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A p a r t  f r o m  d ie thy l  e t h y l p h o s p h o n o d i t h i o i t e  [1], a l k y l p h o s p h o n o d i t h i o u s  e s t e r s  have  not  been  d e s c r i b e d  
in the l i t e r a t u r e .  The  c h e m i c a l  and p h y s i c a l  p r o p e r t i e s  of this  c l a s s  of o r g a n o p h o s p h o r u s  c o m p o u n d s  have  
been  I i t t l e  s t u d i e d ,  and it was  t h e r e f o r e  of s o m e  c o n s i d e r a b l e  i n t e r e s t  to con t inue  the  i n v e s t i g a t i o n  of 
a t k y l p h o s p h o n o d i t h i o u s  e s t e r s  s t a r t e d  by one of us  and,  in p a r t i c u l a r ,  to s tudy  the  r e a c t i o n  of c h l o r a l  with 
t h e s e  e s t e r s  (Perkow r e a c t i o n ) ,  a l l  the  m o r e  in that  th is  r e a c t i o n  with a lky lphosphonous  e s t e r s  has  been  
s tud ied  in ou r  l a b o r a t o r y  [2]. 

The  f i r s t  a l k y l p h o s p h o n o d i t h i o u s  e s t e r  - -  d ie thy l  e t h y l p h o s p h o n o d i t h i o i t e  - -  was  p r e p a r e d  by the  
r e a c t i o n  of  e thy lphosphonous  d i c h l o r i d e  with e thane th io t  in an e t h e r  m e d i u m  in p r e s e n c e  of  t r i e t h y l a m i n e  
[2]: 

C2HdPC12 -}- 2C2HdSH -}- 2 (C2H5) 3N -~ C2HdP (SC2Hd) ~ -~ 2 (C2H5) 3N. HC1. 

By the u s e  of th i s  me thod  we p r e p a r e d  a n u m b e r  of d i a lky l  e t h y l p h o s p h o n o d i t h i o i t e s .  The c o n s t a n t s  and 
a n a l y s e s  of  t h e s e  e s t e r s  a r e  g iven  in T a b l e  1. 

They  a r e  a l l  m o b i l e  l iqu ids  wi th  a s p e c i f i c  u n p l e a s a n t  s m e l l ,  and they  a r e  r e a d i l y  s o l u b l e  in o r g a n i c  
s o l v e n t s  (diethyl  e t h e r ,  b e n z e n e ,  p e t r o l e u m  e t h e r ,  e tc . ) .  It  is  n o t e w o r t h y  tha t  e t hy lphosphonod i t h ious  
e s t e r s  a r e  much  l e s s  a c t i v e  in ox ida t ion  by  a t m o s p h e r i c  oxygen than e thy lphosphonous  e s t e r s .  

As they  con ta in  a t e r v a l e n t  p h o s p h o r u s  a tom,  e thy lphosphonod i th ious  e s t e r s  c o m b i n e  with s u l f u r  
wi th  f o r m a t i o n  of  e t h y l p h o s p h o n o t r i t h i o i c  e s t e r s :  

C~HsP (SR)2 @ S ~ C2H5P (S) (SR)2. 

H o w e v e r ,  in th is  r e a c t i o n  a l so  (as would be e x p e c t e d  f rom the b e h a v i o r  in ox ida t ion) ,  the  add i t ion  of su l fu r  
goes  l e s s  v i g o r o u s l y  than  in the  c a s e  of the  oxygen  a n a l o g s .  To in i t i a t e  the add i t ion  of  su l fu r  to a l k y l -  
p h o s p h o n o d i t h i o u s  e s t e r s  the  r e a c t i o n  m i x t u r e  m u s t  be  h e a t e d  to 50--80~ a f t e r  which r e a c t i o n  goes  with 
l i b e r a t i o n  of  hea t .  The  c o n s t a n t s  and a n a l y s e s  of the  e t h y l p h o s p h o n o t r i t h i o i e  e s t e r s  p r e p a r e d  in th i s  way  
a r e  g iven  in Tab le  2. 

