i v e l y .  The narrow m e l t i n g  p o i n t  ranges o f  a l l  t h r e e  



compounds i n d i c a t e  t h a t  h igh  p u r i t y  was obta ined upon r e c r y s t a l -  

l i z a t i o n .  The p u r i t i e s  of M 1  and e t k y l a t e d  M 1  were f u r t h e r  evaluated 

by  HPLC ana lys i s  w i t h  UV absorp t ion  a t  212 nm. The l i q u i d  chromato- 

gram o f  each compound showed o n l y  one major peak, t he  area o f  which 

accounted f o r  98% t o  99% o f  t he  t o t a l  peak areas. Furthermore, 

normal ized UV-v i s ib le  absorp t ion  spec t ra  taken a t  up-slope, apex and 

down-slope of the  peak were i d e n t i c a l ,  i n d i c a t i n g  t h a t  t h e  peak was 

der ived f rom a  s i n g l e  compound. I t  was apparent t h a t  M 1  and e thy la ted  

M 1  were chromatograph ica l l y  pure and t h e i r  p u r i t i e s  were about 98%. 

The p u r i t y  o f  M2 was evaluated by GC-MS w i t h  t h e  mass scanning 

range f rom 40 amu t o  450 a m .  Only one major peak was ind ica ted ,  t h e  

area o f  which accounted f o r  96% t o  97% of t he  t o t a l  peak area. Mass 

spec t ra  taken a t  up-slope, apex and down-slope of t he  peak were 

i d e n t i c a l ,  i n d i c a t i n g  h igh  peak p u r i t y .  Based on t h e  m e l t i n g  p o i n t  

de terminat ion  and t h e  r e s u l t s  of GC-MS ana lys i s  i t  was ev iden t  t h a t  M2 

was chromatographical ly  pure and i t s  p u r i t y  was 96% t o  97%. 

Analyses o f  M 1  and e t h y l a t e d  M 1  by  GC-MS were unsuccessful .  No 

peak was i n d i c a t e d  i n  GC-MS runs o f  M I .  Based on t h e  HPLC ana lys i s  o f  

M 1  t he re  were s t rong i n d i c a t i o n s  t h a t  M I  conta ined a  c a r b o x y l i c  group 

which rendered d i r e c t  gas chromatography unsuccessful .  Ana lys is  o f  

e thy la ted  M 1  by  GC-MS showed one major and two minor peaks, i n d i c a t i n g  

i t s  on-column thermodegradation. The major peak was i d e n t i f i e d  and 

conf irmed as v i n c l o z o l i n .  Conf i rmat ion  was achieved b y  comparing t h e  

absolute r e t e n t i o n  t ime (10.37 min) and the  presence o f  major ions  

c h a r a c t e r i s t i c  of au then t i c  v i n c l o z o l i n  obta ined f rom t h e  EPA (178, 

187, 198, 200, 212, 213, 214, 215, 285 and 287 amu). One o f  t h e  two 



minor peaks was identified and confirmed as 3,5-dichloroaniline by 

comparing its absolute retention time (7.04 min) and characteristic 

ions (62, 63, 90, 99, 125, 126, 134, 161, 163, and 165 amu) with those 

of the authentic standard. The identity of the other minor peak 

(absolute retention time 5.01 min) was not confirmed with an authentic 

standard. However, its characteristic ions of 187, 159 and 124 m u  

strongly suggest its identity to be 3,5-dichloroisocyanatobenzene 

(Figure 5). The ratios of the isotopes indicated the presence of two 

chlorines. Other spectral indicators that were consistent with 

3,5-dichloroisocyanatobenzene were the molecular ions at 187 amu 

(C7H3C12NO), ions at 159 arnu (loss of C = 0 for a total of 28 am), 

and ions at 124 m u  containing one chlorine (loss of C = 0 and one C1 

for a total of 63 am). 

3.3.2. Identification of Degradation Products 

Vinclozolin consists of a 3,5-dichlorophenyl and a 2,4-oxazoli- 

dinedione moiety (Fig. 1). It was hypothesized that on hydrolysis the 

oxazolidinedione ring may open and 3,5-dichloroaniline could be 

produced. In fact 3,5-dichloroaniline was identified and confirmed as 

a minor product; and two major products, M1 and M2 were isolated from 

the hydrolysis of vinclozolin which might have resulted from the 

cleavage of the 2,4-oxazolidinedione ring. According to the review by 

Clark-Lewis (1958) it is generally believed, without proof, that the 

hydrolysis of 3-alkyl-2,4-oxazolidinedione will lead to arnides, 

whereas the hydrolysis of 3-phenyl-2,4-oxazolidinedione yields 



F igu re  5. S t r u c t u r a l  formula o f  3,5-d ich loro iso-  

cyanatobenzene. 



3.5 - DICHLOROISOCYANATOBENZENE 

M.W. 187 



Figure 6. A hypothetical pathway summarized by 

Clark-Lewis (1958) for the hydrolysis 

of 2,4-oxazolidinediones (A) leading to 

the formation of urethans (D) and 

arnides (E) via the intermediates of 

carbamic acids ( B )  or a1 kyl hydrogen 

carbonates (C). 





phenylurethans (Fig: 6). For vinclozol in it was hypothesized that 

upon hydrolysis the 2,4-oxazol idinedione ring may open to yield 

2-[(3,5-dichlorophenyl )carbamoyl] oxy-2-methyl-3-butenoic acid (Fig. 

7D) and 3 ' ,5 '-dichloro-2-hydroxy-2-methyl b u t - 3 - e n  1 i d  (Fig. 7E) via 

the intermediates of - N- (2-hydroxy-2-methyl-l-oxo-buten-3-yl)-3,5- 

dichlorophenyl-1-carbamic acid (Fig. 7B) or 3-[(3,5-dichl orophenyl ) 

carbamoyl l-3-methyl -propenyl hydrogen carbonate (Fig. 7C). The 

behavior in chromatography of M1 indicated that M1 probably had a 

carboxylic group. Therefore, M1 could be the phenylurethan (Fig. 7D) 

or one of the intermediates, namely the carbamic acid (Fig. 78) or the 

hydrogen carbonate (Fig. 7C), and M2 could be the enanilide (Fig. 7E). 

3.3.2.1. Identification of M2 

Solid probe mass spectral data of M2 are given in Table 1. The 

ratios of the isotopes indicated the presence of two chlorines and the 

major ions were consistent with 3',5'-dichloro-2-hydroxy-2-methylbut- 

3-enanilide (Figure 8). Ions at 259 m u  represented the molecular 

ion.' Ions at 217 amu indicated the loss o f  -CH3 (15 m u )  and (-CH=CH2 

27 m u )  for a total of 42 amu. Ions at 187 amu indicated the ion 

fragment of C6H3C12-N=C=O which was commonly found in mass spectra of 

dichlorphenyl urea herbicides such as linuron, diuron and neburon 

(Figure 9) (Hites 1985). Ions at 161 amu indicated the 3,5-dichloro- 

aniline ion fragment resulting from a single proton transfer coupled 

with elimination of a neutral particle (Figure 10) (Schl unegger 

1980). The dichloroaniline ion fragment was observed in mass spectra 



Figure 7. A hypothetical pathway of hydrolys 

vinclozolin (A) leading to the 

formation of 2-[(3,5-dichloropheny 

carbamoyl ] oxy-2-methyl-3-butenoic 

(D) and 3' ,5 '-dichloro-Z-hydroxy- 

1 1 

acid 

2-methyl but-3-enani 1 ide (E) via the 

intermediates of - N-(2-hydroxy-2- 

methyl -1-oxo-buten-3-y1)-3,5-dichloro- 

phenyl-l-carbamic acid (8) or 3-[(3,5- 

di chlorophenyl )carbamoyl ]-3-methyl- 

propenyl hydrogen carbonate (C). 





of many di chlorophenylani 1 ides such as - N-(3,4-di chloropheny1)- 

2 ' -methyl-2' ,3 I-di hydroxypropionamide; - N-(3,4-dichlorophenyl) - 
2 I-methylvaleramide; and - N-(3,4-dichloropheny1)-2 '-methyl-3 ' -  

hydroxyvaleramide (Figure 11) (Safe and Hutzinger 1973). Ions at 71 

amu indicated the ion fragment of C(CH~) (CH=CH~)OH. 

The proton NMR. spectrum of M2 was consistent with 3',5'-dichloro- 

2-hydroxy-2-methylbut-3-enani l ide as indicated by the following 

chemical shifts (in ppm): 1.58, singlet, 3H (aliphatic CH3); 2.48, 

singlet (OH); 5.25-5.48, doublet of doublets (vinylic CH2); 6.13-6.25, 

doublet of doublets (vinylic CH), 7.10, triplet, 1H (aromatic CH at 

the para position); 7.58, doublet 2H (aromatic CH at the ortho 

positions); 8.60, singlet (NH) (Figure 12). The peaks of OH and NH 

protons were very broad and appeared at varying positions depending 

upon solute concentrations and solvent conditions which may be attri- 

buted to the occurrence of both intra- and inter-molecular hydrogen 

bonding. Similarly, the 1% NMR spectrum of M2 was also consistent 

with 3',5'-dichloro-2-hydroxy-2-methylbut-3-enani1ide as indicated by 

the following chemical shifts (in ppm): 26.2 (CH3); 81.1 (-OH); 118.2 

(vinylic CH2); 146.5 (vinylic CH); 139.8 (aromatic carbon attached to 

NH moiety); 128.2 (aromatic carbon at the ortho positions); 146.3 

(aromatic carbon at the meta positions) ; 123 .O(aromatic carbon at the 

para position); 178.5 (carbonyl) (Figure 13). 

Based on the spectral data from MS and proton and 1% NMR, the 

degradation product M2 isolated from hydrolysis of vinclozolin was 

identified as 3',5'-dichloro-2-hydroxy-2-methylbut-3-enani1ide. 





Figure 8. Structural formula' of 3',5'-dichloro- 

2-hydroxy-2-methylbut-3-enanilide. 





