HETERQCYCLES, Vol. 30, No. 1, 1990

REACTION OF TRIHETHEROARYLPHOSPHINES WITH ORGANOLITHIUM REAGENTS

CONCURRENT LIGAND EXCHANGE AND L.IGAND COUPLING

Yuzuru Uchida® and Yoshikaru Takaya

Department of Applied Chemistry, Osaka Institute of Technology
Asahi-ku Osaka 535, Japan

Shigeru oae”

Okayama University of Science, 1-1 Ridai~cho, Okayama 700, Japan

Abstract —— Reaction of tri(2-benzothiazyl)phosphine or tri(2-
pyridy]l)phosphine with aryl- or heterocaryllithium compcounds 1in THF
alffords 2,2'-bibenzothiazyl or 2,2 -bipyridyl by ligand coupling 1Iin

good yields.

Earlier, we have suggested the concept of ligand coupling within hypervalent
intermediate.1 The hypervalent species are valence-expanded, hence  known ta
undergo ligand exXchange, ligand coupling and sclf-decomposition besides
pseudo-rotation. We have also shown that there are concurrent and also
consccutive ligand exchange and ligand ccoupling within hypervalent Iinter-

2-4 A t¥pical example of concurrent ligand exchange and coupling would

mediates.
be the reaction between benzyldi(2-pyridyl)phesphine oxide with heteroaryl-
lithium.2 while a typicai example of consecutive ligand exchange and coupling
may be the reaction between alkyl 2-pyridyl sulfoxides and alkyl Grignard
reagents.3 As an extension of our works on the ligand coupling oh phosphorus
atom, we have examined the reactions of some triheteroarylphosphines with
organolithium rcagents and obtained interesting results. We mnow wish to
report the coupling reaction, which takes place during the reaction of
trihetercarylphesphines with organolithium reagents.5

The reaction of phosphorus trichloride with organcometallic reagents has been
widely used for the synthesis of tertiary phosphines. Although, tri(2-
benzothiazyl)phosphine (1) can be prepared readily by treating 3 molar amounts

of Z-trimethylsilylbenzothiazole with one molar amount of phosphorus
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trichloride, the earlier effort by Moore and Whithesides to obtain 1 directly by
treating Z2Z-benzothiazyllithium with phosphorus trichloride was unsuccessful.6

However, they did not mention anything concerning the product of the reaction.
We have reexamined the reactlion of the lithium compound with phosphorus
trichloride and found the reaction to yield a coupling product. i.e

2,2"'-bibenzothlazyl as a major product {(Equation 1).

N PCl, @N N_/©
|
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In order to examine, 1if the triheteroarylphosphine which resulted iIn the
reaction of PCl3 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 equimolar amount of
phenyllithium in THF at room temperature for 2 h under nitrogen atmospherc,
2,2'-bibenzothiazyl and 2-phenylbenzothiazol, ligand coupling products, were
formed in 62% and 9% ylelds, respectively, together with ligand exchange
proeduct, benzothiazol (Equation 2). 2.,2"'-Bibenzothiazyl was also found to yield
in the reaction of the phosphine with an equimolar amount of Z-pyridyllithium or
Z-benzothlazyllithium In 82% and 40% yields, respectively. Therefore, the

reaction of 2-benzothiazylliithlium with phosphorus trichloride is considered to

involve concurrent ligand exchange as well as prior ligand exchange and
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subsequent ligand coupling. Similarly, di(2-benzothiazyl)phenylphosphine
recacted with an equimolar amount of phenyllithium to afford 2,2"-bibenzothiazyl,
2-phenylbenzothiazel, and benzothiazel in 52, 24, and 58% yields, respectively.
Tri{2-thiazyl)phosphine (2) can be readily prepared by treating thiazyllithium
with phosphorus trichlorlde.6 In the case of tri(2-thiazyl)phosphine,
however, treatment with an equimolar amount of phenyllithium at room temperature
gave mainly ligand exchange product, and a minor amount of ligand coupling
product, 2,2'-bithiazyl (Equation 3). Use of 2-pyridyllithium gave not only the
major l1igand exchange product, thiazol, but also twe kinds of the 1ligand
coupling products, 2,2'-bithiazy]l and 2,2'-bipyridyl, under the same conditions

(Equation 4).

[r N_-jJ PhLi H\_N FN N**;U
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Tri(2-thienyl)phosphine (3) can also readily be made by the reaction of

2-thienvyllithium with phosphorus trichloride.6

2-Thienyl group has been
considered to be the best leaving group in the alkaline hydrolysis of
heteroarylphosphonium Salts,7 or in the reaction of tri(2~thienyl)}phosphine
oxide with organolithium reagent,? Indeed, 3 was found to react with

phenyllithium affording only the ligand exchange product in a good yield. In
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this reaction, no coupling product was observed. Mcanwhile, the reaction with
2-pyridyllithium gave both thc ligand exchange product and the ligand coupling

product, i.e., thiophene and 2,2'-bipyridyl (Egquation 5).

izz THF, room temp. 5 N N (
3 S, N2, 1h 81% 23%

431

In the Equations 4 and 5, the formation of 2,2'-bipyridyl can be interpreted by
consecutive ligand exchange 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 alsc cxamined the reaction of tri{(2-pyridyl)phosphine (4) with
2ﬁpyr1dyllithium.8 When 4 was treated with an equimolar amount of 2-pyridyl-
lithium in THF at room temperaturc for 3 h, 2,2'-bipyridyl was formed 1In B81%

yield. The reaction with two equivalents of the Iithium reagent at room

temperature for 18 h gave 2,2'-bipyridyl in nearly a quantitative yield.
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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 1is 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 couple with the axial Z2-pyridyl group to yield

2,2 -bipyridyl.
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