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We repor ted  previous ly  on the p repa ra t ion  of 1,3-thiaphosphetanes by hydrolys is  of bis(chtoromethyl)  
.phosphinothioic acid [1]. It was of in te res t  to us to synthesize thiaphosphetane der iva t ives  by the di rect  
condensation of bis(halomethyl)phosphorus der iva t ives  with sodium sulfide, in this paper  the p~eparation 
of new thiaphosphetane der ivat ives  is descr ibed ,  and detailed p rocedures  fo r  prepar ing  the previous ly  syn-  
thesized compounds are  presented .  

Thus,  when sodium bis(chloromethyl)phosphinate  reac ted  with sodium sulfide in an aqueous :medium, 
3 -oxo-3-hydroxy- l ,3 - th iaphosphe tane  (I) was obtained in a good yield.  The react ion proceeds  according to 
the scheme 

~O .CH~. .~O 
/ /  He,1 ! / \ (C1 CH2)~:P -~-Na~S]---~IS .P q- 3NaC1 
\ONa \CH~ / \Ot-I 

When (I) was t rea ted  with thionyl chlor ide ,  3 -oxo-3-ch loro- l ,3 - th iaphosphe tane  (II) was obtained, a 
c rys ta l l ine  substance which hydrolyzes  rapidly in a i r  and sublimes f ree ly  at 70-80~ (10 ram). When a 
benzene solution of (II) was allowed to reac t  with methyl,  deuteromethyl ,  ethyl, and decyl alcohols~ the co r -  
responding cycl ic  e s t e r s  were  synthesized.  The e s t e r s  can also be p repared  by t rea t ing (I) with t r ialkyt  
phosphites.  However,  in this case  it is r a the r  difficult to p repa re  them in a pure  state.  The p rope r t i e s  of 
the p r e pa r e d  compounds are  given in Table 1. 
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T A B L E  1 

Compound 

CH2 0 

S P "x / \ 
GI-I~ OH 
CH2 0 

s P 
\ C H /  \C1 

CH2 0 
/ \ 

s P 
\ / \ 

CH*. OCH3 

CH2 0 
s p 
\ / \ 

CH~" OCD3 

CH.~ O 
/ \ 

s P 

\ C H /  \OC2H~ 

CH2 O 
/ \ 

S P 

\CH2 / \OC~oH~ ~ 

O 

CH3SCH2--P 
\ 

(OC~HD~. 

ield, % t p, ~ (p, mm Hg) 
r mp, ~ 

142 (benzene) 

76 * 

58--59 (2,8.t0 < ) 

t05--107 (6,5.t0 -~) 

68 (3-t0-:) 

t33_i34(3.i0 -~) 
26--28 

56--57 (2,8.t0 =:) 

n~ 

I 53t2 

t,5320 

1,5170 

1,4700 

2O 
d 4 

t,36t2 

1,3935 

t,2760 

t,1323 

MR 

3t,38 
3t,39 

3t,38 
3t,59 

36,07 
36,2l 

48,79 
48,79 

Found 
Calculated 

P,% C,% 

25,26 19,35 
24,96 19,35 

22,25 16,90 
2t,75 t6,84 

22,0t 26,06 
22,40 26,t 

21,92 25,41 
21,94 25,52 

t9,88 3t,55 
20,39 31,57 

tt,66 55,53 
11,72 54,56 

t5,53 34,88 
t5,65 36,3 

* The melting point of this product given in [1] is wrong. 

it Empirical 
H, % formula 

4,11 C~H~0~PS 

3 ,04  C~H4C1OPS 

5, t3 C3HT02PS 

5,37 J" C3DsH402PS 

5,89 C4HgO2PS 

9,8t C~2H2502PS 

7,56  CsH1503PS 

tThe calculation was made taking into account that two moles of HzO and 1.5 motes of DzO are obtained during combustion. 
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A c c o r d i n g  to the IR and NMR s p e c t r a l  da ta ,  the th i aphosphe tane  r i n g  is  nonp lana r ,  and the ob ta ined  

e s t e r s  and acid  c h l o r i d e  a r e  m i x t u r e s  of two i s o m e r s  (de ta i l ed  da ta  on the s t r u c t u r e  of the 1 , 3 - t h i a p h o s -  

phe tane  d e r i v a t i v e s  wi l l  be pub l i shed  l a t e r ) .  As was  o b s e r v e d  in the c a s e  of d e r i v a t i v e s  of phosphe tane  [2, 

