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EQUILIBRIUM OF STEREOISOMERS OF 

2,4 ,5 ,6  - TETRA PIlE NY L- 1 ,3 ,5 -  DI OXA PH OS PH ORI NA NE 

AND ITS DERIVATIVES 

B. A .  A r b u z o v ,  O. A.  E r a s t o v ,  
S. S h .  K h e t a g u r o v a ,  a n d  T .  A.  Z y a b l i k o v a  

UDC 541.121:541.634:547.1'118 

In connect ion with the r e su l t s  obtained in [1] for  the  equi l ibr ium of 5 -benzy l -5 -oxo -2 ,4 ,6 - t r i pheny l -  
1 ,3 ,5-dioxaphosphorinane,  we studied the equi l ibr ium of 2 ,4 ,5 ,6 - te t raphenyl - l ,3 ,5 -d ioxaphosphor inane  (I), i ts 
oxide (ID, and its sulfide (III). Compound (I) was  obtained f r o m  PhPH 2 and PhCHO in acid medium as desc r ibed  
in [2]. The r eac t ion  can  go along two paths.  

Ph ] 
~CH--OH 

2Ph(]ltO I I [ PhCHO . E l l - - 0 \  
P h P H . - -  | Ph (IV) ] ~  PhP( )CHPh 

" H+ Ph H+-Hs0 \CH_0  / 

1 .CH--O.' I Ph' 
'--X~ PhP~H Ho>CHPh --[ (I) 

The intense s ignals  of di(hydroxyhenzyl)phenylphosphine (IV), with 5 -10 .6  ppm, appea r  f i r s t  in the 
31p NMR s p e c t r u m  of the r eac t ion  mix ture ,  and then, as they d e c r e a s e ,  the signal  of (I) with 5 35 ppm begins 
to inc rease .  The fo rma t ion  of (IV) indicates  that a second PhCHO molecule  a lso  adds to the P a tom,  i .e . ,  the 
r eac t i on  goes only along the f i r s t  path depicted in the scheme.  The d i rec t  r eac t ion  of (IV) with PhCHO in acid 
med ium leads to the s a m e  product  that is obtained f r o m  PhPH 2 and PhCHO. 

The fo rma t ion  of the given (I) i s o m e r  in acid med ium is amenable  to the rmodynamic  control .  This con- 
c lus ion was made a f t e r  studying the r eac t ion  of (IV) with PhCHO in neutra l  medium.  Under these conditions 
the s ignals  of three  (i) s t e r e o i s o m e r s  with 5 30, 32, and 35 ppm are  obse rved  in the 31p NMR s p e c t r u m  of the 
r eac t i on  mixture .  The s t e r e o i s o m e r  with 6 35 ppm, which is a lso  fo rmed  in acid medium,  deposi ts  f r o m  this 
r eac t ion  mixture  on standing. The other  two s t e r e o i s o m e r s  could not be i so la ted  in the pure form. Heating the 
s t e r e o i s o m e r  with 5 35 ppm and p- toluenesulfonic  acid in CGH 6 (80~ 15 h) does not lead to the appearance  of 
the other  s t e r e o i s o m e r s .  

Compound (H) was obtained f r o m  (I) by oxidation with H202, as desc r ibed  in [2], and a lso  by the r e a c -  
tion of di0wdroxybenzyl)phenylphosphine oxide (V) with PhCHO in acid medium. In both cases  the product  in 
the reac t ion  mix ture  and in the pure  f o r m  was the s t e r e o i s o m e r  with 5 - 12 ppm. I somer i za t i on  was not ob- 
s e r v e d  when (iI) was  heated  with p- to luenesul fonic  aeid in C6H 6 (80 ~ 40 h). The equi l ibr ium of 5 -benzy l -5 -oxo-  
2 ,4 ,6 - t r ipheny l - l ,3 ,5 -d ioxaphosphor inane  is es tab l i shed  in 24 h under such conditions. The r eac t ion  of di-  
(hydroxybenzyl)benzylphosphine oxide with PhCHO in acid medium leads to a mixture  of s t e r e o i s o m e r s  [1]. 
The above data indicate that the s t e r e o i s o m e r  with 5 - 12 ppm is the mos t  s table  (II) s t e r e o i s o m e r .  When (II) 
is i s o m e r i z e d  in CF3COOH it decomposes  to (V) and PhCHO. 

