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ORWOPHOSPHORUS TRANSITION METAL CBEMISTRY: PALLADIUM CATALYZED 
ARYIATION OF TETRA- AND TRIORDINATED PHOSPHORUS COMPOUNDS 

K.M. PIETRUSIEWICZ* and M. KUhIKOWSXI 
Centre of Molecular and Macromolecular Studies. The Polish Academy 
of Sciences, Sienkiewicza 112, 90-363 Udf, Poland 

Abstract: A large variety of usefully functionalized a,$-unsatura- 
ted phosphine oxides (including bifunctional and homochiral ones), 
functionalized tetraaryl phosphonium salts and the C-P heterocy- 
clic systems can be obtained directly by means of the Pd - cataly- 
zed arylation of vinyl phosphine oxides, arylation of tertiary 
phosphines and aryl exchange processes in quaternary phosphonium 
salts. 

Several well established synthetic methodologies in organic chemistry 
are based on reactions utilizing catalytically derived aryl- and vinyl- 
palladium reagents for carbon-carbon bond formation. ' In organophospho- 
rus chemistry the major use of these reagents has been to effect car- 
bon-phosphorus bond formation. * In this report are presented our re- 
sults on the use of some palladium catalyzed carbon-carbon and carbon- 
phosphorus bond 
organophosphorus 

ArX + 

forming processes for novel structural elaboration of 
compounds. 

i 0 
II Pd(OAc), cat. 

w P R 2  Ar + p 2  Et3N, CH3CN 
lO0OC 

As shown in a general equation above phosphinylethenes readily 
undergo terminal arylations upon treatment with aryl iodides or aryl 
bromides under typical Heck reaction3 conditions to afford the 
corresponding styrylphosphine oxides of E configuration. The reaction 
is very broad in scope in respect to both of the reaction components4 
and, importantly, can also be performed on a P-chiral phosphinylethene 
with full preservation of configurational integrity at P. 

0 
0 I 1  
I I  Pd(OAc)2 cat. 

JQ-Pgh + Et3N, CH3CN 
100°C, 6-24h R R CH3 

(Sp) ( S p )  R-H, 91% 

Analogous employment of vinylpalladium reagents leads to produ- 
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ction of P-chiral phosphinylbutadienes in equally straightforward 
manner. An added feature of these vinylation reactions is that the 
relatively readily available chiral reagents can be used in combination 
with racemic phosphinylethenes and, therefore, a possibility for reso- 

0 
II 

Pd(OAc), PPh,. Bu,N*Br') 2001% 4'; 
' +'PPh E t , N ,  CH,CN 

CH, 100°C. 82h 
CH,O CH,O 

36% 

lution of the P-stereogenic centre in the product can be simultaneously 
secured , 

Bifunctional arylating agents in their reactions with two equiva- 
lents of phosphinylethene can readily afford diphosphinyl systems 

II Pd(OAc), 20012 fi 0 0 ',aBr + b p p h 2  12% PPh3, E t , N F  P h 2 P y y P P h 2  
CH,CN, l 2 S 0 C  

24h 
392 

possessing the phosphinyl groups in either distal (shown) or proximal 
positions. 

Advantage can also be taken of the known difference in reactivity 
of aryl iodides vs. aryl bromides in such reactions. As exemplified in 
the equation below bifunctional systems possessing two different phos- 

0 P, 
I I' 

b P P h ,  
Pd(OAc), 2mo12 

Et3N, CH,CN, 100°C 
- ph2pvB' 6h 

744 
0 

P h 2 P T ! ( 0 " "  0 0 
I I  

+P(OEt)2 

Pd(OAc)2 2molr 
1 2 2  PW,, E t , N  
CH,CN, 12OOC 

I t  

23h 432 

phorus functions can be readily synthesized in good overall yield. 
Moreover, by the possible sequential use of one homochiral and one 
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racemic phosphinylethene in reactions of this, type, systems in which 
one phosphorus centre would serve to resolve another can be created 
with facility. 

Another useful facet of the studied reactions is connected with a 
possibility of using bifunctional organophosphorus substrates. As 

delineated below, use of divinylphenylphosphine oxide in combination 

0 0 

II 
NHz Pd(OAc), h o 1 1  

4%PPh,, CH,CN. 100°C Et,N “ N ~ ~ ~ m 2  

\ 17h 

7 6 t  2eq. 

with 2 equivalents of aryl iodide leads expeditiously to the bifunctio- 
nal styryl system which is suitably functionalized for further linear 
elaboration, or can be used as precursor to products of macrocyclic or 
polymeric nature. 

Furthermore, proper placement of suitable functional groups in 
such systems may also open additional possibilities for intramolecular 
reactions. In the example cited below, upon treatment of bis(hydroxyme- 
thyl) derivative with catalytic amounts of NaH, a mixture of isomeric 

45* 551 

heterocycles resulting from both the “normal” and the interesting 
“crisscross’ intramolecular addition reactions, has been obtained. 

Another fruitful domain of interactions of arylpalladium reagents 
with organophosphorus compounds has been connected with the known 

Pd-catalyzed quaternization of tertiary phosphines by treatment with 
aryl halides.’’ As we demonstrate in the following equations, again 
judicious placement of suitable functionalities 

Pd(OAc):, 2moll 

Et3N. CH,CN 
100°C, 4.5h 

in either of the 

+ Ph,P+ I’ + . . . 
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reaction components leads to attractive secondary transformations 
resulting in both cases in the formation of C-P heterocyclic products. 

+ Ph,P+ X- 
Pd(OAc), 2mol% 
Et,N, CH,CN 

l0O'C rl 1 4 5 O C  
8d 

Ph,P + 
Br 

8 eq. 302 59% 

Moreover, we have been able to prove that under Pd-catalysis 
condition the aryl groups in tetraarylphosphonium salt can undergo aryl 
exchange with aryl iodides. In such a process tetraphenylphosphonium 
iodide (or Ph3P, as shown below), upon exposure to an excess of iodo- 
anisole can be converted into tris(panisy1)phosphonium iodide in very 

f 
Pd(OAc), 2mol5. + 1- 

Et,N,  CH,CN. 100°C 
4d 

OCH, 

8 eq. 
682 255. 

practical yields. 
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