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The react ion of a-diketones and vicinal tr iketones with tr ialkyl phosphites leads to the forrnat~on of 
1,3,2-dioxaphospholenes with a pentacoordinated phosphorus atom [1-3]. On the example of react ing mono-  
thiobenzil with phosphites and phosphonites it was shown [4] that cyclic phosphoranes,  the 1,3,2-oxathiaphos- 
pholenes, are  also formed when the C = O group is replaced by the C =S group. 

It was shown for the recent ly  descr ibed [5, 6] 2 -oxo- l ,3 -d i th io- l ,3 -d iphenylpropane  (I) that it exists in 
equilibrium with the mesoionic form (In), which at 20~ is strongly shifted toward (Ia). 
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The react ion of (I) with t r imethyl  phosphite, tri(dimethylamino)phosphine, triphenylphosphine, and di-  
methylphosphorous acid is descr ibed in the present  paper.  

The react ion of (D with trimethyl phosphite was run in hot benzene. At a reactant  rat io of 1 : 1 and 1 : 2 
a part  of the s tar t ing (I) was recovered  f rom the react ion mixture independent of the heating time; (I) reacts  
completely with a l a rger  excess of the phosphite to give t r imethyt  phosphate and tr imethyl  thiophosphate (1:2),  
which were identified on the basis of the IR and 31p NMR spect ra l  data (6al p 0 and -73  ppm, respectively).  
Unidentified sulfur-containing compounds were also isolated when the reaction mixture was chromatographed 
on silica gel. 

The react ion of tri(dimethylamino)phosphine and tr iphewlphosphine with (I) proceeds in a s imi lar  man-  
ner  to give the corresponding oxides and thiooxides. Dimethylphosphorous acid also reacts  with (I), with the 
cleavage of oxygen and sulfur f rom the lat ter .  Based on the ~ and 31p NMR spect ra l  data, the dimethylphos- 
phoric and dimethylthiophosphoric acids were identified among the reaction products.  

Deoxidation and desulfurization, which are  the sole direct ion when 2-oxo- l ,3-d i th io- l ,3-d iphenylpropane  
is reacted  with derivat ives of tr ivalent phosphorus acids, indicate that the mesoionic form (Ia) takes part  in 
the react ion in the investigated tempera ture  range.  The react ions apparently begin by nucleophilic attack of 
the P atom on the S atom to give the unstable intermediate (II). A temperature  study of the 31p NMR spectra  
disclosed that in the range 80-100 ~ the signal of t r imethyl  thiophosphate (-73 ppm) appears somewhat before 
the signal of t r imethyl  phosphate (0 ppm). 
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Similar nucleophilic attack on the S atom occurs  when tr ialkyl phosphites [7-9] and trialkylphosphines 
[9, 10] are  reacted  with disulfides. Here it was observed that the trialkyl phosphites are  more  react ive than 
triphenylphosphine. 
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TABLE 1 

T., ~ 

Start of effect 
Maximum of effecl 

P(OCH3)a 

95 
I08 

Detivadves of phosphorus acids 
i 

P[N(CHs)~]3 PPh~ [ H(O)P(OCHsh 
l 

55 i47 ! 97 
I 

67 t7i ~ i04 

P(OCHDa -~ 
-~ CH~COOH 

65 
83 

The p r io r  protonat ion of (I) on the oxygen probably  occurs  when (I) is r eac ted  with dimethylphosphorous 
acid,  with subsequent  aucleophil ic  a t tack by phosphite anion on the sulfur  of the posi t ively charged dithiol r ing.  
The re la t ive ly  high reac t iv i ty  of the dialkyl  phosphites toward (I), comparab le  to that of the t r ia lkyl  phosphites ,  
can be explained by this ,  whereas  disulf ides r e a c t  only with the sa i l s  of dialkylphosphorous acids or  with di-  
alkyl  phosphites in the p re sence  of amines ;  the dialkylphosphorous acids themse lves  r e a c t  only with disulfides 
of the acyl  type [11, 12]. 

