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The r e a c t i o n s  of O , O - d i e t h y l  d i t h i o p h o s p h a t e  wi th  e p i c h l o r o h y d r i n  in to luene  and of O , O - d i e t h y t  t h i o -  
p h o s p h a t e  wi th  t h i o e p i c h l o r o h y d r i n  in  b e n z e n e ,  in  the  p r e s e n c e  of an e q u i m o l a r  amount  of t r i e t h y l a m i n e ,  
g ive ,  b a s e d  on the  d a t a  of  the  IR s p e c t r a ,  i d e n t i c a l  p r o d u c t s ,  a l though t h e r e  is  s o m e  d i f f e r e n c e  in the  con-  
s t a n t s  Of t h e s e  c o m p o u n d s  

CICH~CH--CH~4-(C~H~O~PSH (c'H~)'N 
\ / II I 0 8 

(C~H*0)2 PSCH~CH--CH~ 

0 S C1CH.CH--CH~ + (C~Hs)~POH (C~'II')'N I 
%/ Ir 

S S 

Apparently, identical products can be obtained in these reactions if the triethylammonium salt of the 
diethyl dithiophosphate reacts with epichlorohydrin in the same manner as does potassium thiocyanate, with 
the formation of thioepichlorohydrin and the triethylammonium salt of diethyl thiophosphate 

C1CH2--CH--CH~ + (C~H50)2 PSH ' CICH2--CH--CH2 + (C~HsO)~POH 
\J Sll (C,H,),N \ S  / Sll 

The alkali metal salts and ammonium salts of O,O-dialkyl thiophosphates and O,O-dialkyl dithiophos- 
phates are good thioepoxidation agents. Acting on epoxide compounds in the same manner as potassium 
thiocyanate or thiourea, they convert them to thioepoxy compounds. Thus, the heating of propylene oxide 
or phenyl glycidyl ether in water at 60-70 ~ with an equimolar amount of either potassium diethyl thiophos- 
phate or potassium diethyl dithiophosphate gave propylene thioxide or phenyl thioglycidyl ether. The con- 
stants of the obtained compounds are given in Table 1 

RCH~CH--CH~ + (C2H~)~PSK --~ RCH2CH--CH~ + (CeHsO)~POK 
/ If \ s /  I~ \ o  s (o) s (o) 

R=H, CsH~ 

We a l so  r a n  a s e r i e s  of r e a c t i o n s  of p o t a s s i u m  O , O - d i a l k y l  d i t h i o p h o s p h a t e s  wi th  the  e s t e r s  and 
e s t e r - a m i d e s  of  f l , T - e p o x y p r o p y l p h o s p h i n i c  ac id ,  which  w e r e  ob t a ined  by  us a c c o r d i n g  to the  s c h e m e  

R'O R" 
\ \ 

R" --  P @ CH~--CH--CH~Br ~ PCH~CH--CH~ -~ R'Br 

/ \ /  It,,/; % /  It"' O ' 
R'=CH3, R"=CH30, R'="CH30; R'=C2Hs, It"=C~Hs0, W"=C2H~0; R'=C3H~, IV'=C3H70; 

R'":(C~Hs)~N; lt'=C~Hg; R"----C4H00; R"'=(CeHs)~N. 

'1,4758 

1,5700 

C,% 

65,12 
6-5,o5 

H,% 

6,14 
6-7~2 

gpoxides S, 
7o 

43,03 
43,24 
17,80 
19,20 

Yield, % 

40 

50 

R'"=C3H70; R'=CeHs, R"=C2HsO, 

T A B L E  1 

Bp, ~ (p, mm I 2 0  

R of Hg) I a4 

H 72--74 (760) 0,9425 

C6H~ 81 (0,2) 1,1375 

* The upper figures are the found values and the lower figures are the calculated values. 
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TABLE 2 

i 
R '  R" I R ' "  

i 

CH3 CH30 CHsO 

C2Hs ~HsO (C2Hs)3N 

~p,~ rara d~ ~ I ~ I c*,% 
of Hg) I 

123--125,5(II)I 1,2420[ 1,4475 35,88 

92(0,3) /1,08021 1,4582 48,94 
�9 4 8 - - ~  

% v*, % Yield. H 
/v 

6,48 18,62 I 

8,94 13,86 / 
9-~ 14,02[ 38 

* The upper figures are the found values and the lower figures are the calculated values. 