3] and 1 ,3 -phosphe t i d ine  [4], f o u r - m e m b e r e d  p h o s p h o r u s - c o n t a i n i n g  r i ngs  open r e l a t i v e l y  e a s i l y  u n d e r  the 
ac t ion  of nuc l eoph i l i c  r e a g e n t s .  B e c a u s e  of th i s ,  i t  was  of i n t e r e s t  to us to v e r i f y  the p o s s i b i l i t y  of opening 

of the t h i aphosphe tane  r ing .  Indeed,  du r ing  the ac t ion  of s o d i u m  e thoxide  on 3 - o x o - 3 - e t h o x y - l , 3 - t h i a p h o s -  

phe tane  d iD,  the r ing  opens  a c c o r d i n g  to the s c h e m e  

s / C H ~  p~O C~H~0Na 0 
+C~H~ OH ~ CHsSCH~--P j 

"NCH~/ "~,OC21-Is ~ (OCeHs)2 
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Figures  1 and 2 show the PMR spec t ra  of the s tar t ing and obtained products when '~0 = 60 MHz. 

Unlike the PMR spect rum of the cyclic product ,  which contains a triplet  of methyl protons of the 
ethoxyl group in the region of 1.35 ppm and a complex multiplet in the region of 3.40-4.40 ppm belonging to 
the methylene group of the ethoxyl radical  and to the methylene protons of the ring, the PMR spect rum of 
diethyl methylthiomethylphosphonate contains distinctly visible methyl (a triplet with a center  at 1.20 ppm) 
and methylene (a quintet with a cen te r  at 3.90 ppm) protons of the ethoxyl group, a singlet of the methyl 
group bound to sulfur  at 2.10 ppm, and a doublet of the methylene group at the phosphorus with a center  at 
2.60 ppm and a s p i n - s p i n  constant of cleavage f rom the phosphorus nucleus of JPCH = 18.6 Hz. Thus, we 
have shown that the thiaphosphetane ring is unstable in an alkaline medium and opens ra ther  easi ly under 
the action of sodium ethoxide. 

EXPERIMENTAL 

3-Oxo-3-hydroxyl-l,3-thiaphosphetane (1). Sodium sulfide nonahydrate (12.9 g) was added to I0 g 
sodium bis(chloromethyl)phosphinate dissolved in 40 ml water, and the mixture was heated and stirred at 
95~ for 2.5 h. The solution was acidified with conc. HCI, the water was distilled, and the product was ex- 
tracted from the residue with ethanol. After the ethanol was distilled, the product was recrystallized from 
benzene. 

3-Oxo-3-chloro-l,3-thiaphosphetane (II). A mixture of 3 g (1) and 12 g thionyl chloride was heated 
at 40~ and stirred for 20 rain. After the excess thionyl chloride was distilled, the product was purified by 
sublimation [75~ (i0 mm)]. 

3-Oxo-3-methoxy-l,3-thiaphosphetane. A benzene solution of 17.2 g (II) was added dropwise to a 
mixture of 6 g methanol and 12.1 g (C2H5)3 N in i0 ml benzene for 45 rain with cooling (10~ and stirring. 
The reaction mixture was stirred for 20 min at 20~ (C2Hh)3N.HCI was filtered, and the excess methanol 
and benzene were distilled from the filtrate. The reaction product was distilled under vacuum. The deu- 
teromethyl, ethyl, and decyl esters were similarly prepared. 

The Reaction of 3-Oxo-3-ethoxy-l,3-thiaphosphetane with Ethanol in the Presence of Sodium Ethox- 
ide. A mixture of 6.3 g (III) and 80 ml 10% C2HhONa in ethanol was boiled with stirring for 1.5 h. After-- 
the excess C2HhONa was neutralized with dry HCI, and the ethanol was distilled, the reaction product was 
isolated by distillation under vacuum. 

C ONC LU S IONS 

1. Methods of synthesis have been worked out, and 1,3-thiaphosphetane derivatives have been syn-  
thesized. 

2. It has been shown that the f o u r - m e m b e r e d  thiaphosphetane ring can open under the action of bas i c -  
type reagents .  

I. 

2. 

3. 

4. 
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