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m Sontcanon rmproves substannally the rate of formanon of dtphosphene 1 with respect to standard 

procedures The cyclopropanatlon of 1 ustng sonochemrcal generanon of methylene or halogeno-carbenes 

consntutes an rnterestmg alternative in the diphospkrane synthesrs Furthermore, ultrasonrc effects rn a 

chlonnated solvent alIow the first substttutton of a drphosphtrane w&out rtng-opentng 

Srgmficant progress has been made recently both m the understandmgl and on the practtcal uses of hrgh 

mtenstty ultrasonic waves m organic synthesis Z3 However, there have been only few reports m phosphorus 

chemrstry 4 In this paper, we report our prehmmary study concernmg the effects of ultrasound on the formatron 

of mulhple bonds (drphosphene synthesrs), and the cyclopropanatron and substrtutron reacttons 

The drphosphene 1, a phosphorus analogue of alkenes, has been synthesrzed m 1981 by Yoshrfuli 5 Thrs 

heterogeneous reachon rnvolvmg magnesmm metal and dchloro-2,4,6tntemobutyl-phenyl phosphme consmutes 

a good example for the study of the mfluence of soruc parameters govemmg the soncchemrcal effects We have 

exammed the mfluence of temperature and concentrauon upon the rate of formatron of dtphosphene 1. 

Arpcl, + Mg 
THF * NAr 

-In P=P 
1)) Ar’ b 

+ W’% 

tBu 

Ar-=tElu - +x- 
tBu 

1 

In the range - 40 ‘C to 20 “C, we have compared the amount of 1 at drfferent temperature after 30 mmutes 

ma&auon of the reactmg mrxture (argon saturated 0 25 M solutron of the d&lorophosphme and magnesium 

turmngs), usmg a rrucrotrp-horn (3 mm) 6 The amount of 1 was determmed by 31P NMR spectroscopy, and 1s 

compared wrth that obtained under magnetic strrrmg (Figure 1) It can be seen that sonmatron unproves 
substantrally the yteld of formatton of the dphosphene (65 % at 5 “C) wrth respect to standard procedures (22 % 

at 20 “C) Whrle, under snmng, the yreld decreases wrth the reacaon temperature, under somcatron an opnmum 1s 

observed at 5 “C Thrs complex effect of the temperature on sonochemtcal reacttons 1s now well understood ’ 
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Figure 1 Percentages of hphosphene 1 vs temperature 

Whereas no noticeable effect of the concentraaon of dtchlorophosphme on the rate of formanon of 1 was 

observed under shrnng, ~th ultrasounds the amount of 1 Increases from 38 to 65 % when the concenuanon 

decreases from 0 66 to 0 25 M Dependmg on the nature of the ultrasound generator, nucrottp or cup hom,6 the 

amount of 1 IS about 2 or 4 tunes lugher than under standard condruons, respec0vely (Table 1) 

Table 1 Influence of the ulnasound generator 

In ttus text, we use the now admIti symbol ))) for somcauon, ancfor “sllenr or non-sonochenucal surred reatt10n.s 

Thus, ultrasound IlTaLllahon mcrcases the rate of formaaon of hphosphene 1 but no noticeable effect on 

the maximum overall yield of the reacaon IS observed. 

Starting from 1, we have attempted some cyclopropanauon under somcatton The Smunons-South 

cyclopropanation does not proceed readtly unless the zmc IS prcv~ously acavated 8 The advantage of ultrasomc 

da&on 111 the actlvahon of zmc has been shown m the cyclopropanatlon of olefins g In the same way, under 

sorucation, 1, when treated at 15 OC for 2 h m THF m the presence of zmc powder and duodomethane, leads to 
hphosphmtne 2a 

* JAr THF 
,P=P + Zn + CH,I, - 

CH,/THP % ,H 

Ar b )))/2h/15’C C )))/2h/15°c - @‘=‘,H 

A 

1 2a 3a 

Under these conditions, the &phosphuane 2a reacts with the excess of methylene, leadmg to phospha- 

alkene 3a The latter becomes the sole product after a prolonged somcauon As m the case of the oxidation 
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reaction of hphosphlranes by ozone, the ad&uon of methylene on phosphorus lone pm destablhzes the cychc 

form and promotes the cheletroplc reaction lo It must be noted that hphosphlrane 2a IS stable 1) wtthout 

methylene under somcahon, and 11) III the presence of a large excess of &az.omethane l1 