TABLE 3 

Bp, *C (p, 
R" R " '  

mm of Hg) 

C,H4/C~H~ 99 ~0,3) I 

1,2640 

1,1574 

1,1012 

1,4950 

1,4790 

1,4751 

C*, % 

32,66 

40,09 

45,92 

I-I*, % 

6,00 
6V0~ 
7,30 

8,19 

[ o .- Yield, p* % 

17,25 i7,15 25 

14,60 15,43 54 

13,05 13,60 40 

* The upper figures are the found values and the lower figures are the '~alcuiated 
, yalues. 

In Table 2 are  given those epoxy compounds whose constants are  not given in [1, 2]. 

The thioepoxidation of the dialkyl e s t e r s  of fi ,y-epoxypropylphosphinic acid goes when equimolar  
amounts of the s tar t ing components are  heated in propanol at 60-80 ~ 

(RO)~PCH2CH--CH~ ~ (R'O)2PSK-*(RO)~PCH~CH--CH3 -{- (R'O)2POK 
II \ / il I] \ / II 
O 0 S O S S 

In Table 3 are  given the constants of the O,O-dialkyl e s t e r s  of fi,y-thioepoxypropylphosphinic acid. 

The thioepoxidation of the e s t e r - amides  of fl ,y-epoxypropylphosphinic acid with the salts of phosphorus 
thioacids gave e i ther  polymeric  mater ia l s  or  compounds that lent themselves  with difficulty to purification 
in a yield not exceeding 10%. Thus, f rom 4 g of the ethyl e s t e r  of diethylamido-fi ,y-epoxypropylphosphinic 
acid was isolated ~0.3 g of the thioepoxy compound with bp 78-94 ~ (0.5 mm); d~ ~ 1.1097; n~ 1.4840. Found: 
Sthioepoxy 11%. C9H20NO@S. Calculated: Sthioepoxy 13.507o. F r o m  the butyl es te r  of diethylamido-fl ,y- 
epoxypropylphosphinic acid was obtained in 870 yield a compound with bp 116-118 ~ (0.2 mm); d] ~ 1.1016; 
n~ 1.4780. Found: N 4.10; 1 ) 11.97; Sthioepoxy 1070. CllH24NO2PS. Calculated: N 5.28; P 11.69; Sthioepoxy 
12.0770. The react ion of potass ium diethyl dithiophosphate with the diethyl e s t e r  of c~-methylepoxyvinyl- 
phosphinic acid gave a compound in which the thioepoxide sulfur cannot be determined by t i trat ion 

o s 
/ \  / \  

(C~Hs0)2PC--CH~ q- (C2Hs0)2PSK ~ (C3HsO)2PC--CH2 
i l l  ii I l l  
O CHs S O CI-Ia 

It is known that thioepoxides, in contras t  to thietane derivat ives,  react  eas i ly  with cer ta in  tr ivalent  
phosphorus compounds [3]. The diethyl e s t e r  of a-methylthioepoxyvinylphosphinic acid reacts  exothermal-  
ly (the t empera tu re  r i ses  f rom 24 to 74 ~ with hexaethyltr iamidophosphite according to the scheme:  

CH3 
I 

(C3HsO)=PC--CH2-~-[(C2Hs).oN]aP--~(C~HsO)~PC=CH~ [(C2HshlN ]3 P 
il \ /  fl I il 

O S O CH3 S 

The possibil i ty of forming thioepoxy compounds f rom olefin oxides and salts of phosphorus thioacids 
was shown in [4]. 

Since the dialkyl thiophosphates or  the dialkyl dithiophosphates of the alkali metals  react  with epi- 
chlorohydrin in the same manner  as does potassium thiocyanate, with the formation of thioepichlorohydrin,  
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then O,O-die thy l  glycidyl dithiophosphate (the obtained compound does not r eac t  with th iourea  in methanol) 
is not obtained when equ imola r  amounts  of epichlorohydr in  and po t a s s ium diethyl dithiophosphate a re  r e -  
acted. The th ioepichlorohydr in  fo rmed in the f i r s t  s tep immedia te ly  r eac t s  with the st i l l  unconsumed sal t  
of the dithio acid, and a f t e r  this is consumed - with the obtained sal t  of the monothio acid. Since these 
reac t ions  a re  run in aqueous solution, then the fo rmat ion  of a mix tu re  of i s o m e r s  is poss ible ,  which c~-~- 
not be s epa ra t ed  by dist i l lat ion.  The format ion  of a mix ture  of i s o m e r s  when the dialkyl dithiophosphaLc 
of the alkal i  me ta l s  a r e  r eac ted  with th ioepichlorohydr in  in aqueous solution was shown by us p rev ious ly  [5] 