Tak ing  d ie thy l  e t h y l p h o s p h o n o d i t h i o i t e  as  our  e x a m p l e ,  we s tud ied  the r e a c t i o n s  of  ac id  h a l i d e s  with 
e t h y l p h o s p h o n o d i t h i o u s  e s t e r s .  By the r e a c t i o n  of d ie thy l  e t hy lphosphonod i t h io i t e  (I) with benzoyl  o r  aee ty l  
c h l o r i d e  (II) we obta ined  ethyl  e t h y t p h o s p h o n o c h l o r i d o t h i o i t e  (III) and S - e t h y l  t h i o b e n z o a t e  o r  t h i o a c e t a t e  
(IV). In t h e s e  r e a c t i o n s  no A r b u z o v - r e a r r a n g e m e n t  p r o d u c t s  w e r e  i s o l a t e d .  It was  thus  shown tha t  the 
r e a c t i o n  of  d ie thy l  e t h y l p h o s p h o n o d i t h i o i t e  wi th  ac id  h a l i d e s  goes  in a c c o r d a n c e  with  the r e a r r a n g e m e n t  
s c h e m e  p r o p o s e d  by Kabachn ik  and c o - w o r k e r s  [3] for  p h o s p h o r o t r i t h i o u s  e s t e r s .  

* This  a r t i c l e  is  p u b l i s h e d  in a c c o r d a n c e  with  a r e s o l u t i o n  of  the  Confe r e nc e  of E d i t o r s - i n - C h i e f  of 
J o u r n a l s  of the  A c a d e m y  of S c i e n c e s  of the USSR of  Ju ly  12, 1962, as  a d i s s e r t a t i o n  p a p e r  by V. D. A k a m s i n .  
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TABLE 1 

C2HsP~R) 2 
R 

n- C3H 7 
i-C3H 7 
n-C4H 9 
i-C4H 9 

B.p., ~ (p, ram) 

86-88(0,1) 
95--97 (9) 
92--94(0.07)  

154--157(120) 

nD2~ 

1.5362 
1.5289 
1.5263 
1.5237 

d420 

0.9901 
0.9783 
0.9695 
0.9638 

-2/- 
m 

66.13 
66.21 
75.41 
75.53 

Found 

14.88 
14.63 
13.2 
12.88 

C a l c u l a t e d  

65.66 1 4 . 7 6  
65.66 14.76 
74.90 13.03 
74.90 13'03 

m 

Yield  
% 

73 
62 
84 
57 

T A B L E  2 

C2H5P(SR) 2 
li 
S 
R 

n-C3H 7 
i-C3H 7 
n-C4H 9 
i - C t H  9 

B.p . ,  ~ @, mm) 

94--96 (0.05) 
76--78 (0.05) 

109--110(0.05) 
103--105(0.05) 

1.561611.0704 
1.552811.0481 
1.551611.0453 

P,% 

12.50 
12.61 
11.55 
11.40 

Found 

S , $  

39 34 

MR 

73.08 
73.27 
82.41 
82.41 

C a l c u l a t e d  

p,% s, ~ MR 

12.81 39 67 71.98 
12.81 71.98] 
11.48 81.13] 
11.48 81.131 

m 

Yield  
% 

87.0 
77.0 
81.0 
84.0 

CaIfsP ( S C ~ [ [ 5 ) . _ ,  @ RCOGI ---> 
(I) (II) 

- SC~Ha - 
/ 

C21[5P C2H~ 

\ S  / 
/ \  

- C1 COR - -  

SC2H5 
/ 

--* C2[-t~P -}- C2t{sSCOR 
\ 

CI 
(m) (w) 

We s u p p o s e d  tha t ,  if the  r e a c t i o n  of (I) wi th  (II) w e r e  c a r r i e d  out  a t  a r e a c t a n t  r a t i o  of 1 : 2, both 
su l fu r  a t o m s  of  the  e s t e r  would  e n t e r  the  r e a c t i o n :  

~- /cl ~, 
S --C2H~ --, C~HsPCI2 I / I  

C,.IIsP ~SC,dis)a @ 2RCQCI ~ C zH.~PI COR 

' S--C2tt5 

@ 2C2H~SCOR 

This  r e a c t i o n  was  c a r r i e d  out,  and our  s u p p o s i t i o n  p r o v e d  c o r r e c t .  On f r a e t i o n a t i o n  of  the  r e a c t i o n  
p r o d u c t s  we i s o l a t e d  e thy lphosphonous  d i c h l o r i d e  and S - e t h y l  t h iobe nz oa t e .  The r e a c t i o n  of  d i e t h y l p h o s -  
phonod i th io i t e  wi th  ethyl  b r o m i d e  went  as  fo l lows:  