In thus field, we have already reported the synthesis of dlphosphlranes by cyclopropananon of 

dphosphenes wnh halogenocarbenes l2 However, the generation of carbenolds reqmres either n-butylhthmm or 

freshly subhmed potassium terbutoxlde In order to simplify this reaction, we have tested this reaction under 

sonochermcal cotittons m the presence of an excess of potassmm hydroxide pellets and a haloform m hexane 

a Ar 
P=P’ 

Hexane / CHX, / solld KOH Qp-xip/Ar 
Ar’ b 

* 
)))/2h/lS’C 

.4x/ y @ I 

1 
k 

2b X,=X,= Cl 

2c X, =X,= Br 

The Qphosphlranes 2 b and 2 c are quanntanvely obtamed when hexane 1s used as solvent The yield of the 

reacnon dramahcally d ecreases when chloroform alone IS used as solvent and reagent (7-10%) Thts phenomenon 

could be atmbuted to the loss of the “efficiency” of the cavltatlon, smce chloroform 1s probably much too dense 

Hrlth respect to the acousoc energy emitted by the ultrasomc generator 13J4 The same reacuon m a hphaslc 

hqmd-hqmd system (50 % aqueous KOH / CHC13) was not found to work Under the same con&tlons 

(heterogeneous liquid-solid or hquld-liquid reactlons), the non-somcated reaction does not occur (Table 2) 

Moreover, in sharp contrast to what occurs m the Sunmons-Srmth reacnon, It must be noted that no trace of 

phosphaalkene resultmg f?om a cheletroplc reactlon was detected 

condl0olls 7 &lVa Base 

r) 2 Hexane sohd KOH 

1)) 
3 Chlorofom sohd KOH 

-UP 1 Hexane solld KOH 

1)) 
2 Chlorafom aquems KOH 

Cup horn 
(50 93 

2 Hexane sohd KOH 

Haloform 2b (‘5) 2.c (41 

CHCI, 0 -I- 

CHBr, - 0 
-- 

CHCl, 7 - 

am, - 10 

a-ICI, 0 - 

I CHCI~ loo - 

CHBr, - 100 

Table 2 Sorncated synthesis of the gem-&halogen&phosphuanes 2b-c 

Under uhmsound &anon, ut 1,2-dlchloroethane at 15 “C for 3 h, the rllphosptiane 2d (X, = Ph, X2 = 

Cl) undergoes a substltunon wthout nng-opening, leading to chloro-kphosphuane 4 (30 %) l5 This quite 

unexpected substttuuon of the aryl group by a chlonne atom has never been previously observed. In this case, 

somcatlon constitutes an efficient and ongmal procedure of acnvanon m a homogeneous medmm It can be 

amqYated that d single electron transfer 1s involved m a key step of this “true” sonochenucal reaction, as already 

described by Luche ’ 
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* Ph ’ 
Cl 

CICH&H$I =_ /pi17pb 

)))/3h/lS”C 
-ArH 

2d 4 

In conclusion, we have shown that somcatlon can be consldered as an mterestmg alternanve for the 

formaaon of P=P double bonds vvlthm a short reacnon ume, and mcreases the rate of their cyclopropanaaon. 

These heterogeneous sonochermcal reacaons can be considered as “false” sonochermcal reacnons somcaaon 

produces highly acave depasslvated surfaces, leading to the acceleration of the reacaon The easy formaaon of 

gem-dlhalogencdlphospluranes by usmg inexpensive KOH pellets Instead of tBuOK or n-BuLl can be also 

attnbuted to the &spersmg effect of ultrasounds The sonochenucal Sunmons-South reacaon of dphosphene 

mvolves the conversion of P=P mto P=C bond VUI the cheletroplc fragmentanon of the dlphosphn-ane 

mteime&ate 

Fmally, sonochermcal unexpected subsatuhon of &phosphuane in chlormated solvents (homogeneous 

system) can be consldered as one of the few examples of “true” sonochermcal reacaons ’ Thus clearly shows that 

ultrasounds are not only efficient through ther physical effects ( &srupaon of sohds, nucro-mYung, ) but can 

also have “specific” chenucal effects The use of stencally bulky mole&es as protecave groups 1s extremely 

effective to accomplish kmehc stablllzatlon of unstable and unusual organophosphorus compounds m a low 

coordmaaon state This m turn involves a decrease of their chenucal reacavlty The unexpected sonochermcally 

promoted substitution of the bulky phenyl subsatuent by halogen is of great potenaal syntheac mterest, since the 

resulang funcaonnahzed compound was expected to lead to an enhanced ovenill reacavq 
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