CH~--CH--CH2CI -}- (C~H~0)~PSK --, CHe--CH--CH2C1 -}- (C~Hh0)2POK 
\ 6 /  I \s, / I s S 

C1CH~CH--CH~ + (C2H50 h P0K -}- (C.~H~O)~ P S K ~  CH~--CH--CH~SP (OC2H5)2 

\s  / I I \ /  I 
CH2 CH2 

\ / \ 
+ (C2H~O)2PSCH / S +(C2Ha0)~I~SCH S + (C2H60)2 PSCH~CH--CH~ 

II I \ / I \ /  
S \CH~ / 0 CH2 0 

The poss ib i l i ty  of forming this mix tu re  is also c o r r o b o r a t e d  by the e lementa l  analysis :  for  CTH150~PS3 
calculated:  C 32.55; H 5.81; 1D 12.00~0; for  CTH1503PS2 - C 34.71; H 6.18; P 12.81%; for the reac t ion  product  
of ep ieh lorohydr in  with po tass ium diethyl dithiophosphate in wa te r  (1 : 1 ra t io  of the reac tants ) ,  found: C 
33.98; H 6.00; P 12.25; Sthioepoxy 6.8%. If 2 moles  of  po ta s s ium diethyl dithiophosphate is taken for  r e a c -  
tion, then in the second s tep  the th ioepichlorohydr in  will r e ac t  more  rapidly  with the second mole  of the 
dialkyl dithiophosphate to give a mix ture  of O,O-die thyl  thioglycidyl dithiophosphate and O,O-die thyl  3- 
thietanyl  dithiophosphate 

V 
~ (C2Hs0)~PSCH~CH--CH~ 

I \ S  / s 
CICH~CH--CH~ + 2 (C~HhO)~PSK 

\~ / "  II w a t e r |  v S [ - -  CH~ 
(C2HhO)2PSCH / \ S  

i 
S \CH, / 

Since the thioepoxide der iva t ive  in this mix ture  can be t i t ra ted  with iodine, then t i t ra t ion  of the sub- 
s tance,  obtained as  desc r ibed  in [6] f rom 2 moles  of po t a s s ium diethyl dithiophosphate and 1 mole  of epi-  
chlorohydr in  in aqueous solution, gives a value of approx ima te ly  7-8% of thioepoxide sulfur .  

The fo rmat ion  of th ioepichlorohydr in  in the f i r s t  s tep of the reac t ion  of epichlorohydr in  with the sa l t s  
of phosphorus  thioacids was p roved  by its isolat ion in smal l  amount of the reac t ion  mixture .  Thus,  the 
heat ing of the t r i e t hy l am m on i um  sal t  of diethyl dithiophosphate with epichlorohydr in  at 50-60 ~ for  30 rain 
resu l ted  in the isolat ion of a smal l  amount of th ioepichlorohydr in  as a mixture  with epichlorohydrin:  bp 
30-33 ~ (10 ram); d ?  1.220; n I 1.5180. Found: Sthioepoxy 21%; CI 35.65%. Allyl chloride with a}~ 1.4170 
was i so l a t ed  when this mix ture  was reac ted  with hexaethyl t r iamidophosphi te  

CICH2CH--CH~ + [(C~H~)~N]3P -, CH~=CH--CH~CI + [(C~H~)~N]~PS \/ 

We are of the opinion that when equimolar amounts of potassium thioacetate and epichlorohydrin are 
reac ted  the f i r s t  reac t ion  to take place is also thioepoxidation of the ring, which, enter ing into react ion  
with the fo rmed  po ta s s ium aceta te ,  gives thietanol aceta te  as the resu l t  of i somer iza t ion  

CH~ 

CH~--CH--CH~C1 + CHaCSK --~ C1CH~CH--CH~ + CHaCOOK --, CH~COOCH / \ S  + KC1 
\d \/ %=/ 

The IR spec t ra  of this compound a re  identical  with those of the 3- thietanyl  ace ta te  obtained by counte r -  
synthes is  [7]. In addition, the compound obtained in this reac t ion  fails to r eac t  with thiourea in methanol .  
In [8] the theory  was e x p r e s s e d  that a lkal i  me ta l  xanthates  r eac t  with olefin oxides to give the thioepoxy 
compound, f rom which the t r i th iocarbonate  is fo rmed  in the next step.  But the authors  of [8] i sola ted only 
the end reac t ion  products ,  i. e , ,  the t r i th iocarbona tes .  F r o m  the reac t ion  of po ta s s ium ethyl xanthate with 
propylene  oxide in wa t e r  we were  able to isola te  propylene  sulfide in low yield, and consequently c o r r o b o r a t e  
the theory  e x p r e s s e d  in [8]. 