Figure 9. Structural formulae of linuron, diuron 

and neburon. 





Figure 10. Rearrangement of 3',5'-dichloro-2- 

hydroxy-2-methyl but-3-enanal ide (A) 

yielding 3,5-dichloroaniline ion 

fragment (B). 





Figure 11. Structural formulae of - N-(3,4-di - 
chloropheny1)-2'-methyl-2' ,3'-dihydr- 

oxypropionamide (A); - N-(3,4-dichloro- 
pheny1)-2 '-methylvaleramide (B ) ;  and 

N-(3,4-dichloropheny1)-2 '-methyl -3 ' -  - 

hydroxyvaleramide (C) . 





Figure 12. Assignments of proton NMR chemical 

shifts (in ppm) to 3 '  ,5 '-dichloro-2- 

hydroxy-2-methylbut-3-enanil ide. 





( in ppm) to 3 ' ,5 ' -dichloro-2-hydroxy- 

2-methylbut-3-enani l ide. 





3.3.2.2. Identification of M1 

Solid probe mass spectral data of M1 are given in Table 1. The 

ratios of the isotopes indicated the presence of two chlorines and the 

major ions were consistent with 2-[(3,5-dichlorophenyl )carbamoyl ] 

oxy-2-methyl-3-butenoic acid (Fig. 7D). Ions at 303 amu represented 

the molecular ion. Ions at 285 m u  indicated recyclization to yield 

vinclozolin by eliminating water (18 amu). Recyclization of M1 to 

yield vinclozolin was also demonstrated simply by heating M1 at 120 C 

for 5 min. Ions at 187 amu indicated the ion fragment of C6H3C12- 

N=C=O which was commonly found in mass spectra of dichlorophenyl urea 

herbicides. The mass spectrum of M2 also showed this ion fragment of 

187 mu. Ions at 161 m u  indicated the 3,5-dichloroaniline ion 

fragment resulting from a single proton transfer coupled with 

elimination of a neutral particle as discussed previously in the 

identification of M2. Ions at 99 m u  indicated the ion fragment of 

C(CH3)(CH=CH2)COOH and ions at 71 m u  indicated the ion fragment of 

0-CH(CH3) (CH=CH2) resulting from loss of C02 from ion fragment 

-0-C(CH3) (CH=CH2)COOH, a product of d cleavage along the carbonyl 

carbon (Creswell -- et al. 1972). 

The solid probe mass spectral data of M1 were inconsistent with 

N- ( 2-hydroxy-2-methyl-1-0x0-buten-3-yl ) -3,s-di chlorophenyl -1-carbami c - 
acid (Fig. 7B) and 3-[(3,5-dichlorophenyl ).carbamoyl ]-3-methyl -propenyl 

hydrogen carbonate (Fig. 7C). The carbamic acid can not undergo re- 

arrangement to yield the 3,5-dichloroaniline ion fragment of 161 amu 

because there is no -NH moiety in- i ts molecul ar structure (Schl unegger 



1980). Fragmentation of the hydrogen carbonate can not be expected. to 

yield major ions at 99 arnu which were present in the mass spectra of 

MI. 

Solid probe mass spectral data of ethylated M1 (Table 1) were 

consistent with the ethyl ester of the butenoic acid (Fig. 14A). The 

ratios of the isotopes indicated the presence of two chlorines. Ions 

at 331 m u  represented the molecular ion. Ions at 285 arnu indicated 

recycl ization to yield vinclozol in by eliminating ethanol (CzHsOH, 46 

arnu). Recyclization of ethylated M1 to yield vinclozolin in GC-MS 

analyses has been discussed previously under 3.3.1. Ions at 189 arnu 

were attributed to fragmentation of vinclozolin. Ions at 187 arnu 

indicated the ion fragment of C6H3C12-N=C=O. Ions at 161 m u  indi- 

cated the 3,5-dichloroaniline ion fragment resulting from a single 

proton transfer coupled with elimination of a neutral particle. The 

intensity of the ion at 161 m u  (9.3%) was much lower than that 

observed in solid probe mass spectrum of M1 (Table 1). Ions at 127 

m u  indicated the ion fragment of C(CH3) (CH=CH2)COOC2H5 resulting from 

oc cleavage along the carbonyl carbon. Ions at 99 m u  indicated 

further elimination of ethylene (CHz=CH2,28 m u )  from ions at 127 

amu. Ions at 71 m u  indicated the ion fragment of OCH(CH3)(CH=CH2) 

which was also observed in MI. Certain aspects of the solid probe 

mass spectral data of ethylated M1 were inconsistent with the ethyl 

esters of hydrogen carbonate (Fig. 148) and carbamic acid (Fig. l4C). 

Fragmentation of the ethylester of hydrogen carbonate cannot be 

expected to yield major ions at 99 arnu which were present in the mass 

spectra of ethylated MI. Ethyl ester of the carbamic acid cannot 



Figure 14. Possible structures of ethylated M1:  

(A) 2-[(3,5-dichlorophenyl )carbamoyl ] 

oxy-2-methyl-3-butenoic acid; (B) 

3-[(3,5-dichlor~ophenyl )carbamoyl ]- 

3-methyl-propenyl hydrogen carbonate; 

and (C) - N- (2-hydroxy-2-methyl-l-oxo- 

buten-3-y1)-3,5-dichlorophenyl-l- 

carbarnic acid. 





undergo rearrangement t o  y i e l d  the  3 ,5 -d i ch lo roan i l i ne  i o n  fragment a t  

161 amu because the re  i s  no -NH moiety i n  i t s  molecular  s t r u c t u r e .  

The pro ton  NMR spectrum o f  M 1  was cons i s ten t  w i t h  t h e  butenoic 

ac id  (F ig .  7D) as i n d i c a t e d  by t h e  f o l l o w i n g  chemical s h i f t s  ( i n  ppm): 

1.72, s i n g l e t ,  3H (a1 i p h a t i c  CH3); 5.26-5.48, doub le t  o f  doub le ts  

( v i n y l i c  CH2); 6.24-6.30, doub le t  o f  doublets ( v i n y l i c  CH); 7.10, 

t r i p l e t ,  1H (aromat ic  CH a t  t he  para p o s i t i o n ) ;  7.60, doublet ,  2H 

(aromat ic  CH a t  t he  o r t h o  p o s i t i o n s ) ;  9.22, s i n g l e t  (NH); 2.80 and 

11.4, s i n g l e t  ( c a r b o x y l i c  p ro ton )  (F igure  15) .  The peaks o f  NH and 

c a r b o x y l i c  protons were very  broad. The f a c t  t h a t  t he  c a r b o x y l i c  

p ro ton  peaks appeared a t  va ry ing  pos i t i ons ,  namely 2.80 and 11.4 ppm, 

may be a t t r i b u t e d  t o  t h e  occurrence o f  both i n t r a -  and i n te r -mo lecu la r  

hydrogen bonding. S i m i l a r l y  t he  1% NMR spectrum o f  M 1  was a lso  

cons i s ten t  w i t h  t h e  butenoic ac id  as i n d i c a t e d  by  t h e  f o l l o w i n g  

chemical s h i f t s  ( i n  ppm): 22.7 (CH3); 115.9 ( v i n y l i c  CH2); 142.5 

( v i n y l  i c  CH); 80.6 [OC*(CH3) (CH=CH2)COOH]; 152.9 (carbamate carbonyl ); 

172.7 ( c a r b o x y l i c  carbon); 138.5 (a romat ic  carbon at tached t o  NH 

moiety) ;  117.4 (aromat ic  carbon a t  t he  o r t h o  p o s i t i o n s ) ;  123.0 (aroma- 

t i c  carbon a t  t h e  para p o s i t i o n ) ;  135.8 (aromat ic  carbon a t  t h e  meta 

p o s i t i o n s )  (F igure  16).  The 1% NMR spectrum o f  M I  was i n c o n s i s t e n t  

w i t h  the  carbamic ac id  (F ig .  7B). Chemical s h i f t  o f  t h e  o r t h o  carbons 

o f  carbamic ac id  would be i n  t he  range o f  125-128 ppm. Many - N-(3,5- 

dichloropheny1)-dicarboximides showed chemical s h i f t s  a t  about 125 t o  

128 ppm f o r  carbons o r t h o  t o  the  n i t r o g e n  (Bremser 1985; Bremser and 

Fachinger 1985). For  example, t h e  chemical s h i f t  f o r  t h e  two or tho-  

carbons was 125.6 ppm f o r  v i n c l o z o l i n  (F ig .  17).  The ac tua l  rneasure- 



ment of the chemical shift of the two ortho carbons of M1 was 117.4 

ppm which did not agree with the predicted chemical shift for the 

carbamic acid. The 1% NMR spectra of M1 were inconsistent with the 

hydrogen carbonate (Fig. 7C) in that the chemical shift of 172.7 ppm 

(carboxylic carbonyl) was inconsistent with the carbonate carbonyl. 

Examples of some carbonates, such as dimethyl carbonate, diethyl 

carbonate, diphenyl carbonate and dibutyl carbonate showed chemical 

shifts from 152.0 ppm to 156.5 ppm for the carbonyl carbon (Levy and 

Nelson 1972). Furthermore, it is well established that both the carb- 

amates and the hydrogen carbonates are unstable and decarboxylation 

occurs easily (Morrison and Boyd 1959); and decarboxylation of both 

the carbamic acid and the hydrogen carbonate lead to the formation of 

M2 (Fig. 7 E ) .  

1% NMR spectrum of ethylated M1 was consistent with the ethyl 

ester of 2-[(3,5-dichlorophenyl)carbamoyl] oxy-2-methyl-3-butenoic 

acid as indicated by the following chemical shifts (in ppm): 14.0 

(CH3 of the ethyl group); 62.2 (CH2 of the ethyl group); 23.1 (CH3); 

80.6 [OC*(CH3) (CH=CH~)COOC~H~]; 151.4 (carbamate carbonyl ); 171.4 

(carboxylic carbon); 116.2 (vinylic CH2); 136.6 (vinylic CH); 139.6 

(aromatic carbon attached to NH moiety); 116.8 (aromatic carbon at the 

ortho positions); 123.4, (aromatic carbon at the para position); 135.1 

(aromatic carbon at the meta positions) (Fig. 18). 