C2HsP(SC2Hs)~_ + C2HsBr-~ (C2H~)2P(S)SC2H5 -[- (C2Hs)aPS 

Such a c o u r s e  of r e a c t i o n  was  o b s e r v e d  e a r l i e r  by A r b u z o v ,  R i z p o l o z h e n s k i i ,  and Z v e r e v a  [1]. 

It was  s t a t ed  above  tha t  one of our  o b j e c t s  in th is  w o r k  was  the  s tudy  of the  r e a c t i o n s  of e t h y l p h o s -  
phonodi th ious  e s t e r s  with c h l o r a l .  T h e s e  r e a c t i o n s  w e r e  conduc ted  u n d e r  v a r i o u s  cond i t i ons :  wi th  c o o l -  
ing (from -10  to -15~ at  h i g h e r  t e m p e r a t u r e s  (15-30~ in s o l v e n t s ,  and wi thout  so lven t ;  in a l l  c a s e s ,  
h o w e v e r ,  we ob ta ined  a m i x t u r e  of s e v e r a l  p r o d u c t s  whose  c o m p o s i t i o n  we have  not been  ab l e  to e s t a b l i s h .  
H o w e v e r ,  a t e s t  with b r o m i n e  w a t e r  and s p e c t r a l  a n a l y s i s  i n d i c a t e  the  p r e s e n c e  of a double  bond.  I t  was  
s u g g e s t e d  tha t ,  if the  r e a c t i o n s  with c h l o r a l  w e r e  conduc ted  wi th  d i e thy lphosph ino th ious  o r  e t h y l p h e n y l p h o s -  
ph ino th ious  e s t e r s ,  the  r e s o l u t i o n  of th is  ques t ion  would be  s i m p l i f i e d ,  fo r  t h e s e  e s t e r s  con ta in  only one 
SR group which can  r e a c t  wi th  c h l o r a l .  T h e s e  p h o s p h i n o t h i o u s e s t e r s  w e r e  p r e p a r e d  by  the s a m e  m e t h o d  
as  the  e thy lphosphonod i th ious  e s t e r s ,  and t h e i r  cons t an t s  and a n a l y s e s  a r e  given in Tab le  3. 

Howeve r ,  th i s  v iew p r o v e d  to be  i n c o r r e c t .  In the  r e a c t i o n s  of t h e s e  e s t e r s  wi th  c h l o r a l  we aga in  
ob ta ined  a m i x t u r e  of r e a c t i o n  p r o d u c t s ,  f r om which  we have  not  been  ab le  to i s o l a t e  any p u r e  s u b s t a n c e s .  
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TABLE 3 

R 

C2H 5 
n-CaH 7 

C2H 5 
n-C3H 7 
i-C3H 7 
n-C4H 9 
i-C4H 9 

B.p., ~ (p, ram) 

50-52(7.0) 
65-67 (7.0) 

% 

73--75(0.05) 
78--79(0.04) 
71--73(0.07) 
86--88(0.05) 
79--81(0.05) 

(C2 Hs)2PSR 

s 

1.5010~0.9121152.98 52.91 I S 

C2H 5 
CcH5 > PSR 

'1.583211.0362163.90 163.17 
1.5738 : 0 92168.64 167.78 
1.565o1 .o131168.45 167.,8 

11.5665 ]1.0094]73.09 172.39 
,1.5624]I.0042173.04 [72.39 

21.29 21.23170.0 
19.62 19.51161.0 

P 
P 
P 
P 
S 

15.57 15.66 45.0 
14.50 14.62 ]63.0 
14.(4 14.62155.0 
13.86 13.72159.0 
13.98 14.16152.0 