C2HhOCSK -{- CH3--CH--CH~ --, CHa--CH--CH~ + C~HhOCOK 
I \ / \ s  / I s o s 
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E X P E R I M E  NTA L 

Reaction of Thioepichlorohydrin with the Tr ie thytammonium Salt of O,O-Diethyl Thiophosphate. From 
13.8 g of diethyl phosphate, 3.2 g of S, and 10.1 g of (C2Hs)~N in benzene was obtained the t r ie thylammonium 
salt, to which, with heating at 60 ~ and s t i r r ing,  was added 10 g of thioepichlorohydrin.  The reaction mix- 
ture  was heated at benzene reflux for 30 min. Then the (C2Hs)3N. HC1 was filtered, while the benzene solu- 
tion was fract ional ly distilled. We obtained 11.7 g (50%) of O,O-diethyl  thioglycidyl thiophosphate with bp 
116-118 ~ (0.3 ram); d 2~ 1.2198; n~ 1.5140. Found: Sthioepoxy 13.24; P 12.67%. CTH150~PS2 . Calculated: 
P 12.81; Sthioepoxy 13.22%. 

When a mixture of 9.3 g of O,O-diethyl  dithiophosphate, 5 g of (C2Hs)3N, and4.5 g of epichlorohydrin 
was heated in refluxing toluene we obtained 5 g of diethyl thioglycidyl thiophosphate with bp 111-113 ~ (0.2 
ram); d 2~ 1.2280; n~ 5180. Found: P 13.05; Sthioepoxy 13.32%. CTH1503PS 2. Calculated: P 12.81; Sthioepoxy 
13.22%. 

Prepara t ion  of Dimethyl Es te r  of fl,~/-Epoxypropylphosphinic Acid. In a two-necked flask, fitted with 
a reflux condenser  and a dropping funnel, was placed 20 g of epibromohydrin and it was heated up to 120- 
130 ~ To the flask contents was added 16.5 g of t r imethyl  phosphite in drops.  After  adding all of the t r i -  
methyl phosphite the react ion mass  was heated at 130 ~ for approximately 40 min, and then it was fract ional-  
ly distilled. The constants of the obtained e s t e r  are  given in Table 2. 

Synthesis of Ethyl Es t e r  of Diethylamido-fi,~/-epoxypropylphosphinic Acid. To 13 g of epibromohy- 
drin, contained in an Arbuz0v flask and heated to 130 ~ was slowly added 13.2 g of the diethyl e s t e r  of di- 
ethylamidophosphorous acid. Here the bath t empera tu re  was not allowed to exceed 140 ~ When about half 
of the calculated amount of ethyl bromide had distilled off, the residue in the flask was distilled. The con- 
stants of the obtained product are  given in Table 2. All of the other e s te r s  and e s t e r - amides  of fi,~-epoxy- 
propylphosphinic acid were obtained in a s imi la r  manner .  

Prepara t ion  of Dimethyl Es te r  of fl,~-Thioepoxypropylphosphinic Acid. A mixture of 4.5 g of the 
dimethyl e s t e r  of fi,~-epoxypropylphosphinic acid and 5 g of anhydrous dimethyl dithiophosphate in 15 ml of 
propanol was heated at 70-80 ~ for 1 h. The react ion mixture was cooled, e ther  was added, and the e ther  
solution was washed twice with water,  dried over  Na2SO 4, and distilled. The constants of the obtained 
e s t e r  are  given in Table 3. The other  dialkyl e s t e r s  of fi,~-thioepoxypropylphosphinic acid were obtained 
in a s imi la r  manner  (see Table 3). 

P repara t ion  of Diethyl Es te r  of ~-MethylthioepoxyvinyIphosphinic Acid. Using the same method as 
in the preceding,  f rom 9.5 g of the diethyl e s t e r  of vz-methylepoxyvinylphosphinic acid and 11 g of potas-  
sium diethyl dithiophosphate was obtained 5 g of the diethyl e s t e r  of ~-methylthioepoxyvinylphosphinic acid 
with bp 74,76 ~ (0.3 mm); d~ ~ 1.1449; n~ 1.4690. Found: C 39.90; H 7.17; P 14.42; S 14.70%. CTH1503PS. 
Calculated: C 40.00; H 7.14; P 14.76; S 15.23%. When 2.1 g of the obtained compound was mixed with 2.45 
g of hexaethyltr iamidophosphite the t empera tu re  of the react ion mass  rose  to 74 ~ After  additional heating 
at 100-120 ~ for 10 rain and fractional  distil lation of the react ion mass  we obtained: 1) the diethyl e s t e r  of 
~-methylvinylphosphinic acid with bp 79-80 ~ (10 ram); d~ ~ 1.0258; n~ 1.4320 in an amount of 1.2 g. Found: 
C 46.66; H 8.58; P 17.38%. CTH1503P . Calculated: C 47.19; H 8.42; P 17.41%; 2) 2.7 g of hexaethyltr i-  
amidothiophosphate with bp 105-107 ~ (0.3 ram); n~ 1.5000. 