A. E. Arbuzov Insti tute of Organic and Phys ica l  Chemis t ry ,  Kazan Branch of the Academy of Sciences of 
the USSR. Trans la t ed  f r o m  Izves t iya  Akademii  Nauk SSSR, Ser iya  Khimicheskaya,  No. 9, pp. 2136-2139, Sep- 
t e m b e r ,  1979. Original a r t i c le  submi t ted  December  26, 1978. 
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Fig. 1. PIVIR spec t rum:  a) (VI), 
in CC14; b) (I), in CH3CN; c) (II), 
in DMSO; d) (III), in CH3CN. 
The J values a r e  given in Hz. 

Compound (III) was  obtained by the addit ion of sulfur  to (I), 5 - 3 5  ppm. The i somer i za t i on  of (III) was 
run  in benzene in the p resence  of p- toluenesulfonic  acid  (80 ~ 15 h). In the 31p NMR s p e c t r u m  of the reac t ion  
mix ture  was obse rved  a gradual  dec r ea s e  in the s ignal  of {III) and the appearance  of a s ignal  with 5 - 8 7  ppm, 
while the s ignals  of the o ther  (lid s t e r e o i s o m e r s  we re  absent .  On the bas i s  of the e lementa l  analysis  data 
and the PMR s p e c t r u m  (Fig. la) the product  with 5 - 8 7  ppm was ass igned  the s t ruc tu re  of 3 - t h io -2 , 3 ,5 - t r i -  
phenyl - l ,4 ,3-oxa th iaphospholane  (VI). The PMR s p e c t r u m  of this compound has the s ignals  of three  types of 
p ro tons ,  with a re la t ive  intensi ty of 15 : 1 : 1. The signal  of one of the protons ,  apparent ly  at  the C 5 a tom [3, 4], 
is sp l i t  f r o m  the coupling with the nucleus of the phosphorus a tom.  

The sulf ides  have a high nueleophil ici ty and a r e  eas i ly  protonated.  The rapid  i somer i za t i on  of the sulfides 
of 5 -pheny l -2 ,4 ,6 - t r ime thy l - l , 3 ,5 -d ioxaphosphor inane  was shown by us in [5]. The decomposi t ion  of (III) under  
conditions that  favor  i somer i za t ion ,  without ~he loss  of s te reohomogene i ty ,  t es f i f ies  to the g r e a t e r  t h e r m o -  
dynamic s tabi l i ty  of this s t e r e o i s o m e r .  

A c o m p a r i s o n  of the PMR s p e c t r a  of (I)-{III) (Fig. lb-d) with the s p e c t r a  of  the prev ious ly  studied model 
compounds [5] leads to the conclusion that in (I)-(III) the phenyls on the phosphorus a tom and adjacent  ca rbon  
a toms  a re  found in the equator ia l  position. This conf i rms  the s t e reospec i f i c i ty  of adding oxygen and sulfur  to 
phosphines [6]. 

As a r e su l t ,  {II) is s te reohccaogenet ic  in the equi l ibr ium s ta te ,  which is sharp ly  different  f r o m  the 
equi l ibr ium s ta te  of the i s o m e r i c  5 -benzy l -5 -oxo-2 ,4 ,6 - t r i pheny l - l , 3 ,5 -d ioxaphosphor inanes ,  where  the s t e -  
r e o i s o m e r  with one axial  phenyl and one equator ia l  phenyl on the 4,6 ca rbon  a toms predominates .  Conse-  
quently,  in the d i scussed  s y s t e m s  the reac t ions  involving the benzyl  and phenyl groups on the P a tom a re  d i s -  
similar. 

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

The 311~ NMR s p e c t r a  w e r e  obtained on a KGU-4 NMR s p e c t r o m e t e r  (10.2 MHz) with noise suppres s ion  
of the protons at  a f requency of 24.3 MHz, and without suppress ion .  The PMR s p e c t r a  were  r eco rded  on a 
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V a r i a n  T-60 s p e c t r o m e t e r  at  34.5~ the IR s p e c t r a  we re  r eco rded  on a UR-10 s p e c t r o m e t e r .  

Di(hydroxybenzyl)phenylphosphine (IV). To 12.4 g of f resh ly  dis t i l led PhPH 2 in an a rgon  a tmosphe re  was 
added 35.8 g of  f r e sh ly  dis t i l led  PhCHO. The evolution of heat was  observed.  On standing overnight  the mix-  
tu re  c rys ta l l i zed .  The y ie ld  of (II) was  100%, mp 45-47 ~ 5 -10 .6  ppm. Found: C 74.50; H 5.98; P 9.42%. 
C20H~sO2P. Calculated: C 74.50; H 5.95; P 9.61%. When (IV) is vacuum-dis t i l l ed  it decomposes  to PhCHO and 
PhPH 2. 