TABLE 4 

R B.p., ~ (p, mm) nD2~ d420 

Found 

MR 

(C2 H5)2 P(S) SIR 

I 1.5532 ] 
1.5442 

C2H 5 
C~H~ > P(S)SR 

1.6140 
1.6032 
1.5993 
1,5925 
1.5916 

Calculatedp,% I Yield% 

6 1 6 2 0 o 5  1.0557 15 18,10961543317.03,75.0 
n-C3H 7 74--76(0.05) 1.0363 ] ] 1 5 9 " 7 3  15.81 58.95 15.81187.0 

112--115 (0.1) 1.]392 70.36 I 13.30 69.20 13.48'1 80.0 C2H5 
! ! 

n-C3H 7 104--105(0.05) 1,1142 75.241 12.61 73,82 12.70] 67,0 
i-C3H ~ 97--98 (0.05) 1.1061 75.39] 12.60 73.82 12.70181.0 
n-C4H 9 121--123(0.06) 1.0941 79.85 11.70 78.43 12.01183.0 
L-C4H 9 124--125(0.1) 1.0913 79.95 11.68 78.43 12.01[82.0 

Diethylphosphincthious and ethylphenylphosphinothious readi ly  combine with sulfur with formation 
of diethylphosphinodithioie and ethylphenylphosphinodithioic esters respectively. The constants of these 
esters are given in Table 4. 

EXPERIMENTAL 

Synthesis of Dipropyl Ethylphosphonodithioite. A mixture of 38.0 g of l-propane- 
thiol, 52.0 g of triethylamine, and 350 ml of ether was prepared in a four-necked flask fitted with stirrer, 
dropping funnel, and reflux condenser. With vigorous stirring and external cooling of the flask with snow 
and salt 32.7 g of ethylphosphonous dichloride was added in the course of two hours. The reaction and 
all subsequent operations were conducted in an atmosphere of nitrogen. Triethylamine hydrochloride was 
filtered off and washed with ether. By vacuum fractionation from a Favorskii flask we isolated 38.2 g 
~3%) of dipropyl ethylphosphonodithioite, b.p. 86-88 ~ (0.1 ram); nD2~ 1.5362; dr 2~ 0.9901. Found %: P 14,69; 
14,88. MR 66.13. CsH19PS 2. Calculated %: P 14.76. MR 65.66. By this method we p repa red  all the ethyl- 
phosphonodithious, diethylphosphinothious, and ethylphenylphcsphinothious e s t e r s  l is ted in the tables.  

A d d i t i o n  o f  S u l f u r  to  D i p r o p y ]  E t h y l p h o s p h o n o d i t h i o i t e .  A mixture  of 5.4 g of 
dipropyl ethylphosphonodithioite and 0.82 g of sulfur  powder was p repared  in a f lask fitted with t he rmomete r ,  
calcium chloride tube, and tube for the passage  of nitrogen. No react ion went in the cold. The mixture  was 
heated, and the sulfur-addit ion react ion s ta r ted  at 50 ~ . The application of heat was stopped, but the t e m -  
pe ra tu re  in the flask rose  to 155 ~ . The whole of the sulfur taken for react ion reacted .  By vacuum dis-  
tillation f rom an Arbuzov flask we isolated dipropyl ethylphosphonotrithioate; yield 5.4 g (87.0%}; b.p. 
94-96 ~ (0.05 ram); nDZ~ 1.5689; d42~ 1.0856. Found %: P 12.50; 12.47; S 39.84; 39.99. MR 73.03. CsHIoPS 3. 
Calculated%: P 12.81; S 39.67. MR 71.98. 
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All the  o t h e r  e t h y l p h o s p h o n o t r i t h i o i c ,  d i e thy lphosph inod i t h io i e ,  and e t h y l p h e n y l p h o s p h i n o d i t h i o i c  
e s t e r s  l i s t e d  in the  t a b l e s  w e r e  p r e p a r e d  by  the a b o v e - d e s c r i b e d  me thod .  I t  was  not  n e c e s s a r y  to app ly  
hea t  in the  add i t i on  of su l fu r  to d i e t h y ] -  and e t h y l p h e n y l - p h o s p h i n o t h i o u s  e s t e r s ;  the  r e a c t i o n  went  wi th  
l i b e r a t i o n  of hea t .  