Based on the spectral data of MS, proton and 1% NMR, the 

degradation product M1 isolated from hydrolysis of vinclozolin was 

identified as 2-[(3,5-dichlorophenyl )carbamoyl] oxy-2-methyl-3- 

butenoi c acid. 



Figure 15. Assignments of proton NMR chemical 

shifts ( in ppm) to 2-[(3,5-dichloro- 

phenyl )carbamoyl ] oxy-2-methyl-3- 

butenoic acid. 





Figure 16. Assignments of 1% NMR chemical shifts 

(in ppm) to 2-[(3,5-dichlorophenyl ) 

carbamoyl] oxy-2-methyl-3-butenoic 

acid. 





Figure 17. Assignments of 1% NMR chemical shifts 

(in ppm) to vinclozolin. 





Figure 18. Assignments of 1% NMR chemical shifts 

(in ppm) to the ethyl ester of 

2-[ (3,5-dichlorophenyl )carbamoyl] 

oxy-2-methyl-3-butenoic acid. 





Clark (1983) studied the stability of vinclozolin in the presence 

of ethanol, methanol and water. He synthesized what he believed to be 

N- (2-hydroxy-2-methyl-l-oxo-buten-3-yl)-3,5-di chlorophenyl-1-carbamic - 
acid (Fig. 7B) by modifying the method of Sumida -- et al. (1973a) for 

its 1-oxopropan-2-yl analogue. Vinclozolin (0.5 g) in a mixture of 

12.5 ml of acetone: water (4:l) was reacted with NaOH (1 g )  in an ice 

bath for 1.5 h. The solution was then acidified to pH 1 with conc. 

HC1 and the precipitate was removed and recrystallized twice from 

chloroform. Based on the method of synthesis by Clark it is highly 

likely that the compound he synthesized is the same compound as M1 

isolated from the hydrolysis of vinclozolin. Indeed, the mass 

spectrum and the proton NMR spectrum he presented are similar to those 

of MI. It is apparent that there are disagreements in structure 

elucidation. The proton NMR data are consistent with either the 

carbamic acid or the butenoic acid. The chemical shifts of the OH and 

NH proton may appear at varying positions due to intra- and inter- 

molecular hydrogen bonding. However, the 1 3 ~  NMR and mass spectro- 

metry data are consistent with the butenoic acid but inconsi'stent with 

the carbamic acid as discussed previously. For example, mass ion at 

161 amu with 63% relative intensity was reported by Clark. This major 

ion is inconsistent with the carbamic acid structure he proposed 

because it cannot undergo rearrangement to yield the amine ion as 

previously discussed. Finally, X-ray crystallography data of 

ethylated M1 gave unambiguous evidence of the identity of MI as 

2-[(3,5-dichlorophenyl )carbamoyl] oxy-2-methyl-3-butenoic acid. 



Bond lengths and bond angles with estimated standard deviations 

are given in Tables 2 and 3 respectively. The stereo view of the ethyl 

ester of 2-[(3,5-dichlorophenyl )carbamoyl] oxy-2-methyl-3-butenoic acid 

is given in Figure 19. 

3.4. Kinetics of Hydrolysis of Vinclozolin 

3.4.1. Disappearance of Vinclozolin 

Kinetic studies on the hydrolysis of vinclozolin were conducted in 

aqueous buffered solutions from pH 4.5 to pH 8.3. Its disappearance at 

35 C followed simple pseudo-first-order kinetics. The pseudo-first- 

order plots of In Co/C vs. incubation time for the hydrolysis of 

vinclozolin are given in Figures 20-24, where Co = initial concentration 

and C = concentration at time t. Table 4 summarizes these data. 

Buffer catalysis was not observed. At pH 4.5, 5.5, 6.5 and 7.0 the 

observed rates at each pH were similar between the two buffers (Figs. 
b 

20-23). The disappearance of vi nclozol in at 35 C was very fast at basic 

pH but much slower at acidic pH. At pH 8.3 the half-life was 0.62 h 

whereas at pH 4.5 it was about 530 h. The log observed rate vs. pH for 

the hydrolysis of vinclozolin is plotted in Figure 25. A linear 

relationship was indicated between the logarithm of the observed rate 

and the pH from 4.5 to 8.3. Using a least-squares method a linear 

regression was calculated as fol lows: 

log observed rate = 0.7450 pH - 3.1562 (r = 0.9967*, n = 12) 

It was evident that the rate of disappearance of vinclozolin was 



Table 2 .  Bond lengths  ( A )  o f  e thy la ted  M 1  w i t h  est imated standard 

dev ia t i ons  i n  parentheses. 

Bond Length ( A )  Bond Length (i) 



Table 3. Bond angles (deg) o f  e thy la ted  M 1  w i t h  est imated standard 

dev ia t i ons  i n  parentheses. 

Bonds Angle i n  deg Bonds Angle i n  deg 



Figure 19. Stereo view of the ethyl ester of 

2-[(3,5-dichlorophenyl )carbamoyl ] 

oxy-2-methyl-3-butenoic acid 

(ethyl ated MI). 





dependent on hydroxide ion concentration. Melkebeke -- et al. (1986) 

studied the kinetics of the chemical hydrolysis of iprodione, vinclozo- 

lin and metalaxyl. They reported that the disappearance of vinclozolin 

at 60 C from pH 3.0 to pH 11.0 was pseudo-first-order and that vinclozo- 

lin was much more persistent in acidic than in alkaline pH, results 

which were in general agreement with those reported herein. However, 

the pseudo-first-order rate constants and half-lives reported by them 

were not in agreement. For example, they reported a pseudo-first-order 

rate of 1.22 x 10-4 S-1, i.e., 51.1 x 10-3 h-1, for the hydrolysis of 

vinclozolin at 25 C and pH 7.0, and the calculated half-life of 13.4 h, 

which differed from the rate of 35.1 x 10-3 h-1 and the half-life of 

19.7 h for 26 C and pH 7.0 as determined in this study (Table 5). The 

discrepancy may be attributed to the fact that Me1 kebeke -- et a1 . actual ly 
determined the pseudo-first-order rates at 60 C for pH 3.0, 5.0, 7.0, 

9.0 and 11.0 but their results are given at standard conditions of 25 C 

and 1 atm. They stated'that their data had been converted to standard 

conditions but their methods were not described. 

In order to study the influence of temperature on the rate constant 

of hydrolysis of vinclozolin and to establish the Arrhenius plot, pH 7.0 

was selected for determination of rate constants at 13, 20, 26 and 35 

C. The kinetic data including observed rate constants and calculated 

half-lives are summarized and given in Table 5 and Figure 26. The 

linear regression of the Arrhenius plot of log k vs. 1/T (Fig. 27) was 

as follows: 

log rate = -5074 [1/T] + 15.54 (p = 0.05, n = 4, r = -0.9698*) 

Based on the Arrhenius equation: k = A x e-E/RT where E = energy 



o f  a c t i v a t i o n ,  T  = temperature i n  K, R = gas cons tan t  (8.3143 Joules 

mol-1 K-1)  and A = f requency f a c t o r  ( a  cons tan t ) ;  o r  I n  k = I n  A - EIRT, 

i .e., l o g  k = l o g  A - E/2.303R x  1/T. There fore  t h e  s lope o f  t h e  

Ar rhen ius  p l o t  = -E/2.303R. According t o  t he  l i n e a r  reg ress ion  o f  t he  

Ar rhen ius  p l o t ,  t h e  s lope o f  t h e  p l o t  was -5074 and t h e  energy o f  

a c t i v a t i o n  E f o r  t h e  h y d r o l y s i s  o f  v i n c l o z o l i n  a t  pH 7.0 i s  t h e r e f o r e  

97.2 K  Joules mol-1. S ince l o g  A i s  equal t o  t h e  i n t e r c e p t  o f  t h e  

l i n e a r  reg ress ion  o f  t h e  Ar rhen ius  p l o t  (15.54) t h e  f requency f a c t o r  A 

i s  t h e r e f o r e  c a l c u l a t e d  t o  be 3.467 x 1015 h-1. Using t h e  Arrhenius 

equat ion and t h e  da ta  es tab l i shed  f o r  t h e  energy o f  a c t i v a t i o n  and the  

f requency f a c t o r  o f  h y d r o l y s i s  o f  v i n c l o z o l i n  a t  pH 7.0, t h e  r a t e  can be 

c a l c u l a t e d  f o r  any temperature. For  example, t h e  r a t e  o f  h y d r o l y s i s  o f  

v i n c l o z o l i n  a t  pH 7.0 a t  28 C i s  c a l c u l a t e d  t o  be 4.82 x 10-2 h-1. 

By comparison w i t h  o t h e r  p r o t e c t a n t  f u n g i c i d e s  which have been used 

e x t e n s i v e l y  f o r  c rop  p r o t e c t i o n ,  v i n c l o z o l i n  appears t o  be more r e s i s t -  

ant  t o  h y d r o l y s i s .  According t o  t h e  s tudy  o f  Wolfe -- e t  a l .  (1976), t h e  

pseudo- f i r s t -o rde r  r a t e  constants o f  h y d r o l y s i s  a t  28 C and about pH 7.0 

are: 0.234 h-1 f o r  captan (pH 7.07); 0.277 h-1 f o r  c a p t a f o l  (pH 7.17); 

and 0.504 h-1 f o r  f o l p e t  (pH 7.14). By comparison, t h e  va lue f o r  

v i n c l o z o l i n  a t  28 C and pH 7.0 i s  0.048 h-1 which i s  almost one order  o f  

magnitude lower than those o f  captan, c a p t a f o l  and f o l p e t .  The e f f e c t s  

o f  pH on t h e  h y d r o l y s i s  o f  v i n c l o z o l i n  are d i f f e r e n t  f rom those on t h e  

h y d r o l y s i s  o f  captan. The r e a c t i o n  r a t e  cons tan t  was pH dependent f rom 

pH 4.5 t o  pH 8.3 f o r  v i n c l o z o l i n  and a  l i n e a r  r e l a t i o n s h i p  e x i s t e d  

between l o g  r a t e  cons tan t  and pH (F igu re  25) .  By comparison t h e  

r e a c t i o n  r a t e  cons tan t  f o r  t he  h y d r o l y s i s  of captan i s  independent o f  pH 



over the range of 2-6 and the average pseudo-first-order r a t e  constant 

a t  28 C i s  6.48 x 10-2 h-1 .  Above pH 7 the  react ion r a t e  constant  i s  pH 

dependent and the  mean and standard deviation of second-order r a t e  

constants f o r  a lka l ine  hydrolysis of captan a t  28 C in the pH range 

7.07-8.25 i s  2.05 x 106 M-1 h - 1  f 0.14 x 106 M-1 h - 1  (Wolfe -- e t  a l .  