Reaction of Potass ium Thioacetate with Epichlorohydrin.  To a solution of 36 g of potassium thioace- 
tate in 50 ml of water  was added 29 g of epichlorohydrin.  The mixture was heated at 60-70 ~ for 1 h, ex- 
t rac ted  with CHCI~, dried over  CaC12, and fractionally distilled. We obtained 7.6 g of 3-thietanyl acetate 
with bp 44-46 ~ (0.3 mm); d 2~ 1.1776; n~ 1.4940. Found: C 44.90; H 6.12%. C5H802 S. Calculated: C 45.40; 

H 6.06%. 

Reaction of Propylene Oxide with Potass ium Xanthate. In a three-necked  flask, fitted with a s t i r r e r ,  
dropping funnel and a reflux condenser ,  was placed a solution of 16 g of potassium ethyl xanthate in 50 ml 
of water ,  and the solution was heated up to 60 ~ Tothe  s t i r red  solut ionwasthen added 10 gofpropylene  oxide, 
keeping the t empera tu re  below 60 ~ . When all of the oxide had been added at 60 ~ the heating was stopped, 
the reflux condenser  was replaced by a descending condenser,  and the bath tempera ture  was ra i sed  to 90- 
100% We distilled off about 2.5 g of crude propylene sulfide, which on redist i l lat ion boiled at 73-75 ~ (760 
ram); d~ ~ 0.9376; n~ 1.4730. Found: Sthioepoxy 42.1%. C3H6S. Calculated: Sthioepoxy 43.24%. 
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React ion of Epichlorohydr in  with Po ta s s ium O,O-Die thyl  Dithiophosphate. Ratio of P~eactaats 1 : 2. 
The heating of a mix ture  of 6 g of ep ichlorohydr in  and 30 g of po tass ium diethyI dithiophosphate in 50 ml o[ 
wa te r  at 60-70 ~ and subsequent  t r e a t m e n t  of the reac t ion  mix ture  as desc r ibed  in [6], gave 11 g of a mix-  
ture  of O,O-diethyl20 thioglycidyl. . n 20 dithiophosphate and O,O-die thy l  3- thietanyl  dithiophosphate7 with bp 111- 
113 ~ (0.2 mm);  d 4 1 2230, D 1.5521. Found: C 33.07; H 5.94; P 12.09; Sthioepoxy 7. %. CTHlsO2PS3. 
Calculated: C 32.55; H 5.81; P 12.00; Sthioepoxy 12.40%. 

Ratio of Reactants  1 : 1. F r o m  a solution of 18 g of po tass ium diethyl dithiophosphate in 50 ml of 
w a t e r  and 7.4 g of ep ichlorohydr in  was obtained by a s i m i l a r  p rocedure  7 g of a mix ture  with bp 1~1-114 ~ 
(0.1 ram); d 2~ 1.2300; n~ 1.5339, the composi t ion and e lementa l  ana lys i s  of which was ment ioned above. 

Synthesis of Propylene  Sulfide and Phenyl Thioglycidyl Ether .  The heating of an aqueous solution 
of equ imola r  amounts  of propylene  oxide or  phenyl glycidyl e ther  at 60-80 ~ with e i ther  po tass ium diethyl 
thiophosphate or  po ta s s ium diethyl dithiophosphate r e spec t ive ly  gave propytene sulfide and phenyl thio-  
glycidyl e ther ,  the constants  of which a re  given in Table 1. 

C O N C L U S I O N S  

1. When the alkal i  me ta l  sa l t s  o r  the ammonium sa l t s  of O,O-dia lkyl  thiophosphates or  O,O-dia lkyl  
di thiophosphates a re  reac ted  with epoxy compounds the l a t t e r  undergo thioepoxidation. 

1~ 
2. 
3. 
4. 
5. 

6. 

7. 
8. 
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