A c t i o n  o f  A c e t y l  C h l o r i d e  o n  D i e t h y l  E t h y l p h o s p h o n o d i t h i o i t e  ( m o l a r  
r a t  i o  1 : 1 ) .  10 g of d ie thy l  e thy lphosphonod i th io i t e  was  i n t roduced  into a f o u r - n e c k e d  f l a s k  f i t t ed  
wi th  t h e r m o m e t e r ,  r e f l u x  c o n d e n s e r  p r o t e c t e d  by  a c a l c i u m  c h l o r i d e  tube ,  and d r o p p i n g  funnel ,  and 4.9 g 
of a ce ty l  c h l o r i d e  was  added  d r o p w i s e .  The r e a c t i o n  did not  go at  r o o m  t e m p e r a t u r e ,  and the m i x t u r e  
was  t h e r e f o r e  h e a t e d  at  80 ~ fo r  2 h. Al l  o p e r a t i o n s  w e r e  conduc ted  in a s t r e a m  of n i t r o g e n .  

By vacuum f r a c t i o n a t i o n  f r o m  a F a v o r s k i i  f l a sk  we i so l a t ed :  F r a c t i o n  I - -  S - e t h y l  t h i o a c e t a t e  - -  
2.3 g (40.2%); b .p .  71-72 ~ (185 rnm); nD2~ 1.4587; dt 2~ 0.9811. The l i t e r a t u r e  [4] g ives :  nD2~ 1.4583; 
d42~ 0.9792. Found %: S 31.02%. M R 2 8 . 9 6 .  C4H805. Ca l c u l a t e d  %: S 30.77. MR 29.52. F r a c t i o n  II - -  
e thyl  e t h y l p h o s p h o n o c h l o r i d o t h i o i t e  - -  4.1 g (47.7%); b .p .  88.90 ~ (36 ram) ;  nD2~ 1.5307; d42~ 1.1047. Found %: 
P 20.07; S 20.20; Cl 22.32.  MR 43.80.  C4H10PSCI. Ca l c u l a t e d  %: P 19.81; S 20.45; C1 22.68. MR 43.22.  

A c t i o n  o f  B e n z o y l  C h l o r i d e  o n  D i e t h y l  E t h y l p h o s p h o n o d i t h i o i t e  ( m o l a r  
r a t i o  1 : 1 ) .  7.7 g o f b e n z o y l  c h l o r i d e  was  added  d r o p w i s e t o  10 g o f t h e  e s t e r  h e a t e d  to 133 ~ in a 
s t r e a m  of n i t r o g e n  in a f l a s k  f i t t ed  with r e f l u x  c o n d e n s e r ,  t h e r m o m e t e r ,  and d r o p p i n g  funnel .  The  r e a c -  
t ion  mixture was then kept at 130-140 ~ for ~ h. By vacuum distillation from a Favorskli flask we isolated: 

Fraction I -- ethyl ethylphosphonoehloridothioite -- 4.2 g (48.8%); b.p. 53-54 ~ (7 mm); nD2~ 1.5309; d42~ 
1.1038. Fraction II -- S-ethyl thiobenzoate -- 5.7 g (62.5%); b.p. 104-106 ~ (8 ram); nD2~ 1.5687; dr 2~ 1.0967. 

Found %: S 19.4. MR 49.57. CgHIoOS. Calculated %: S 19.28. MR 49.01. 

Action of Benzoyl Chloride on Diethyl Ethylphosphonodithioite* (molar 

ratio 2 : I). For reaction we tool} 6 gofthe ester and 9.3 gofbenzoyl chloride. The reaction was 

conducted in a sealed tube at 130-140 ~ for I0 h. By vacuum fractionation from a Favorskii flask we 

isolated: Fraction I -- ethylphosphonous dichloride -- 1.5 g (35%); b.p. 111-113~ nD2~ 1.4948; d42~ 1.2526. 

For ethylphosphonous dichloride the literature [5] gives nD2~ 1.4938; 1.4990; 1.4930; d42~ 1.2562; 1.2384; 

1.2485. Fraction II -- S-ethyl thiobenzoate -- 4.7 g (43.1%); b.p. 106-108 ~ (9 ram); nD2~ 1.5695; d42~ 1.1051. 

Found MR 49.23. CgHi0OS. Calculated MR 49.01. 

