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STABLE CHIRAI_ BUT RACEMIC F'H(Xl'HIm (R)(R')(R")P CONTAINING 'IWO DIFFERENT (AMINO) 

W : HIGH YIEL.DSYNTHESIS ANDCCWERSION TOTHE RRSPECI'IVEPAOSPHINE SULPHIDES 

T. Mohan, M.N. Sudheendra Rae* and G. Aravamudan 

Department of Chemistry, Indian Institute of Technology, MADRAS 600 036, INDIA. 

Abstract : Reaction of PhPC12 with dicyclohexylamine followed by a secondary amine 

affords stable tertiery phosphine (Ph)(DCA)(NR*)P in good yield which reacts readily 

with sulphur to give the phosphine sulphide (Ph)(DCA)(NR2)P(S). 

Fully asymmetric tertiary phosphines (R)(R')(R")P have assumed considerable 

importance in recent years because of their use in the preparation of stereospecific 

hydrogenation catalysts, 192 chiral organic synthesis 
3 

and in stereospecific 
I 

biological activity . Their syntheses in general have been achieved only by tedious 
2 

and difficult preparative procedures . As (amino) phosphines are known to exhibit 

characteristic and greater reactivity than a more commor, phosphine R3P, the introduction 

Of one or more (amino) aubstituents in (R)(R')(R")P will be of particular interest with 

regard to their reactivity and stereospecificity. Unfortunately,to date no example of 

a tertiary (amino) phosphine containing three different [amino) substituents is known. 

Recently, we have reported a facile synthesis 

by a transamination route6. 

of tertiary (amino) phosphines (R2N)3P 

We report here the preparation by condensation route of 

five different tertiary phosphines (R)(R')(R")P containing two different (amino) 

substituents which are isolated as stable solids in good yield. It must however be 

mentioned that about twenty such phosphines are reported in the literature, the majority 

of which are liquids at room temperature and are sensitive to air, moisture and heat. 

Perhaps due to this, they have remained relatively inaccessible for any further study. 

The synthesis of five phosphines of the type (R)(R')(R")P has been achieved by 

exploiting the steric bulk of the dicyclohexylamino group(DCA) 
7 

which replaces only 

one of the two chlorines in PhPCl2 even when an excess of it is used in the reaction. 

The resulting monochloro derivative "(Ph)(DCA)PClw reacts in the next step with the second 

amine (R2NH) to produce the phosphine (Ph)(XA)(NR2)P [Equations (1) and (2)]. 

C6H5PC12 t 2(C6H11)2NH ----+ (C6H5)[(C6Hll)2NlPCl + (C6H11)2NH.HCI 

(C6H5>[ (C6H11)2iilfQ + 2 R2NH -----> (C6H3i(CgH11)2~](;:712)P + R2NH.HC1 

. . ...(l) 

. . ...(2) 

[R N = Pyrrolidino-. C&HgN-(I); Piperidino-, 
2 

C5HION-(II); Morpholino-, OQSN-(III); 

N-Methylpiperazino-, CH3NC4HpN-(IV)& hexamethylenimino-, C6H12N-(V)] 

In a typical reaction dicyclohexylamine (13.65g;75.4mmol.) was kept stirred in the 

solvent mixture benzene-hexane (150ml;l:l) at 0°C (ice bath) in a 250ml side-arm flask. 
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PhPC12(6.60g.36.8mmol) in hexane (20ml) was added to this in a dropwise manner in half 

hour. It was brought to room temperature, stirred for twelve hours and filtered to remove 

the dicyclohexylamine hydrochloride. The filtrate was then reacted in a similar manner 

with two molar equivalents of the second amine and the resulting filtrate was concentrated 

and cooled in the deep freezer for one day to isolate the phosphine (Ph)(DCA)(NR*)P. 

The reaction proceeds smoothly in each case and the resulting phosphines are obtained 

in 70-80% yield as high melting colourless crystalline solids which are stable to air 

and moisture. Also, the Phosphines (I to V) are found to react exothermically at room 

temperature with elemental sulphur in equimolar ratio to yield the corresponding phosphine 

sulphides (VI to X) as colourlsess crystalline solids [Equation (3)]. 

(Ph)(DCA)(NR2)P + l/8 S8 
CH3CN 
-RT--+ (Ph)(DCA)(NR*)P(S) . . ...(3) 

The characterisation data of the phosphines as well as their sulphides are given 

in Tables (1) and (2) respectively. Proton signals are found adequately resolved in 

the high resolution (270MH.z) proton nmr spectra of all the compounds (I to X) which has 

greatly assisted in their characterisation. In the electron impact mass spectra of 

compounds I to X, a peak corresponding to the molecular ion is observed in 40-60% 

intensity. A comparison of their fragmentation patterns reveals many notable features8. 

Interestingly, the phosphorus chemical shifts are much narrowly spread for the phosphine 

sulphides (VI-X) than the phosphines (I to V). 
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