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The prepara t ion  and possible  physiological  act ivi ty  of the ac ry l i c  de r iva t ives  of chlorophos and a num- 
ber  of its analogs were  r epor t ed  prev ious ly  [1, 2]. In pa r t i cu la r ,  the me thac ry l i c  der iva t ive  of chlorophos 
exhibits  ft~ngicidal p rope r t i e s  [3]. In order  to a sce r t a in  the re la t ion  between the s t ruc tu re  and physiological  
act ivi ty  of the studied type of compounds we obtained some  new acry l ic ,  methaery t ic  and a - f l u o r o a c r y l i c  
compoun&~ based on ehlorophos and i ts  analogs,  in par t i cu la r ,  the butyl and phenyl analogs.  

The products  were  synthesized by the react ion  of chlorophos and its analogs with the appropr ia te  acid 
chlorides of the ac ry l i c  s e r i e s  in the p resence  of Na2CO 3 as the HCI accep tor  using the p rocedure  descr ibed  
in [1]. T~e obtained compounds (Table 1) a r e  ei ther  c rys ta l l ine  substances  or viscous co lor less  liquids 
that a r e  not amenable  to vacuum-dis t i l la t ion .  They are . insoluble  in wa te r  and hydrocarbons ,  but a re  so l -  
uble in benzene,  acetone,  ch loroform,  d imethy l fo rmamide  or dioxane. V~en heated or allowed to stand at 
r oom t e m p e r a t u r e  for a long t ime  the compounds po lymer ize  with the fo rmat ion  of se l f -ext inguishing poly-  
m e r s .  The s t ruc tu re  of the compounds is conf i rmed by their  IR spec t ra ,  where  absorpt ion bands appear  
in the 1635-1655 cm - t  region,  which tes t i fy  to the p re sence  of the C=C bond, while the band of the s t r e t ch -  
ing v ibra t ions  of the t r i ch loromethy l  group is p resen t  in the 800 cm -1 region.  

We ran  some compara t ive  toxicological  t es t s  on both the prev ious ly  desc r ibed  [1] and s o m e  of the 
f r e sh ly  ob~:ained ac ry l i c  de r iva t ives  of chlorophos and i ts  analogs with r e spec t  to warm-b looded  animals ,  
pathogenic fungi and ha rmfu l  insec ts .  The toxici ty for warm-b looded  animals  was de te rmined  on white 
mice  by the M i l l e r -  Teinter  method,  with a calculat ion of the LDs0 and its  confidence l imi t s ,  employing the 

TABLE I. Some Unsaturated Derivatives of Chlorphos and Its Analogs 

Compond 

(C,H~0)~--CH--0--C--C=CH~ 42 55--56[ 
;I ~ II [ 
0 CCh 0 H 

(C4H~0)zP--CH--0--C--C=CH2 
II I II I 8 8  * ' 
O GGh O H 

(C,H~0)zP--CH--0-- C--C=CH2 
I] I I; I 3 0  * 

0 CCh 0 CHz 

(C4H~O)2p--CH--O--C--C=CHz 

0 CCIa 

(CH30)~P-- CH--O --G--C~CII2 
tl I It I 54 38--39] 

O CC13 O H 

n~ 

,475~ 

,474( 

,469~ 

dl~ 

2918972189o 
/ _ _  MR__~_I F~ % ~ 

] 7,28 46,90 3,20 25,4c 
~ ]  3,2"---~ 24,4t 7,t-'7 

I 

39,631 5,9_2 z7,7t 7,8_A~ 
39,46 5,70 26,8[ 7,74 

40,93 6,t8 26,5( 7,43 
41,04 5,9----'0 25,9( 7-~ 
38,88 6,17 23,5( 8,21 
37,74 5-~ 25,7t 7,48 
27,t6 3,22 i34.4( 9,81 
26,99' 3,2---3 [54.1-----~ 9 ~  

*The compounds decompose when vacuum-distilled at 0.05 ram; they were purified 
by repeated washing. 
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TABLE 2. T o x i c i t y  for  W a r m - B l o o d e d  A n i m a l s  and F u n g i c i d a l  A c -  
t ion of Some  U n s a t u r a t e d  D e r i v a t i v e s  of Ch lo rophos  and I t s  A n a l o g s  

No. 