Reaction of Ethyl Bromide with Diethyl Ethylphosphonodithioite. For re- 

action we took 15 g of the ester and 9 g of ethyl bromide. The reaction was conducted in a sealed tube 

at 140-150 ~ for 10 h. Ethyl bromide was distilled from the reaction products, and 1.1 g (8.9%) of crystals 

of triethylphosphine sulfide was precipitated. After recrystallization from isopropyl alcohol they melted 

at 94-95 ~ The literature [I] gives m.p. 94-95 ~ After the separation of the crystals, the filtrate was 

vacuum-distilled. We isolated 10.2 g (68%) of ethyl diethylphosphinodithioate; b.p. 78-80 ~ (0.05 ram), 

nD2~ 1.5559; dr 2~ 1.0594. Found %: 1 ~ 17.25; S 35.42. MR 55.21. C6HIsPS2. Calculated %: P 17.03; S 35.16. 

MR 54.33. 

Reaction of Diethyl Ethylphosphonodithioite with Chloral. 20 g of the ester 

was added dropwise to i8 g of chloral contained in a flask. The reaction was conducted in a stream of 

nitrogen. As the ester was added the temperature in the flask rose and a gelatinous precipitate was 
formed simultaneously. When about one-half of the ester had been added, the liquid in the flask was 

converted into a gelatinous mass, and the temperature rose to 50 ~ As further ester was added, the 

contents of the flask were again liquefied. When the whole of the ester had been added, the reaction 
products were heated to 110-120 ~ and kept at this temperature for 30 minutes. Almost the whole of the 

gelatinous precipitate disappeared and was converted into a tea-colored liquid. The reaction was accom- 

panied by the liberation of ethyl chloride, which was collected in a trap; we collected 4.1 g (57.7%). By 
vacuum f r a c t i o n a t i o n  of the  r e a c t i o n  p r o d u c t s  we  i s o l a t e d  a f r a c t i o n  of  b .p .  99-100 ~ (0.07 ram)  (it m u s t  be  
m e n t i o n e d  tha t  as  the ba th  t e m p e r a t u r e  was  r a i s e d ,  the  t e m p e r a t u r e  in the  v a p o r  of the  d i s t i l l i n g  l iqu id  
a l so  r o s e ) ;  d42~ 1.2588; riD2~ 1.5627. Found %: C 29.36; H 5.01; P 12.05; S 27.85; C1 21;1. MR 68.38. 
C6HIIFOS2C12. C a l c u l a t e d  %: C 27.16; H 4.18; P 11.70; S 24.15; C1 26.4.  MR 64.72. 

S e p a r a t e  f r a c t i o n s  of  i d e n t i c a l  bo i l i ng  po in t  w e r e  t aken ,  and the nD 2~ v a l u e s  of t h e s e  f r a c t i o n s  w e r e  
d e t e r m i n e d  and the f r a c t i o n s  w e r e  a n a l y z e d .  F r a c t i o n a t i o n  was  conduc ted  wi th  a W i d m e r  co lumn.  F r a c -  
t ion  I - -  b .p .  99.5 ~ (0.07 ram);  nD2~ 1.5641. Found %: P 12.18; S 27.5 C1 21.72. F r a c t i o n  II - -  b .p .  99.5 ~ 

* The e s t e r  was  p r e p a r e d  by the m e t h o d  g iven  in [1]. 
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(0.07 rnrn); nD 2~ 1.5635. Found %: P 12.22; S 27.75; C1 21.21. Fraction Ill -- b.p. 100 ~ (0.07 turn); nD2~ 

1.5620. Found %: P 11.95; $27.85; Cl 21.37. 

A mixture of 10.3 g of chloral and 20 rnl of benzene was prepared in the flask, which was cooled 

with snow and salt. 12.7 g of diethyl ethylphosphonodithioite was added with stirring at a temperature of 

0 to -3 ~ in flask. The reaction was conducted in a stream of nitrogen. The mixture was kept for 24 h at 

roorn temperature, and the reaction products were then fractionated in a vacuum from a flask with a Widrner 

column. We isolated a fraction in 75% yield; b.p. 92-93 ~ (0.03 turn); d42~ 1.2571; nD2~ 1.5642. Found %: 

C 29.84; H 5.1; P 12.61; S 27.28; C1 19.91. 

