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Synthesis and properties of cyclic phosphadiynes
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Abstract

The first synthesis of medium-sized cyclic 1-arylphosphadiynes is reported. Details of the molecular structure of
1-phenylphosphacyclododeca-3,10-diyne sulfigle) @nd 1-(3,4°,6'-tri-tert-butylphenyl)phosphacyclodeca-3,8-
diyne sulfide 9c) are reported. © 2000 Elsevier Science Ltd. All rights reserved.
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Amines with one or more prop-2-ynyl substituents are easily available by reacting the free amine
with 2-propynyl halogenidé Recently, cyclic derivatives such as 1,6-diazacyclodeca-3,8-8lame1,6-
diazabicyclo[4.4.4]tetradeca-3,8,12-triyne have also become available.

Reports on phosphines with two prop-2-ynyl substituents are very sparse. To our knowledge only a
few derivatives have been described in which the phosphorus is substituted with at least one bulky group
as shown irl* and2® or the phosphorus atom was complexed a®{fig. 1).

Cp\
Me3S|—:—-\ =\ = /Mn(CO)z
P P- CHg—-l- P
Me;Si—=— =/ =/ @
1 2 3

Fig. 1.

To investigate the properties of propargylic phosphines in which the triple bonds are in close proximity
we started to synthesize cyclic phosphadiynes of medium ring size.

To establish a procedure to synthesize propargylic phosphines we treated 1-chlorohep#éR-yne (
with lithium metal in the presence of small amounts of biphénfdjlowed by reaction withP,P-
dichlorophenylphosphine. This sequence yielded bis(hept-2-ynyl)phenylphosphifgcheme 1). To
stabilize the phosphine for characterization we transfeffeidto the corresponding sulfidg® which
could be isolated in a yield of 19%.
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Scheme 1.

After having succeeded in prepariflgand 6 we embarked in the synthesis of cyclic systems
(Scheme 2). As starting materials we used 1,10-dichlorodeca-2,8-dighar{d 1,11-dichloroundeca-
2,9-diyne {b), respectively, as starting materials and applied the same protocol as shown in Scheme
1. This afforded 1-phenylphosphacycloundeca-3,9-diga® (and 1-phenyl-phosphacyclododeca-3,10-
diyne @8b),2 respectively. Both compounds were transformed quantitatively to the corresponding sulfides
928 (0.6% yield) and9b® (9% vyield). The reaction of 1,9-dichloronona-2,7-diyrigc)( with P,P-
dichloro(2,4,6-tritert-butylphenyl)phosphine yielded 1%2°,6°-tri-tert-butylphenyl)phosphacyclodeca-
3,8-diyne 8c)® which was oxidized to the sulfidgc (yield of 12%)8 The latter could be reduced 8z
with Si,Clg.? In the case oBb and9c we were able to grow single crystals which allowed us to study
the molecular structure of both compounds by means of the X-ray technique (Egt B.interesting
to note that both rings adopt a boat shape conformation. The bulky 2,4étthutyl group adopts
the axial position while the smaller phenyl group9h prefers the equatorial position. The distances
between the triple bonds are summarized in Table 1. Comp@uskows a distortion within the benzene
ring which takes an envelope form comparable to known compounds (Fi§ V8. ascribe this due to
steric repulsion between the propargylic units of the cycle, the sulfur, armtérebutyl groups.
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Scheme 2.

Fig. 2. Molecular structures @b (left) and9c (right)*°
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Table 1
Transannular distances (pm) and angles (degrees) apttenters oBb and9c

deformation from 180°

transannular distance at the sp centers
a b a b
9b 353 405 0.9 52
9¢ 306 300 6.7 7.4

For the definition of a and b see Figure 3.
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Fig. 3
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