1976). By comparison the reaction r a t e  constant  f o r  the hydrolysis of 

vinclozolin was pH dependent over the pH range 4.5-8.3 (Figure 25) .  

Using the equation "second-order r a t e  constant ( K O H - )  = pseudo-first-  

order r a t e  constant/[O~-1" the second-order r a t e  constants were cal cu- 

la ted and they a re  given in Table 4. The  means and standard deviations 

of second-order r a t e  constants f o r  the hydrolysis of vinclozolin a t  35 C 

are 8.12 x 105 M-1 h - 1  f 2.42 x 105 M-1 h - 1  in the pH range 7.0-8.3 and 

1.68 x 106 M-1 h-1 f 1.45 x 106 M-1 h-1  over the  pH range 4.5-8.3. 

In the pH range of 5.5-8.0 which i s  typical  of natural  water, 

vinclozol in underwent hydrolysis readi ly .  A t  35 C the half  - l ives  were 

about 56 h a t  pH 5.5 and 1.16 h a t  pH 8.0 (Table 4 ) .  A t  room tempera- 

t u r e  (20 C )  and neutral  pH the  h a l f - l i f e  was about 26 h (Table 5 ) .  

These f indings suggest t ha t  RonilanB 50 WP, a  formulation of vinclozo- 

l i n ,  may be unstable in  water espec ia l ly  in s l i g h t l y  basic water. 

Indeed, RonilanB 50 WP had been shown t o  be unstable in water (Clark 

1983). When 150 mg of Roni lane 50 WP were s t i r r e d  in 100 ml of t ap  

water (pH 8 )  a t  room temperature 98% of vinclozol in was recovered from 

the suspension a f t e r  1 h but only 7% a f t e r  23 days. To ensure the 

eff icacy of RonilanB 50 WP i t  i s  important t o  prepare the spray mix 

f r e sh ly  using water which i s  neutral or  s l i g h t l y  acidic .  Using water 

t ha t  i s  s l i g h t l y  basic t o  prepare the spray m i x  and aging of the spray 

mix would r e s u l t  in loss  of e f f i cacy  from hydrolysis .of  the  vinclozolin.  

75 



F igu re  20. Pseudo-f i r s t - o r d e r  p l o t s  f o r  t h e  

h y d r o l y s i s  o f  v i n c l o z o l i n  a t  35 C i n  

pH 4.5 phosphate and ace ta te  b u f f e r s .  





Figure 21. Pseudo-first-order plots for the 

hydrolysis of vinclozolin at 35 C in 

pH 5.5 phosphate and acetate buffers. 





Figure 22. Pseudo-first-order plots for the 

hydrolysis of vinclozolin at 35 C . i n  

phosphate buffers of pH 6.5, 7.0 and 

7.5. 
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Figure 23. Pseudo-first-order plots for the 

hydrolysis of vinclozolin at 35 C in 

pH 6.5 acetate buffer, pH 7.0 and pH 

7.3 borate buffers. 





Figure 24. Pseudo-first-order plots for the 

hydrolysis of vinclozolin at 35 C in 

pH 8.0 phosphate buffer and pH 8.3 

borate buffer. 
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Figure 25. Profile of log rate constant vs. pH for 

the hydrolysis of vinclozolin at 35 C. 





Figure 26. Pseudo-first-order plots for the 

hydrolysis of vinclozolin in pH 7.0 

phosphate buffer at 13, 20, 26 and 

35 C. 





Figure 27. Arrhenius plot of log k vs. 

1IT x 1000 for the hydrolysis' of 

vinclozolin at pH 7.0. 
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Table 5. K i n e t i c  da ta  o f  hydro lys is  o f  v i n c l o z o l i n  i n  0.01 M 

phosphate b u f f e r  o f  pH 7.0 a t  13, 20, 26 and 35 C. 

Temperature k observed H a l f - l i f e  No. o f  Corr . 
i n  C x10-3h-1 i n  h readings coe f f .  



3.4.2. Conversion Products o f  V i n c l o z o l i n  

When v i n c l o z o l i n  was incubated i n  0.01 M bu f f e r s  o f  pH 5.5, 

6.5, 7.0, 7.3, 7.5, 8.0 and 8.3 a t  35 C, t he  parent  compound was gradu- 

a l l y  converted t o  t h e  bu teno ic  ac id  (MI),  t he  enani 1 i d e  (M2) and 

3,5-dichloroani 1 i n e  (M3). The concentrat ions o f  each compound a t  

var ious  i n t e r v a l s  a f t e r  i ncuba t i on  are given i n  Tables 6-17. S i m i l a r  

conversions were observed a t  pH 4.5, 5.5, 6.5 and 7.0 regard less  o f  t he  

type o f  b u f f e r  used f o r  incubat ion,  i n d i c a t i n g  t h a t  b u f f e r  c a t a l y s i s  d i d  

n o t  occur i n  t h e  h y d r o l y s i s  o f  v i n c l o z o l i n .  

A t  a l l  pHs t e s t e d  a major conversion product  was M I ,  o f  which the  

concent ra t ions  increased s t e a d i l y  w i t h  t ime. The h ighes t  concent ra t ions  

o f  M 1  i n  percent  o f  t he  t o t a l  ( v i n c l o z o l i n  + M 1  + M2 + M3) reached 

70%-85% w i t h  the  except ion  o f  pH 4.5 (Tables 8-17). A t  pH 4.5 t h e  

h ighes t  concent ra t ion  o f  M 1  reached approximately 18% o f  t h e  t o t a l  

(Tables 6 and 7 ) .  A f t e r  reach ing  t h e  h ighes t  l e v e l s  the  concent ra t ions  

o f  M 1  decreased g radua l l y  w i t h  t ime. A t  pH 8.0 and 8.3 t h e  incubat ion  

s tud ies  were te rminated a f t e r  about 4 h when the  concent ra t ions  o f  M I  

were a t  t h e i r  h ighes t .  It was t h e r e f o r e  n o t  p o s s i b l e  t o  conclude i f  the  

concent ra t ion  o f  M 1  would decrease g radua l l y  a f t e r  reach ing  i t s  h ighes t  

l e v e l  as observed i n  o the r  pHs tes ted .  Another major convers ion product  

was M2. The concent ra t ions  o f  M2 increased s t e a d i l y  w i t h  t ime and were 

a t  t h e i r  h ighes t  f o r  a l l  t h e  pHs tes ted  when the  i ncuba t i on  s tud ies  were 

ended. Conversion product  M3 was detected i n  t he  i ncuba t i on  mix tures  

a f t e r  a t  l e a s t  21 days (504 h) .  M3 was no t  detected i n  t h e  mix tures  

incubated a t  pH 8.0 and 8.3 because these two s tud ies  were terminated 



a f t e r  3  t o  4 hours. However, M3 was detected i n  subsequent incubat ion  

s tud ies  a t  pH 8.0 and 35 C w i t h  M 1  as t h e  s t a r t i n g  m a t e r i a l  (Tables 22 

and 23). 

A t  pH 7.0 the  e f fec t  o f  temperature on t h e  convers ion o f  v inc lozo -  

l i n  was i n v e s t i g a t e d  (Tables 12 and 13, and 18-20). Conversion t o  M2 

was favored by  h igher  i ncuba t i on  temperature. A t  13 C M2 was f i r s t  

de tec ted  when t h e  concent ra t ion  o f  v i n c l o z o l i n  decreased f rom the  

i n i t i a l  of 35.8 pM t o  17.2 pM, i.e., b y  about 52% (Table 18).  By 

comparison, M 2  was f i r s t  detected a t  35 C when t h e  concen t ra t i on  o f  

v i n c l o z o l i n  decreased f rom the  i n i t i a l  o f  38.2 pM t o  33.7 pM, i.e., by 

about 12% (Table 12).  A t  20 C and 26 C M 2  was f i r s t  detected when the  

concen t ra t i on  o f  v i n c l o z o l  i n  decreased by about 47% (36.5 pM t o  19.2 pM) 

and 26% (37.2 pM t o  27.7 pM) r e s p e c t i v e l y  (Tables 19 and 20). The f a c t  

t h a t  conversion o f  v i n c l o z o l i n  t o  M2 was favored b y  h igher  temperature 

supports t h e  hypothesis  t h a t  M2 (Fig.  7E) was formed v i a  t h e  in te rmed i -  

a t e  o f  t he  carbamic a c i d  (F ig .  7B) and t h e  hydrogen carbonate (F ig .  7C) 

by  decarboxylat ion,  which was promoted by h igher  temperature. 

