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Polymeric support systems have received considerable attention 

years, 
2a-d 

however very little has been accomplished using polymers 

over the past several 

which are themselves active 

Aminophosphines _l_ h;ve recently found use in selectively removing sulfur from compounds 

of the type shown below. The most widely used aminophosphines for this purpose are the tris- 

R-X-S-R' + (r2N)3P + R-X-R' + (R"2N)3P=S 

X =.-S, -S2, -S(O), -S(02), -N(COCH2)2 

R = R' = alkyl, aryl; R" = -CH3, -CH2CH3 

diethyl or dimethyl derivatives. In these cases, the product phosphine sulfides are liquids 

and at times their presence causes difficulty in product isolation. 

We wish to report the synthesis and properties of two new polymeric and one crystalline 

aminophosphine and comment on their usefulness in desulfurization. 

Treatment of the trimethylsilyl derivatives of piperazine (J)4 and homopiperazine (i)5 

with PCl, effected the formation of the two polymeric reagents 2 and 5 in 99 and 96% yield 

(CH3)3Si- 

G 

N-Si(CH3)3 

- 

respectively. Similar treatment of N-trimethylsilyl-1,2,3,4-tetrahydroisoquinoline6 yielded 

(79%) a very reactive aminophosphine l.7 

The polymeric aminophosphines (5 and 5) exhibited the expected properties of 

aminophosphines8 reacting with CC14, alcohols and water. 
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In addition, they display great insolubility in the usual organic solvents. The polymers are 

branched and are believed to be of high molecular weight though no convenient method of molecu- 

lar weight determination is available owing to their extreme insolubility. As they slowly 

decompose under normal atmospheric conditions, they must be stored under nitrogen. A unique 

property of solvent absorption on formation of the aminophosphine polymer was noted. The piper- 

azine phosphine polymer was found to have absorbed as much as six times its weight in benzene, 

while still remaining a fluffy, dry, white powder. Less dramatically, homopiperazine absorbed 

about 150% of its weight in solvent, though still exhibiting a dry powdery appearance. After 

the polymers are heated in vacuum to constant weight, they are able to readsorb solvent to the 

extent of only 50-60% by weight. Presumably the polymer structure is collapsed when dried and 

does not permit further entrapment of solvent. 

The solvent-expanded polymer shows a much greater reactivity towards desulfurization com- 

pared with the dry polymer.' Again, this may be explained in that the phosphorus atoms are 

more available than in the collapsed polymer. 

The desulfurization experiments are summarized in the Table. In general, the aminophos- 

phine polymers 2 and 5 are less reactive than tetrahydroisoquinoline)phosphine 1 which is of 

the same order of reactivity as the tris(dialkylamino)phosphine 1. In the case of the poly- 

mers, an excess amount of reagent was required to obtain best results (ca. 200%). - 
Several advantages of the new aminophosphine reagents over the conventional aminophos- 

phines are apparent. When using phosphines l_, reaction products often must be tediously sepa- 

rated by column or thin layer chromatography, and in some cases, separation even by these 

methods could not be achieved; by comparison, a simple filtration sufficed with the polymeric 

reagents. 

Although chromatographic separation was used in isolation of the products with reagent I_ 

the isoquinoline phosphine sulfide underwent slow decomposition on the column and did not 

readily elute. 

While some of the desulfurization reactions were of a routine variety (e.g., RSSR, Table), 

two are worthy of special note. Thiosulfinate esters potentially have two possible desulfuri- 

zation products, via the likely - 3b'h phosphonium salt intermediate g Ring closure through g 

would provide sulfoxide lOwhile through S& a cyclic sulfenate ester (sultene) 11 . lo In this 

reaction, only sulfoxidewas found (66%). 

Another interesting desulfurization was performed on the imide system 12. We have pre- 

viously reported3e 
- 

the easy desulfurization of this functional group to give N-alkyl imides, 
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precursors to amines by hydrolysis or hydrazinolysis. 

been elucidated although if it follows the pathway of ^. . 
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The mechanism of this reaction has not 

the disulfide3i and thiosulfonate desul- 

furizations,'b'" it would be predicted that a phosphonium salt intermediate would be formed 

and inversion of configuration should occur at the chiral carbon. This was realized in that 

when&(+)-N-(2-octy1)thio phthalimide (12)" was treated with phosphine J_ a 65% yield of 

(RN-)-N-(2-octyl) phthalimide (13) was obtained. The optical rotation of this product 12 com- 

pared most favorably with the highest reported value in the literature 13 for its enantiomer. 

Thus, the desulfurization of N-alkyl thiophthalimides proceeds with complete inversion of con- 

figuration and permits the conversion of thiols of one chirality into amines of the opposite. 

DESULFURIZATION OF R-S-X-R 

Substrate 
amino- 

phosphine Product % yield 
Reaction 

Time (hr) rtb 

C6H5CH2S_) 2 

C6H5CH2S PS f 

? 
CH30CCH2S$ 

C6H5SSCH3 

!z -s- 88 24 

5,&J -s-s- 90,90,97a 288,72,1 

6 -s- 99 24 

!! C6H5-S-CH3 80 144 

-s- 58 48 (reflux) 

0 

-i- 66 24 

0 

5J _;- 82,73 120,124 

6 

5 97a 

(+,70a,(-)71 3 

aYield by nmr. 
bReaction solvent was benzene; reagents 5 6 used in 2-fold excess, 1 7 in 10% excess 
'Crude 

-s- -*_ 
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