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Absiract  Somcanon improves substannally the rate of formanon of diphosphene 1 with respect to standard
procedures The cyclopropananon of 1 using sonochemical generanon of methylene or halogeno-carbenes
consututes an interesnng alternanve in the diphosphirane synthesis Furthermore, ultrasonic effects in a
chlorinated solvent allow the first subsntution of a diphosphirane without ring-opentng

Significant progress has been made recently both 1n the understanding! and on the practical uses of high
intensity ultrasonic waves 1n organic synthesis 2> However, there have been only few reports 1n phosphorus

chemstry 4 In this paper, we report our preliminary study concerning the effects of ultrasound on the formaton
of multiple bonds (diphosphene synthests), and the cyclopropanation and substitution reactions

The diphosphene 1, a phosphorus analogue of alkenes, has been synthesized 1n 1981 by Yoshafuy 3 This
heterogeneous reaction mvolving magnesium metal and dichloro-2,4,6-mternobutyl-phenyl phosphine constitutes
a good example for the study of the influence of somic parameters goverming the sonochemucal effects We have
examuned the influence of temperature and concentraticn upon the rate of formaton of diphosphene 1.
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In the range - 40 °C to 20 °C, we have compared the amount of 1 at chfferent temperature after 30 minutes
trradiation of the reactng muixture (argon saturated 0 25 M solution of the dichlorophosphine and magnesium

turnings), using a microtip-hom (3 mm) & The amount of 1 was determined by 3!P NMR spectroscopy, and 1s

compared with that obtained under magnetic stiming (Figure 1) It can be seen that sonication improves
substantially the yield of formation of the diphosphene (65 % at 5 °C) with respect to standard procedures (22 %
at 20 °C) Whale, under stirning, the yield decreases with the reaction temperature, under sonication an optiumum 15

observed at 5 °C This complex effect of the temperature on sonochemucal reactions 1s now well understood 7
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Figure 1 Percentages of diphosphene 1 vs temperature

Whereas no noticeable effect of the concentration of dichlorophosphine on the rate of formation of 1 was
observed under sturing, with ultrasounds the amount of 1 increases from 38 to 65 % when the concentration
decreases from 0 66 to 0 25 M Dependimg on the nature of the ultrasound generator, microtip or cup horn, 5 the
amount of 1 1s about 2 or 4 imes higher than under standard conditions, respectively (Table 1)

Reaction
Conditions Tume | Temperature | [ArPCh] | % ArPClL, % 1
(mn) 0 )

O 30 20 025 78 22

» 30 20 025 51 49
microtp

»
Cun Plorn 30 15 025 6 94

Table 1 Influence of the ultrasound generator
In this text, we use the now admitted symbol ))) for somcation, andC' for “silent” or non-sonochemical surred reactions

Thus, ultrasound 1rradiation increases the rate of formation of diphosphene 1 but no noticeable effect on
the maximum overall yield of the reaction 1s observed.

Starting from 1, we have attempted some cyclopropanation under sonication The Simmons-Smuth
cyclopropanation does not proceed readily unless the zinc 1s previously actvated 8 The advantage of ultrasonic

wrradiation 1n the activation of zinc has been shown 1n the cyclopropanation of olefins ? In the same way, under

somcation, 1, when treated at 15 °C for 2 h in THF 1n the presence of zinc powder and diiodomethane, leads to
diphosphirane 2a
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H H
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Under these conditions, the diphosphirane 2a reacts with the excess of methylene, leading to phospha-
alkene 3a The latter becomes the sole product after a prolonged sonication As in the case of the oxidation
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reaction of diphosphiranes by ozone, the addition of methylene on phosphorus lone pairs destabilizes the cyche
form and promotes the cheletropic reaction 10 1t must be noted that diphosphirane 2a 1s stable 1) without
methylene under somcation, and 11) i the presence of a large excess of diazomethane 11