Reaction of Ethyl Diethylphosphinothioite with Chloral. 7.6 g of chloral was 

added dropwise to 7.5 g of ethyl diethylphosphinothioite dissolved in 20 ml of ether with cooling of the flask 

with water so that the temperature in the flask was 19-20 ~ The reaction was conducted in a stream of 

nitrogen. With the addition of the first few drops of chloral a slimy precipitate formed in the flask, and 

it increased in amount as more chloral was added. The mixture was set aside for 10 h, but part of the 

precipitate had not dissolved. After filtration and vacuurn-fractionation of the reaction products we ob- 

tained a fraction having: b.p. 66-68 ~ ~0.06 rnrn); nD2~ 1.5245; dr 2~ 1.2223. Found %: C 34.49; H 5.31; 

P 13.18. MR 58.37. C61-111POSCI 2. Calculated %: C 30.9; H 4.7; P 13.13. MR 56.40. 

Reaction of Ethyl Ethylphenylphosphinothioite with Chloral. For reactionwe 

took 5.7 g of the ester and 4.8 g of chloral. The solvent was benzene, and the temperature during the 

reaction was 45-50 ~ . In other respects the procedure was similar to that described above. We isolated 

a fraction having: b.p. 106-108 ~ (0.05 rnrn); nD2~ 1.5850; d42~ 1.2690. Found %: C 44.6; H 4.3; P 10.9; 

S 12.51; C121 .9 .  MR 74.15. C10HtlPOSCI 2. C a l c u l a t e d  %: C 42.71; H 3 . 9 1 ;  1 ~ 11.03; C125 .27 .  MR 71.27.  

R e a c t i o n  o f  C h l o r a l  w i t h  B u t y l  E t h y l p h e n y l p h o s p h i n o t h i o i t e .  F o r  r e a c t i o n w e  
took 10.5 g of the  e s t e r  and 8 g of  c h l o r a l .  The r e a c t i o n  was  conduc ted  wi thout  so lve n t  at  20-22 ~ By 
f r a c t i o n a t i o n  we i s o l a t e d  a f r a c t i o n  having:  b .p .  118-120 ~ (0.06 turn); nD2~ 1.5810; d4201.2651. Found %: 
C 44.62; H 4.6; P 11.15; C122.05 .  MR 74.03. C10HllPOSCI 2. C a l c u l a t e d  %: C 42.71; H 3.91; P 11.03; 
C125.27 .  MR 71.27. 

C O N C L U S I O N S  

1. By the r e a c t i o n  of a l k a n e t h i o l s  with e thy lphosphonous  d i c h l o r i d e ,  e t hy lpheny lphosph inous  c h l o r i d e  
and d i e thy lphosph inous  c h l o r i d e  the  c o r r e s p o n d i n g  e thy lphosphonod i th ious ,  e t hy lphe ny lphosph ino th iou s ,  and 
d i e t h y l p h o s p h i n o t h i o u s  e s t e r s  w e r e  ob ta ined .  

2. By the add i t i on  of s u l f u r  to t h e s e  e s t e r s  e t h y l p h o s p h o n o t r i t h i o i c ,  e t h y l p h e n y l p h o s p h i n o d i t h i o i c ,  
and d i e t h y l p h o s p h i n o d i t h i o i c  e s t e r s  w e r e  ob ta ined .  

3. The r e a c t i o n s  of acy l  c h l o r i d e s  wi th  d ie thy l  e t hy lphosphonod i t h io i t e  w e r e  s tud ied .  
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Ali  a b b r e v i a t i o n s  of p e r i o d i c a l s  in the  a b o v e  b i b I i o g r a p h y  are  l e t t e r - b y - l e t t e r  t r a n s l i t e r a -  

t i o n s  of the a b b r e v i a t i o n s  as g i v e n  in the o r i g i n a l  R u s s i a n  j o u r n a l .  S o m e  or a l l  o[ th is  per i -  

od ica l  l i t e ra ture  m a y  w e l l  be  a v a i l a b l e  in E n g l i s h  t rans la t ion .  A c o m p l e t e  l i s t  of the c o v e r - t o -  

c o v e r  E n g l i s h  t r a n s l a t i o n s  a p p e a r s  a t  the  b a c k  of t h i s  i s s u e .  
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