Di(hydroxybenzyl)phenylphosphlne C~ide (V). Compound (IV) is oxidized rapidly  in the a i r  and is con-  
ve r t ed  quant i ta t ively to (V), mp 162 ~ ( f rom MeCN}, 6 - 3 8  ppm (in DMF). Found: C 71.17; H 5.64; P 9.35%. 
C20H,903P. Calculated:  C 70.98; H 5.67; P 9.16~a 

2 ,4 ,5 ,6 -Te t rapheny l - ! ,3 ,5 -d ic~aphosphor inane  (I). a) Using the method given in [2], we-obtained (I) f r o m  
PhPH 2 and PhCHO, and a l so  f r o m  (IV) and PhCHO in acid medium; y ie ld  40-50%, mp 205 ~ (from MeCN) (cf. 
[2]), 5 3 5  ppm (in DMF). Found: C 79.13; H 5.56; P 7.57%. CnH2302P. Calculated: C 79.06; H 5.65; P 7.55%. 

b) In  an a rgon  a t m o s p h e r e ,  to 18.1 g of (IV) in 30 ml  of e the r  was added 6.0 g of PhCHO. After  15 days 
the r eac t ion  mix ture  began to deposi t  c ry s t a l s .  Af ter  24 days the i r  y ie ld  was 4 .4  g (20%), mp 205 ~ (from 
MeCN}, 535  ppm (in DMF). During the en t i re  per iod  the reac t ion  mixture  contained (IV) and a mixture  of 
the th ree  (I) s t e r e o i s o m e r s  with 5 3 0 ,  32, and 35 ppm. 

5 -C~o-2 ,4 ,5 ,6 - t e t r apheny l - l ,3 ,5 -d ioxaphosphor inane  (II). a) Using the method given in [2], we obtained 
(H) f r o m  ~I) by  oxidation with H202, yie ld  82%, m p  248-249 ~ (from MeCN) (cf. [2]), 5 - 1 2  ppm (in DMSO). 
Found: C 76.50; H 5.39; P '7 .28~ C27H2303P. Calculated:  C 76.03; H 5.44; F 7.27%. 

b) To 1.1 g of (V) in 50 ml  of abs .  benzene w e r e  added 2.1 g of PhCHO and s e v e r a l  c ry s t a l s  of p - to luene-  
sulfonic acid. Using a D e a n - S t a r k  t r ap ,  the mixture  was ref luxed for  35 h. The benzene was r emoved  in 
vacuo and the res idue  was  r e c r y s t a l l i z e d  f r o m  MeCN. Yield 0.35 g (27%), mp 248-249 ~ 5 - 1 2  ppm (DMSO). 

5 -Th lo -2 ,4 ,5 ,6 - t e t r apheny l - l , 3 ,5 -d icxaphosphor inane  (Ill). To 1.5 g of (I) in 20 ml of MeCNwas  added 
0.12 g of su l fur  and the mix ture  was  heated for  1 h a t  80 ~ until solution was complete .  Then the mixture  was 
cooled and the solvent  was  r e m o v e d  in vacuo. The res idue  was r e c r y s t a l l i z e d  f r o m  MeCN. Yield 1.4 g (73%), 
mp 223 ~ 5 - 3 5  ppm. (CH3CN). Found: P 7.08%. C~H2302P. Calculated: P 7.00%. 

The i s o m e r i z a t i o n  of ([)-(HI) was run  in C6I-I 6 in the p re sence  of p- toluenesulfonic  acid. 

3 -Th lo -2 ,3 ,5 - t r ipheny l - l , 4 ,3 -oxa th iaphospho lane  (VI). A solution of 8 g of (Ill) in 50 ml of C6H 6 was r e -  
fluxed in the p r e s ence  of p- toluenesulfonic  acid  for  15 h. Then the solvent  was r e m o v e d  in vaeuo and the r e s i d -  
ual yel low oil was  d isso lved  in hot MeOH. Crys ta l s  of (VI) deposi ted on cooling, y ie ld  1.1 g (16%), mp 153 ~ 
5 - 8 7  ppm (DMF). Found: C 65.57; H 4.57; P 8.49%. C20HnOPS2. Calculated: C 65.20; H 4.66; P 8.41%. 

C O N C L U S I O N S  

The s t e r e o i s o m e r s  with an equator ia l  or ienta t ion of the phenyls on the phosphorus a tom and on the c a r -  
bon a toms of the r ing  predominate  in the equi l ibr ium of 2 ,4 ,5 ,6 - te t raphenyl - l ,3 ,5 -d ioxaphosphor inane ,  its 
oxide, and i ts  sulfide.  
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