(I) 

(II) 

(III) 

(IV) 

(V) 

(VI) 

(vii) 

(VIII) 

(IX) 

Comtx~und 

(CH~0hP--CH--0--C--CH~ 
I[ l H 
0 CC13 0 

(CH~0)~P--CH--0--C--C=CH, 
L il �9 L 

CC13 0 H 

CH~0)2P--GH--0--C--C=CH~ 
g I It 

CCh 0 CH, 
C4H *0 )2P--CH--0--C--C=CH2 

O CCh 

C,.H~O)~P -- CH--0--C--C=CH2 

C C h  

C , H , 0 ) ~ P - - C H - - O - - C - - C = G H ~  

0 CG h  0 P 

.~ IC2H40 )~P --CH-- 0--C-- C=CH2 

O C C h  

C~H5 
"~P--CH--0--C--C=CH~ 

~H / i I Ii 1 
~2 s 0 CG a 0 H 

(CeHs0)~P--CH--0--C--G=CH~ 

0 CCh 0 CHa 

LD50, mg 
"o ~ Bt ~.~  ~ /kg  (C) 

O 

a 0,t5 800 
b 0,t5 (700--900) 

~" 0,10 tt0 
0,t0 (I01~-119) 

a O, 05 455 
b 0,05 (376 534) 

a 0,05 600 
b 0,05 (537- -663) 

a $ tt60 
b $ (1t48+1160) 

a 0,25 670 
b 0,25 (554---786) 

a 0,25 265 
b 0,25 (273--257) 

a --  435 
b -- (341- -529) 

Ore r 
a -- 800 
5 -- 

Selectivity 
index (C/B) 

5333 

tt00 

8t00 

12000 

268O 

t060 

*a) Trichophyton gypseum; b) Epidermophyton Kaufmann-Wolf. 
tThe lowest concentration in % that causes a complete suppression of fungal growth. 
SThe fungicidal properties were not tested due to the poor solubility; a minus sign 
means that the compound fails to act on the fungus culture at a concentration of 0.25%. 

s u b s c u t a n e o u s  i n j e c t i o n  of aqueous  e m u l s i o n s  of the t e s t  compounds  [4]. H e r e  O P - 7  s e r v e d  as  the e m u l s i -  
f i e r ,  which was  t aken  on the b a s i s  of 1 : 0.5. 

A s  t e s t  ob j ec t s  to s tudy  the fung ic ida l  a c t i on  we took T r i c h o p h y t o n  g y p s e u m  and E p i d e r m o p h y t o n  Kauf -  
m a n n - W o l f ,  which a r e  fungi  that  d a m a g e  the  sk in  and i t s  a p p e n d a g e s  fo r  m a n  and a n i m a l s .  The  c u l t u r e s  
of the  fungi w e r e  sown on so l id  Sabu ro  m e d i u m ,  which  con ta ined  i n c r e a s i n g  d o s e s  of the  t e s t  compounds .  
The  c r i t e r i o n  of fung ic ida l  a c t i on  was  c o n s i d e r e d  to be  the a b s e n c e  of fungal  g rowth  for  a month ,  with l u x u -  
r i a n t  g rowth  in the c o n t r o l .  The con tac t  i n s e c t i c i d a l  a c t i o n  was  d e t e r m i n e d  on the h o u s e f l y  (Musca  d o m e s -  
t i c a  L) and the g r a n a r y  weev i l  ( C a l a n d r a  g r a n a r i a  L) ,  whi le  the s y s t e m i c  a c t i o n  was  d e t e r m i n e d  on the aphid  
(Aphis f abae  Scop . )  and  the s p i d e r  m i t e  ( T e t r a n y c h u s  u r t i c a e  Koch) .  