The fact  that  t r ime thy l  phosphate in the p re sence  of CH3COOH reac t s  at a lower t empe ra tu r e  than without 
it is a l so  explained by the p r io r  protonat ion of (I) by acet ic  acid,  although t r imethy l  phosphate and t r imethy l  
thiophosphate a r e  the reac t ion  products  in both ca se s .  

E X P E R I M E N T A L  

React ion of 2 -Oxo- l , 3 -d i t h i o - l , 3 -d i pheny lp ropane  (I) with T r ime thy l  Phosph i t e .  A mixture  of 3.2 g of 
(I) and 2.9 g of P(OCH3) 3 in 50 ml  of abs .  benzene was s t i r r e d  at 100-110 ~ for  14 h. Then the benzene was r e -  
moved  in vacuo and the res idue  was t r ea t ed  with CH2CI 2. The CH2Cl2-insoluble portion (0.8 g) is unreac ted  (D. 
F r o m  the CH2Cl2-soluble port ion was isola ted by vacuum dist i l lat ion a mix tu re  of O--  P(OCH3) 3 and S = P(OCH3) 3 
with bp 42-54 ~ (0.1 mm),  53i P 0 and - 7 3  ppm. The res idue  was chromatographed  on s i l ica  get (II activity) 
(1 g of product  pe r  10 g of s i l ica  gel). As eluants we used pe t ro leum ether ,  its mixture  with benzene (9 : 1, 
4 : 1 ,  1 :1 ) ,  benzene ,  and its mix ture  with e ther  (9:1 ,  4 : 1 ,  1 :1 ) .  The course  of the chromatography  was 
checked by TLC and the IR s pec t r a .  Here  we isolated 3 g reen i sh -b rown solid products ,  which contained su l -  
fur  (15-17% S) and were  f ree  of phosphorus ,  and whose s t ruc tu re  could not be es tabl i shed.  

React ion of (I) with P(OCH3) 3 in the P re sence  of CH3COOH. A mixture  of 0.5 g of (I), 0.5 g of P(OCH3) 3, 
and 0.25 g of glacia l  CH3COOH in 45 ml  of benzene was heated at ~80 ~ for  6.5 h. Vacuum dist i l lat ion gave a 
mixture of O=P(OCH3)3 and S----P(OCH3)3, 631 p 0 and - 73 ppm. 

Reaction of (1) with Tri(dimethylamino)phosphine, Triphenylphosphine, and Dimethylphosphorous Acid. 
The reactions were run by heating (1) with an excess of the phosphorus reagent in a sealed ampul at tempera- 
tures that were determined by the DTA method (Table 1). Based on the IR and NMR spectral data, the respec- 

tive formation of the following compounds was recorded: S--P(NMe2) 3 (-82 ppm) and O----P(NMe2) 3 (-24 ppm); 
S = PPh 3 (-44 ppm) and O----PPh 3 (-24 ppm); (MeO)2PSOH (-66 ppm) and (MeO)2POOH (0 ppm). 

The authors express their gratitude to E. I. Gol'dfarb for taking the 31p NMR spectra. 

CONCLUSIONS 

When trimethyI phosphite, tri(dimethylamino)phosphine, triphenylphosphine, and dimethylphosphorous 
acid are reacted with 2-oxo-l,3-dithio-l,3-diphenylpropane the latter is desulfurized and deoxidized. 
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Data  on the p h y s i c a l  p r o p e r t i e s  of t e t r a b u t y l a m m o n i u m  h y d r o x i d e  and i ts  h y d r a t e s  a r e  l a c k ing  in the 
l i t e r a t u r e .  In the p r e s e n t  c o m m u n i c a t i o n ,  a s  an e x p a n s i o n  of the r e s e a r c h  by the a u t h o r s  on the p h y s i c o -  
c h e m i c a l  c h a r a c t e r i s t i c s  of t e t r a a l k y l a m m o n i u m  h y d r o x i d e s ,  a r e  g iven  the r e s u l t s  of an x - r a y  s tudy  of t e t r a -  
b u t y I a m m o n i u m  h y d r o x i d e  t r i h y d r a t e  (I). [(C4Hg)4N]OH- 3H20 (I) was s y n t h e s i z e d  by the m e t h o d  d e s c r i b e d  in 