V i n c l o z o l i n  was converted t o  M I ,  M2 and M3 on h y d r o l y s i s .  The 

concent ra t ions  o f  t h e  parent  compound and the  convers ion products va r ied  

depending on pH, temperature and i ncuba t i on  t ime. However, t he  t o t a l  

concent ra t ions  ( v i n c l o z o l i n  + M 1  + M2 + M3) remained r e l a t i v e l y  

unchanged f o r  t h e  d u r a t i o n  o f  t he  incubat ion  s tud ies  (Tables 6-17). The 

i ncuba t i on  s tud ies  a t  pH 4.5, 5.5, 6.5, 7.0, 7.3 and 7.5 showed t h a t  t he  

t o t a l  concent ra t  ions  remained r e 1  a t i v e l y  unchanged a f t e r  i ncuba t i on  f o r  

50 days (1203 h )  a t  pH 6.5, and f o r  113 days (2717 h)  a t  pH 7.5. A t  pH 

8.0 and 8.3 the  i ncuba t i on  s tud ies  were terminated a f t e r  about 4 h. It 



was unce r ta in  if the  t o t a l  concent ra t ions  remained r e l a t i v e l y  unchanged 

a t  these pHs. However, subsequent i ncuba t i on  s tud ies  a t  pH 8.0 and 35 C 

w i t h  M 1  showed t h a t  the  t o t a l  concent ra t ion  remained r e l a t i v e l y  

unchanged a f t e r  70 days (1680 h )  (Table 22). A t  pH 7.0 and 20 C t he  

t o t a l  concent ra t ion  was approximate ly  94% o f  t h e  i n i  t i  a1 a f t e r  incuba- 

t i o n  f o r  494 days (Table 19); and t h e  i ncuba t i on  m i x t u r e  cons is ted  o f  

approximate ly  62% M I ,  19% M2 and 19% M3. 

The f a c t  t h a t  t he  conversion products der ived f rom t h e  h y d r o l y s i s  

o f  v i n c l o z o l i n  were r e l a t i v e l y  s t a b l e  i n  aqueous media suggests t h a t  

res idues may be present  i n  wine produced f rom v i n c l o z o l i n - t r e a t e d  

grapes. The p o s s i b i l i t y  o f  3 ,5 -d ich lo roan i l ine  being produced has 

importance f o r  p u b l i c  h e a l t h  workers because 3 ,5 -d i ch lo roan i l i ne  i s  a  

c h l o r i n a t e d  aromatic amine which cou ld  be a  p o t e n t i a l  carcinogen. 

. Cabras -- e t  a l .  (1984) s tud ied  t h e  degradat ion o f  v i n c l o z o l i n  i n  wine a t  

pH 3.0 and 4.0. They repor ted  t h a t  t h e  disappearance o f  v i n c l o z o l i n  was 

pseudo- f i rs t -o rder ;  t he  r a t e  constants a t  30 C were 0.17 x  106 S-1 a t  pH 

3.0 and 0.22 x  106 S-1 at  pH 4.0; the  h a l f - l i v e s  were 48.5 days a t  pH 

3.0 and 36.7 days a t  pH 4.0. Comparing t h e i r  repo r ted  r a t e  constants 

and h a l f - l i v e s  i t  i s  ev ident  t h a t  t he  repo r ted  r a t e  constants a re  

several  orders o f  magn i t i tude too  h igh  f o r  t h e  repo r ted  h a l f - l i v e s .  I t  

appears h i g h l y  l i k e l y  t h a t  t he re  was a  typograph ica l  e r r o r  i n  t h e  

repo r ted  r a t e  constants. According t o  t h e i r  repo r ted  h a l f - l i v e s  the  

r a t e  constants should be 0.17 x  10-6 S-1 a t  pH 3.0 and 0.22 x  10-6 S-1 

a t  pH 4.0. These f i n d i n g s  were i n  general agreement w i t h  t h e  k i n e t i c  

da ta  o f  hydro lys i 's  o f  v i n c l o z o l i n  i n  buffered s o l u t i o n s  (Table 4 ) ,  

i n d i c a t i n g  t h a t  m e  degradat ion o f  v i n c l o z o l i n  i n  wine was main ly  due t o  



hydro l ys i s .  A t  35 C t h e  r a t e  constant  f o r  t h e  h y d r o l y s i s  o f  v i n c l o z o l i n  

was 1.30 x  10-3 h-1, i.e., 3.61 x  10-7 S-1, a t  pH 4.5; and the  h a l f - l i f e  

was about 22 days (535 h) .  Comparing w i t h  the  corresponding da ta  

obta ined f rom t h e  degradat ion o f  v i n c l o z o l i n  i n  wine a t  30 C and pH 4.0, 

t h e  r a t e  constant  was f a s t e r  and t h e  h a l f - l i f e  was shor te r ,  which would 

be expected a t  t h e  h igher  pH and i ncuba t i on  temperature. 

I n  t he  s tudy  o f  Cabras -- e t  a l .  (1984), M3 was n o t  detected as a  

degradat ion product  o f  v i n c l o z o l i n  i n  wine. According t o  the  r e s u l t s  o f  

h y d r o l y s i s  o f  v i n c l o z o l i n  a t  pH 4.5 and 35 C, M3 was detected a f t e r  

i ncuba t i on  f o r  28 days. A t  t h e  end of incubat ion,  i .e., a f t e r  64 days, 

t h e  concent ra t ion  o f  M3 increased t o  about 2.4 PM (0.38 pg lml  ) which 

accounted f o r  approximately 6% o f  t he  t o t a l  concen t ra t i on  (Tables 6  and 

7 ) .  I n  t h e i r  s tudy  t h e  s t a r t i n g  concent ra t ion  o f  v i n c l o z o l i n  was about 

10 pM which was approximate ly  30% o f  t h e  concen t ra t i on  (32.4-33.8 pM) 

used i n  t h e  h y d r o l y s i s  s tud ies  (Tables 6  and 7) .  Taking i n t o  

cons ide ra t i on  t h a t  M3 accounted f o r  o n l y  about 6% o f  t he  t o t a l  

concent ra t ion  and t h e  pH and i ncuba t i on  temperature were lower than 

those used i n  t h e  h y d r o l y s i s  s tudies,  t h e  concen t ra t i on  o f  M3 t h a t  may 

be present  i n  t h e  wine would probab ly  be below t h e  l i m i t  o f  d e t e c t i o n  o f  

t h e  a n a l y t i c a l  method. 

M2 was t h e  o n l y  degradat ion product  o f  v i n c l o z o l i n  detected by  

Cabras -- e t  a l .  (1984) i n  t h e i r  s tudy o f  wine. The i d e n t i f i c a t i o n  o f  M2 

by  them was based on r e t e n t i o n  t ime of HPLC ana lys i s  only .  They specu- 

l a t e d  t h a t  M2 was der ived f rom v i n c l o z o l i n  b y  h y d r o l y t i c  opening o f  t h e  

r i n g .  I n  a  subsequent s tudy  by  t h e  same group ( P i r i s i  -- e t  a l .  1986), t he  

i d e n t i t y  o f  M2 was f u r t h e r  conf irmed by  elemental ana lys i s  and pro ton  



NMR. M2 was stable for 150 days in a medium containing by volume, 

distilled water:ethanol, 9:l at pH 4.0 and 30 C. Pirisi et al. (1986) -- 
hypothesized that M2 was derived from the intermediate, 

N- (2-hydroxy-2-methyl-1-0x0-buten-3-yl) -3,s-dichlorophenyl-1-carbamic - 
acid (Fig. 7B) .  Using the reference standard of the carbamic acid 

donated by Professor A. Del Re, Pirisi et al. did not detect any -- 
carbarnic acid in the reaction mixture during the course of their study. 

They suggested that the carbamic acid was not detected probably because 

of the interference encountered in the HPLC analysis. A careful 

analysis of their HPLC method showed that the mobile solvent system 

consisted of 55% of acetonitrile and 45% of water with a flow rate of 1 

mllmin. Using their mobile solvent system for reversed-phase HPLC the 

carbamic acid would be co-eluted w 

previously in 3.2. It was highly 

isolated if acidic buffer was used 

of water. 

ith the solvent front as discussed 

likely that the carbamic acid would be 

in the mobile solvent system instead 

The rapid conversion of vinclozolin in aqueous media to M1 and M2 

and the stability of these intermediate products have significant 

influence on the efficacy of vinclozolin against pathogenic fungi. 

According to Clark (1983) both M1 which he identified as the carbamic 

acid (see 3.3.2.2.), and M2 gave no inhibition zone in the -- in vitro test 

against - B. cinerea indicating that in practice the efficacy of vinclozo- 

wet deposits on plants or in 

important to emphasize again 

mixtures of vinclozol in shou 

or slightly acidic water. 

aged spray suspensions. 

that in order to ensure 

Id be prepared freshly w 

lin may be reduced significantly because of hydrolytic degradation in 

Therefore it is 

efficacy, spray 

ith either neutra 
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3.4.3. React ion o f  M I  i n  Buf fe red  So lu t ions  

Conversion of v i n c l o z o l i n  t o  the butenoic ac id  (MI)  and the  

e n a n i l i d e  (M2) appeared t o  occur simultaneously a t  35 C i n  most pHs 

tes ted  (Tables 6-17), Except a t  pH 6.5, 8.0 and 8.3 t h e r e  was a t ime 

lapse between t h e  occurrence o f  M 1  and. M2. M 1  appeared sooner than M2. 

Dur ing the  i ncuba t i on  of v i n c l o z o l i n  i n  bu f fe red  s o l u t i o n s  a t  pH 4.5-7.3 

t h e  concent ra t ions  o f  M 1  increased s t e a d i l y  t o  a maximum and decreased 

s t e a d i l y  t h e r e a f t e r  whereas t h e  concentrat ions o f  M2 cont inued t o  

increase s t e a d i l y .  A t  pH 8.0 and 8.3 both the  concent ra t ions  o f  M 1  and 

M2 increased s t e a d i l y  d u r i n g  the  incubat ion  study (Tables 16 and 17) .  