The  r e s u l t s  of the  t e s t s  a r e  s u m m a r i z e d  in Tab le  2, w h e r e  compound  (I), n a m e l y  the  O, O - d i m e t h y l  
e s t e r  of 1 - a c e t o x y - 2 , 2 , 2 - t r i c h l o r o e t h y l p h o s p h o n i c  ac id  ( c h l o r a c e t o p h o s ) ,  i s  g iven  fo r  c o m p a r i s o n .  Th i s  
compound  has  found use  in  m e d i c i n e  fo r  the  t r e a t m e n t  of fungal  d i s e a s e s  in  m a n  [5 ,6] .  A s  can  be s e e n  f r o m  
T a b l e  2, r e p l a c i n g  the a c e t y l  r a d i c a l  in the c h l o r a c e t o p h o s  m o l e c u l e  by  e i t h e r  the a c r y l o y l  or  m e t h a c r y l o y l  
r a d i c a l  i n c r e a s e s  the  t o x i c i t y  of the  compound  and enhances  the  fung ic ida l  p r o p e r t i e s ,  which l e a d s  to an i n -  
c r e a s e  in  the s e l e c t i v i t y  index  of compound (lII). A l eng then ing  of the a lkoxy l  r a d i c a l  a t t a c h e d  to the p h o s -  
p h o r u s  a t o m  d e c r e a s e s  the  t o x i c i t y  with r e s p e c t  to w a r m - b l o o d e d  a n i m a l s  [compounds  (II) and (IV), and (HI) 
and  (V)] and i n c r e a s e  the s e l e c t i v i t y  index of (IV). The i n s e r t i o n  of a c h l o r i n e  a t o m  in the  a lkoxy l  g roup  
a t t a c h e d  to the  p h o s p h o r u s  l e a d s  to  an  i n c r e a s e  in  the  t o x i c i t y  of (VII). 

C h l o r a c e t o p h o s ,  which is  a weak  i n s e c t i c i d e ,  c a u s e s  the  dea th  of h o u s e f l i e s  and  the g r a n a r y  weev i l  
when d e p o s i t e d  a s  0.5% s o l u t i o n s .  We w e r e  unab le  to d e t e c t  i t s  s y s t e m i c  a c t i o n  with r e s p e c t  to suck ing  
i n s e c t s .  The  a c r y l i c ,  m e t h a c r y l i c  and a - f l u o r o a c r y l i c  d e r i v a t i v e s  of c h lo rophos  and i t s  a na logs  ( c o m -  
pounds  (H) and (IX), s e e  T a b l e  2), even  a t  a c o n c e n t r a t i o n  of 2-5~c, f a i l  to exh ib i t  an  e x p r e s s e d  tox ic  e f fec t  
on i n s e c t s  when app l i ed  t o p i c a l l y .  A s y s t e m i c  ac t i on  i s  not  e x h i b i t e d  when the p l an t s  a r e  t r e a t e d  with 1~ 
so lu t i ons  of the  t e s t  compounds ,  whi l e  a f u r t h e r  i n c r e a s e  in the c o n c e n t r a t i o n  l e a d s  to  p lan t  b l i gh t .  

E X P E R I M E N T A L  M E T H O D  

O, O-Dipheny l  ( 1 - a c r y l o y l o x y - 2 ,  2, 2 - t r i c h l o r o e t h y l ) p h o s p h o n a t e .  To a s u s p e n s i o n  of 49 g of O ,O-  
d ipheny l  ( 1 - h y d r o x y - 2 ,  2, 2 - t r i c h l o r o e t h y l ) p h o s p h o n a t e  and 106 g of Na2CO 3 in 250 m l  of a b s o l u t e  CHCI3, 
con ta in ing  0.1 g of hyd roqu inone ,  a t  15-16 C, with v i g o r o u s  s t i r r i n g ,  was  added  in d r o p s  a s o l u t i o n  of 46.6 
g of a c r y l o y l  c h l o r i d e  in 150 m l  of a b s o l u t e  CHCI 3. Then  the m i x t u r e  was  s t i r r e d  at  ~ 20 ~ fo r  12 h.  The  
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precipitate was filtered, and the filtrate was evaporated in vacuo. After evaporation, the residue was dis- 
solved in -00 ml of benzene and washed 3-4 times with aqueous NazCO 3 and NaCl solutions. The solution was 
then dried over CaSO 4 and evaporated in vacuo. A double recrystallization of the residue from aeetonegave 
23.5 g (42c,~) of a white crystalline compound with mp 55-56 ~ 

