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By smooth catalytic hydrogenation phenylated phosphine oxides are reduced to the 
corresponding cyclohexyl derivatives using a Rh/Pt catalyst. In chiral phosphines the optical 
activity is restored. 

1. Introduction 

The catalytic hydrogenation of P-aryl substituted phosphine oxides to the 
corresponding saturated phosphine oxides and their reduction has been carried 
out since 1982 [1-4]. Either R u / C ,  Rh/A1203 or PtO z catalysts have been 
applied demanding rather high pressure (70-130 atm) and even sometimes higher 
temperature to complete the reaction. PtO 2 or 5% Rh/AI203 proved to be less 
effective. We found some years ago and are using it since that time, that just the 
mixture of Rh203 /P tO 2 [5] prepared from HzPtC16. 6H20 and RhC13. 3H20 (g 
atom R h / g  atom Pt 3 : 1) according to the Adams catalyst [6] resulted in a very 
suitable catalyst for the smooth hydrogenation of phosphine oxides. It was 
checked for chiral and achiral phosphine oxides which were obtained by known 
methods. The oxides DPPON-O and DPPEA-O were prepared by H202 oxida- 
tion in acetone starting from the phosphines DPPON [7] and DPPEA [8] 
respectively. The results are summarized in the table 1. 

The hydrogenation proceeds at room temperature in E t O H / H O A c  at a pres- 
sure between 0.5 to 3.0 MPa hydrogen. Of course higher pressure is tolerated (e.g. 
run 5) but in most cases lower pressure is sufficient and the reaction ran to 
completeness within 48-72 hours. In case of run 5 the aromatic system of the 
backbone was hydrogenated simultaneously as occurred also with the double 
bonds in DPPE~O and NORPHOS-O. The reaction was accomplished without 
any destruction of the phosphine oxides or with loss of the optical activity as 
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trans-2,3-bis(diphenylphosphinomethyl)-7- 
oxanorbornane 

t rans-2,3-bis(dicyclohexylphosphinylmethyl)- 
7-oxanorbornane 

trans-I 1,1 2-bis(diphenylphosphinylmethyl)- 
9,10-dihydro-9,10-ethanoanthrancene 

trans-11,12-bis(dicyclohexylphosphinylmethyl)- 
9,10-ethano-perhydroanthracene 

1,2-bis(diphenylphosphinyl)ethene 

1,2-bis(dicyclohexylphosphinyl)ethane 

2,3-trans-bis(diphenylphosphinyl-norborn-5-ene 

2,3-trans-bis(diphenylphosphinyl)-norbornane 

4,5-bis(diphenylphosphinylmethyl)-2,2-dimethyl- 
1,3-dioxolane 

4,5-bis(dicyclohexylphosphinylmethyl)-2,2: 
dimethyl-l,3-dioxolane 
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Table 1 
Hydrogenation of phosphine oxides catalyzed by Rh/Pt  
solvens: ethanol/acetic acid = 5/1 

catalyst. Reaction temperature 25 ~ C, 

run phosphino (mmol) solvens catalyst time pressure Hydrogenation a Yield 
oxide (ml) (nag) (hrs) (MPa) product (%) 

1 Ph3PO 5.4 30 100 5 1.0 CY3PO 75 
(acetone/HaO) 

2 Ph3PO 36 180 300 48 2.4 CY3PO 85 
(acetone/H20) 

3 DPPON-O 3.8 30 100 48 3.0 DCYPON-O 80 
4 DPPON-O 1.9 24 80 48 0.8 DCYPON-O 75 
5 DPPEA-O 4.7 60 150 48 9.8 DCYPEA-O 73 
6 DPPEA-O 1.6 24 80 72 0.8 DCYPEA-O 75 
7 DPPE-O 3.5 30 100 48 3.0 DCYPE-O 75 

(EtOH/HaO) 
8 Norphos-O b 6.1 100 100 72 0.8 CYNorphos-O c 73 

(Hexan) 
9 DIOP-O d 0.9 24 30 48 0.8 CYDIOP-O e 95 

a 1H nmr: No resonance in the range of aromatic protons (6.75-7.75 ppm). 
b (-)-Norphos-O (2 R, 3 R) [a]ZD ~ --62 ~ (c =1, CHC13) [9]. 
c Double bond reduced, [a]~ - 25.8 o (c = 1, EtOH). 
a ( - ) -DIOP (4 R, 5 R) [a]D -12  ~ (e=  2, toluene) [10]. 
e [a]~ -4.5 ~ (c = 4, benzene) [2]. 

ind ica ted  by  run  8 and  9. I t  was total ly  inh ib i ted  b y  use of  the free  phosph ines  as 
an t ic ipa ted  due  to complexa t ion .  T h e  chemical  yields are n o r m a l l y  in the range  of  

70 -80% (see table  1). Since the  oxides  are easily r educed  b y  silanes the p r o c e d u r e  
offers  a r easonab le  rou te  to basic phosphines .  

2. Procedure 

The  phosph ine  oxide,  the ca ta lys t  and  the solvens are p laced  in a 1 0 0 - 5 0 0  ml 
autoclave  and  the h y d r o g e n a t i o n  was p e r f o r m e d  in the usual  m a n n e r  wi th  

stirring.~ W h e n  the h y d r o g e n  up t ake  was comple t e  the ca ta lys t  was f i l tered off  
(cau t ion  it is n o w  in general  py rophor i c )  washed  two t imes wi th  e thano l  and  the 
f i l t rate  was c oncen t r a t ed  in vacuo.  The  rest  conta ines  ad h e ren t  acet ic  acid. 
Add i t i on  of  wate r  gives the crystal l ine p h o s p h i n e  oxides  which  if  necessa ry  were 
recrysta l l ized to ob ta in  the pu re  p roduc t s  ( table  1). 
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