The x - r a y  p a t t e r n s  of the s a m p l e s  w e r e  taken  by the D e b y e -  S h e r r e r  me thod  on a URS-55  a p p a r a t u s .  
U s i n g  an a i r t i g h t  c h a m b e r  a t  - 6 0  to -80~  the p o w d e r e d  (I) was  p l a c e d  in t h i n - w a l l e d  c a p i l l a r i e s ,  which w e r e  
then s e a l e d .  The  r e c o r d i n g  was  done a t  the t e m p e r a t u r e  of l iqu id  N 2. The  e x p o s u r e  t ime  was 10 h. The 
r e p r o d u c t i o n  of the x - r a y  p a t t e r n s  was  good.  

Indexing  b a s e d  on the H a l l - D a v e y  c u r v e s  gave  a good a g r e e m e n t  (Table  1) of the m e a s u r e d  i n t e r p l a n a r  
d i s t a n c e s  and those  c a l c u l a t e d  for  a r h o m b i c  s y s t e m  with the p a r a m e t e r s  a = 13.06; b = 11.20; e = 10.50 .~. 
The  n u m b e r  of f o r m u l a  uni ts  was c a l c u l a t e d  to be Z = 4; Ppeaks  = 1.10; P x - r a y  = 1.16 g / c m  3. 

A c o m p a r i s o n  of the da ta  for  the l a t t i c e  p a r a m e t e r s  of the t e t r a m e t h y t - ,  t e t r a e t h y l - ,  and t e t r a b u t y l a m -  
m o n i u m  h y d r o x i d e s  (Table  2) shows that  t he se  compounds  a r e  i s o m o r p h o u s  and that  the l a t t i c e  p a r a m e t e r s  
i n c r e a s e  s o m e w h a t  wi th  i n c r e a s e  in the m a s s  of the ca t ion .  

T A B L E  1. X - R a y  Data  fo r  [(C4Hg)r 3H20 

I A A /k h~t I eas, d~eas, dcalc, A A hkl 

W 
V . W  
m 
V . W  
m 
m 

m 
v . w  
Ditto 

>> 

5,20 
4,68 
3,9t 
4,28 
3,41 
3,18 
2,80 
2,61 
2,47 
2,36 
2,23 

5,5i 
4,98 
4,02 
4,30 
3,48 
3,24 
2,85 
2,64 
2,50 
2,39 
2,26 

5,60 
5,20 
4,fi2 202,3ii 
4,35 220 
3,48 t3i 
3,22 222,23i 
2,85 040,03i 
2,63 
2,48 
2,41 
2,28 

020 t 
0021 

240 
004 
242 
024 

Ditto 

)> 

)> 

2,t7 
2,05 
1,96 
1,79 
t,73 
1,69 
1,48 
i,44 
1,30 
t , t4 
i,Oi 

2,i9 
2,08 I 
t,98 i 
t ,81[  
1,75 
1,71 
1,49 
1,45 
t,31 
1,14 
t,Ol 

2 t9 224, 333 
2,10 602, 440 
2,00 442 
1,83 ]t44, 060 
~,75 i62 
t,72 062 
1,50 126, 064, 
t,45 146 
1,31 334 
i , t4  048 
t,Oi 068 

*dmeas, with a correction for the sarnple thickness. 

T A B L E  2. L a t t i c e  P a r a m e t e r s  of T e t r a a l k y l -  
a m m o n i u m  H y d r o x i d e s  (/~) 

L i ~ e r a t ~ l i ' e  
Hydroxide a ~ c reference 

[(CH3)4N]OH-5H.O 
[(C2H~)4N ] OH. 2H~O 
[(C4H~hN]OH' 3H20 

12,57 
13,23 
13,96 

10,96 [ 7,9i 
1i,02 9,34 
11,20 t0,50 

[21 
[31 

264 
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