These r e s u l t s  suggest t h a t  on hyd ro l ys i s  v i n c l o z o l  i n  was f i r s t  converted 

t o  M I  by opening the  2,4-oxazolidinedione r i n g ,  f o l l owed  by the  

fo rmat ion  o f  M2. C la rk  (1983) i d e n t i f i e d  t h e  two degradat ion products 

o f  v i n c l o z o l  i n  f rom water suspension t o  be - N-(2-hydroxy-2- 

methyl-l-oxo-buten-3-yl)-3,5-dichlorophenyl-l-carbamic a c i d  (F ig .  7B) 
b 

and i t s  decarboxyl a t i o n  product,  t he  enani 1 i d e  (M2) (F ig .  7E). However, 

t he  c o r r e c t  s t r u c t u r e  o f  t h e  a c i d  was 2-[(3,5-dichlorophenyl )carbamoyl ] 

oxy-2-methyl-3-butenoic a c i d  (F ig .  7D) as shown under 3.3.2.2. by MS, 

Proton and 1% NMR and X-ray c rys ta l l og raphy  s t r u c t u r a l  evidence. 

Consider ing the  s t r u c t u r e s  o f  t h e  butenoic ac id  and the  e n a n i l i d e  i t  i s  

h i g h l y  u n l i k e l y  t h a t  t h e  fo rma t ion  o f  the  e n a n i l i d e  was v i a  the  butenoic 

ac id  as the  i n te rmed ia te  because conversion f rom t h e  butenoic ac id  t o  

t h e  e n a n i l i d e  would r e q u i r e  complicated rearrangement o f  t he  molecule. 

Therefore i t  was hypothesized t h a t  v i n c l o z o l i n  was conver ted indepen- 

d e n t l y  t o  both t h e  bu teno ic  a c i d  and the  e n a n i l i d e  by  opening t h e  



2,4-oxazol idinedione r i n g  a t  d i f f e r e n t  p o s i t i o n s  (F ig .  7 ) .  The 

fo rmat ion  o f  t h e  e n a n i l i d e  was probably v i a  t h e  t r a n s i e n t  in te rmed ia tes  

o f  e i t h e r  t he  carbamic a c i d  o r  t he  hydrogen carbonate by 

decarboxylat ion.  These t r a n s i e n t  in termediates were h i g h l y  uns tab le  and 

cou ld  n o t  be i s o l a t e d  f rom t h e  aqueous medium. It was hypothesized a l so  

t h a t  t h e  p o s i t i o n  

conversion f rom v i  

was some evidence 

incubated a t  35 C 

(M l )  and t h e  enani 

concent ra t ions  o f  

a t  which the  r i n g  opened would be pH dependent and t h e  

n c l o z o l i n  t o  t h e  butenoic a c i d  was r e v e r s i b l e .  There 

t o  support  t h i s  hypothesis.  When v i n c l o z o l i n  was 

and pH 4.5 (Tables 6 and 7 )  bo th  t h e  butenoic ac id  

1 i d e  (M2) were formed i n  about 26 h. The 

M 1  increased s t e a d i l y  t o  a peak a f t e r  170 h and 

decreased s t e a d i l y  t h e r e a f t e r  whereas the  concent ra t ions  o f  t h e  enani- 

1 ide . increased s t e a d i l y  throughout the  i ncuba t i on  study. Meanwhile, t h e  

concent ra t ions  o f  v i n c l o z o l i n  decreased s t e a d i l y .  A t  t h e  end o f  t he  

i ncuba t i on  study, i .e., a f t e r  1536 h (64 days), t h e  concent ra t ion  o f  

v i n c l o z o l i n  was h igher  than t h a t  o f  t he  butenoic ac id.  However, i n  

o ther  pHs tes ted ,  v i n c l o z o l i n  was no longer detected i n  t h e  bu f fe red  

s o l u t i o n  w h i l e  t h e  concent ra t ions  o f  the  bu teno ic  a c i d  were a t  o r  near 

t h e  peak (Tables 8-17). 

To prove t h e  above hypothesis  the  butenoic ac id  (MI)  was incubated 

a t  35 C i n  phosphate b u f f e r s  o f  pH 4.5 and 8.0, and i n  phosphate b u f f e r  

o f  pH 8.0 which was adjusted t o  4.5 a f t e r  24 h pre- incubat ion .  The 

r e s u l t s  are g iven i n  Tables 21-23. A t  pH 4.5 M 1  was r a p i d l y  converted 

t o  v i n c l o z o l i n  and t h e  concent ra t ion  o f  v i n c l o z o l i n  accounted f o r  

approximate ly  10% o f  t h e  t o t a l  ( v i n c l o z o l  i n  + M 1  + M2 + M3) a f t e r  2 h. 

The concent ra t ions  o f  v i n c l o z o l i n  increased s t e a d i l y  t o  a maximum a f t e r  



71 h  and decreased g r a d u a l l y  t h e r e a f t e r .  The e n a n i l i d e  (M2) was not  

detected u n t i l  almost 2  days a f t e r  t h e  appearance o f  v i n c l o z o l i n  and i t s  

concent ra t ion  increased s t e a d i l y .  A t  the  te rm ina t i on  o f  t h e  incubat ion  

study, i .e. ,  a f t e r  1680 h  (70 days), t h e  concent ra t ion  o f  M2 accounted 

f o r  approximate ly  80% o f  t h e  t o t a l .  M3 was detected a f t e r  840 h  (40 

days) and i t s  concent ra t ion  increased gradual ly .  A t  t h e  end o f  t he  

incubat ion  s tudy  the  concent ra t ion  o f  M3 accounted f o r  l e s s  than 10% o f  

t h e  t o t a l .  Dur ing t h e  course o f  t h e  incubat ion  study the  t o t a l  

concent ra t ion  remained unchanged. The conversion o f  M 1  a t  35 C and pH 

4.5 appeared t o  be t h e  reve rsa l  o f  t h e  hyd ro l ys i s  o f  v i n c l o z o l i n  under 

i d e n t i c a l  cond i t i ons  (Tables 6, 7  and 21). 

The disappearance o f  M 1  i n  0.01 M phosphate b u f f e r  o f  pH 4.5 a t  35 

C was pseudo- f i r s t -o rde r  (F ig .  28).  The l i n e a r  reg ress ion  between I n  

Co/C and i ncuba t i on  t ime f o r  t h e  incubat ion  pe r iod  of 46 h  showed a  

c o r r e l a t i o n  c o e f f i c i e n t  o f  0.9906 (n=5) which was s i g n i f i c a n t  a t  95% 

p r o b a b i l i t y .  The c a l c u l a t e d  pseudo- f i rs t -o rder  r a t e  constant  was 2.69 x  

10-2 h-1 and t h e  second-order r a t e  constant was 8.51 x  107 ~ - 1  h-1. 

Dur ing t h i s  i ncuba t i on  p e r i o d  M 1  was main ly  converted t o  v i n c l o z o l i n  and 

t h e  r a t e  constant  was about 20 x  t h e  r a t e  constant f o r  t h e  h y d r o l y s i s  o f  

v i n c l o z o l  i n  under i d e n t i c a l  temperature and pH (1.30 x  10-3 h-1). The 

conversion o f  M 1  t o  v i n c l o z o l i n  reached a  peak i n  71 h  and dec l ined 

t h e r e a f t e r  whi 1  e  t h e  convers ion t o  t h e  enani 1  i d e  (M2) increased s tead i  1  y 

throughout t he  i ncuba t i on  study. Dur ing the  i ncuba t i on  p e r i o d  f rom 46 h  

t o  1680 h  t h e  disappearance o f  M 1  appeared t o  dev ia te  f rom pseudo- f i r s t -  

o rder  as i n d i c a t e d  by  the  c o r r e l a t i o n  c o e f f i c i e n t  which became i n s i g n i -  

f i c a n t  a t  95% p r o b a b i l i t y .  As more than 60% o f  t he  M 1  was converted t o  



vinclozolin after 46 h incubation the conversion from vinclozolin to MI 

would then be accelerated. The time lapse of more than 22 h between the 

appearance of vinclozolin and M2 clearly demonstrated that M2 was not 

converted from M1 but from vinclozolin. 

At pH 8.0, MI was very stable in the buffered solution and the 

conversion product, M 2  was first detected after incubation for 480 h 

(Table 22). The other conversion product, M3 (3,5-dichloroani 1 i ne), 

first appeared in the buffered solution after incubation for 840 h (40 

days). The concentrations of both M2 and M3 increased steadily through- 

out the incubation study. Vinclozolin was never detected in the 

buffered solution. At the end of the 70 days (1680 h) incubation the 

concentrations of MI, M2 and M3 accounted for approximately 68%, 24% and 

8% of the total respectively. These results clearly showed that M1 was 

stablized by the basic medium and that what little vinclozolin may have 

formed would be converted back to M1 because of the high rate constant 

for the hydrolysis of vinclozolin at 35 C and pH 8.0 (1.109 h-1) (Table 

4). Although vinclozolin was not detected it was conceivable that very 

minute amounts were produced and then partly converted to M2. The 

concentration of M2 increased slowly to the limit of detection by the 

HPLC analysis, so that it was first detected in the buffered solution 

after incubation for 480 h (20 days). 

The effect of pH on the conversion of M1 to vinclozolin by 

recyclization was further demonstrated in a separate incubation 

experiment at 35 C and pH 8.0 (Table 23). After incubation for 24 h, 

one half of the samples were acidified to pH 4.5. Conversion of M1 to 

vinclozol in occurred immediately after the acidification and the 



concentrations of M1, vinclozolin, M2 and M3 (Table 23) became similar 

to those detected in the earlier incubation studies at the pHs 4.5 and 

8.0 (Tables 21 and 22). 

Based on the results of the incubation studies with both vinclozolin 

and MI, a degradation pathway was proposed for the hydrolysis of vinclo- 

zolin leading to the formation of M1 and M2 (Fig. 29). On hydrolysis 

the 2,4-oxazolidinedione ring opens to yield both the butenoic acid and 

the enanilide. The conversion to the butenoic acid is reversible which 

leads to the formation of vinclozolin by recyclization. At basic pH 

(8.0) the forward reaction leading to the formation of the butenoic acid 

is favored. At acidic pH (4.5) the reverse reaction, i .e., recycliza- 

tion to form vinclozolin, is favored. Formation of the enanilide occurs 

at pH 4.5-8.3, but is favored at acidic pH (4.5). It is conceivable 

that vinclozolin is converted to the enanilide by decarboxylation of the 

transient intermediates, the carbamic acid (Fig. 70) and the hydrogen 

carbonate (Fig. 7C), but none is detected in the aqueous buffers. 

