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Abstract - Reaction of tri(2-benzothiazy1)phosphine or tri(2- 

pyridy1)phosphine with aryl- or heteroaryllithium compounds in THF 

affords 2.2'-bibcnzothinzyl or 2.2'-bipyridyl by ligand coupiing in 

good yields. 

Earlicr, we have suggested thc concept of ligand coupling within hypervalent 

intermediate.' The hypervalent spccles are valence-expanded, hcnce known to 

undergo ligand exchange, ligand coupling and self-dccomposition besides 

pseudo-rotation. Wc have also shown that there are concurrent and also 

consecutive ligand exchange and llgand coupling within hypervalent inter- 

mediates. 2-4 A typical example of concurrent ligand exchange and coupling would 

be the reaction bctween benzyldi(2-pyridy1)phosphine oxide with heteroaryl- 

lithium. while a typical example of consecutive ligand exchangc and coupling 

may be the reaction between alkyl 2-pyridyl sulfoxides and alkyl Grignard 

reagents. AS an extension of our works on the ligand coupling on phosphorus 

atom, we havc examincd the reactions of some triheteroarylphosphines wlth 

organolithium rcagents and obtained interesting rcsults. We now wish to 

report the coupling reaction, which takes place during the reaction of 

triheteroarylpho~phines with organolithium reagents. 5 

The reaction of phosphorus trichloride with orgunometallic reagents has been 

widely used for the synthesis of tertiary phosphines. Although, tri(2- 

benzothiazy1)phosphine (11 can be prepared readily by treating 3 molar amounts 

of 2-trimethylsilylbenzothiaz01e with one molar amount of phosphorus 



trichloride, the earlier effort by Moore and Whithesides to obtain 1 directly by 

treating 2-benzothiazyllithium with phosphorus trichloride was unsuccessful. 6 

However, they did not mention anything concerning the product of the reaction. 

We have reexamined the reaction of the lithium compound with phosphorus 

trichloride and faund the reaction to yield a coupling product. i.e.. 

2,2'-bibermothiazyl as a major product (Equation 1). 

Et 0:65'C 2 61% 

N2. 1 h (based on PC13) 

In order to examine, if the triheteroarylphosphine which resultcd in thc 

reaction of PC13 with the lithium reagent undergoes subsequent reaction with the 

lithium reagent to afford the coupling product, the reaction of 1 with lithium 

reagents was carried out. When 1 was treated with an cquimolar amount of 

phenyllithium in TBF at room temperature for 2 h under nitrogen atmosphere. 

2,2'-bibenzothiazyl and 2-phenylbenzothiazol. ligand coupling products, were 

formed in 62% and 9% yields, respectively, together with ligand exchange 

product, benzothiazol (Equation 21. 2.2'-Qibenzothiazyl was also faund to yield 

in the reaction of the phosphine with an equimolar amount of 2-pyridyllithium or 

2-ben~~thiazyllithiurn in 62% and 40% yields, respectively. Therefore, the 

reaction of 2-bcnzothiazyllithium with phosphorus trichloride is considered to 

involve concurrent ligand exchange as wcll as prior ligand exchange and 

TIIF. room temp. 66% 9% 

N 2 .  4 h 

( 2 )  
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subsequent ligand coupling. Similarly, dl(2-benzothiazyl)phenylphosphine 

reacted with an equimolar amount of phenylllthium to afford 2.2'-bibenzothiazyl. 

2-phenylbenzothiazoI. and benzothiazol in 52. 24, and 58% yields. respectively. 

Tri(2-thiazy1)phosphine (2) can be readily prepared by treating thiazyllithium 

with phosphorus trichloride. 
6 In the case of tri(2-thiazy1)phosphine. 

however, treatment with an equimolar amount of phenylllthium at room temperature 

gave mainly ligand exchange product, and a minor amount of ligand coupling 

product. 2.2'-bithiazyl (Equation 3). Use of 2-pyridylllthium gave not only the 

maJor ligand exchange product, thiazol, but also two kinds of the llgand 

coupling products, 2,2'-bithiazyl and 2.2'-bipyridyl, under the same conditions 

(Equation 4 ) .  

0. N Li 

QY + Qjlq + CjLQ N N ( 4 )  

k N THF.room temp. 78% 8% 10% 

I t NZ 1 h 

Tri(2-thieny1)phosphine (3) can also readily be made by the reaction of 

2-thlenyllithium with phosphorus trichloride. 2-Thienyl group has been 

considered to be the best leaving group in thc alkaline hydrolysis of 

heteroarylphosphonium salts,7 or in the reaction of tri(2-thieny1)phosphine 

oxide with organolithium reagent. Indeed. 3 was found to react with 

phenyllithium affording only the ligand exchange product in a good yield. In 



this reaction, no coupling product was observed. Mcanwhilc, the reaction with 

2-pyridyllithium gave both thc ligand exchange and the ligand coupling 

product, L C . ,  thiophene and 2.2'-bipyridyl (Equation 5 ) .  

In the Equations 4 and 5. the formation of  2,B'-bipyridyl. can be interpreted by 

consecutive ligand exchangc and ligand coupling. This would be supported by the 

following reaction in which two 2-pyridyl groups tend to couple giving 

2.2'bipyridyl in a good yield. 

We have also cxamined the reaction of tri(2-pyridyl1phosphine (41 with 

2-pyridyl.l.ithiom. When 4 was treated with an equimolar amount of 2-pyridyi- 

lithium in THF at room tempcraturc for 3 h, 2.2'-bipyridyl was formed in 81% 

yield. Thc reaction with two equivalents of the lithium rcagcnt at room 

temperature for 18 h gave 2.2'-bigyridyl in nearly a quantitative yield. 

Scheme 1 
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The results mentioned above would show that the ligand exchange and the ligand 

coupling reaction proceeds via an pentacoordinated phosphorus intermediate. A 

plausible mechanism for the reaction of 4 with 2-pyridyllithium is shown in 

Scheme 1. Nucleophilic attacking of the lithium reagent on the phosphorus atom 

would give the intermediate ( 5 ) .  Within the intermediate, the equatorial 

2-pyridyl group would couplc with the axial 2-pyridyl group to yield 

2.2'-bipyridyl. 
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