O,O-Dimethyl (l-acryloyloxy-2, 2,2-trichloroethyl)phosphonate. The synthesis was run in the same 
manner as the preceding. The reaction of 85.5 g of O, O-dimethyl (l-hydroxy-2, 2, 2-trichloroethyl)phospho- 
nate (chlorophos) with 30 g of acryloyl chloride in 600 ml of absolute benzene, in the presence of 106 g of 
NazCO 3 anc 0.15 g of hydro~uinone, gave 56.2 g (54~) of O, O-dimethyl (l-acryloyloxy-2,2, 2-trichloroethyl)- 
phosphonate with mp 38-39- (from acetone). 

O,O--Di-n-butyl (l-acryloyloxy-2, 2, 2-trichloroethyl)phosphonate. In a similar manner, the reaction 
of 56.5 g of O, O-di-n-butyl (l-hydroxy-2, 2, 2-trichloroethyl)phosphonate with 16.5 g of acryloyl chloride in 
500 ml of absolute benzene, in the presence of 53 g of NazCO 3 and 0.i g of hydroquinone, gave 57 g (88%) of 
O,O-di-n-~utyl (l-acryloyloxy-2, 2,2-trichloroethyl)phosphonate as a viscous colorless oil that decomposed 
when subjected to vacuum-distillation at 0.05 rnm. 

The ~roduct was characterized in the crude form, after its benzene solution was treated repeatedly 
with aqueols Na2CO ~ and NaCI solutions, followed by drying over CaSO 4 and then evaporation for 6 h in 
vacuo (0.05 ram) at ~ 20 ~ until the nD2~ had a constant value. 

Di-n-butyl (l-methacryloyloxy-2, 2,2-trichloroethyl)phosphonate. From 68.4 g of O, O-di-n-butyl- 
(l-hydroxy-2, 2, 2-trichlorobutyl)phosphonate and 22.2 g of methacryloyl chloride in 400 ml of absolute 
benzene, in the presence of 70 g of Na2CO 3 and 0.2 g of hydroquinone, after purification by the above de- 
scribed method, we obtained 64.9 g (79%) of crude O, O-di-n-butyl (l-methacryloyloxy-2,2, 2-trichloro- 
ethyl)phosphonate as a thick colorless liquid. 

O, O-Di-n-butyl (l-C-~-fluoroacryloyloxy-2, 2,2-trichloroethyl)phosphonate. From 13.2 g of O, O-di- 
n-butyl (l-~lydroxy-2, 2, 2-trichloroethyl)phosphonate and 5.6 g of c~-fluoroacryloyl chloride in 250 ml of 
absolute benzene, in the presence of 13 g of NazCO 3 and 0.05 g of hydroquinone, we obtained 11.8 g (74%) 
of O, O-all-n-butyl (l-(~-fluoroacryloyloxy-2, 2, 2-trichloroethyl)phosphonate, which was purified as described 
above. The product is a viscous colorless liquid that is insoluble in water, but is soluble in acetone, 
chloroform or benzene. The attempted vacuum-distillation (0.05 ram) of the product resulted in polymeriz- 
ation, even in the presence of inhibitors (hydroquinone, CuCI). 

CONCLUSIONS 

The reaction of chlorophos and its analogs with the acid chlorides of the acrylic, methacrylic and 
o~-fluoroac~;ylic acids gave some new unsaturated compounds that possess fungicidal action. 
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