In this ficld, we have already reported the synthesis of diphosphiranes by cyclopropanation of
diphosphenes with halogenocarbenes 12 However, the generation of carbenoids requires either n-butyllithium or
freshly sublimed potassium terbutoxide In order to stmphfy this reaction, we have tested this reaction under
sonochemical conditions 1n the presence of an excess of potassium hydroxide pellets and a haloform in hexane

‘ X, /
QP__P/Ar Hexane / CHX, / solid KOH I
a0 M/2h/15°C |
1
X,
2 X,=X,=Cl

2¢c X, =X,=Br

The diphosphiranes 2b and 2 ¢ are quanttatively obtained when hexane 1s used as solvent The y1eld of the
reaction dramatically decreases when chloroform alone 1s used as solvent and reagent (7-10%) This phenomenon
could be attributed to the loss of the “efficiency™ of the cavitation, since chioroform 1s probably much too dense
with respect to the acoustic energy emutted by the ultrasomc generator 13:14 The same reaction 1n a biphasic
hqud-ligmd system (50 % aqueous KOH / CHCl3) was not found to work Under the same conditions
(heterogeneous liqmd-solid or liqmd-liquid reactions), the non-sonicated reaction does not occur (Table 2)
Moreover, in sharp contrast to what occurs 1n the Simmons-Smuth reaction, 1t must be noted that no trace of
phosphaalkene resulting from a cheletropic reaction was detected.

Reacuon
Condions | Tmme Solvent Base Haloform | 2b (%) 2¢ (%
N CHCI, 0 .
2 Hexane iid KOH
so CHBr, - 0
» 3 Chioroform | solid KOH CHCl, 7 -
muceotp 1 Hexane | sobd KOH | CHBr, - 10
» 2 Chioroform }aqueous KOH! CHC, 0 -
Cup hom (50 %)
[cucy, | 100 .
2 Hexane solid KOH
CHBr, - 100

Table 2 Somcated synthesis of the gem-dihalogenodiphosphiranes 2b-c¢

Under uitrasound irradiation, 1n 1,2-dichioroethane at 15 °C for 3 h, the diphosphirane 2d (X ("1 =Ph, X5 =
C1) undergoes a substitution without ring-opening, leading Cth!'0~d1phOSphlrane 4 (30 %) 15 This quite

llncxpCLLCO substituiion of the d.lyl group Uy a chlorine aiom has u
sonication constitutes an efficient and onginal procedure of activation 1n a homogeneous medium It can be

ochermcal reaction, as alreadv

al Ivah 2, Q3 QALY

[
lectron transfer 15 involved m a key step of this “true” sonocherm

described by Luche !
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In conclusion, we have shown that sonicatton can be considered as an mnteresting alternanve for the
formation of P=P double bonds within a short reaction time, and increases the rate of their cyclopropanation.
These heterogeneous sonochemical reactions can be considered as “false” sonochemical reactions  sonication
produces highly active depassivated surfaces, leading to the acceleration of the reaction The easy formation of
gem-dihalogenodiphosphiranes by using inexpensive KOH pellets 1astead of tBuOK or n-BulL: can be also
attnbuted to the dispersing effect of ultrasounds The sonochemical Stmmons-Smith reaction of diphosphene
involves the conversion of P=P into P=C bond wia the cheletropic fragmentation of the diphosphirane
ntermediate

Finally, sonochemucal unexpected substitution of diphosphirane n chlornnated solvents (homogeneous
system) can be considered as one of the few examples of “true” sonochemucal reactions ! This clearly shows that
ultrasounds are not only efficient through therr physical effects ( disruption of solids, micro-rmxing, ) but can
also have “specific” chemmcal effects The use of sterically bulky moteties as  protective groups 1s extremely
effective to accomplish kinetic stabilization of unstable and unusual organophosphorus compounds 1n a low
coordmation state This 1n turn involves a decrease of thewr chemical reactivity The unexpected sonochemically
promoted substitution of the bulky phenyl substituent by halogen 1s of great potential synthetic mnterest, since the
resulting funcuonnalized compound was expected to lead to an enhanced overall reactivity
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