3.5. Persistence of Vinclozolin on Pea Leaflets 

3.5.1. Efficiency of Analytical Methods 

The recoveries of vinclozolin, the butenoic acid (Ml), the 

enanilide (M2) and 3,5-dichloroani line (M3) from water are given in 

Table 24. The mean recoveries at 10 ppm and 1 ppm ranged from 86.9% to 

97.5% and the method for fortified water had a high degree of precision 

as indicated by the small standard deviation among the four replicates 

at each fortification level. 



Figure 28. Pseudo-first-order plot for the 

chemical conversion of MI, 

2-[(3,5-dichlorophenyl )carbamoyl] 

oxy-2-methyl-3-butenoic acid, to 

vinclozolin at 35 C in pH 4.5 

phosphate buffer. 





Figure 29. A proposed degradation pathway for the 

hydrolysis of vinclozolin leading 

reversibly to the formation of M I ,  

oxy-2-methyl-3-butenoic acid, and to 





- - - V ) N  
o m 0  . " . = ; ; ; ; ;  
0 0 d d z % g z s s d  O s 2 z  
m d m & c G ~ c 4 c 6 m c 6 v i - i  
m m m m m m m m m m m m  













The ge l  f i l t r a t i o n  column o f  Bio-Bead S-XI2 was v e r y  e f f e c t i v e  i n  

separa t ing  p l a n t  pigments f rom v i n c l o z o l i n  and i t s  degradat ion  products.  

Using t h e  1:l (V:V) m i x t u r e  o f  dichloromethane and cyclohexane as the  

e l u t i n g  so l ven t  t h e  f i r s t  f r a c t i o n  o f  68 m l  which was d iscarded con- 

t a i n e d  a l l  t h e  green pigments and most o f  t h e  y e l l o w  pigments. V inc lo -  

z o l i n  and i t s  degradat ion products were recovered i n  f r a c t i o n  2  o f  t h e  

nex t  150 m l  which conta ined very  l i t t l e  y e l l o w  pigment. The mean 

recove r ies  a t  0.2 ppm, 1.0 ppm and 10.0 ppm ranged f rom 73.8% t o  96.3% 

(Table 25). The recove ry  o f  M3 was o n l y  73.8% which was r e l a t i v e l y  low 

b u t  t h e  p r e c i s i o n  was good as i nd i ca ted  by t h e  smal l  s tandard d e v i a t i o n  

o f  3.6%. 

3.5.2. Pers is tence on.Pea L e a f l e t s  

Pea l e a f l e t s  t r e a t e d  w i t h  RonilanB 50 WP a t  187.5 pg o f  v i n c l o z o l i n  

per  l e a f l e t ,  equ i va len t  t o  t h e  a p p l i c a t i o n  r a t e  o f  1.0 kg  A I Iha  i n  400 

l i t e r s  o f  water, were analyzed f o r  v i n c l o z o l i n  and i t s  degradat ion 

products a t  va r i ous  i n t e r v a l s  a f t e r  t reatment .  The r e s u l t s  are g iven i n  

F igu re  30. There were 169 pg o f  v i n c l o z o l i n  present  i n  t h e  t r e a t e d  

l e a f l e t  2 h  a f t e r  t rea tment  which was approx imate ly  90% o f  t h e  t h e o r e t i -  

c a l  amount o f  187.5 pg. Four days a f t e r  t rea tment  t h e  washings o f  t he  

t r e a t e d  l e a f  l e t s  were a1 so analyzed. V inc lozo l  i n  was t h e  o n l y  compound 

de tec ted  i n  t h e  washings o f  t r e a t e d  l e a f l e t s  and i n  t h e  t r e a t e d  l e a f l e t s  

themselves. The amount recovered f rom t h e  washings o f  t r e a t e d  l e a f l e t s  

accounted f o r  more than 70% o f  t he  t o t a l  amounts (washing + l e a f l e t )  and 

t h e  amounts i n  t h e  washings i n  percent  o f  t h e  t o t a l  increased w i t h  t ime. 



After 46 days the amounts of vinclozolin recovered from the washings 

accounted for approximately 94% of the total, and vinclozolin which 

remained adsorbed on the treated leaflet accounted for approximately 6% 

of the total. Linearity of the relationship between the total amounts 

of vinclozolin recovered from the treated leaflets and time was observed 

(n = 12, r = -0.994*), and there was no statistically significant 

deviation from linearity. Based on the linear regression equation: 

Amount = -2.575t + 169.7 

the calculated half-life of vinclozol in on the Roni lan@-treated leaflets 

was 33.1 days. 

The amounts of vinclozolin on pea leaflets treated with an acetone 

solution at the same rate at various, shorter intervals after treatment 

are shown in Figure 31. There were 167 pg of vinclozolin present in the 

treated-leaflet two h after treatment which was comparable with the - 

initial deposits on the leaflet treated with RonilanB (Fig. 30). There 

was significant difference in the persistence of vinclozolin between the 

two treatments. Little vinclozolin was removed by washing with water 

from the acetone solution-treated leaflets. The amounts of vinclozolin 

present in the washings accounted for only 5% to 10% of the total 

(washing + leaflet). Linearity of the relationship between the total 

amounts of vinclozolin recovered from the treated leaflets and time was 

again observed (n = 8, r = -0.993") as in the RonilanB-treated leaflets, 

and there was no statistically significant deviation from linearity. 

Based on the linear regression equation: 

Amount = -5 .75Ot + 160.8 

the calculated half-life of vinclozolin on the treated leaflets was 13.4 

days. 



The persistence of vinclozolin on treated leaflets was clearly 

influenced by the formulations used for application. The commercial 

formulation, RonilanB 50 WP, was much more persistent than the acetone 

solution. The rate of disappearance of Ronilana was about 45% of that 

of the acetone solution, so that its half-life was about 2.5 times 

longer. In Roni lan@ the active ingredients were impregnated in the 

inert solid support thus reducing dissipation by volatilization. In 

comparison, the acetone solution of vinclozolin spread with the solvent 

over the surface of the leaflets. Therefore, loss of the active 

ingredient by volatilization and co-distillation during transpiration 

was significant. Biological degradation may be another important factor 

which contributed to the lower persistence of the acetone solution. 

Using acetone as the carrier promoted the penetration of the active 

ingredient through the waxy surfaces of the pea leaflets. Penetration 

of vinclozolin was evidenced by the facts that less than 10% of the 

chemicals were removed by water and 90% or more were extracted by 

organic solvent (Fig. 31). In contrast 75% to 95% of the active 

ingredient was removed by water from the Ronilana-treated leaflets, 

indicating that only 5% to 25% of the chemicals penetrated the waxy 

surfaces of the treated leaflets (Fig. 30). Vinclozolin which pene- 

trated through the waxy surfaces was subjected to biological degradation 

by the cells and consequently lower persistance was demonstrated. 

The fact that most the active ingredient of Ronilana 50 WP was 

easily removed by rinsing with water has significant influence on its 

efficacy. In order to prevent infection, vinclozolin, a protectant 

fungicide, is applied to the surface of foliage or fruit to form a 



barrier between the host and the inoculum. Best protection is achieved 

by covering the surface with the protectant fungicide during the entire 

infection season. However, weathering gradually reduces the amount of 

residue on the surface and eventually it drops below the threshold of 

effectiveness. In addition plant growth further dilutes the protect- 

ant. Therefore, protective treatments must be repeated at certain time 

intervals. Rain as one of the important factors of weathering removes 

deposits from treated plants by mechanical erosion. Since the deposits 

of Roni lan@ were easily removed by rinsing with water it was evident 

that this protectant fungicide would be susceptible to weathering 

factors such as rain and dew. To increase the effectiveness of RonilanB 

spreaders and stickers may be added to improve its resistance to 

weathering, or the frequency and timing of treatments may be synchron- 

ized in such a way as to compensate for loss of protectants due to 

weathering and growth. 

The persistence of vinclozolin under field conditions was lower 

than that under laboratory conditions as reported here because of 

weathering. Zenon-Rol and and Gi 1 les (1978) reported that when 

vinclozol in' was applied at rates from 125 - 175 g AI/ha to strawberry 
plants, its residues on fruits were proportional to the application 

rate. The half-life varied from year to year. It was 12-13 days in one 

year and 22 days in the following year; both values were shorter than 

the half-1 ife of 33 days reported here with Roni lan@. Much shorter 

half -1  i ves were reported on grapes. Del Re -- et a1 . (1980) determined the 
rate of dissipation after the last of seven treatments with vinclozolin 

at 700-1400 g AI/ha and reported a half-life of 7.5-9 days. A still 



shorter half-1 ife was reported by Gennari -- et al. (1985), also on grapes; 

depending on the application rate the calculated half-life ranged from 

1.2-4.9 days. 

The persistence of vinclozolin was compared with that of captan, a 

protectant dicarboximide fungicide extensively used in agriculture. 

According to nine studies on apples, grapes and pears conducted in 

Ontario from 1981 to 1983, residues decreased significantly over a 

14-day period following the last application of Captan@ 50 WP, or 

Captan@ 80 WP at 1.7, 2.8 or 3.4 kg/ha (Frank -- et al. 1985). Correla- 

tions between rainfall and residues were observed in five of the 

studies; but no correlations were observed in four studies in which 

little or no rain fell in the first 7 days after application. The 

effect of rainfall on the dissipation of captan on apples, grapes and 

pears outdoors was comparable with the effect of rinsing with water on 

removing vinclozolin residues on pea leaves reported here. These 

observations indicate that the wettable powder formulations of both 

vinclozolin and captan are somewhat susceptibl 

In pea leaflets treated with Ronilana or 

vinclozolin was the only compound detected in 

tion products, M1, M2, and M3 were not detecte 

e to weathering. 

the acetone solution 

the tissues. The degrada- 

d with the limit of 

detection of 0.1 ppm (fresh wt). It was apparent that MI, M2 and M3 

were not formed in pea leaves when vinclozolin was topically applied to 

the leaf surface. Similar observations were reported in the degradation 

by plants of 3-(3' ,5 I-dichloropheny1)-5,5-dimethyloxazol idine-2,4-dione 

(DDOD) (Fig. 32A), a methyl analogue of vinclozolin (Sumida -- et al. 

1973b). Bean plants (Phaseolus vulgaris) were injected with 14~-DDOD at 



the stem. After 14 days, the degradation products, - N-3,5-dichloro- 
phenyl -N- - 6-hydroxyi sobutyryl carbamic acid (DHCA, Fig. 32B) and - N- o( 

-hydroxyi sobutyryl-3-5-dichloroani 1 ide (HDA, Fig. 32C) were not detected 

in the tissues; but when DDOD was applied in nutrient solutions, both 

degradation products DHCA and HDA were detected in tissues of the 

root-treated bean plants. However, Sumida -- et a1 . (1973b) a1 so observed 
that DDOD degraded rapidly to DHCA and HDA in the nutrient solution. In 

view of this fact they concluded that probably substantial portions of 

DHCA and HDA detected in the root-treated plant tissues were derived 

directly from DHCA and HDA in the nutrient solution rather than being 

products of plant metabolism. As a note of interest, it seems highly 

likely that the correct identity of the degradation product identified 

as DHCA by Sumida -- et a1 . could be 2-[(3,5-dichlorophenyl )carbamoyl ] 

oxy-2-methyl propionic acid (Fig. 32D) for the same reasons as described 

in the identification of M1 under 3.3.2.2. 

Vinclozolin was not detected in any of the untreated pea leaflets 

in the persistence studies with RonilanB or the acetone solution, indi- 
b 

eating that it was non-systemic and would not be translocated from the 

treated leaflets to the untreated parts of the plants. In order to 

confirm this non-systemic property, its movement was monitored 38 days 

after the Ronilana treatment and 21 days after the acetone solution 

treatment. All untreated parts including stems and roots were extracted 

and analyzed. Vinclozolin and its degradation products MI, M2 and M3 

were not detected at the limit of 0.1 ppm (fresh wt). I concluded that 

vinclozolin is non-systemic when applied to leaves. 



Table 24. Recoveries of vinclozolin and its degradation productsa 

from water. 

Compound 

Percent recovery ( * S. D., n = 4) 

10.0 ppm 1.0 ppm 

vinclozolin 

M 1 

M 2  

a M 1  = 2-[(3,5-di chlorophenyl )carbamoyl ] oxy-2-methyl-3-butenoic acid, 

M2 = 3',5'-dichloro-2-hydroxy-2-methylbut-3-enanilide and M3 = 3,5- 

dichloroaniline. 



Table 25. Recoveries of vinclozol in and its degradation productsa 

from pea leaflets. 

- 
Percent recovery ( X  f S.D., n = 4) 

Compound 10.0 ppm 1.0 ppm 0.2 ppm 
-- 

vinclozol in 96.3 f 2.0 95.2 f 2.8 92.9 f 2.6 

M 1 85.0 f 3.5 81.4 f 2.7 73.8 f 3.6 

a MI = 2-[(3,5-dichlorophenyl )carbamoyl] oxy-2-methyl-3-butenoic acid, 

M2 = 3',5'-dichloro-2-hydroxy-2-methylbut-3-enani1ide and M3 = 3,5- 

dichloroaniline. 



Figure 30. Persistence of vinclozolin on pea 

leaves under laboratory conditions 

after application of Ronilana 50 WP at 

' 187.5 pg AIIleaflet. 





F i g u r e  31. Pers is tence o f  v i n c l o z o l i n  on pea 

leaves under l a b o r a t o r y  c o n d i t i o n s  

a f t e r  appl i c a t i o n  o f  an acetone 

s o l u t i o n  a t  187.5 pg A I / l e a f l e t .  





Figure 32. Structural formulae of DDOD, 

3-(3' ,5' -dichlorophenyl )-5,5-dimethyl- 

oxazol idine-2,4-dione (A); DHCA, 3,5- 

dichlorophenyl-N-d-hydroxyisobutyryl - 
carbamic acid (B); HDA, - N-d-hydoxy- 
i sobutyryl-3,5-dichloroani 1 ide (C) ; 

and 2-[(3,5-dichlorophenyl )carbamoyl ] 

oxy-2-methyl propionic acid (D) . 
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4. CONCLUSIONS 

This study on the hydrolysis of vinclozolin, a protectant fungi- 

cide, at 35 C and pH 4.5-8.3, and its persistence on pea leaves (Pisum 

sativum L. ) under laboratory conditions, leads to the fol lowing 

conclusions: 

1. On hydrolysis three degradation products were isolated, purified and 

identified. They were 2-[(3,5-dichlorophenyl )carbamoyl] oxy-2- 

methyl-3-butenoic acid (MI), 3' ,5'-dichloro-2-hydroxy-2-methylbut- 

3-enanilide (MZ), and 3,5-dichloroaniline (M3). The identity of M3 

was confirmed by gas chromatography-mass spectrometry. The 

structures of M1 and M2 were elucidated and confirmed by solid probe 

mass spectrometry, proton and 1% nuclear magnetic resonance. 

Furthermore, the identity of M1 was confirmed by unambiguous 

evidence from x-ray crystallography of its ethyl ester. 

2. The disappearance of vinclozolin on hydrolysis at 35 C followed 

simple pseudo-first-order kinetics from pH 4.5-8.3. Vinclozolin was 

much more susceptible to hydrolysis at basic than at acidic pH and 

the pseudo-first-order rate constant was directly proportional to 

the hydroxide ion concentration. 

3. At pH 7.0 the pseudo-first-order rate constant was directly propor- 

tional to the reaction temperature. Using the Arrhenius plot of log 

rates at 13 C, 20 C, 26 C and 35 C vs. 1/T, the energy of activation 

for the hydrolysis of vinclozolin at pH 7.0 was calculated to be 

97.2 K Joules mol-1, and the frequency factor to be 3.467 x 1015 

h-1. 



4. M 1  and M2 were t h e  major degradat ion products bu t  M3 was a  minor one 

which was detected i n  t h e  h y d r o l y s i s  mix tures  a f t e r  a t  l e a s t  21 days 

i ncuba t i on  i n  pH 4.5-8.3 b u f f e r s  a t  35 C. The f i n d i n g  t h a t  M3 was 
4 

formed on h y d r o l y s i s  o f  v i n c l o z o l i n  i s  impor tan t  t o  environmental 

t o x i c o l o g i s t s  because M3 i s  a  c h l o r i n a t e d  aromatic amine which may 

be t o x i c  t o  h igher  animals. 

5. Using M 1  as t h e  s t a r t i n g  m a t e r i a l  f o r  i ncuba t i on  s tud ies  i n  phos- 

phate b u f f e r s  o f  pH 4.5 and 8.0 a t  35 C, i t  was demonstrated t h a t  

r e c y c l i z a t i o n  o f  M 1  occurred t o  y i e l d  v i n c l o z o l i n ,  i n d i c a t i n g  t h a t  

conversion f rom v i n c l o z o l i n  t o  M 1  on h y d r o l y s i s  was r e v e r s i b l e .  

Recyc l i za t i on  o f  M I  was favored i n  a c i d i c  r a t h e r  than i n  bas ic  pH. 

6. M I ,  M2 and M3 were s t a b l e  i n  aqueous b u f f e r s  o f  pH 4.5-8.0. On a  

molar bas is  t he  t o t a l  amounts o f  v i n c l o z o l i n  p l u s  M I ,  M2 and M3 

remained somewhat constant  throughout t h e  i ncuba t i on  study f o r  50- 

113 days. , 

7. Based on the  k i n e t i c  da ta  a  degradat ion pathway was proposed f o r  the  

h y d r o l y s i s  o f  v i n c l o z o l i n ,  i n  which the  2,4-oxazol idinedione r i n g  

opens t o  y i e l d  both M 1  and M2 independently.  The conversion f rom 

v i n c l o z o l i n  t o  M I  was r e v e r s i b l e  and t h e  fo rward  r e a c t i o n  was 

favored by  bas ic  pH whereas the  reverse  r e a c t i o n  was favored by  

a c i d i c  pH. 

8. V i n c l o z o l i n  p e r s i s t e d  on pea leaves f o r  21-46 days under l a b o r a t o r y  

cond i t i ons .  I t s  pers is tence was h igher  w i t h  Roni lanQ 50 WP, a  

commercial f o r m u l a t i o n  o f  v i n c l o z o l i n ,  than w i t h  an acetone 

so lu t i on .  The d i s s i p a t i o n  o f  v inc lozo7 in  on leaves was l i n e a r  and 



t h e  c a l c u l a t e d  h a l f - l i f e  was 33.1 days f rom Roni lanm and 13.4 days 

f rom 

9. Roni 

1  ess 

Ron i 

t h e  

were 

the  acetone s o l u t i o n .  

an@ depos i ts  were e a s i l y  d is lodged by  r i n s i n g  w i t h  water and 

than 25% were s t r o n g l y  adsorbed on t h e  leaves, i n d i c a t i n g  t h a t  

an@ was suscep t i b le  t o  weathering. I n  comparison, depos i ts  o f  

cetone s o l u t i o n  were much more tenacious, s i nce  l e s s  than 10% 

d is lodged by r i n s i n g  w i t h  water .  

10. T rans loca t i on  o f  v i n c l o z o l i n  was n o t  de tec ted  i n  pea p l a n t s  a f t e r  

i t s  a p p l i c a t i o n  t o  one o f  t h e  l e a f l e t s  i n d i c a t i n g  t h a t  i t  i s  non- 

systemic. The degradat ion products,  M I ,  M2 and M3 were n o t  detected 

i n  e i t h e r  t r e a t e d  o r  un t rea ted  t i s s u e s  o f  t h e  same p l a n t .  
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